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Abstract
Although state-owned enterprises (SOEs) have long been criticized for being ine�cient compared to their
counterparts, they play a vital role in realizing social welfare including the improvement of environmental
quality. With governments as their controlling shareholders, the motivations and strategies of SOEs to
improve their corporate environmental performance can be very distinct from their privately-owned
counterparts. In this article, we propose that a unique strategy that SOEs take in improving their
environmental performance is high responsiveness to the government’s goal. Using a unique and detailed
�rm-level dataset, we �nd that SOEs perform better for the pollutant assessed by government targets
while they perform similarly for the unregulated pollutant compared with their privately-owned
counterparts, which indicates that they are more responsive and accountable to achieve policy
requirements. Using privatization as an external shock, we �nd that SOEs worsen their environmental
performance with mandatory targets after the privatization, which is consistent with the main results.
With the privatization of SOEs worldwide, determining how to avoid the negative effects of privatization
as well as to motivate for-pro�t enterprises to improve corporate environmental performance is the key to
achieving a win-win.

1. Introduction
SOEs have long been criticized for being ine�cient compared to their counterparts due to misallocation
of resources (Berkowitz et al. 2017; Brandt et al. 2020; Chen et al. 2021; Hsieh and Klenow 2009;
Sukhtankar 2016) and poor management (Kang and Kim 2012; Lu et al. 2010), which makes the
privatization of SOEs a common choice for countries to gain economic prosperity and market vitality,
such as Russia (Sprenger 2011), Ukraine (Mykhayliv and Zauner 2013), Hungary, Romania (Brown et al.
2006), Egypt (Omran 2009) and Spain (Albalate et al. 2020). However, it has widely been recognized that
SOEs play roles as multitask takers (Bai et al. 2006) rather than pro�t maximizers (Jensen 2001). For
example, SOEs have long contributed to public services such as providing employment and maintaining
social stability (Hsieh and Klenow 2009), which are also the main goals of most governments.

Perceived as the major contributor of pollution (Dahlmann et al. 2019), enterprises are under increasing
pressure from regulators, environmental organizations, and the public to undertake more environmental
responsibilities and improve their environmental behavior (Berry and Rondinelli 1998; Hart 1995; Walker
and Wan 2012). These pressures lead to the popularity among enterprises to improve their corporate
environmental performance to avoid market risks (Muhammad et al. 2015), save energy and cost (Chen
and Chang 2013; Porter and van der Linde 1995; Sánchez-Medina et al. 2015), gain competitive
advantage (Chen 2008; Chuang and Huang 2015; Miles and Covin 2000; Shrivastava 1995), legitimacy
(Berrone et al. 2017; Hart 1995) and reputation (Dögl and Holtbrügge 2014; Miles and Covin 2000). Prior
studies suggest that the level of environmental performance can be affected by not only internal factors,
including corporate size (Bundy et al. 2013; Patten 2002), industry type (Bundy et al. 2013; Patten 2002),
availability of resources and capital (Li and Chan 2016; Zhang 2017), CEO hubris (Arena et al. 2018;
Zhang et al. 2020), and diversi�cation (Dooley and Fryxell 1999; Kang 2013), but also external factors,
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including stakeholders’ attitudes (Abreu 2009; Kassinis and Vafeas 2006), pressure from NGOs (Lyon and
Maxwell 2008), regulations (Lyon and Maxwell 2008; Yao and Yang 2017), and competition (Duanmu et
al. 2018).

Also, different ownership may vary in their environmental performance because of their diverse interests
and targets. Although scholars have made a great contribution in using the political connection (Maung
et al. 2016), the resource-based view (RBV) (Zhang 2017), and multitask theory (Bai et al. 2006) to
explain the difference between SOEs and privately-owned enterprises (POEs), their results are mixed.
Some hold the opinion that SOEs outperform in environmental performance (Bai et al. 2006; Fryxell and
Lo 2001; Liang and Langbein 2021; Zeng et al. 2012; Zhang 2017) while others argue that SOEs have
worse environmental performance (Chun 2009; Jiang et al. 2014; Maung et al. 2016; Rowe and Guthrie
2010; Talukdar and Meisner 2001; Wang et al. 2003). Considering the particularity of state ownership, we
believe that one possible reason for the mixed evidence of SOEs’ environmental performance is that the
existing literature ignored the leading role of governments in driving the environmental performance of
SOEs. With governments as the controlling shareholders, SOEs are subject to stricter supervision and
given more priority, which makes the government’s impact on SOEs is much greater and makes SOEs
perform better in environmental performance regulated by governments. To better understand the
differentiated corporate environmental performance of different ownership and �ll the gap between
theories and empirical evidence, this article proposes a new interpretation of the SOEs’ corporate
environmental performance from the perspective of the responsiveness to the government, that is, they
only outperform in regulated aspects.

As a country where SOEs play a dominant role that accounts for approximately forty percent of the
national GDP1, China is gradually transforming SOEs into POEs to realize their promotion in productivity
and innovation (Bai et al. 2009; Jefferson and Su 2006) since 1997. Therefore, we take advantage of the
SOE reform in the late 20th century as an opportunity to use the difference-in-differences (DID) method to
not only compare the difference between SOEs and POEs but also mitigate endogeneity problems in
ownership and explore the changes in SOEs’ environmental performance after privatization. In addition,
China has paid increasing attention to environmental pollution and has enacted various policies to
regulate the emission of major pollutants such as sulfur dioxide (SO2). This allows us to examine how
SOEs’ environmental performance strategies are affected by the government’s targets and policy goals by
comparing the controlled pollutant SO2 and noncontrolled pollutant nitrogen oxides (NOx).

This study explores the differences between SOEs and POEs in their environmental performance using
two �rm-level databases from 1998 to 2007. Furthermore, we use the DID method to explore how the
environmental performance of SOEs changes after privatization. The results are as follows. First, by
comparing the results of different pollutants, we �nd that SOEs perform better for the controlled pollutant
SO2, while this difference disappears for NOx, which indicates that SOEs take environmental
responsiveness strategies in assuming environmental responsibilities. SOEs produce less, remove more
and thus emit less SO2 than do POEs by 5.04%, 18.53%, and 7.13%, respectively. Second, privatized SOEs
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signi�cantly increased their SO2 production and emissions after privatization by 7.61% and 8.18%,
respectively. These results further imply that SOEs in China perform better in regulated environmental
aspects and that their corporate environmental performance declines after privatization.

This article contributes to the literature on corporate ownership and environmental performance
strategies in �ve ways. First, different from the existing literature that ignores the effect of differentiated
environmental performance strategies, we propose that SOEs take responsiveness strategies to meet the
requirements of the government, which highlights the role of various environmental performance
strategies. This is of importance to both theory development and empirical research. Second, most
existing studies take business development and pro�tability as the main motivation for enterprises to
improve corporate environmental performance, while we focus on special ownership of SOEs and �nd
their differentiated motivation in improving environmental performance is to meet the requirements of the
government. Third, most existing studies comparing differences in the environmental performance of
different ownership use regional or cross-sectional data, which leads to endogeneity problems due to the
existence of missing variables. To alleviate endogeneity problems when comparing the environmental
performance of different ownership, we use the exogenous shock of the privatization of Chinese SOEs
and the DID approach to compare the differences between reformed and non-reformed enterprises before
and after the restructuring. We use enterprise-level panel data covering all industries across the country to
mitigate endogeneity problems by controlling �rm �xed effects and provide more robust empirical
evidence for the literature. Fourth, the use of listed companies, which are among the best companies in
the country, as research objects in the existing literature lacks the representativeness of the full sample.
Our data, which covers most enterprises across the country, can help us provide representative results to
re�ect the overall situation in China. Fifth, most existing studies of environmental performance
differences of different ownership use comprehensive indicators, including the Kinder, Lydenberg, Domini
(KLD) Social Ratings database, or disclosure of CSR reports, which cannot re�ect the speci�c
environmental behavior of corporations. We use pollutant emissions, production, and removal as
indicators to measure corporate environmental performance. These indicators can re�ect the entire
process from pollutant generation to emission directly, produce more empirical evidence, and enrich
measurements of the corporate environmental performance for the literature.

The remainder of this article is organized as follows. In Section 2, we propose our hypothesis. Section 3
and Section 4 describe the data and econometric models we use to estimate the differences in
environmental performance between SOEs and POEs and the impact of privatization on corporate
environmental performance, respectively. In section 5, we present our empirical results. Finally, section 6
concludes the article.

2. Hypotheses Development
There are mixed opinions toward whether SOEs perform better in environmental performance. From the
theoretical perspective, the political connection, resource-based theory, and multitask theory are generally
used to explain the difference in environmental performance between SOEs and POEs. As one of the
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measurements of the companies’ political connections, SOEs are considered to be privileged and have
greater bargaining power with local governments to negotiate the implementation of environmental
policies and the ful�llment of environmental responsibilities (Wang et al. 2003). The existence of political
connections leads to lower incentives and awareness for SOEs to improve their environmental
performance. From the resource-based perspective, the corporate environmental performance of SOEs
can be unclear. On one hand, governments provide SOEs with more resources including subsidies and
funds, which SOEs can invest in the technology innovation and the establishment of abatement
equipment to realize the improvement of environmental performance (Zhang 2017). However, on the
other hand, governments also provide more and cheaper production materials for SOEs, which makes
SOEs subject to fewer resource constraints and have lower motivation for e�ciency improvement and
energy-saving (Hart 1995; Talukdar and Meisner 2001). In the multitask theory, SOEs are viewed as
multitask takers rather than pro�t maximizers, that is, SOEs perform better in social responsibility
including environmental protection because they aim to provide social stability and achieve social
welfare (Bai et al. 2006).

Corresponding to various theories, empirical research has not reached a consistent result. Jiang et al.
(2014) argue that SOEs have the poorest environmental performance compared to foreign-owned and
domestic publicly listed �rms. Chun (2009) conducts a questionnaire survey in Shanxi Province, China,
and �nd that the environmentalism of SOEs’ employees is lower than that of POEs. Rowe and
Guthrie (2010) argue that SOEs’ enforcement of environmental regulation is insu�cient, and Maung et al.
(2016) �nd that �rms with state ownership pay lower environmental levies due to the political connection.
However, other scholars hold the opposite opinion that SOEs outperform in environmental performance
compared to their counterparts of other ownership types. Fryxell and Lo (2001) �nd that SOEs’ managers
self-report the strongest environmental ethics value, while managers of POEs self-report the lowest one.
Zeng et al. (2012) show that SOEs are more likely to disclose environmental information and Liang and
Langbein (2021) argue that provinces with greater relative SOE have better pollution control.

Although existing studies make a great contribution to understanding the difference in environmental
performance between SOEs and POEs, they ignore the role of differentiated motivations and strategies of
SOEs which may make the environmental performance different even within a narrow measurement and
provide a reasonable explanation for the mixed results. To better understand differentiated strategies, we
examine the role of governments’ mandatory targets in constructing SOEs’ responsive environmental
strategies. SOEs, which are controlled and more tightly supervised by governments, are expected to
address more social problems including the environment to meet their shareholders’ interests (Bai et al.
2006). In addition, governments have the authority to decide or largely in�uence the appointment and
retention of SOEs’ executives especially in developing countries (Wong 2004), which produces more
pressure on enterprises’ managers to achieve political goals (Liang and Langbein 2021; Liang and Ma
2020). Although the government has placed great emphasis on the improvement of environmental
quality, considering that the environment is a comprehensive and complex system containing many
aspects and measurements, it is hard for the government to cover everything when enacting policies and
regulations. Therefore, policies and regulations can only emphasize the protection and assessment of
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certain aspects while ignoring others, which generates disproportionate pressure on SOEs to improve
certain environmental performance. Therefore, SOEs tend to outperform in environmental performance
with mandatory targets.

As for the environmental aspects without mandatory targets, SOEs do not receive disproportionate
pressure from governments to improve this unregulated environmental performance, which makes them
perform similarly to their counterparts of other ownership types. In addition, SOEs can utilize their
political connections with governments to evade their environmental responsibilities, which can even
worsen their corporate environmental performance without governments’ mandatory targets. If this is the
case, SOEs may perform better only in regulated aspects but not as well in unregulated ones, which
means that SOEs take responsive environmental strategies driven mainly by government concerns
(Tihanyi et al. 2019). Therefore, we propose the following two hypotheses: 

Hypothesis 1a: SOEs perform better in environmental performance with governments’ mandatory targets
compared with POEs. 

Hypothesis 1b: SOEs perform similarly or even worse in environmental performance without
governments’ mandatory targets with POEs.

Although the dominance of SOEs in the Chinese economy, China is undergoing a gradual process of
transforming SOEs into POEs to enhance their pro�tability and competitiveness, which makes
privatization has received extensive attention. Most of the existing literature discusses and examines
changes in pro�tability and productivity after the privatization (Berkowitz et al. 2017; Chen et al.
2021; Hsieh and Song 2015), however, discussions on changes in environmental performance are limited.
According to Hypothesis 1a and 1b, we can speculate that the environmental strategies of SOEs may
change after the privatization due to the change of their motivation and perceived government pressure.
Without governments as their controlling shareholders, privatized SOEs no longer have the motivation to
better cater to governments’ interests, which may undermine the performance of privatized SOEs in
regulated aspects. Therefore, we propose our second hypothesis:

Hypothesis 2: Privatization makes SOEs no longer active in improving government-targeted
environmental performance. 

3. Methodology And Data

3.1 Variables and Measures
Corporate Environmental Performance. Currently, many studies have used resource utilization (Kikeri et al.
1992; Schmid and Robin 1995), sewage charges and illegal penalties (Becker et al. 2013; Pargal and
Wheeler 1996; Wang 2000) and the cost of pollution control facilities (Wang 2000) as proxy variables of
environmental performance. However, as one of the most direct ways for enterprises to in�uence the
environment, research on the pollutant emissions of enterprises is still limited. SO2 and NOx are among
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the main pollutants emitted by enterprises into the atmosphere and cause serious harm to residents’
health and society. In China, the central government formulates Five-Year Plans (FYP) every �ve years to
clarify the work targets during these years. Since the Ninth FYP (1996–2000) the central government
began to limit the total emissions amount of pollutants including SO2, followed by NOx which started to
be restricted from the Twelfth FYP (2011–2015). Speci�cally, the central government sets national
emission targets and further distributes them to provinces, cities and counties.2 This study characterizes
the environmental performance of enterprises by the emissions, production, and removal of controlled
pollutant SO2 and noncontrolled pollutant NOx in 1998–2007 to examine whether SOEs follow
environmental responsiveness strategies when undertaking environmental responsibilities. Emissions
characterize the �nal environmental impact of an enterprise, production characterizes the production
technology of the enterprise, and removal is used to characterize the “end-of-pipe” of the enterprise.

The De�nition of Ownership. Determining how to identify the ownership of an enterprise is another critical
issue. At present, there are two main methods for identifying ownership. The �rst is to use the enterprise
registration code to identify ownership according to the �rm’s legal registration. Despite the merits of
clarity and transparency, this method suffers from some serious shortcomings. First, it cannot effectively
identify the ownership of all kinds of enterprises, such as limited liability companies. Second, the
ownership of some enterprises may be inconsistent with the actual situation due to the deviated
de�nitions of registration types. In addition, it is di�cult to use �rms’ legal registrations to identify the
ownership of enterprises that are super�cially privatized but factually remain under the control of
governments (Brandt et al. 2012; Chen et al. 2021; Hsieh and Song 2015; Yu 2015). Therefore, we adopt
the second method of Hsieh and Song (2015) to identify SOEs by the proportion of state capital in an
enterprise’s registered capital. Speci�cally, we identify an enterprise as an SOE if the state is reported to
be its controlling shareholder or state capital accounts for no less than 50% of the registered capital.
Among the remaining companies, when personal capital accounts for no less than 50% of a company’s
registered capital, we consider the company to be a POE. Furthermore, we conduct a robustness test by
comparing the results obtained by using the legal registration code to identify ownership.

The De�nition of Privatization. Referring to the research of Hsieh and Song (2015) and Harrison et al.
(2019), we consider an enterprise to be an SOE when the state is its controlling shareholder or the
proportion of state capital in the registered capital exceeds 50%. If the controlling shareholder or the
proportion of state capital changed over time which leads to an inability to further recognize the
enterprise as an SOE, we believe that the company was privatized.

3.2 Data Sources
The data used in the model are mainly from the China Environmental Statistics Database (CESD) and the
China Industrial Enterprise Database (CIED). The environmental performance-related variables, i.e., the
amounts of SO2 and NOx emissions, production, and removal, are derived from the 1998–2007 CESD.
The CESD is the most extensive national environmental dataset of China, collected and veri�ed by the
Ministry of Environmental Protection. The database contains the annually statistical variables of
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environmental protection in China since 1985, involving 31 provinces, 113 cities, and 42 industrial
sectors.

Information including the legal registration code, state and private capital, registered capital, gross value
of output, total assets, and the number of employees is obtained from the 1998–2007 CIED. The CIED is
provided by the National Bureau of Statistics, including all state-owned industrial enterprises and private
industrial enterprises with annual revenue above 5 million yuan. As of 2011, the database has collected
more than 580,000 industrial enterprises, accounting for approximately 95% of China’s total industrial
output and covering more than 40 major categories of Chinese industry.

We collected regional characteristic variables, including GDP per capita and the proportions of secondary
industries, from the 1999–2008 urban statistical yearbooks published by the National Bureau of
Statistics. These statistical yearbooks contain 656 cities nationwide, recording statistics on social and
economic development in the previous year. To supplement the missing values in the urban statistical
yearbooks, we further searched for them in the provincial statistical yearbooks.

3.3 Summary Statistics
First, we explore the differences in environmental performance between SOEs and POEs. After eliminating
the enterprises whose ownership cannot be identi�ed, the sample contained 191,890 observations, with
SOEs accounting for 52.10% and POEs accounting for 47.90%. The changes in the numbers of SOEs and
POEs year by year are shown in Fig. 1. We can see that the number of SOEs showed a signi�cant
downward trend while the number of private enterprises showed a clear upward trend between 1998 and
2007. In 1998, the number of POEs was only approximately one-sixth that of SOEs. In 2003, the number
of POEs exceeded the number of SOEs. By 2007, the number of SOEs was less than half that of POEs.
These results are in line with the trends mentioned earlier on the reform and reduction of SOEs and the
growth of POEs.

Second, we explore how the privatization of SOEs affects the environmental performance of enterprises
and SOEs’ environmental performance strategies. After retaining the enterprises that are identi�ed as
SOEs initially and exist for more than one year, there are 19,202 enterprises (97,617 observations) in our
sample. Of those, 29.77% have been privatized, while the remaining 70.23% have not. The number of
SOEs privatized each year is shown in Fig. 2. We can see that the process of privatization of SOEs
exhibited a trend of �rst rising and then falling. The number of privatized SOEs reached a peak in 2004
when more than 1,000 SOEs were privatized. By 2007, the number of SOEs privatized that year was less
than 400.

Table 1 presents the descriptive statistics of the variables of SOEs and POEs. As shown in the table, the
production situations and environmental performance of SOEs and POEs are quite different. Speci�cally,
SOEs far exceeded POEs in total output, total capital, and the number of employees. As for environmental
performance, SOEs produced and emitted more SO2 and NOx than do POEs. However, SOEs also removed
more SO2 and NOx than do POEs.
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Table 1

Descriptive Statistics
Data Source Variable Mean Value Observations

SOEs POEs Total

CIED Output (10 million yuan) 28.99 9.07 19.45 191890

(177.61) (35.08) (130.86)  

Total Capital (10 million yuan) 42.56 7.03 25.54 191890

(211.49) (27.25) (154.84)  

Employees (person) 1176.87 315.23 764.18 191890

(3722.69) (773.22) (2773.51)  

CESD SO2 Emissions (kiloton) 0.68 0.11 0.40 191890

(8.09) (0.51) (5.86)  

SO2 Production (kiloton) 1.08 0.15 0.63 191890

(12.85) (0.97) (9.31)  

SO2 Removal (kiloton) 0.40 0.05 0.23 191890

  (8.24) (0.76) (5.98)  

NOx Emissions (kiloton) 0.22 0.06 0.11 39310

  (1.45) (0.30) (0.88)  

NOx Production (kiloton) 0.24 0.06 0.12 39310

  (1.58) (0.31) (0.96)  

NOx Removal (kiloton) 0.02 0.002 0.01 39310

  (0.46) (0.06) (0.27)  

Note: This table presents descriptive statistics of the production-related variables from the CIED and
environment-related variables from the CESD of SOEs and POEs. The ownership type is identi�ed
using the proportion of registered capital. We eliminate the enterprises whose ownership cannot be
identi�ed. Because the CESD only recorded NOx-related variables in 2006 and 2007, the number of
observations decreases with regard to NOx. The data are averaged by category, with standard
deviations given in parentheses.

4. Econometric Models
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4.1 Differences Between Ownership Types
In this section, we construct empirical models to analyze whether there are signi�cant differences in the
environmental performance characterized by SO2 and NOx between enterprises with different ownership
types and whether the privatization of SOEs leads to changes in the environmental strategies and
performance of enterprises. First, to explore the existence of environmental responsiveness strategies, we
compare the environmental differences between SOEs and POEs in terms of SO2 and NOx. The empirical
model is as follows:

1
where Eviperict is the environmental performance variable of enterprise i in city c and year t, measured by
the amounts of SO2 and NOx emissions, production, and removal. SOEict is the dummy variable to denote

whether enterprise i is an SOE in city c and year t.3 Additionally, different ownership enterprises may have
differences in production and operating status, size, and capital and labor inputs. These factors impact
the environmental performance of enterprises. Therefore, it is necessary to control the production-related
variables of enterprises. Produict refers to the production-related variables for enterprise i in city c and
year t, including the gross value of output, total assets, and the number of employees, to characterize the
size, capital and labor level of the enterprise. The stringency of regional environmental regulation also
impacts the environmental performance of the enterprise, which varies with the regional economic
development level and economic structure, making it necessary to further control the regional
characteristics. Regionct is the regional characteristic variable of city c in year t, including GDP per capita
and the proportion of secondary industry in GDP. Considering that there may be signi�cant differences in
the environmental performance of enterprises among different years and industries, these factors need to
be further controlled. θt represents the year �xed effects, and θj represents the industry �xed effects. In
addition, many policies, such as emission standards and sewage charges, are formulated at the
provincial level, making it important to control the province �xed effects, which are represented by the
variable θp. θtj represents the year-industry �xed effects, θtp represents the year-province �xed effects, and

 is the error term. The logarithms of all variables are used in the regression except for the dummy
variable. For variables with zero values, we uniformly add 1 to their original values.

4.2 Impact of Privatization
The above analysis does not control the inherent characteristics of enterprises, which leads to
endogeneity problems. By adopting Chen et al.’s (2021) strategy, we compare differences in
environmental performance by using privatization as a quasi-natural experiment. Speci�cally, we use the
DID method to compare the differences between privatized SOEs and non-privatized SOEs before and
after the privatization. In this way, we can further verify the existence of environmental performance
differences between SOEs and POEs. The empirical model is as follows:
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2
In formula (2), Privatizeict refers to whether SOE i has been privatized into a POE in city c and year t. The
variable is equal to 1 when the privatized SOEs have already been privatized; otherwise, it is equal to 0 for
non-privatized SOEs and privatized SOEs before privatization. In addition, θi represents the �rm �xed
effects. The meanings of other variables in formula (2) are the same as those in formula (1)

5. Empirical Findings

5.1 The Existence of SOEs’ Environmental Responsiveness
Strategies
As mentioned earlier, SOEs may follow environmental responsiveness strategies that make them perform
better in aspects regulated by governments. However, the differences may also be caused by factors such
as capital and subsidies, in which cases the difference between SOEs and POEs will exist among all
pollutants. To examine whether the environmental responsiveness strategies of SOEs exist, we compare
the results between the controlled pollutant SO2 and noncontrolled pollutant NOx. Since the emissions of
pollutants characterize the direct impact of enterprises on the environment, we �rst conduct an ordinary
least square (OLS) regression with the SO2 and NOx emissions as the dependent variables. Columns (1)
and (2) in Table 2 are dependent on SO2 emissions, while columns (3) and (4) are dependent on NOx.
Columns (1) and (3) control the enterprise-related variables and �xed effects. Columns (2) and (4) further
control the city-related variables based on columns (1) and (3). According to the results, the coe�cient of
SO2 is negative and is signi�cant at the 1% level while the coe�cient of NOx is positive and not
signi�cant. To eliminate interference from other factors as much as possible, we include all control
variables and �xed effects in the subsequent regression. Based on the results in column (2), there are
signi�cant differences in SO2 emissions between SOEs and POEs. In order to re�ect the degree of
in�uence of the coe�cients more accurately, we perform a semi-logarithmic transformation on all the
interpretations of the coe�cients, i.e., . SOEs emit less SO2 than POEs by 7.13%,
which indicates that they have better environmental performance in regulated aspects. However, there are
no signi�cant differences in noncontrolled NOx between SOEs and POEs in 2006 and 2007, which is in
stark contrast with the results for SO2. This indicates that SOEs are more incentivized to meet policy
targets, i.e., the environmental responsiveness strategies of SOEs do exist. SOEs can perform quite well
and be leaders in mandated environmental performance which is in line with our Hypothesis 1a. However,
they may not necessarily do better and may even perform worse in unregulated aspects, which is
consistent with our Hypothesis 1b.
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Table 2
Differences in SO2 and NOx Emissions Between SOEs and POEs

  (1) (2) (3) (4)

  SO2 SO2 NOx NOx

SOEs -0.0756*** -0.0740*** 0.00707 0.0234

  (0.0287) (0.0282) (0.0333) (0.0327)

Output 0.244*** 0.248*** 0.129*** 0.130***

  (0.0139) (0.0140) (0.0190) (0.0186)

Labor 0.392*** 0.382*** 0.344*** 0.338***

  (0.0202) (0.0197) (0.0260) (0.0255)

Total capital 0.125*** 0.134*** 0.251*** 0.254***

  (0.0155) (0.0155) (0.0201) (0.0202)

GDP per capita - -0.162*** - -0.147

  - (0.0496) - (0.0910)

Secondary industry ratio - 0.0579 - 0.442**

  - (0.0659) - (0.204)

Year FE Yes Yes Yes Yes

Industry FE Yes Yes Yes Yes

Province FE Yes Yes Yes Yes

Year-industry FE Yes Yes Yes Yes

Year-province FE Yes Yes Yes Yes

Observations 191908 191890 39315 39310

adj. R2 0.412 0.413 0.342 0.342

Note: Columns (1) and (2) are dependent on SO2 emissions, while columns (3) and (4) are dependent
on NOx emissions. Columns (1) and (3) control the enterprise-related variables, year �xed effects,
province �xed effects, industry �xed effects, year-province �xed effects, and year-industry �xed
effects. Columns (2) and (4) further control the city-related variables. The logarithms of all variables
are used in the regression except for the dummy variable. Standard errors are clustered at the city
level and given in parentheses; * p < 0.1, ** p < 0.05, *** p < 0.01.

  Since the pollutant emissions of an enterprise are closely related to the production technology level and
the “end-of-pipe” treatment level of the enterprise, we further investigate the reason for the differences in
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SO2 emissions between different ownership types from the two aspects of the production level and the
“end-of-pipe” treatment level. We characterize the production technology level and the “end-of-pipe”
treatment level of an enterprise by the amount of SO2 production and the removal of SO2, respectively. In
addition, we also take the amount of NOx production and removal as independent variables to examine
whether the production and removal of NOx are the same between different ownership types. The results
are shown in Table 3. The results show that SOEs produce less SO2 than POEs by 5.04% and remove
more SO2 than POEs by 18.53%, caeteris paribus, indicating that there are signi�cant differences in the
production technology level and “end-of-pipe” treatment level between SOEs and POEs. The differences in
SO2 emissions between SOEs and POEs are mainly due to the combined effects of the differences in the
production technology level and “end-of-pipe” treatment level between them. The results also indicate
that SOEs have made more efforts and a greater contribution than POEs to the reduction of pollutants
represented by SO2. As for NOx, there are no signi�cant differences between SOEs and POEs in either NOx

production or removal. Although not statistically signi�cant, the coe�cient’s sign for NOx production is
positive while is negative for NOx removal, which further con�rms that SOEs do not perform better and
may even perform worse in unregulated behavior and performance.
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Table 3
Differences in SO2 and NOx Production and Removal Between SOEs and POEs

  (1)

SO2 Production

(2)

SO2 Removal

(3)

NOx Production

(4)

NOx Removal

SOEs -0.0517* 0.170*** 0.0146 -0.0649

  (0.0292) (0.0595) (0.0312) (0.0401)

Output 0.255*** 0.147*** 0.129*** -0.0219

  (0.0139) (0.0277) (0.0184) (0.0201)

Labor 0.399*** 0.486*** 0.338*** 0.0665***

  (0.0199) (0.0414) (0.0263) (0.0244)

Total capital 0.159*** 0.347*** 0.263*** 0.0778***

  (0.0159) (0.0341) (0.0200) (0.0217)

GDP per capita -0.127** 0.453*** -0.142 0.0317

  (0.0522) (0.140) (0.0900) (0.0785)

Secondary industry ratio 0.0501 -0.233 0.438** 0.383

  (0.0661) (0.194) (0.196) (0.268)

Year FE Yes Yes Yes Yes

Industry FE Yes Yes Yes Yes

Province FE Yes Yes Yes Yes

Year-industry FE Yes Yes Yes Yes

Year-province FE Yes Yes Yes Yes

Observations 191890 191890 39310 39310

adj. R2 0.429 0.167 0.358 0.028

Note: The ownership type in the table is identi�ed using the proportion of registered capital. The
logarithms of all variables are used in the regression except for the dummy variable. Standard errors
are clustered at the city level and given in parentheses; * p < 0.1, ** p < 0.05, *** p < 0.01.

The method we use to identify the ownership types may affect the differences we observed in
environmental performance between SOEs and POEs. Therefore, we use the legal registration code to
identify ownership to test the robustness of the differences in SO2 and NOx performance between SOEs
and POEs. The results are shown in Table 4. We can see that the number of SOEs and POEs identi�ed by
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the legal registration is much less than that by the proportion of registered capital, which further proves
that the problem in which only a limited number of enterprises can be recognized by legal registration
does exist. The results in Table 4 are quite similar to those in Table 2 and Table 3. SOEs produce less,
remove more, and thus emit less SO2 than do POEs, ceteris paribus. The differences in SO2 emissions
between SOEs and POEs are caused by the differences between the level of production technology and
the level of “end-of-pipe” treatment. As for unregulated NOx, there are no signi�cant differences between
SOEs and POEs in emissions, production, or removal. The results are robust when using different
ownership identi�cation, that is, SOEs outperform only in environmental performance with mandatory
targets compared with POEs. 
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Table 4
Regression with Legal Registration as the Identi�cation Method

  (1)

SO2
Emissions

(2)

SO2
Production

(3)

SO2
Removal

(4)

NOx
Emissions

(5)

NOx
Production

(6)

NOx
Removal

SOEs -0.176*** -0.144*** 0.245*** 0.0115 0.0179 0.0182

  (0.0438) (0.0458) (0.0865) (0.0664) (0.0652) (0.0692)

Output 0.240*** 0.245*** 0.193*** 0.0969*** 0.100*** -0.00675

  (0.0148) (0.0148) (0.0313) (0.0232) (0.0230) (0.0261)

Labor 0.379*** 0.394*** 0.407*** 0.345*** 0.335*** 0.0159

  (0.0238) (0.0244) (0.0468) (0.0333) (0.0335) (0.0370)

Total capital 0.144*** 0.169*** 0.378*** 0.250*** 0.258*** 0.0821***

  (0.0166) (0.0173) (0.0382) (0.0250) (0.0244) (0.0278)

GDP per capita -0.122** -0.0811 0.535*** -0.108 -0.0994 0.0183

  (0.0497) (0.0525) (0.140) (0.0880) (0.0860) (0.0980)

Secondary
industry ratio

-0.00224 0.00171 -0.221 0.420* 0.421* 0.323

  (0.0728) (0.0755) (0.203) (0.227) (0.215) (0.374)

Year FE Yes Yes Yes Yes Yes Yes

Industry FE Yes Yes Yes Yes Yes Yes

Province FE Yes Yes Yes Yes Yes Yes

Year-industry FE Yes Yes Yes Yes Yes Yes

Year-province FE Yes Yes Yes Yes Yes Yes

Observations 137304 137304 137304 28447 28447 28447

adj. R2 0.396 0.412 0.170 0.318 0.334 0.035

Note: The ownership type in the table is identi�ed using the enterprises’ legal registration codes. The
logarithms of all variables are used in the regression except for the dummy variable. Standard errors
are clustered at the city level and given in parentheses; * p < 0.1, ** p < 0.05, *** p < 0.01.

Although the reduction in pollutants’ total emissions has always been an important part of environmental
governance in China, considering the sustainable and synergistic growth of the economy and the
environment, the degree of enterprises’ clean production, which is measured by the intensity of pollutants,
is also an aspect of great concern to us. Therefore, we further explore whether there are differences
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between SOEs and POEs in the pollution intensity, measured by the ratio of emissions and removal to
production, as well as emissions, production, and removal per unit output value. The results for SO2 are
shown in Table 5. Similar to the results in Table 3, we can still �nd that SOEs produce less, remove more,
and thus emit less SO2 than do POEs. Although the coe�cients of columns (3) and (5) are not
statistically signi�cant, their signs are still in line with our basic speci�cations. As for the results for NOx

shown in Table 6, most of the coe�cients are insigni�cant, indicating that there are no signi�cant
differences in the unregulated pollutant between SOEs and POEs. However, it is worth noting that the
coe�cients of the ratio of removal to production and emissions per unit output value are signi�cant at
the 10% level in columns (2) and (3), showing that SOEs remove less and emit more NOx than POEs.
These results to some extent indicate that SOEs can perform worse in environmental performance
without governments’ mandatory targets.
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Table 5
Differences in SO2 Intensity Between SOEs and POEs

  (1)

SO2
Emissions/

Production

(2)

SO2
Removal/

Production

(3)

SO2
Emissions/

Output

(4)

SO2
Production/

Output

(5)

SO2
Removal/

Output

SOEs -0.0196*** 0.0434** -0.0117 -0.0517* 0.0111

  (0.00646) (0.0215) (0.0105) (0.0292) (0.00691)

Output -0.00619** 0.0209** -0.310*** -0.745*** -0.0718***

  (0.00262) (0.00962) (0.00983) (0.0139) (0.00962)

Labor -0.0174*** 0.110*** 0.152*** 0.399*** 0.0558***

  (0.00366) (0.0132) (0.00814) (0.0199) (0.00539)

Total capital -0.0229*** 0.105*** 0.0755*** 0.159*** 0.0427***

  (0.00301) (0.0116) (0.00841) (0.0159) (0.00813)

GDP per capita -0.0341*** 0.179*** -0.0631*** -0.127** 0.0296**

  (0.0116) (0.0501) (0.0188) (0.0522) (0.0130)

Secondary industry
ratio

0.00529 -0.0674 -0.0141 0.0501 -0.0163

  (0.0202) (0.0691) (0.0285) (0.0661) (0.0222)

Year FE Yes Yes Yes Yes Yes

Industry FE Yes Yes Yes Yes Yes

Province FE Yes Yes Yes Yes Yes

Year-industry FE Yes Yes Yes Yes Yes

Year-province FE Yes Yes Yes Yes Yes

Observations 191890 191890 191890 191890 191890

adj. R2 0.080 0.134 0.430 0.404 0.126

Note: The ownership type in the table is identi�ed using the proportion of registered capital. The
logarithms of all variables are used in the regression except for the dummy variable. Standard errors
are clustered at the city level and given in parentheses; * p < 0.1, ** p < 0.05, *** p < 0.01.\
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Table 6

Differences in NOx Intensity Between SOEs and POEs

  (1)

NOx
Emissions/

Production

(2)

NOx
Removal/

Production

(3)

NOx
Emissions/

Output

(4)

NOx
Production/

Output

(5)

NOx
Removal/

Output

SOEs 0.00700 -0.0297* 0.0155* 0.0146 -0.00174

  (0.00460) (0.0156) (0.00936) (0.0312) (0.00233)

Output 0.00110 -0.0112 -0.223*** -0.871*** -0.0113***

  (0.00266) (0.00824) (0.00787) (0.0184) (0.00230)

Labor -0.00141 0.0175** 0.0758*** 0.338*** 0.00226

  (0.00308) (0.00884) (0.00797) (0.0263) (0.00140)

Total capital -0.00619** 0.0238*** 0.0871*** 0.263*** 0.00776***

  (0.00256) (0.00826) (0.00700) (0.0200) (0.00178)

GDP per capita -0.00608 0.0129 -0.0431** -0.142 0.00182

  (0.00740) (0.0296) (0.0195) (0.0900) (0.00367)

Secondary industry
ratio

-0.0102 0.133 0.0736 0.438** 0.0272

  (0.0245) (0.0996) (0.0528) (0.196) (0.0192)

Year FE Yes Yes Yes Yes Yes

Industry FE Yes Yes Yes Yes Yes

Province FE Yes Yes Yes Yes Yes

Year-industry FE Yes Yes Yes Yes Yes

Year-province FE Yes Yes Yes Yes Yes

Observations 39310 39310 39310 39310 39310

adj. R2 0.008 0.023 0.341 0.379 0.019

Note: The ownership type in the table is identi�ed using the proportion of registered capital. The
logarithms of all variables are used in the regression except for the dummy variable. Standard errors
are clustered at the city level and given in parentheses; * p < 0.1, ** p < 0.05, *** p < 0.01.
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5.2 The Impacts of Privatization
We then explore the effects of the privatization of SOEs on the environmental performance of enterprises
using the DID method, in which we control for the �rm �xed effects simultaneously. The results are
shown in Table 7. According to the results in columns (1) to (3), we can see that the coe�cient of
privatization is positive and signi�cant at the level of 1% in columns (1) and (2). Conversely, the
coe�cient of privatization is not statistically signi�cant in column (3). The above results indicate that
privatized SOEs signi�cantly increased their SO2 production and emissions after privatization by 7.61%
and 8.18%, respectively. There is no signi�cant change in SO2 removal after privatization, which means
there is no signi�cant change in the level of “end-of-pipe” treatment after privatization. Therefore, the
deteriorating environmental performance of privatized SOEs mainly comes from changes in the
production process. To summarize, compared to non-privatized SOEs, there is a signi�cant decline in the
SO2 performance of privatized SOEs, which further corroborates that SOEs perform better than POEs in
environmental performance regulated by governments. These results also indicate that privatized SOEs
may be less responsive to policies, which means that their environmental responsiveness strategies may
change after privatization. As for the results for NOx in columns (4) to (6), there is no signi�cant change
after privatization. This is in line with our hypothesis that the unregulated environmental performance of
SOEs can be similar to their privately-owned counterparts, which makes privatization not have any effects
on their unregulated performance.
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Table 7
The Impact of Privatization

  (1)

SO2
Emissions

(2)

SO2
Production

(3)

SO2
Removal

(4)

NOx
Emissions

(5)

NOx
Production

(6)

NOx
Removal

Privatize 0.0786*** 0.0733*** 0.0779 0.0147 0.00567 -0.146

  (0.0261) (0.0248) (0.0781) (0.135) (0.134) (0.225)

Output 0.210*** 0.219*** 0.148*** 0.125* 0.133** 0.0706

  (0.0163) (0.0154) (0.0327) (0.0676) (0.0631) (0.116)

Labor 0.101*** 0.104*** 0.115** 0.0218 0.0254 0.111

  (0.0160) (0.0148) (0.0521) (0.0734) (0.0714) (0.212)

Total capital 0.0294* 0.0347** 0.0892* 0.0742 0.0767 0.0583

  (0.0158) (0.0148) (0.0472) (0.0818) (0.0801) (0.139)

GDP per capita -0.0233 -0.0391 0.0745 0.859 0.904 0.676

  (0.0724) (0.0580) (0.287) (0.763) (0.615) (1.713)

Secondary
industry ratio

0.121 0.132* 0.146 -0.648 -0.547 1.259

  (0.0871) (0.0710) (0.165) (0.978) (0.850) (1.613)

Year FE Yes Yes Yes Yes Yes Yes

Year-industry FE Yes Yes Yes Yes Yes Yes

Year-province FE Yes Yes Yes Yes Yes Yes

Firm FE Yes Yes Yes Yes Yes Yes

Observations 102793 102793 102793 12590 12590 12590

adj. R2 0.814 0.835 0.593 0.850 0.879 0.531

Note: The Privatize variable is equal to 1 after the privatization of privatized SOEs; otherwise, it is
equal to 0. The logarithms of all variables are used in the regression except for the dummy variable.
Standard errors are clustered at the city level and given in parentheses; * p < 0.1, ** p < 0.05, *** p < 0.01.

To con�rm that the control group can be the counterfactual of the treatment group, we conduct a parallel
trend test to ensure that privatized SOEs and non-privatized SOEs have a common trend before
privatization. It is a pity that we can only obtain the data of NOx in 2006 and 2007, which makes it
impossible for us to test the parallel trend for NOx. Therefore, we only conduct the parallel trend test for
SO2 here. Since the privatization of privatized SOEs happened at different time points, we conduct the
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test by including a series of dummy variables of years before and after privatization in the model,
referring to the study of Beck et al. (2010). The speci�c model is as follows:

3

In formula (3), for the dummy variables of years before and after privatization,  ( ) takes the value
of 1 in the jth year before (after) the privatization of the privatized SOEs. The value of  ( ) is
equal to 1 in all years �ve years or more before (after) the privatization of the privatized SOEs. The
remaining variables in formula (3) have the same meanings as those in formula (1). It should be noted
that we exclude the privatization year in our model, so the model uses non-privatized SOEs and the
privatization year of privatized SOEs as the benchmark. We plot the distribution of the dummy variable
coe�cients and their 95% con�dence intervals in Fig. 3. Panel A shows the regression results with SO2

emissions as the dependent variable. Panel B shows the regression results with SO2 production as the
dependent variable. Panel C shows the regression results with SO2 removal as the dependent variable. On
one hand, according to Panel A and Panel B, we can see that there are no signi�cant differences between
the treatment group and the control group in SO2 emissions and production for no more than three years
before privatization, and this �nding is in line with the parallel trend assumption. After privatization, the
SO2 production and emissions of the treatment group are signi�cantly greater than those of the control
group. In addition, the gap between privatized SOEs and non-privatized SOEs shows a clear upward trend
with time. The above results indicate that the privatization of SOEs does lead to increases in SO2

production and emissions. On the other hand, according to the results shown in Panel C, although the
coe�cients of the SO2 removal show a signi�cant upward trend after privatization, the coe�cients in all
years except for the �rst year after privatization are not signi�cantly different from 0. Therefore, the
privatization of SOEs does not lead to signi�cant changes in the removal of SO2.

People may worry about the selection bias, that is, those privatized SOEs have poor environmental
performance before privatization than SOEs whose ownership has not changed. To alleviate this concern,
Table 8 shows the differences in environmental performance between privatized SOEs before
privatization and SOEs whose ownership has not changed. We can see that there are no signi�cant
differences between privatized SOEs and SOEs except for the SO2 removal. Combined with the results in
Table 7, privatized SOEs signi�cantly increase their SO2 production and emissions after privatization, the
coe�cients of which are insigni�cant in Table 8, indicating that the impacts of the privatization are not
caused by the selection bias.
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Table 8
Differences in Emission, Production and Removal Between Privatized SOEs Before Privatization and

SOEs

  (1)

SO2
Emissions

(2)

SO2
Production

(3)

SO2
Removal

(4)

NOx
Emissions

(5)

NOx
Production

(6)

NOx
Removal

Privatized 0.0569 0.0428 -0.202** 0.0818 0.0785 0.136

  (0.0360) (0.0354) (0.0883) (0.0707) (0.0700) (0.0945)

Output 0.274*** 0.283*** 0.140*** 0.119*** 0.117*** -0.000381

  (0.0235) (0.0235) (0.0347) (0.0261) (0.0254) (0.0262)

Labor 0.444*** 0.471*** 0.751*** 0.355*** 0.358*** 0.130***

  (0.0226) (0.0234) (0.0592) (0.0352) (0.0349) (0.0468)

Total capital 0.150*** 0.167*** 0.278*** 0.313*** 0.324*** 0.0577

  (0.0220) (0.0230) (0.0463) (0.0321) (0.0313) (0.0371)

GDP per capita -0.298*** -0.267*** 0.286* -0.353*** -0.329*** 0.0596

  (0.0463) (0.0480) (0.160) (0.0752) (0.0755) (0.0841)

Secondary
industry ratio

0.158** 0.140* -0.210 0.530*** 0.532*** 0.317

  (0.0719) (0.0754) (0.206) (0.181) (0.178) (0.246)

Year FE Yes Yes Yes Yes Yes Yes

Industry FE Yes Yes Yes Yes Yes Yes

Province FE Yes Yes Yes Yes Yes Yes

Year-industry FE Yes Yes Yes Yes Yes Yes

Year-province FE Yes Yes Yes Yes Yes Yes

Observations 76074 76074 76074 11407 11407 11407

adj. R2 0.500 0.514 0.205 0.412 0.428 0.032

Note: The Privatized variable is equal to 1 for privatized SOEs before privatization; otherwise, it is
equal to 0. The ownership type in the table is identi�ed using the proportion of registered capital.
Privatized SOEs here are privatized SOEs before privatization and SOEs here are SOEs whose
ownership has not changed. The logarithms of all variables are used in the regression except for the
dummy variable. Standard errors are clustered at the city level and given in parentheses; * p < 0.1, ** p 
< 0.05, *** p < 0.01.
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6. Conclusions
Although SOEs have the de�cit of being ine�cient, it should not be denied that they play a vital role in
meeting governments’ requirements and ful�lling policies goals. Using �rm-level data, we �rst explore the
differences between SOEs and POEs in environmental performance with and without governments’
mandatory targets to further understand the differentiated environmental strategies adopted by SOEs. In
addition, we explore how the privatization of SOEs affects the environmental performance of SOEs in the
context of the reform of SOEs. The results show that the environmental performance of SOEs and POEs
signi�cantly differs only in aspects with mandatory targets, which means that SOEs follow environmental
responsiveness strategies to ful�ll the governments’ goals and requirements. Moreover, the privatization
of SOEs undermines their environmental performance, which indicates that the discussion on the reform
of SOEs should not be limited to the production e�ciencies of enterprises but should include multiple
angles. 

Our study provides important policy implications. SOEs have long been considered to play a vital role in
maintaining low unemployment and promoting social stability (Clò et al. 2017; Wang and Jin 2007).
Apart from these goals, according to our �ndings, SOEs are leaders in policy goal accomplishment and
compliance, which makes them important for achieving political expectations. Given that the
achievement of government goals is a major consideration for SOEs in ful�lling social responsibilities,
governments should consider how to set policy objectives to provide incentives for SOEs in providing
public services and improving social welfare. With the privatization of SOEs worldwide, though,
determining how to avoid the negative effects of privatization as well as to motivate private companies
to achieve governments’ goals of providing public goods is another issue.

However, several limitations still exist in our study. First, although we improve our representativeness by
utilizing the data from CIED rather than only analyzing the performance of listed companies, we can not
obtain information about private industrial enterprises with annual revenue of fewer than 5 million yuan.
Second, we examine the existence of responsiveness strategies in terms of environmental performance
but more evidence is still needed in other kinds of social responsibilities, such as employee welfare and
social sustainability. Third, we prove that the responsiveness to the government’s concern is an important
source of SOE’s differentiated strategies, while future research is urged to explore other factors that can
induce differentiated corporate strategies. 

Notes
1     For the report, see https://baijiahao.baidu.com/s?id=1634484734490918890&wfr=spider&for=pc

2     The ninth FYP (1996-2000) set the emission target of SO2 to emit no more than 23.6 million tons in
2000. In the tenth FYP (2001-2005) and the eleventh FYP (2006-2010), the central government demanded
to reduce 10% of 2000 SO2 emissions in 2005 and 10% of 2005 SO2 emissions in 2010, respectively. The
twelfth FYP (2011-2015) demanded to reduce 8% of 2010 SO2 emissions and 10% of 2010 NOx
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emissions in 2015, respectively. In the thirteenth FYP (2016-2020), the emission targets of SO2 and NOx
are to reduce 15% of 2015 emissions in 2020, respectively. For detailed contents, see http://www.gov.cn/

3     It should be noted that there are still many companies in our sample whose ownership cannot be
identi�ed through the above methods, including collectively-owned enterprises; Hong Kong-, Macao- and
Taiwan-owned enterprises; foreign-owned enterprises; legal person-owned enterprises; and other
enterprises whose controlling shareholder’s proportion of registered capital is below 50%. As mentioned
before, our focus is on a comparison between SOEs and POEs, for which reason we eliminated these
companies that cannot be identi�ed as SOEs or POEs in our study.
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The authors declare that they have no a�liations with or involvement in any organization or entity with
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Figures

Figure 1

The Trends of Ownership Structure Over Time
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Figure 2

The Number of SOEs that Privatized Each Year

Figure 3
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The Results of Parallel Trend Testing

Note: Panel A shows the regression results with SO2 emissions as the dependent variable. Panel B shows
the regression results with SO2 production as the dependent variable. Panel C shows the regression
results with SO2 removal as the dependent variable. The scatter points are used to characterize the
coe�cients of the dummy variables of years before and after the privatization of privatized SOEs. The
vertical dashed lines are used to represent the 95% con�dence intervals of the coe�cients. The reference
line x=0 characterizes the privatization year of privatized SOEs. It is a pity that we only have the data of
NOx in 2006 and 2007, which makes it impossible for us to test the parallel trend for NOx.


