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Yuping Deng, Yanrui Wu and Helian Xu 
 
 
Political connections and firm pollution behaviour:  
An empirical study 
 
 
Abstract  
A firm's top manager and a government official may be connected due to special circumstances. 

This social relationship or political connection may provide industrial polluters with protection or a 

“pollution shelter” which could lead to severe environmental deterioration. This paper aims to ex-

amine the link between political connections and firms’ pollution discharges by using Chinese data. 

Empirical results show that political connections are the institutional origin for firms to adopt stra-

tegic pollution discharges. Government officials who are young, of low education, promoted locally 

and in office for a relatively long time are more likely to build political connections with polluters. 

This phenomenon results in inadequate enforcement of regulation and emission control. The pollu-

tion discharges of politically connected firms also vary considerably due to firm heterogeneity. This 

study also shows that pollution shelter effects caused by political connections are more obvious in 

the central and western regions, prefecture cities and capital-intensive industries. 
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JEL codes: Q51; L20; O12 

 
 
 
 
 
 
 
Yuping Deng, orcid.org/0000-0003-0566-2137. School of Economics and Trade, Hunan University, P.R. China. 
Economics, Business School, University of Western Australia, Australia 
 

Yanrui Wu, orcid.org/0000-0002-8966-1459. Corresponding author. Economics, Business School, University of 
Western Australia, Australia. Email: yanrui.wu@uwa.edu.au. 
 

Helian Xu, orcid.org/0000-0002-7466-7508. School of Economics and Trade, Hunan University, P.R. China. 
 
Work in this paper was supported by the National Natural Science Foundation of China [# 71703035], China Scholar-
ship Council (# 201706135020), Bank of Finland Institute of Transition (BOFIT) and East Asian Institute (EAI) Na-
tional University of Singapore. The authors gratefully acknowledge the helpful comments from Zuzana Fungáčová and 
participants of seminars and workshops at BOFIT, EAI, ADEW2018, Yunnan Normal University and Hohai University.  
  



BOFIT- Institute for Economies in Transition 
Bank of Finland 

BOFIT Discussion Papers 4/ 2019 

 

 
 
 

5 

1  Introduction  
Since the launch of economic reforms and open-door policy, China has achieved phenomenal eco-

nomic growth which is regarded as an unprecedented development miracle. However, the past 

growth model with high inputs and pollution brings about serious environmental problems such as 

heavy city smog, discharging of pollutants without permission and increased cases of cancer in 

villages. In terms of pollution control, China’s political promotion system, which uses GDP growth 

as its core criterion, acts as a powerful factor that prompts government officials and firms’ top man-

agers to form political connections. This social relationship provides polluters with protection and 

indulgence (hereafter referred to by the term “pollution shelter”) which may lead to severe environ-

mental deterioration. Thus it is necessary to comprehensively evaluate firms’ environmental perfor-

mance from the perspective of political connections. The knowledge gained would be helpful for 

the construction of a resource-conserving and environmentally friendly society, as well as the re-

form of the government administration system in the country. 

In this paper, we aim to investigate the relationship between political connections and firm 

pollution behaviour. Our empirical results show that political connections between local govern-

ment officials and firms’ top managers are the institutional origin that causes firms to adopt strategic 

pollution discharge, and that political connections are associated with an increase in firms’ pollution 

discharges. Government officials with less education, a younger age, relatively longer tenure and 

local promotion are more likely to build political connections with polluters, which result in insuf-

ficient regulation and control for excessive emissions. Furthermore, it is shown that the pollution 

shelter effects caused by political connections are more obvious in central and western regions, 

prefecture cities and capital-intensive industries. 

This paper contributes to the existing literature in the following three aspects. First, it 

broadens the definition of political connections by following a social network approach and then 

explores firms’ strategic pollution discharge from the perspective of political connections. Political 

connections are defined as the links between politicians and firms’ top managers in non-contractual 

social relations based on their birthplace. In existing studies political connections are defined as 

having a senior executive or board member who is a current or former government official (Fan et 

al., 2008; Faccio, 2010; Cai & Sevilir2012; Zhang, 2017; Zheng et al., 2017; Su et al., 2018), having 

financially donated to a political party (Khwaja & Mian, 2005; Claessens et al., 2008; Cooper et al., 

2010; Zhang et al., 2016), or a representative in the National People’s Congress (NPC) or Chinese 

People’s Political Consultative Conference (Fan et al. ,2008; Cai & Sevilir, 2012; Li & Zhou, 2015; 

Schweizer et al., 2017). However, this type of measurement is rough and inaccurate, especially for 

China (Cheng, 2018). The reason is that if the senior executives or board members worked for the 
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government a long time ago, then their political power may disappear. Thus connections with a 

former official who served farther back in time have negligible effects on firm activities (Faccio, 

2006). Some authors adopt the state ownership of firms as a proxy for political connections (Berk-

man et al., 2010; Maung et al., 2016; Zhang, 2018). Since the top managers of state-owned firms 

maintain close ties with the government, so their motivation to build political connections is deter-

mined endogenously by the consequences of political connections (Do et al., 2015). In light of this 

we focus on political connections through the social network of birthplaces which are identified for 

all politicians and top managers. We also measure political connections through the social network 

of alumni as proposed by Engelberg et al. (2013), Zhu & Chung (2014) and Do et al. (2015). 

The second significant contribution is that micro-data are used to control for heterogeneity 

in politicians and firms, and examine the different influences of political connections on firm emis-

sion behaviour. To the best of our knowledge, several papers examined the determinants of envi-

ronmental pollution at the firm level. They focused on whether exporting firms performed better 

environmentally than their non-exporting competitors (Cole et al. ,2013; Cui et al. ,2016; Richter & 

Schiersch, 2017; Forslid et al. ,2018 ), or tested whether foreign firms were cleaner than their do-

mestic competitors (Wang & Jin, 2007; Jiang et al.,2014). However none of these studies has estab-

lished a link between political connections and firms’ pollution discharges. Two papers investigated 

the difference between politically connected firms and non-politically connected ones in environ-

mental performance, which are most closely related to our work. The first paper by Zhang (2017) 

uses a panel dataset of China’s listed firms to examine how political connections affect corporate 

environmental responsibility. In this paper political connections are defined according to whether 

the chief executive officer (CEO) of a list firm is a current or former official. The second paper by 

Maung et al. (2016) analyzes how state ownership of non-listed firms affects pollution fees. In this 

paper, state ownership is considered as a proxy for firms’ political connections. Their empirical 

results show that firms with state ownership pay lower environmental levies. In the present study, 

we further explore the impact of politician and firm characteristics on the relationship between po-

litical connections and firms’ pollution discharges. 

Third, although a growing body of literature has established a link between political con-

nections and firm performance, it is still not very clear how political ties affect firms’ pollution 

behavior. In this paper we go a step further to investigate how political connections affect firms’ 

pollution discharges through resource misallocation and unfair enforcement of environmental reg-

ulation. This paper therefore adds theoretical and empirical support to the “political resource curse” 

proposed by Brollo et al. (2013). We find that political connections lead firms to invest excessively 

and hence lead to resource misallocation. Meanwhile, political connections cause the weakening of 
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the enforcement of environmental regulations and consequently an increase in firm pollution dis-

charges. These two mechanisms reasonably explain the phenomenon that our emission control gets 

more and more stringent while reduction performance is still unsatisfactory. 

The remainder of this paper is structured as follows. Section 2 presents the literature review 

and hypothesis development. Section 3 demonstrates the model specification and describes the data 

and choice of the variables. Section 4 presents empirical results, while Section 5 ends with conclu-

sions and policy recommendations. 

 
 

2  Literature review and hypothesis development 
2.1 Literature review 
Political connections include both formal and informal relationships built by local officials and firms 

(Bertrand et al., 2007). Through political connections, firms have access to scarce and valuable 

political resources controlled by local governments. Research has revealed that politically connected 

firms significantly benefit from favourable financing (Faccio, 2010; Duchin & Sosyura, 2012), tax 

privileges (Mobarak & Purbasari, 2006; Kim & Zhang, 2016; Chen et al., 2016), government sub-

sidies (Faccio et al., 2006; Montmartin, 2013), and debt relief (Boubakri et al., 2008; Bliss & Gul, 

2012). Additionally, through embedding themselves in politically connected networks, firms’ top 

managers can win government support by participating in government decision-making (Faccio, 

2006; Goldman et al., 2009), receive honours and awards (Hwang & Kim, 2009; Polsiri & Jiraporn, 

2012; Cingano & Pinotti, 2013), and have access to simplified approval procedures (Faccio, 2006; 

Wang & Sheng, 2010). However, firms need to dedicate major resources to build and maintain 

political connections which undoubtedly increase their operating expenses. There are several rea-

sons for this. First, political resources are not provided free-of-charge, but at the cost of transferring 

political rents to local officials (Fan et al., 2008; Cheung et al., 2010). Second, political connections 

would result in the objective function of a firm being dominated by government priorities, ultimately 

reducing investment efficiency and triggering over-investment (Li & Zhou, 2005; Chen et al., 2011; 

Xu et al., 2013). Finally, once political connections can be transformed into competitive advantages, 

firms will have little incentive to improve operational efficiency and deliver cost savings (Peng et 

al., 2009; Cai & Sevilir, 2012; Baranchuk et al., 2014). 

In recent years, the analysis of government competition has been a new frontier of research 

on environmental issues which investigates how fiscal decentralization and political incentives af-

fect the environment (e.g. Konisky, 2009; Millimet & Roy, 2015). Some studies show that local 

government will compete for resources by lowering environmental standards in order to attract new 
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firms and create more jobs. This “race to the bottom” in environmental regulation will lead to the 

deterioration of the environment (List et al., 2004; Ogawa & Wildasin, 2009; Dong et al., 2015; Bu 

& Wagner, 2016). Numerous studies have also shown that developed countries voluntarily lower 

environmental standards or relax environmental regulation in order to maintain competitiveness in 

pollution-intensive industries (Benarroch & Thille, 2001; Konisky, 2007; Manderson & Kneller, 

2012; Chung, 2014). The empirical evidence from the U.S. indicates that the environmental “race 

to the bottom” does exist in all states (Xing & Kolstad, 2002; Woods, 2006; Millimet & Roy, 2015), 

and that environmental spillovers encourage local governments to adopt a “free-rider” approach in 

transboundary pollution treatment (Gray & Shadbegian, 2004; Sigman, 2007; Sanna-Randaccio & 

Sestini, 2012; Banzhaf & Chuppd, 2012). It is also argued that Chinese decentralization, a combi-

nation of political centralization and fiscal decentralization, is the institutional background for un-

derstanding the insufficient supply of environmental public goods (Qian & Roland, 1996; Blanchard 

& Shleifer, 2000; Cai & Treisman, 2006; Wang & Chen, 2014). A growing body of literature reveals 

that fiscal decentralization and GDP growth assessment have prompted local governments to irra-

tionally compete in the realm of environmental policies (Marquis et al., 2011; He et al., 2012). Thus, 

binding emission reduction targets cannot fundamentally correct the “race to the bottom” behaviour 

and stop the strategic endeavour of government officials (Zheng et al., 2014; Ghanem & Zhang, 

2014; Guo & Shi, 2017). 

However, the existing literature mainly focuses on the costs and benefits of political con-

nections and the effects of local government competition on the environment. It fails to analyse the 

role of government officials who are the decision makers. The literature also ignores how the official 

governance system plays a moderating role in the relationship between local government behaviour 

and environmental pollution. In addition, previous studies neglect the special circumstances of 

forming political connections and take insufficient account of the differences in individuals such as 

officials and top managers.  

 
 
2.2 Hypothesis development 
After nearly 40 years’ endeavour, China has formed a disciplinary environmental management sys-

tem featuring unified supervision and management by environmental protection departments and 

assignment of responsibility to local governments under the unified leadership of the central gov-

ernment. This management system has effectively promoted the development of environmental pro-

tection in the transition period of the economy. However, for decades, China’s economic boom has 

been accompanied by growing pollution and the emergence of environmental management problem. 

One outstanding problem is the inconsistency of environmental behaviour between central and local 
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governments. Specifically, due to fiscal decentralization, a local government actually plays the role 

of a double agent. On the one hand, local government, as the agent of central government, is respon-

sible for implementing and monitoring environmental policies formulated by the central govern-

ment. On the other hand, local government, as a jurisdictional agent, bears the burden of promoting 

the regional economy. The political promotion tournament, which mainly relies on GDP growth 

assessment, prompts local officials to engage in fierce competition over economic growth (Zheng 

et al., 2014; vander Kamp et al., 2017). Thus, junior officials may be more likely to encourage 

polluting firms to operate in their jurisdictions. Meanwhile, their superiors have strong motivation 

to relax environmental regulations to protect their subordinates from being investigated and prose-

cuted. By doing so, they can minimize legal costs and realize common goals for economic growth 

in their jurisdictions (Zhu et al., 2013; Wu et al., 2014; Yu et al., 2019). 

Moreover, the environmental enforcement authority in China is affiliated with local envi-

ronmental protection agencies, while the leaders of these agencies are appointed by local govern-

ments. Thus, environmental enforcement may be subjected to local government authority (Faccio, 

2006; Li et al., 2008). This forms the basis for local government officials and firms’ top managers 

to build political connections, for which same-hometown or birthplace identity acts as the particular 

node (Zhang et al., 2016). In contrast to the cultural orientation prevalent in the West, China is a 

highly relationship-oriented society with a unique institutional environment that has been influenced 

by both its history and political ideology (Guo et al., 2018). The Confucian philosophy emphasizes 

strong geographical relationship, which is an effective way of obtaining resources and reducing 

transactional costs (Fan, 2002; Chan & Suen, 2005). Top managers are strongly socialized groups, 

and their birthplaces are undoubtedly one important dimension to form personal relationships. In 

such a case, same birthplace identity plays a critical role in political connections. For an official 

with a well-connected family background, same birthplace identity is a beneficial channel to develop 

interpersonal network. For a grass-root official who has no political affiliations, same birthplace 

identity is the most convenient ticket to enter into the upper-class circles. Thus, once political con-

nections are established, officials may share their political resources with their connected firms 

(Chen & Li, 2012; Li & Xu, 2016). This type of political connections provides protection for the 

polluters or a pollution shelter. Therefore, fiscal decentralization and political promotion tourna-

ments imply that local government officials have strong motivation to form political connections 

with local firms which undermine China’s environmental protection efforts. Thus our first hypoth-

esis is: 

 
Hypothesis 1: Political connections between local officials and  

 firms’ top managers increase pollution discharges. 

https://www.sciencedirect.com/science/article/pii/S0969593116301482#bib0110
https://www.sciencedirect.com/science/article/pii/S0969593116301482#bib0055
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Political connections may influence the environment in two ways, namely resource misallocation 

and environmental regulation. As China has not yet formed a market-based resource allocation sys-

tem, local governments control key resources (Chen et al., 2011; Jiang & Tan, 2013; Feng et al., 

2018). These resources could be allocated according to firms’ political proximity rather than their 

productive efficiency (Khwaja & Mian, 2005; Deng et al., 2017). In this context, establishing good 

relationships with local governments enables firms to improve their political proximity. Local gov-

ernments may give priority to politically connected firms for political purposes or personal benefits. 

Accordingly, politically connected firms can obtain some significant resources which affect their 

development and hence their production decisions. These effects may cause resource misallocation. 

Resource misallocation may lead firms to invest excessively and therefore generate more pollution 

discharges. On the one hand, politically connected firms are easier to get long-term loans from the 

banks and relax their financial constraints (Li et al., 2008; Li & Zhou, 2015). On the other hand, it 

is shown that political connections cause firms’ goals to be dominated by government priorities and 

result in investment inefficiency (Bliss and Gul, 2012; Boubakri et al., 2012; Piotroski & Zhang, 

2014).  

In a transitional economy like China, various institutional distortions, such as ambiguous 

property rights, poorly developed environmental institutions and soft budget constraint, provide fur-

ther opportunity for local officials to intervene in business decisions. In order to get promoted, local 

government officials tend to link their own political goals with investment decisions of politically 

connected firms through a series of preferential policies and administrative permissions ( Chen et 

al., 2008; Duchin and Sosyura, 2012; Blau et al., 2013). The politically connected firms may expand 

their investment to maintain good relationships with local government officials and gain their sup-

port for access to key resources. To cater for local officials’ interests, politically connected firms 

become accustomed to carrying excessive investment to boost local economic growth, which leads 

to overcapacity (Aggarwal et al., 2011; Duchin & Sosyura, 2012; Cerqua & Pelliergrini, 2014). 

Over-investment requires even more consumption of limited resources and hence may cause insuf-

ficient investment in environmental protection. Thus, we propose the following hypothesis:  

 
Hypothesis 2a. Political connections cause resource misallocation that can  

 subsequently increase firms’ pollution discharges 
 
In addition to resource misallocation, political connections may encourage local officials to relax 

environmental regulations and even indulge in pollution, thus deteriorating the environment (Wu et 

al., 2014). Politically connected firms may bribe local government officials so that they can get 

away with environmental regulation and penalties. In order to promote regional economy, local 

government officials are motivated to inadequately implement or distort environmental policies Jia 
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(2013) constructed a multi-task principal-agent model to analyse how promotion incentives of pro-

vincial governors affect pollution. His theoretical analysis indicates that a higher relative price of 

clean technologies increases the use of dirty technologies due to a substitution effect, but political 

connections further strengthen the substitution effect. In addition, political connections can also 

provide an opportunity for firms to modify or influence environmental policy and future regulations 

in their favor (Lyon & Maxwell, 2008; Zhang, 2017). In other words, politically connected firms 

may lobby or bribe local government officials to accept lower environmental standards. Through 

their political connections, some firms even convey unverifiable information to decision-makers as 

they cannot fulfill high environmental standards and force governments to relax the standards. In 

this case, relaxed environmental regulations lower the barrier to entry for heavy polluters and reduce 

the willingness for emission reductions which harm sustainable development. Therefore, the fol-

lowing hypothesis is formulated: 

 
Hypothesis 2b: Political connections weaken the enforcement of  

 environmental regulations and consequently increase firms’ pollution discharges. 
 
 

3  Research design  
3.1 Empirical specifications 
The main econometric specification in this study is related to Zhang (2017), who used chief execu-

tive officer who is a current or former government bureaucrat to define a firm’s political connection 

and examined its relationship with corporate environmental responsibility.  

To test Hypothesis 1, the following panel data model is considered: 

 
𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑖𝑖𝑖𝑖 = 𝛼𝛼0+𝛼𝛼1𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑖𝑖𝑖𝑖 + ∑𝛽𝛽𝑘𝑘𝐶𝐶𝑃𝑃𝑃𝑃𝑃𝑃𝐶𝐶𝑃𝑃𝑃𝑃𝑖𝑖𝑖𝑖 + 𝛽𝛽𝑖𝑖𝑌𝑌𝑌𝑌𝑃𝑃rt+𝛽𝛽𝑗𝑗𝐶𝐶𝑃𝑃𝑃𝑃𝐶𝐶 +
𝛽𝛽𝑚𝑚𝐼𝐼𝑃𝑃𝐼𝐼𝑃𝑃𝐼𝐼𝑃𝑃𝐶𝐶𝐶𝐶𝑚𝑚 + 𝜀𝜀𝑖𝑖𝑖𝑖  (1) 

 
where the subscripts denote firm i, city j , industry m, control variable k and year t. Pollution is an 

indicator of environmental pollution, Political is the index of political connections, and Control 

denotes control variables that affect pollution. The dummy variables of year, city and industry are 

also included to control for unobserved fixed effects that are correlated with the main regressors, 

and ε is the residual term. 
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To test Hypothesis 2, model (1) is extended as follows: 
 

𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑖𝑖𝑖𝑖 = 𝛼𝛼0+𝛼𝛼1𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑖𝑖𝑖𝑖 + 𝛼𝛼2𝑍𝑍𝑖𝑖𝑖𝑖+𝛼𝛼3𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑖𝑖𝑖𝑖 × 𝑍𝑍𝑖𝑖𝑖𝑖 + ∑𝛽𝛽𝑘𝑘𝐶𝐶𝑃𝑃𝑃𝑃𝑃𝑃𝐶𝐶𝑃𝑃𝑃𝑃𝑖𝑖𝑖𝑖 

 +𝛽𝛽𝑖𝑖𝑌𝑌𝑌𝑌𝑃𝑃rt+𝛽𝛽𝑗𝑗𝐶𝐶𝑃𝑃𝑃𝑃𝐶𝐶 + 𝛽𝛽𝑚𝑚𝐼𝐼𝑃𝑃𝐼𝐼𝑃𝑃𝐼𝐼𝑃𝑃𝐶𝐶𝐶𝐶𝑚𝑚 + 𝜀𝜀𝑖𝑖𝑖𝑖 
(2) 

where Z denotes the channel through which political connections influence the environment. These 

channels in turn include resource misallocation (Misallocation) and environmental regulation (Reg-

ulation). 

 
 
3.2 Data sources  
For this study, we matched the hometown information of 643 mayors during the period of 2007-

2015 with the unbalanced panel data of the listed firms in China. Data are drawn from several 

sources. First, the database of the Institute of Public and Environmental Affairs (IPEA) provides 

information about environmental records of about 300,000 firms during 2004-2016. This database 

discloses firms’ pollution information provided by the Ministry of Environment Protection (MEP) 

for 338 prefecture-level cities and counties. In practice, firms are required to self-report their emis-

sions and then inspected by the MEP each year. Each firm files an emission form to provide its 

pollution discharges. After monitoring and inspecting by MEP, the form will be then uploaded in 

the website of IPEA. The emission form is very detailed and consists of six sets of questions: (1) 

basic information about the firms such as firm address, industry category, main products, main types 

of pollution and discharge standards; (2) the volume of water used for production and volume of 

waste water discharge (including chemical oxygen demand, ammonia nitrogen and suspended sol-

ids); (3) the volume of gas discharge (including sulfur dioxide, nitrogen oxide, industrial dust and 

soot); (4) carbon dioxide emissions and energy consumption (including soft coal, diesel, natural gas, 

power consumption, etc.); (5) the volume of general industry solid waste and hazardous waste; (6) 

supplementary information (including original monitoring report and confirmation letter). 

Since the pollution information provided by IPEA needs to be manually collected, it has 

not been widely used in the existing literature. To the best of our knowledge, Liang & Gao (2014) 

used the frequency of notification for enterprises with pollutants over-discharged to measure re-

gional pollution. Shen et al. (2017) collected the information of environmental violation records 

with the help of Python software to examine whether environmental regulation caused pollution to 

be relocated nearby. Zhang et al. (2018) adopted the Pollution Information Transparency Index pub-

lished by the IPEA to test the effects of environmental regulation on firms’ value. Li & Huo (2018) 
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used the data of environmental fines collected by IPEA to examine the relationship between mana-

gerial competence and corporate environmental information disclosure.  

Second, the China Stock Market Accounting Research (CSMAR) database contains infor-

mation on corporate top managers such as birthplace, age, educational background, work experi-

ence, sector and ownership of listed companies, and other financial indicators. Hereby, top managers 

reported in the CSMAR database consist of board members and senior executives. The former in-

clude executive directors and independent directors. The executive directors include executive of-

ficers, large shareholders and representatives of other stakeholders such as labor unions, board of 

supervisors, and so on. The senior executives include general managers or presidents, vice general 

managers or vice presidents, chief financial officers or financial managers, legal representatives, 

and so on. According to the names and registered addresses of listed companies, the IPEA and 

CSMAR databases are matched. Third, the biographical information about politicians is mainly 

sourced from several websites such as people.com, xinhuanet.com and Baidu Encyclopedia. These 

sites have information about politicians’ birthplace, age, educational background, work experience, 

tenure and professional qualifications. 

Finally, city data are collected from the China Economic Information Network Statistics 

Database, which includes the names of the cities in each province, their GDP per capita, fiscal rev-

enues and expenditures. 

The raw data were filtered according to several criteria. First, observations with negative 

pollution volumes or without any pollution information were deleted. Second, observations were 

deleted if the net value of fixed assets and total assets is either negative or zero or if the net value of 

fixed assets is larger than total assets. Third, the listed companies without their top managers’ bio-

graphical information are excluded. Finally, the observations have at least two years of data availa-

ble in the database. After cleaning, the final sample comprises 3,988 firms with 15,238 firm-year 

observations covering the years of 2007 to 2015. Capital variables are deflated by using the price 

index of investment in fixed assets with a base year of 2000, and GDP per capita are deflated by 

using GDP price index  

 
 
3.3 Variable definitions 
The dependent variable is environmental pollution (Pollution). In the literature, pollutant intensity 

and pollutant emissions are widely used to measure environmental pollution. Pollutant emissions 

reflect the total amounts of discharge as a result of economic activities, while pollutant intensity 

reflects emissions relative to economic activities. In this paper we mainly focus on sulfur dioxide 

intensity (SO2 for short) as a measure of environmental pollution. The intensity of industrial SO2 
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emissions is defined as SO2 emissions over the value of sales. The main reasons are as follows: one 

the one hand, SO2 is considered the most threatening environmental pollution generated by China’s 

manufacturing sector, and it has been widely used as a major indicator to measure environmental 

pollution (He & Wang, 2012; Jiang et al., 2014; Li, et al., 2015; Zeng et al., 2018); On the other 

hand, the information provided by IPEA is much more complete than other pollutant types in the 

dataset, and can effectively ensure data consistency and hence may help obtain better results.  

The main independent variable is political connections (Political). The existing literature 

uses a proxy variable to measure political connections in the form of the political background of 

firms’ top managers or personal relationships (Bertrand et al., 2007; Li et al., 2008; Faccio, 2010; 

Cai & Sevilir, 2012). In China, personal connection between individuals with the same hometowns 

or birth places can often be established easily. In this paper, it is thus defined that, if the local official 

has the same birthplace as one of the top managers of a listed company located in the official’s 

jurisdiction, then the political connection variable takes the value of one and zero otherwise. The 

underlying assumption is that the official and top manager are connected due to being born in the 

same place. 

During data processing, it was found that some top managers and officials only provided 

their birthplaces at the prefecture level. The registered address of a company is also detailed at the 

prefecture level. In the Chinese administration system, at the prefecture level, the secretary of the 

Communist Party is mainly responsible for party organizations and performance management, and 

the mayor runs the daily management of the economy. In view of this arrangement, we focus on the 

political connections between the city mayor and the top manager of the firms located in that city. 

For robustness checks, we also consider two optional definitions of political connections. First, we 

use the birthplace information at the provincial level to define political connections. Thus, Politi-

cal_province takes the value of one if the local official shares the same birthplace as the top manager 

at the provincial level and zero otherwise. Second, we define political connections on the basis of 

whether a company’s top manager and the mayor graduated from the same university. That is, if 

one of the top managers of a listed firm graduated from the same university as the mayor in whose 

district the company is located, then political connection variable Political_school takes the value 

of one, and zero otherwise.  

To minimize estimation biases due to omitted variables, we add some firm-specific control 

variables that may affect pollution. These control variables are illustrated as follows. 

Liability ratio (Liability). A high liability ratio significantly reduces the capacity of firms 

to repay their debts and leads to insufficient funding to fulfil environmental responsibility. We use 

the ratio of total debts over total assets as a measure of liability ratio. 
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Profitability is another factor influencing polluters’ performance. Generally speaking, with 

better profitability, firms are inclined to spend more on the environmentally friendly facilities and 

technologies and eventually reduce their pollution discharge. In this paper, profitability is measured 

by the ratio of net profits over net assets. 

Firm scale (Scale) also affects emission efficiency. A large company may pay greater at-

tention to its social image and long-term development, and hence undertakes more initiatives to 

fulfil its environmental responsibility. However, the expansion of scale may lead to a larger demand 

for energy and resources. The firm scale is measured by the natural logarithm of total assets. 

Property rights (Ownership). State-owned enterprises (SOEs) keep close contact with local 

governments and have great bargaining power in negotiating pollution discharges (Wang & Jin, 

2007). Thus, property rights may have a profound influence on the environment. Following An et 

al. (2016), Xu et al. (2016) and Su et al. (2018), we divide the firms into SOEs and non-SOEs 

according to their ultimate controllers. SOEs are defined as firms whose ultimate controller with 

more than 50% equity is the state while non-SOEs are defined as firms whose ultimate controllers 

are others. The dummy variable Ownership takes the value of one for SOEs and zero for non-SOEs. 

In line with Cole et al. (2013) and Jiang et al. (2014), we use population density (Popula-

tion), per capita income (Pgdp) and industrial structure (Manufacturing) to control for city-level 

characteristics.  

Population is measured by the number of people per unit area. High population density 

will produce more pollution on the one hand and lead more people to participate in environmental 

protection on the other hand. 

GDP per capita (Pgdp) is an important variable that affects environmental pollution. The 

relationship between GDP per capita and environmental pollution may show an inverse U-shape 

(Grosman & Krueger, 1995), so we use quadratic forms to describe the impact of output per capita 

on environmental pollution.  

Industrial structure (Manufacturing) is measured by the ratio of industrial added value in 

manufacturing to GDP. Quickening industrialization leads to the unrestrained exploitation of natural 

resources and a sharp increase in emissions discharges at the early stage of economic growth. How-

ever, when economic growth transforms gradually from extensive-scale expansion to intensive 

growth, the industrial structure will be upgraded and the environmental quality will be improved. 

We also investigate the precise channels through which political connections affect firms’ 

pollution discharges. More specifically, our literature review shows that political connections may 

lead to resource misallocation and unfair implementation of environmental regulation, which would 

in turn increase firms’ pollution discharges. Thus the two channels can be defined as follows.  
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Resource misallocation (Misallocation). Resource misallocation are mainly reflected on 

investment expansion. The scale and technological effects brought by investment expansion can 

improve energy efficiency and carbon-reduction technology. However, excessive investment ex-

pansion will inevitably increase the demand for energy and resources. The growth rate of net fixed 

assets is used to measure the effects of investment expansions. 

Environmental regulation (Regulation). Pollution treatment expenditure as well as inspec-

tion times for pollution discharges are used to measure environmental regulation in the literature 

(Brunnermeier & Cohen, 2003; Lanoie et al., 2008; Kneller & Manderson, 2012; Brunel & Levin-

son, 2016). However micro-level data for Chinese firms are either unavailable or incomplete. For 

this reason, the removal ratio of industrial sulphur dioxide (the ratio of the removal amount of in-

dustrial sulphur dioxide to total amount of flue gas discharged) is used as a measure of environmen-

tal regulation, which is widely used in the exiting literature (Fu & Li, 2010; Zhang & Chen, 2018; 

Liao & Shi, 2018; Yang et al., 2018). Therefore, the higher this ratio, the stricter the environmental 

regulation and control is. 

 
Figure 1  The map of Chinese cities on sulfur dioxide discharge intensity.  

 

Note: The bigger the cycle the more sulfur dioxide pollution in the indicated city. 
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All variables are as defined in the Appendix A. Table 1 presents the summary statistics of the vari-

ables used in the main analyses. Panel A reports summary statistics for major variables discussed in 

Section 3. There are large variations in SO2 intensity across the sample, indicating that there are 

significant differences between firms’ pollution discharges. Fig. 1 plots the average of SO2 intensity 

of 233 cities based on 3,988 firm reports in our sample. The figure clearly shows that SO2 intensity 

in Pearl River Delta, Beijing, Tianjin and Hebei Economic Circle is much higher than that in other 

regions. Among the 15,238 firm-year observations, 2.66% of local officials share the same city 

birthplace as one of the top managers of the listed firms located in the officials’ jurisdiction, while 

2.81% local officials share the same provincial birthplace as the top managers of the listed firms. In 

contrast, only 2.21% top managers graduated from the same university as the mayors of the districts 

where the firms are located. The statistics of control variables show that firms are highly levered, 

with an average asset-to-liability ratio of 4.53%. The average profitability is 43.07%, with a standard 

deviation of 23.31%. In addition, there is significant difference in firms’ scale. It can be found the 

natural logarithm of total assets in the largest firm is 28.5510, which is about 4.24 times than that in 

the smallest firm. 28.43% of the sample firms are SOEs, and the remaining 71.57% are non-SOEs. 

Panel A also shows that the average population density is 579.71 persons per square kilometer in 

each city. The average ratio of industrial added value in manufacturing to GDP is 0.51, with a stand-

ard deviation of 19.87%. 

Panel B compares the average pollution intensity of firms with political connections with 

that of firms without political connections. It can be found that the average pollution intensity of 

politically connected firms is much higher than that of firms with no political connection. Thus, the 

univariate analysis demonstrates that political connections are positively associated with firms’ pol-

lution intensity.  

 
  

http://www.youdao.com/w/profitability/#keyfrom=E2Ctranslation
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Table 1 Descriptive statistics of the variables 
 

Panel A: Descriptive statistics for the major variables 

Variables Observations Mean Std. Deviation Minimum Maximum 

SO2 15,238 0.4618 2.0143 0.0050 14.9859 

Political 15,238 0.0266 0.1608 0 1 

Political_province 15,238 0.0281 0.1652 0 1 

Political_school 15,238 0.0221 0.1471 0 1 

Liability 15,238 0.0453 0.1634 4.22e-5 2.6676 

Profitability 15,238 0.4307 0.2331 3.56e-5 1.4227 

Scale 15,238 22.5217 1.6958 6.7218 28.5510 

Ownership 15,238 0.2843 0.4511 0 1 

Population 15,238 579.7063 403.3573 16.1664 2648.2560 

Pgdp 15,238 1.6061 1.0871 0.1869 13.3341 

Manufacturing 15,238 0.5126 0.1987 0.1974 0.8508 

Misallocation 15,238 0.1233 0.1897 0 0.8066 

Regulation 15,238 0.4943 0.2437 0.0138 0.6990 
      Panel B: Univariate analysis 

Variables Observations Mean Differences T-statistic 

Political=0 14,832 0.5488 
-0.4880*** -4.8133 

Political=1 406 1.0368 

Political_province=0 14,811 0.5483 
-0.4786*** -4.8387 

Political_province=1 427 1.0271 

Political_school=0 14,893 0.3683 -0.1999* -1.7954 
Political_school=1 345 0.5682 

 

Note: *, ** and *** indicate significance at the 10%, 5% and 1% levels, respectively. 
 
 

4  Empirical results 
4.1 Baseline estimates 
For most observations in this study, the main explanatory variable，political connections (Politi-

cal), is not time-varying. In such case, if the dummies for firms are included in the regression models 

and the within estimator is employed, the fixed-effect models cannot compute coefficients for time-

invariant variables (Baltagi, 2001; Hsiao, 2003; Wooldridge, 2010). Another drawback of the fixed-

effect model which controls for firm individuals is its inefficiency in estimating the effect of varia-

bles that have very little within variance. Inefficient estimates not only lead to somewhat higher 

standard errors but also highly unreliable point estimates and may thus cause wrong inferences in 

the same way as a biased estimator could (Wooldridge, 2010). Therefore, the inefficiency of the 

fixed-effect models in estimating time-invariant variables needs to be taken seriously. In light of 

http://www.youdao.com/w/profitability/#keyfrom=E2Ctranslation
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this most applied researchers apparently estimated empirical models that include less time-invariant 

variables by pooled OLS (see for example, Huber & Stephens, 2001; Acemoglu et al., 2003; Hei-

neck & Anger, 2010; Yang, 2011; Jiang et al., 2014). Thus, we employ a pooled ordinary least 

squares (POLS) model to estimate the effects of political connections on firm’s pollution intensity.  

Table 2, Column (1) presents our estimation results based on Equation (1). The estimated 

results show that the coefficient of Political is 0.3174 and significant at the 5% levels, indicating 

that the pollution discharges by politically connected firms are 0.3174 (unit: tons per 10000 RMB) 

higher than those by firms without political connection. Thus, we can draw the conclusion that po-

litical connections are negatively linked with firms’ SO2 reduction and hence Hypothesis 1 is con-

firmed. One possible explanation is that local officials associated with polluters fail to implement 

or may even distort the environmental policies in order to unduly pursue GDP growth. Another 

reason is that favourable policies, such as state bank credit and land usage rights, provided for po-

litically connected firms may discourage these firms from adopting advanced technologies which 

would reduce emissions. 

The results in Column (1), Table 2 also demonstrate that the coefficient of Liability is neg-

ative but fails to pass the significance test at the 10% level, indicating that a rise in liability has no 

significant effect on firms’ pollution discharges. However, firm profitability has a significant and 

negative influence on pollution discharge, and an increase in firm profitability will decrease its pol-

lution intensity by 0.3812. The coefficients of Scale are negative and significant at the 5% levels, 

implying that firms can obtain positive externalities from economies of scale and reduce their pol-

lution discharges. Additionally, the results show that the coefficients of Ownership are negative but 

fail to pass the 10% significance test, which implies that there is no significant difference in pollu-

tion intensity between SOEs and non-SOEs. The reason might be that, although SOEs keep close 

contact with local governments and have great bargaining power with local environmental authori-

ties to negotiate environmental enforcement (Wang & Jin, 2007), they shoulder more social respon-

sibilities and are inclined to reduce emissions under the pressure of public opinion. So the total 

environmental effects of SOEs are not significantly different from those of non-SOEs.  

We also investigate the effects of macroeconomic variables. Our estimated result in Col-

umn (1) shows that both of population density and GDP per capita fails to pass the 10% level of 

significance test, implying that population density and GDP per capita exerts no remarkable influ-

ence on firms’ pollution discharges. The estimated results in Table 2 also demonstrate that the co-

efficients of industrial structure (Manufacturing) is negative and significant at the 5% level, indi-

cating that industrial structure is negatively related to firms’ pollution discharges. It may be that 
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many industries in the secondary sector have transformed to high-tech processed and cleaner pro-

duction, and that the new approach towards industrialization featured by the coordination between 

economic development and environmental protection has shown positive effects. 

 
Table 2 Regression of political connects on firms’ pollution intensity 
 

Variables 
Dependent variable: SO2 

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

Constant 2.5002*** 
(0.6011) 

2.5110*** 
(0.5917) 

2.5904*** 
(0.5798) 

2.5207*** 
(0.5981) 

Political 0.3174** 
(0.1293) 

0.5495** 
(0.2397) 

2.7146*** 
(0.5330) 

0.6748* 
(0.3520) 

Liability -0.1673 
(0.1152) 

-0.1657 
(0.1152) 

-0.1632 
(0.1158) 

-0.1729 
(0.1153) 

Profitability -0.3812** 
(0.1839) 

-0.3739** 
(0.1818) 

-0.3910** 
(0.1841) 

-0.3813** 
(0.1834) 

Scale -0.0274** 
(0.0123) 

-0.0266** 
(0.0122) 

-0.0272** 
(0.0123) 

-0.0274** 
(0.0122) 

Ownership -0.0798 
(0.0780) 

-0.0798 
(0.0777) 

-0.0778 
(0.0783) 

-0.0812 
(0.0786) 

Population -0.0002 
(0.0005) 

-0.0003 
(0.0005) 

-0.0002 
(0.0005) 

-0.0002 
(0.0005) 

Pgdp -0.0305 
(0.0706) 

-0.0386 
(0.0705) 

-0.0126 
(0.0660) 

-0.0316 
(0.0691) 

Pgdp2 0.0010 
(0.0044) 

0.0014 
(0.0043) 

-0.0001 
(0.0041) 

0.0010 
(0.0043) 

Manufacturing -2.0701** 
(0.8355) 

-2.0027** 
(0.8324) 

-2.1871*** 
(0.7920) 

-2.0302** 
(0.8230) 

Investment  0.0010*** 
(0.0003)   

Political×Investment  0.6869** 
(0.2857)   

Regulation  -0.1385* 
(0.0757)   

Political×Regulation  0.4641** 
(0.2296)   

Political×dummy_age1   -0.1344*** 
(0.0435)  

Political×dummy_age2   -0.6487** 
(0.2702)  

Political×dummy_education   -1.2168** 
(0.5025)  

Political×dummy_tenure   -0.5105* 
(0.2728)  

Political×dummy_prom1   -0.8160*** 
(0.2426)  

Political×dummy_prom2   -0.4739* 
(0.2590)  
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Variables 
Dependent variable: SO2 

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

Political×dummy_NCCPC   -0.1797 
(0.1415)  

Political×dummy_eastern    -0.7380** 
(0.3741) 

Political×dummy_central    -0.2453 
(0.4374) 

Political×dummy_municipality    -1.0250* 
(0.5703) 

Political×dummy_provincial    -0.7451*** 
(0.2737) 

Political×dummy_labor    -0.7501* 
(0.4410) 

Political×dummy_skill    -0.8326** 
(0.3863) 

City dummy Yes Yes Yes Yes 

Industry dummy Yes Yes Yes Yes 

Year dummy Yes Yes Yes Yes 

Observations 15,238 15,238 15,238 15,238 

R-squared 0.1251 0.1259 0.1280 0.1269 
 

Note: Robust standard errors clustered at city level are shown in parentheses. *, ** and *** indicate significance at the 
10%, 5% and 1% levels, respectively. 
 
 
We also investigate the channels through which political connections influence the environment and 

present the results in Column (2), Table 2. The estimated results show that the coefficients of polit-

ical connections are significantly positive, which is consistent with those in baseline regressions. 

Investment expansion (Investment) is introduced into Column (2), Table 2, and the result indicates 

that the coefficient of Investment is significantly positive, demonstrating that investment expansion 

is counterproductive for emission reduction efforts. The coefficient for the interaction term Politi-

cal×Investment is positive and significant at the 5% levels, indicating that the investment expansion 

of politically connected firms remarkably raises their pollution discharges. One possible explanation 

might be that the scale effects of investment expansion decrease gradually under the influence of 

political connections, and firms need more energy and resources and thus cause more emissions. 

In addition, the estimated result in Column (2) demonstrates that the coefficient of Regu-

lation is significantly negative, suggesting that environmental regulation can remarkably reduce 

pollution discharges. However, the coefficient of Political×Regulation is positive at the 5% signif-

icance level. This result suggests that, as politically connected firms have access to the means to 

loosen environmental regulation, the effect of environmental regulation is actually diluted signifi-

cantly. Thus, Hypothesis 2a and Hypothesis 2b are also supported. 
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4.2 Effects of politicians’ heterogeneous background 
In this section, we divide our sample into several sub-samples according to the characteristics of 

officials, and examine potential variation in the relationship between political connections and in-

dustrial pollution in different groups. The cross terms of political connections and dummy variables 

of individual characteristics are incorporated into the models in the following analysis. 

According to China’s Civil Service Retirement System, the age for promotion opportunity 

is capped at 55 for prefecture officials and 60 for municipal officials. To reflect the effect of age, 

the cross terms of political connections and age-specific dummy variables are included in regres-

sions. Specifically, dummy_age1 takes the value of one if the mayors are between 50 and 55 years 

and zero otherwise; dummy_age2 takes the value of one if the mayors are 55 years old or above and 

zero otherwise. The estimation results in Column (3) of Table 2 indicate the environment is mostly 

negatively affected by political connections with officials under 50 years old. It is found that the 

coefficient of Political×dummy_age1 is -0.1344 while the coefficient of Political×dummy_age2 is 

-0.6487, both of which pass the 5% significance test. Thus, the pollution shelter effects caused by 

political connections with officials under 50 years old is 0.1344 higher than those associated with 

officials between 50 and 55 years old while 0.6487 higher than those associated with officials who 

are 55 years old or above. This may be due to stronger promotion desire from younger officials (Fan 

et al., 2008; Yao & Zhang, 2012). China’s GDP-led promotion system drives these officials to turn 

a blind eye to environmental standards and pollution discharges. Relatively older officials have less 

chance for promotions and are probably more concerned with their reputations. They may endeav-

our to balance economic growth with environmental protection (Li & Zhou, 2005). 

Column (3) also considers sub-samples according to officials’ educational background. 

The cross term between political connections and dummy variable capturing education differences 

is incorporated in the regressions. The dummy_education takes the value of one for local officials 

with bachelor degree or above and zero otherwise. The coefficient of the cross term between polit-

ical connections and education dummy variables in Column (3) is -1.2168 and significant at the 5% 

level. This implies that pollution discharges induced by political connections through officials with 

a bachelor degree or above are 1.2168 lower than those associated with officials who receive high-

school education or below. Thus officials with higher education may have better professional skills 

and knowledge which help them understand the importance of sustainable development. 

The tenure of office may affect a local official’s willingness to maintain political connec-

tions. As the mayors serve no more than two consecutive terms, or ten years in total, we create 

dummy_tenure which is equal to one if the mayors served for five years or below. The empirical 
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results in Column (3) show that the negative effects of political connections with long-tenure offi-

cials are clearly greater than those with short tenure. Specifically, if the officials serve no more than 

five years, their political connections will be responsible for fewer pollution discharges than long-

tenure officials. This result is consistent with Persson and Zhuravskaya (2012), who pointed out that 

long tenure would help formalize political connections which provide protection for polluting firms. 

In addition, how local officials are promoted may reflect their past career and experience 

(which influence their political ambitions). Thus, we sub-divide the sample according to whether 

the officials are locally promoted, externally promoted or through parallel move1. Therefore two 

dummy variables are incorporated in the regression to reflect the mayors’ turnover type. Specifi-

cally, dummy_prom1 takes the value of one if officials are externally promoted and zero otherwise; 

dummy_prom2 takes the value of one if officials belong to the parallel move category and zero 

otherwise. The estimated results in Column (3) of Table 2 show that the cross term between political 

connections and dummy_prom1 (Political×dummy_prom1) is negative and significant at the 1% 

level, indicating political connections between officials who are externally promoted have smaller 

negative effects on the environment. This may be because officials promoted locally are more likely 

to get support from local elites and form alliances with them, according to Persson and Zhuravskaya 

(2012). It is much easier for them to form political connections and manipulate environmental reg-

ulations. What is noteworthy is that the estimation results in Column (3) reveal that the coefficient 

of the cross term (Political×dummy_prom2) is negative at the 10% significance level, implying that 

the intensity of pollution discharges induced by political connections with parallel-moved officials 

tends to be much smaller than that with locally promoted officials. One possible explanation for this 

finding is that parallel move may reduce the possibility of political connection because the parallel-

moved officials need to spend more time to establish new connections with local firms.  

With the adjustment of the system assessing officials as well as further development of the 

anti-corruption campaign after the 18th National Congress of the Communist Party of China, the 

costs of political connections sharply increased. On the one hand, it is now more difficult for local 

officials to get private benefits by providing pollution shelter to politically connected firms. On the 

other hand, the anti-corruption measures have made it difficult for local firms to obtain protection. 

Therefore, increased costs for political connections inevitably result in remarkable changes in pol-

lution discharges. To capture possible changes before and after the 18th Congress, dummy_NCCPC 

is defined to take the value of one for the post-congress period. Column (3) shows that the coefficient 

of the cross term between political connections and dummy_NCCPC is negative but fails to pass the 

                                                 
1 Parallel move, or lateral move, refers to the case of a mayor being transferred to another city or a new position at the 
same rank (Zhou & Dong, 2016).  This definition is consistent with that by Li & Zhou (2005) and Wang et al. (2009). 
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10% significance test, suggesting that the pollution shelter effects caused by political connections 

do not decrease remarkably after the 18th NCCPC. It is worth noting that any policy has time-lag 

effects. It can be found if we define dummy_NCCPC equals to one when the 18th NCCPC was held 

after two years or longer. Then the coefficient of the cross term Political×dummy_NCCPC is neg-

ative and significant at the 5% levels. Thus, it can be inferred that firms’ incentives to establish 

political connections are lower along with thoroughly implement of anti-corruption campaign and 

their capacities to reduce emissions are improved. 

 
 
4.3 Effects of firm heterogeneity 
Significant differences exist among regions with different development conditions, such as govern-

ment policies and resource endowment. Two dummy variables identifying central and western areas 

are introduced to examine the location effects on environmental pollution and the estimation results 

are shown in Column (4) of Table 2. It is noted that politically connected firms in the eastern areas 

generate the least pollutant emission than those in the central and western areas. This could be be-

cause a better legal environment in the eastern regions makes it more difficult for polluting firms to 

establish political connections with local officials and hence restrains excessive pollution dis-

charges. 

The estimation models according to different city hierarchy are presented in Column (4) of 

Table 2, too. Dummy_municipality denotes whether the city is a municipality or not, and 

dummy_province indicates whether the city is a provincial capital or not. The estimated results show 

that pollution discharges of politically connected firms in prefecture cities are obviously higher than 

those located in municipalities and provincial capitals. It may be that municipalities and provincial 

capitals have more preferential policies and financial support from central government and their 

environmental regulation is more stringent than prefecture cities. Prefecture cities remain relatively 

underdeveloped in terms of economic and social development. In order to pursue rapid development 

and more fiscal revenues, local officials may blindly accept high energy-consuming and high-pol-

luting firms, and even act as a protector for polluting firms. 

The environmental effects of political connections vary among different industries too. The 

cross terms of political connections and industrial dummy variables are incorporated in the regres-

sions. The dummy_labor and dummy_skill variables indicate the firms in labor-intensive and skill-

intensive sectors, respectively. The estimated results in Column (4) illustrate that pollution dis-

charges in capital-intensive industries are most negatively affected by political connections, fol-

lowed by labor-intensive industries. For example, the coefficients of the cross term between political 

connections and industrial dummies in Column (4) reveal that pollution discharges of politically 



BOFIT- Institute for Economies in Transition 
Bank of Finland 

BOFIT Discussion Papers 4/ 2019 

 

 
 
 

25 

connected firm in labor-intensive industries are 0.7501 lower than capital-intensive firms, while 

pollution discharges of politically connected firm in skill-intensive industries are 0.8326 lower than 

capital-intensive ones. It may be that firms in capital-intensive industries, also often pollution-in-

tensive ones, benefit more from rent-seeking activities and are more motivated to look for pollution 

shelter via political connections. By comparison, political connections help skill-intensive firms ob-

tain subsides and preferential policies form the governments. Politically connected firms can adopt 

clean production technologies to improve energy efficiency and pollution treatment, so their pollu-

tion discharges are lower than that capital-intensive and labor-intensive ones. 

 
 
4.4 Robustness tests 
In this section we conduct a set of robustness tests to confirm that our main results hold after alter-

native specifications are considered. 

 
4.4.1 Alternative measures for political connections and environmental pollution 

The first modification considers three optional pollution indices, namely the intensity of industrial 

COD, dust and waste water emissions. In addition, given that more than one of top managers share 

the same birthplace as the mayor in whose district the firm is located, we construct a variable Polcon 

and use the number of top managers who are politically connected with the appointed officials to 

measure the intensity of political connections. Besides, political connections are defined according 

to the provincial birthplaces as well as education institutions. Moreover, a proxy variable (PB) is 

used to reflect the political background of a firm’s top manager who is currently serving or has 

formerly served in the government, or as a National People’s Congress (NPC) delegate or a Chinese 

People’s Political Consultative Conference (CPPCC for short) member. The similar concept was 

adopted by Fan et al. (2008) and Cai & Sevilir (2012).  

The estimated results in Table 3, imply the same set of inferences we obtained from our 

baseline specification. That is, the estimation results in terms of signs and significance tests are 

similar to those previously presented and hence robust under alternative indices. In particular, the 

estimated results in Column (4) of Table 3 show the coefficient of Polcon is 0.3197 and significant 

at the 5% level, which is 0.0023 higher than the coefficient of political connections in our baseline 

model. This implies that the higher the intensity of political connections, the more pollution dis-

charges the politically connected firms will emit. Additionally, Columns (5)-(6) show that the coef-

ficient of political connections based on education institutions is significant and positive, and its 

magnitude is much smaller than those in the “birthplace” specifications, confirming that the “same 

birthplace” relationship plays a more important role in strategic emissions. This reflects Chinese 
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cultural tradition that connections through hometowns are more prominent in personal networks. 

Thus political connection, based on “birth place” identity, provides protection for the polluters and 

causes more serious damage to the environment. 

 
Table 3 Robustness checks: Alternative measures for political connections and pollution intensity 
 

Variables COD dust water SO2 
(1) (2) (3) (4) (5) (6) (7) 

Constant -1.3197 
(1.1747) 

-0.0348 
(0.0932) 

-0.2534 
(0.1468) 

2.5009*** 
(0.6011) 

2.4997*** 
(0.6008) 

2.5635*** 
(0.5992) 

2.5299*** 
(0.5981) 

Political 0.2881** 
(0.1419) 

0.0054 
(0.0093) 

0.3039** 
(0.1397)     

Polcon    0.3197** 
(0.1268)    

Political_province     0.3271*** 
(0.1191)   

Political_school      0.2566*** 
(0.0708)  

PB       0.1034* 
(0.0527) 

Control variables Yes Yes Yes Yes Yes Yes Yes 

Year dummy Yes Yes Yes Yes Yes Yes Yes 

City dummy Yes Yes Yes Yes Yes Yes Yes 

Industry dummy Yes Yes Yes Yes Yes Yes Yes 

Observations 14,951 13,256 14,833 15,238 15,238 15,238 15,238 

R-squared 0.1789 0.1198 0.1910 0.1250 0.1251 0.1248 0.1249 
 

Note: The dependent variables are listed in the first row. Political connections in Column (5) are constructed according 
to the provincial birthplace and those in Column (6) according to education institutions. Robust standard errors clustered 
at city level are shown in parentheses. *, ** and *** indicate significance at the 10%, 5% and 1% levels, respectively. 
 
 
4.4.2 The effect of outliers 

As for the second modification, all continuous variables are winsorized at the top and bottom one 

percent to remove the effect of outliers according to Crinò and Ogliari (2017). Besides, SO2 inten-

sity is censored at 1% in each tail to adjust the abnormal values. The results listed in Columns (1)-

(2), Table 4 suggests the same set of inferences as we obtained from our baseline specification. That 

is, the estimation results in terms of the sign and significance are similar to those previously pre-

sented. 
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Table 4 Robustness checks: Removing the effect of outliers and endogeneity test 
 

Variables Dependent variable: SO2  
(1) (2) (3) (4) (5) 

Constant 2.8701*** 
(0.6272) 

2.2376*** 
(0.5020) 

2.5405*** 
(0.6690) 

2.5042*** 
(0.6012) 

2.3784*** 
(0.5256) 

Political 0.3116** 
(0.1240) 

0.3055*** 
(0.1105) 

0.3167** 
(0.1287)   

Match    0.3155*** 
(0.1295)  

Political_IV     0.1994* 
(0.1185) 

imr   -0.0253 
(0.1666)   

Control variables Yes Yes Yes Yes Yes 

Year dummy Yes Yes Yes Yes Yes 

City dummy Yes Yes Yes Yes Yes 

Industry dummy Yes Yes Yes Yes Yes 

Observations 15,238 15,085 15,238 15,235 15,238 

R-squared 0.1284 0.1162 0.1251 0.1250 —— 
 

Note: All continuous variables are winsorized at the top and bottom one percent in Column (1), and SO2 intensity are 
censored at 1% in each tail in Column (2). Column (3) presents the results for the endogeneity test using Heckman’s 
two-stage procedure; Column (4) presents the results for the endogeneity test using PSM procedure; Column (5) presents 
the results for the endogeneity test using two-stage least square regression. Robust standard errors clustered at city level 
are shown in parentheses. *, ** and *** indicate significance at the 10%, 5% and 1% levels, respectively. 
 
 
4.4.3 Endogeneity tests 

The possible existence of endogeneity may be problematic. First, the causal relationship between 

political connections and industrial pollution may be bidirectional. In comparison with developed 

countries, the environmental regulation in China is relatively loose (Zeng et al., 2012; Wang, 2013). 

Thus, polluting firms are very keen to obtain protection by searching for political resources and 

government support (Rodrigue et al., 2013). In this case, an increase in pollution discharges may 

lead to more political connections. Second, although we have controlled for other important varia-

bles influencing industrial discharges, we cannot rule out the endogeneity issue caused by omitted 

variables which may be related to political connections (Chen et al., 2013). According to Lin et al. 

(2016) and Su et al. (2018), we adopt three different approaches, namely Heckman’s two-stage 

procedure, propensity score matching (PSM) method as well as two-stage least square regression to 

deal with endogeneity. 

The two-stage procedure of Heckman (1979) involves the estimation of a probit model of 

political connections, the inverse Mills ratio (imr for short) and the inclusion of imr in the pollution 

equations as a control variable. In the first stage, we perform a probit regression with Political as 
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the dependent variable. According to Boubakri et al. (2008) and Chen et al. (2011), GDP per capita 

(Pgdp) and the absolute value of fiscal deficit (Deficit) are incoprorated into the probit model as the 

city-level control variables. We also control for firm characteristics (such as liability, profitability, 

scale and ownership) to assess the possible motives of firms in building political connections. The 

resulting inverse Mills ratio (imr) is incorporated into the second-stage regression to correct any 

potential bias. Column (3) of Table 4 presents the estimated results of the second-stage regression 

which show that the coefficient of political connections is still positive and significant at 5%. Thus, 

the main conclusions still hold, namely, political connections increase firms’ pollution discharges. 

Moreover, we use a PSM method to address self-selection bias. The key to propensity score 

matching is to identify treatment and control groups. The treatment group consists of politically 

connected firms (Political=1) and other firms as the control group (Political=0). Our control sample 

is selected by nearest neighboring logit propensity score one-to-one matching strategy with a set of 

macro-level and firm-level characteristics including Pgdp, Deficit, Liability, Profitability, Scale and 

Ownership. Hence, each firm with no political connection is matched with a politically connected 

firm with the closest propensity score without replacement on the basis of these variables. We cal-

culate the difference and its t-statistic between the treatment and control groups in terms of each of 

the above variables, and find that the biases of all variables are less than 10% after matching, and t-

statistics do not reject the null hypothesis that there are no differences between treatment and control 

groups after matching. Then the variable Match is an indicator variable which is equal to one if the 

firm is in the treatment group and zero if it is in the control group. The coefficient of Match in 

Column (4) of Table 4 is positive and significant at the 1% level, indicating that the pollution dis-

charges by politically connected firms are higher than those by firms with no political connection.  

To address the endogenous problems resulting from omitted variables, we estimate a two-

stage least square regression using employment rate (Employment) of the city where the firm is 

located as the instrument for political connections. The reason for this instrumental variable selec-

tion is that political connections may be more common in areas where high employment rates are 

maintained while there is no evidence that regional employment rates directly affect firms’ pollution 

discharges (Chen et al., 2011; Su et al., 2018). We firstly regress the indicator variable for political 

connections on the instrumental variable and other control variables. By doing so, we can compute 

a residual Political variables (called Political_IV). Then we conduct the second-stage regression 

using Political_IV as the measure for political connections. As shown in Column (5) of Table 4, the 

coefficient of Political_IV is positive and significant at the 10% level, indicating that our main find-

ings still hold after potential endogenous problems are considered by using an instrumental ap-

proach. Following Kleibergen & Paap (2006), we perform an underidentification test and weak-
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identification test to verify the validity of instrumental variables. LM test is 13.561 and rejects un-

deridentification at the 1% significance level, while Wald F test is 18.544 and rejects the null hy-

pothesis that our instruments are weak at the 10% levels. Thus, our instrumental variables are rea-

sonable. Overall, the conclusion that political connections significantly increase firms’ pollution 

discharges is still valid after the consideration of endogeneity problems by using various methods. 

 
 

5  Conclusions and remarks 
The frequent haze episodes and high pollution emissions have become severe issues faced by the 

Chinese policy-makers. Though there are studies in this field, they cannot explain why environmen-

tal enforcement is even laxer as emission reduction targets proposed by central and local govern-

ments become more stringent. By merging datasets of Chinese officials and micro-firms covering 

the period of 2007-2015, we analyse how political connections between politicians and top manag-

ers influence pollution discharges. The empirical results show that political connections are the in-

stitutional origin that causes firms to adopt strategic pollution discharges. Political connections sig-

nificantly increase firms’ pollution discharges, and this result is still valid after a series of robustness 

checks and consideration of endogeneity problems by using different methods.  

We also pay special attention to the role of individual characteristics in moderating the 

relationship between political connections and pollution discharges. The estimation results by sub-

samples reveal that local officials with less education, a younger age, longer tenure and local pro-

motion are more likely to establish political connections, which results in regulatory violation and 

excessive emissions. Empirical results also show that the pollution shelter effects caused by political 

connections are more obvious in central and western regions, prefecture cities and capital-intensive 

industries.  

Our findings not only provide empirical evidence for understanding the relationship be-

tween political connections and industrial pollution, but also have important policy implications for 

cadre management and firm governance reforms. The central government should formulate reason-

able incentive mechanisms to properly handle the relationship between economic growth and envi-

ronmental protection. Apart from the green GDP accounting system and multiple standards in po-

litical promotion, sound accountability and supervision mechanisms should be established in order 

to reduce the possibility of collusion between local officials and top managers of polluting firms. 

Moreover, local governments should make greater effort to transform from their traditional role of 

business control and intervention to service-provision and regulatory support so that environmental 

policies can be effectively implemented. As for firm governance, the environmental information 
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disclosure system of listed companies should be strengthened and corporate environmental respon-

sibilities should be strictly monitored.  

While offering a new perspective on identifying the environmental effects of political con-

nections, our study has limitations that represent opportunities for further research. In particular, our 

empirical results reveal that politically connected firms produce more pollution than their counter-

parts, but it would be more compelling to investigate whether politically unconnected firms turn to 

emit more pollution discharges after they are able to form political connections with local politi-

cians, or how firms’ pollution discharges change after they lose political connections. This is a po-

tential topic for follow-up research when relevant data are available. In addition, although our study 

identifies the environmental effects of political connections and uncovers their variation across dif-

ferent regions, industries and politicians, we cannot distinguish different roles of top managers in 

forming political connections.  

  



BOFIT- Institute for Economies in Transition 
Bank of Finland 

BOFIT Discussion Papers 4/ 2019 

 

 
 
 

31 

References  
Acemoglua, D.,Johnson,S., Robinson, J., & Thaicharoen, Y. Y. (2003). Institutional Causes, Mac-

roeconomic Symptoms: Volatility, Crises and Growth. Journal of Monetary Economics, 
50, 49-123. 

Aggarwal, R., Erel, I., Ferreira, M., & Matos, P. (2011). Does Governance Travel Around The 
World? Evidence from Institutional Investors. Journal of Financial Economics, 100(1), 
154-181. 

An, H., Chen, Y., Luo, D., & Zhang, T. (2016). Political Uncertainty and Corporate Investment: 
Evidence from China. Journal of Corporate Finance, 36, 174-189. 

Baltagi, B. H. (2001). Econometric Analysis of Panel Data. Wiley and Sons Ltd.  
Banzhaf, H. S. & Chuppd, A. (2012). Fiscal Federalism and Interjurisdictional Externalities, New 

Results and an Application to US Air Pollution. Journal of Public Economics, 96(5-6), 
449-464. 

Baranchuk, N., Kieschnick, R., & Moussawi, R. (2014). Motivating Innovation in Newly Public 
Firms. Journal of Financial Economics, 111(3), 578-588. 

Benarroch, M. & Thille, H. (2001). Transboundary Pollution and the Gains from Trade. Journal 
of International Economics, 55(1), 139-159 

Berkman, H., Cole, R. A., & Fu, L. J. (2010). Political Connections and Minority-Shareholder 
Protection: Evidence from Securities-Market Regulation in China. The Journal of Finan-
cial and Quantitative Analysis, 45(6), 1391-1417. 

Bertrand, M., Schoar, A., Thesmar, D., & We, C. (2007). Politicians, Firms and the Political Busi-
ness Cycle, Evidence from France. Chicago, University of Chicago. 

Blanchard, O. & Shleifer, A. (2000). Federalism with and without Political Centralization, China 
versus Russia. NBER Working Paper No. 7616. 

Blau, B., Brough, T., & Thomas, D. (2013). Corporate Lobbying, Political Connections, and the 
Bailout of Banks. Journal of Banking and Finance, 37(8), 3007–3017. 

Bliss, M. A. & Gul, F. A. (2012). Political Connection and Cost of Debt, Some Malaysian Evi-
dence. Journal of Banking and Finance, 36(5), 1520-1527. 

Boubakri, N., Cosset, J., &Saffar, W. (2008). Political Connections of Newly Privatized Firms. 
Journal of Corporate Finance, 14(5), 654-673. 

Boubakri, N., Guedhami, O., Mishra, D., & Saffar, W. (2012). Political Connections and the Cost 
of Equity Capital. Journal of Corporate Finance, 18(3), 541-559. 

Brollo, F., Nannicini, T., Perotti, R., & Tabellini, G. (2013). The Political Resource Curse. Amer-
ican Economic Review, 103(5), 1759-1796. 

Brunel, C. & Levinson, A. (2016). Measuring the Stringency of Environmental Regulations. Re-
view of Environmental Economics and Policy, 10(1), 47-67. 

Brunnermeier, S. B., & Cohen, M. A. (2003). Determinants of Environmental Innovation in U.S 
Manufacturing Industries. Journal of Environmental Economics and Management, 45(2), 
278-293. 

Bu, M. & Wagner, M. (2016). Racing to the Bottom and Racing to the Top, the Crucial Role of 
Firm Characteristics in Foreign Direct Investment Choices. Journal of International Busi-
ness Studies, 47(9), 1032-1057. 

http://www.sciencedirect.com/science/journal/00472727
http://www.researchgate.net/publication/267566371_Politicians_Firms_and_the_Political_Business_Cycle_Evidence_from_France
http://www.researchgate.net/publication/267566371_Politicians_Firms_and_the_Political_Business_Cycle_Evidence_from_France
http://xueshu.baidu.com/s?wd=paperuri:(0f7a22135976d8ba7c382ab6983f8657)&filter=sc_long_sign&tn=SE_xueshusource_2kduw22v&sc_vurl=http://www.sciencedirect.com/science/article/pii/S092911990800062X&ie=utf-8&sc_us=15457296000703909864
https://link.springer.com/journal/41267
https://link.springer.com/journal/41267


Yuping Deng, Yanrui Wu and Helian Xu Political connections and firm pollution behaviour: 
An empirical study 

 

 
 
 

32 

Cai, H. B. & Treisman, D. (2006). Did Government Decentralization Cause China's Economic 
Miracle? World Politics, 58(4), 505-535. 

Cai,Y. & Sevilir, M. (2012). Board Connections and M&A Transactions. Journal of Financial 
Economics, 03(2), 327-349. 

Cerqua, A. & Pellegrini, G. (2014). Do Subsidies to Private Capital Boost Firms' Growth? A Mul-
tiple Regression Discontinuity Design Approach. Journal of Public Economics, 109, 114-
12. 

Chan, E. H. W., & Suen, H. C. H. (2005). Dispute Resolution Management for International Con-
struction Projects in China. Management Decision, 43, 589–602.  

Chen, G. & Li, S. (2012). Official Turnover, Tenure and Unti-corruption. World Economy, (2), 
120-142. 

Chen, L., Wang, Y.P., & Wu, L.S. (2016). Political Connections and Tax-induced Earnings Man-
agement, Evidence from China. The European Journal of Finance, 22(4-6), 413-431. 

Chen, S., Sun, Z., Tang, S. &Wu, D. (2011).Government Intervention and Investment Efficiency, 
Evidence from China.Journal of Corporate Finance, 17(2), 259-271. 

Cheng, L. (2018). Estimating the Value of Political Connections in China: Evidence from Sudden 
Deaths of Politically Connected Independent Directors. Journal of Comparative Econom-
ics, 46, 495-514. 

Cheung, L., Rau, P., & Stouraitis, A. (2010). Helping Hand or Grabbing Hand? Central vs. Local 
Government Shareholders in Listed Firms.Social Science Electronic Publishing, 2010, 
14(4), 669-694. 

Chung, S. (2014). Environmental Regulation and Foreign Direct Investment, Evidence from South 
Korea. Journal of Development Economics, 108(C), 222-236. 

Cingano, F, M. & Pinotti, P. (2013). Politicians at Work, The Returns and Social Costs of Political 
Connections. Journal of the European Economic Association, 11(2), 433-465. 

Claessens, S., Feijen, E., & Laeven, L. (2008). Political Connections and Preferential Access to 
Finance: the Role of Campaign Contributions. Journal of Financial Economics, 88, 554-
580. 

Cole, M. A., Elliott, R. J., Okubo, T., & Zhou, Y. (2013). The Carbon Dioxide Emissions of 
Firms:A Spatial Analysis. Journal of Environmental Economics and Management, 65(2), 
290-309. 

Cooper, M. J., Gulen, H., & Ovtchinnikov, A. (2010). Corporate Political Contributions and Stock 
Returns. Journal of Finance, 65(2), 687-724. 

Crinò, R. & Ogliari, L. (2017). Financial Imperfections, Product Quality and International Trade. 
Journal of International Economics, 2017, 104(3), 63-84. 

Cui, J. B., Lapan, H., & Moschini, G. (2016). Productivity, Export, and Environmental Perfor-
mance: Air Pollutants in the United States. American Journal of Agricultural Economics, 
98, (2), 447-467.  

Deng, L., Jiang, P., Li, S. F., & Liao, M. Q. (2017). Government Intervention and Firm Investment. 
Journal of Corporate Finance, 19, 1-19. 

Do, Q. A., Lee, Y. T., & Nguyen, B. D. (2015). Political Connections and Firm Value: Evidence 
from the Regression Discontinuity Design of Close Gubernatorial Elections. CEPR Dis-
cussion Paper No. 10526. 

http://xueshu.baidu.com/s?wd=paperuri:(612acbe3cfa06d4da97a3afc269c5b8f)&filter=sc_long_sign&tn=SE_xueshusource_2kduw22v&sc_vurl=http://www.sciencedirect.com/science/article/pii/S0304405X11002170&ie=utf-8&sc_us=10575184672009767480
http://xueshu.baidu.com/s?wd=paperuri:(ae21e3f042af30b99e86a010c9322714)&filter=sc_long_sign&tn=SE_xueshusource_2kduw22v&sc_vurl=http://www.sciencedirect.com/science/article/pii/S0929119910000593&ie=utf-8&sc_us=10363142981263902466
http://xueshu.baidu.com/s?wd=paperuri:(ae21e3f042af30b99e86a010c9322714)&filter=sc_long_sign&tn=SE_xueshusource_2kduw22v&sc_vurl=http://www.sciencedirect.com/science/article/pii/S0929119910000593&ie=utf-8&sc_us=10363142981263902466
http://rof.oxfordjournals.org/content/14/4/669
http://rof.oxfordjournals.org/content/14/4/669
https://econpapers.repec.org/article/blajfinan/
https://econpapers.repec.org/article/eeeinecon/


BOFIT- Institute for Economies in Transition 
Bank of Finland 

BOFIT Discussion Papers 4/ 2019 

 

 
 
 

33 

Dong, B. M., Gong, J., & Zhao, X. (2012). FDI and Environmental Regulation, Pollution Haven 
or Race to the Top? Journal of Regulatory Economics, 41(2), 216–237. 

Duchin, R. & Sosyura, D. (2012). The Politics of Government Investment. Journal of Financial 
Economics, 106(1), 24-48. 

Engelberg, J., Gao, P. J., & Parsons, C. A. (2013). The Price of a CEO’s Rolodex. The Review of 
Financial Studies, 26 (1), 79-114. 

Faccio, M. (2006). Politically Connected Firms. American Economic Review, 96(1), 369-386. 
Faccio, M. (2010). Differences between Politically Connected and Nonconnected Firms, A Cross-

Country Analysis. Financial Management, 39(3), 905-928. 
Fan, J. P., Rui, O.M., & Zhao, M. (2008). Public Governance and Corporate Finance, Evidence 

from Corruption Cases. Journal of Comparative Economics, 36(3), 343-364. 
Fan, Y. (2002). Questioning guanxi: Definition: classification and implications. International Busi-

ness Review, 11, 543–561.  
Farashahi, M. & Hafsi, T. (2009). Strategy of Firms in Unstable Institutional Environments. Asia 

Pacific Journal of Management, 26(4), 643-666. 
Feng, L., B., Fu,T.,& Kutan, A. M. (2018). Can Government Intervention be Both a Curse and a 

Blessing? Evidence from China's Finance Sector. International Review of Financial Anal-
ysis, forthcoming. https://doi.org/10.1016/j.irfa.2018.10.010. 

Forslid, R., Okubo, T., & Ulltveit-Moe, K. H. (2018). Why are Firms that Export Cleaner? Inter-
national Trade, Abatement and Environmental Emissions. Journal of Environmental Eco-
nomics and Management, 91, 166-183. 

Fu, J. Y., & Li, L. S. (2010). A Case Study on the Environmental Regulation, the Factor Endow-
ment and the International Competitiveness in industries. Management World, 10, 87-98 
(in Chinese). 

Ghanem, D. & Zhang, J. (2014). Effortless Perfection: Do Chinese Cities Manipulate Air Pollution 
Data? Journal of Environmental Economics and Management, 68(2), 203-225. 

Goldman, E., Rocholl, J., & So, J. (2009). Do Politically Connected Boards Affect Firm Value? 
Review of Financial Studies, 22 (6), 2331-2360. 

Gray, W. B. & Shadbegian, R. J. (2004).Optimal Pollution Abatement, Whose Benefits Matter, 
and How Much? Journal of Environmental Economics and Management, 47(3), 510-534. 

Grossman, G. M. & Krueger, A. B. (1995). Economic Growth and the Environment.The Quarterly 
Journal of Economics, 110(2), 353-377. 

Guo, F. & Shi, Q. L. (2017). Official Turnover,Collusion Deterrent and Temporary Improvement 
of Air Quality. Economic Research Journal, 42(7), 155-168 (in Chinese). 

Guo, Y., Rammal, H. G., Benson, J., Zhu, Y., & Dowling, P. J. (2018). Interpersonal Relations in 
China: Expatriates’ Perspective on the Development and Use of Guanxi. International 
Business Review, 27, 455-464. 

He, C. F., Pan, F. H., &Yan, Y. (2012). Is Economic Transition Harmful to China’s Urban Envi-
ronment? Evidence from Industrial Air Pollution in Chinese Cities. Urban Studies, 49(8) 
1767-1790. 

He, J. & Wang, H. (2012). Economic Structure, Development Policy and Environmental Quality: 
An Empirical Analysis of Environmental Kuznets Curves with Chinese Municipal Data. 
Ecological Economics, 76, 49-59. 

http://xueshu.baidu.com/s?wd=paperuri:(469e12345c806319b007e46819fe89dd)&filter=sc_long_sign&tn=SE_xueshusource_2kduw22v&sc_vurl=http://onlinelibrary.wiley.com/doi/10.1111/j.1755-053X.2010.01099.x/full&ie=utf-8&sc_us=13485804267620039131
http://xueshu.baidu.com/s?wd=paperuri:(469e12345c806319b007e46819fe89dd)&filter=sc_long_sign&tn=SE_xueshusource_2kduw22v&sc_vurl=http://onlinelibrary.wiley.com/doi/10.1111/j.1755-053X.2010.01099.x/full&ie=utf-8&sc_us=13485804267620039131
http://www.sciencedirect.com/science/journal/01475967
http://xueshu.baidu.com/s?wd=paperuri:(7702de798b942aa3b8733fe4ee592ed9)&filter=sc_long_sign&tn=SE_xueshusource_2kduw22v&sc_vurl=http://link.springer.com/article/10.1007/s10490-008-9129-9&ie=utf-8&sc_us=1505056227380300711
https://www.sciencedirect.com/science/journal/10575219
https://www.sciencedirect.com/science/journal/10575219
https://doi.org/10.1016/j.irfa.2018.10.010
https://www.sciencedirect.com/science/journal/00950696
https://www.sciencedirect.com/science/journal/00950696
http://xueshu.baidu.com/s?wd=paperuri:(5f863b65138578094a87d25f7fa0093f)&filter=sc_long_sign&tn=SE_xueshusource_2kduw22v&sc_vurl=http://www.sciencedirect.com/science/article/pii/S0095069603001013&ie=utf-8&sc_us=12931629211261931653
http://xueshu.baidu.com/s?wd=paperuri:(5f863b65138578094a87d25f7fa0093f)&filter=sc_long_sign&tn=SE_xueshusource_2kduw22v&sc_vurl=http://www.sciencedirect.com/science/article/pii/S0095069603001013&ie=utf-8&sc_us=12931629211261931653
http://www.sciencedirect.com/science/journal/00950696


Yuping Deng, Yanrui Wu and Helian Xu Political connections and firm pollution behaviour: 
An empirical study 

 

 
 
 

34 

Heckman, J. (1979). Sample Selection Bias as A Specification Error. Econometrica, 47(1), 153-
161. 

Heineck, G. & Anger,S. (2010). The Returns to Cognitive Abilities and Personality Traits in Ger-
many. Labor Economics, 17, 535-546. 

Hsiao, C. (2003). Analysis of Panel Data, Cambridge University Press, Cambridge.  
Huber, E., & Stephens, J. D. (2001). Development and Crisis of the Welfare State. Parties and 

Policies in Global Markets, University of Chicago Press, Chicago  
Hwang, B. H. & Kim, S. (2009). It Pays to Have Friends.Social Science Electronic Publishing, 

93(1), 138-158. 
Jia, R. X. (2013). Pollution for Promotion[J]. International Economic Studies Working Paper. 
Jiang, L. L., Lin, C., & Lin, P. (2014). The Determinants of Pollution Levels: Firm-level Evidence 

from Chinese Manufacturing. Journal of Comparative Economics, 42(1), 118-142. 
Jiang, T., & Tan, J. (2013). How the Removal of Energy Subsidy Affects General Price in China: 

a Study Based on Input-output Model. Energy Policy, 63, 599-606. 
Khwaja, A. I., Mian, A. (2005). Do Lenders Favor Politically Connected Firms? Rent Provision 

in an Emerging Financial Market. The Quarterly Journal of Economics, 120(4), 1371-
1411.  

Kim, C. & Zhang, L. D. (2016). Corporate Political Connections and Tax Aggressiveness.Con-
temporary Accounting Research, 33(1), 78-114. 

Kneller, R. & Manderson, E. (2012). Environmental Regulations and Innovation Activity in UK 
Manufacturing Industries. Resource and Energy Economics, 34(2), 211-235. 

Konisky, D. M. (2007). Regulatory Competition and Environmental Enforcement, Is There a Race 
to the Bottom? American Journal of Political Science, 51(4), 853-872. 

Lanoie, P., Patry, M., & Lajeunesse, R. (2008). Environmental Regulation and Productivity Test-
ing the Porter Hpothesis. Journal of Productivity Analysis, 30(2), 121-128. 

Li, G. P., & Zhou, H. (2015). Political Connections and Access to IPO Markets in China. China 
Economic Review, 33, 76-93. 

Li, H & Huo, D. (2018). Research on the Relationship between Management Capability and Cor-
porate Environmental Information Disclosure: Based on the Perspective of Moderating 
Effects of Power Distance and Marketization Process. Journal of Shanghai University of 
Finance and Economic, 20(3), 79-92 (in Chinese).   

Li, H. B., Meng, L. S., Wang, Q., & Zhou, L. A. (2008). Political Connections, Financing and 
Firm Performance, Evidence from Chinese Private Firms. Journal of Development Eco-
nomics, 87(2), 283-299. 

Li, H. & Zhou, L. A. (2005). Political Turnover and Economic Performance, the Incentive Role of 
Personnel Control in China. Journal of Public Economics, 89(9), 1743-1762. 

Li, S. J. & Xu, X. X. (2016). Identity and Growth. China Economic Quarterly, 15(3), 941-962. 
Li, X., Wu, X. L., & Zhang, F.Q. (2015). A Method for Analyzing Pollution Control Policies: 

Application to SO2 Emissions in China. Energy Economics, 49, 451-459. 
Liang, P., & Gao, N. (2014). Political Turnover, Legal Environment and Regional Environmental 

Pollution. Management World, (6), 65-78 (in Chinese). 

http://xueshu.baidu.com/s?wd=paperuri:(e13f8170d8ce958f089342066e535fbf)&filter=sc_long_sign&tn=SE_xueshusource_2kduw22v&sc_vurl=http://www.sciencedirect.com/science/article/pii/S0304405X09000555&ie=utf-8&sc_us=11545196094887330843
https://econpapers.repec.org/article/eeeresene/
http://xueshu.baidu.com/s?wd=paperuri:(0344bcd6d1692d672bf7cb8015917f22)&filter=sc_long_sign&tn=SE_xueshusource_2kduw22v&sc_vurl=http://onlinelibrary.wiley.com/doi/10.1111/j.1540-5907.2007.00285.x/full&ie=utf-8&sc_us=1121479344414492571
http://xueshu.baidu.com/s?wd=paperuri:(0344bcd6d1692d672bf7cb8015917f22)&filter=sc_long_sign&tn=SE_xueshusource_2kduw22v&sc_vurl=http://onlinelibrary.wiley.com/doi/10.1111/j.1540-5907.2007.00285.x/full&ie=utf-8&sc_us=1121479344414492571
https://www.sciencedirect.com/science/article/pii/S1043951X15000206
https://www.sciencedirect.com/science/journal/1043951X
https://www.sciencedirect.com/science/journal/1043951X
https://econpapers.repec.org/article/eeedeveco/
https://econpapers.repec.org/article/eeedeveco/
http://xueshu.baidu.com/s?wd=paperuri:(38b1bbf5df78f48c5d4826ee2400b2e2)&filter=sc_long_sign&tn=SE_xueshusource_2kduw22v&sc_vurl=http://www.sciencedirect.com/science/article/pii/S0047272704001355&ie=utf-8&sc_us=3631885486737595020
http://xueshu.baidu.com/s?wd=paperuri:(38b1bbf5df78f48c5d4826ee2400b2e2)&filter=sc_long_sign&tn=SE_xueshusource_2kduw22v&sc_vurl=http://www.sciencedirect.com/science/article/pii/S0047272704001355&ie=utf-8&sc_us=3631885486737595020
https://www.sciencedirect.com/science/article/pii/S0140988315001073
https://www.sciencedirect.com/science/article/pii/S0140988315001073
https://www.sciencedirect.com/science/journal/01409883


BOFIT- Institute for Economies in Transition 
Bank of Finland 

BOFIT Discussion Papers 4/ 2019 

 

 
 
 

35 

Liao, X. C. & Shi, X. P. (2018). Public Appeal, Environmental Regulation and Green Investment: 
Evidence 
from China. Energy Policy, 119, 554-562.  

Lin, C. Y., Ho, P. H., Shen, C. H., & Wang, Y. C. (2016). Political Connection, Government 
Policy, and Investor Trading: Evidence from an Emerging Market. International Review 
of Economics and Finance, 42, 153-166. 

List, J. A., Warren, W., & Millimet, D. L. (2004). Effects of Environmental Regulation on Foreign 
and Domestic Plant Births, Is There a Home Field Advantage? Journal of Urban Econom-
ics, 56(2), 303-326. 

Liu, Q., Tang, J., &Tian, G. (2013). Does Political Capital Create Value in the IPO Market? Evi-
dence from China. Journal of Corporate Finance, 23, 395-413. 

Lyon,T. P., & Maxwell, J. W. (2008). Corporate Social Responsibility and the Environment: A 
Theoretical Perspective. Review of Environmental Economics and Policy, 2(2), 240-260. 

Manderson, E. & Kneller, R. (2012). Environmental Regulations, Outward FDI and Heterogene-
ous Firms, Are Countries Used as Pollution Havens? Environmental and Resource Eco-
nomics, 51(3), 317-352. 

Marquis, C., Zhang, J. J., & Zhou, Y. H. (2011). Regulatory Uncertainty and Corporate Responses 
to Environmental Protection in China. California Management Review, 54(1), 39-63.  

Maung, M., Wilson, C. &Tang, X. B. (2016). Political Connections and Industrial Pollution:Evi-
dence Based on State Ownership and Environmental Levies in China.Journal of Business 
Ethics, 138(4), 649-659. 

Millimet, D. L. & Roy, J. (2015). Empirical Tests of the Pollution Haven Hypothesis When Envi-
ronmental Regulation is Endogenous. Journal of Applied Econometrics, 31(4), 652–677. 

Mobarak, A. & D. Purbasari, (2006). Corrupt Protection for Sale to Firms, Evidence from Indone-
sia, Yale University, mimeograph. 

Montmartin, B. (2013). Centralized R&D Subsidy Policy in an NEGG Model, A Welfare Analysis. 
Louvain Economic Review, 19(1), 5-34. 

Ogawa, H., & Wildasin, D. E. (2009). Think Locally, Act Locally: Spillovers, Spillbacks, and 
Efficient Decentralized Policymaking. American Economic Review, 99(4), 1206-1217. 

Peng, M. W. & Delios, A. (2009). What Determines the Scope of the Firm Over Time and Around 
the World? An Asia Pacific Perspective.Asia Pacific Journal of Management, 23(4), 385-
405. 

Persson, P. & Zhuravskaya, E. (2012). Elite Influence as a Substitute for Local Democracy, Evi-
dence from Backgrounds of Chinese Provincial Leaders. Chicago, Social Science Elec-
tronic Publishing. 

Piotroski. D. O. & Zhang, T. Y. (2014). Politicians and the IPO Decision, The Impact of Impending 
Political Promotions on IPO Activity in China. Journal of Financial Economics, 111(1), 
111-136. 

Polsiri, P. & Jiraporn, P. (2012). Political Connections, Ownership Structure, and Financial Insti-
tution Failure. Journal of Multinational Financial Management, 22(1), 39-53. 

Qian,Y. & Weingast, R. (1996). China's Transition to Market, Market-Preserving Federalism, Chi-
nese Style. Journal of Policy Reform, 1(2), 149-185. 

Richter, P. M., & Schiersch, A. (2017). CO2 Emission Intensity and Exporting: Evidence from 
Firm-level Data. European Economic Review, 98, 373-391. 

http://xueshu.baidu.com/s?wd=paperuri:(2c306785d2fada0ecefc0a4e8b52ef69)&filter=sc_long_sign&tn=SE_xueshusource_2kduw22v&sc_vurl=http://www.emeraldinsight.com/servlet/linkout?suffix=frd41&dbid=16&doi=10.1108/JTMC-08-2014-0053&key=10.1007/s10490-006-9021-4&ie=utf-8&sc_us=3011467422508953802
http://xueshu.baidu.com/s?wd=paperuri:(2c306785d2fada0ecefc0a4e8b52ef69)&filter=sc_long_sign&tn=SE_xueshusource_2kduw22v&sc_vurl=http://www.emeraldinsight.com/servlet/linkout?suffix=frd41&dbid=16&doi=10.1108/JTMC-08-2014-0053&key=10.1007/s10490-006-9021-4&ie=utf-8&sc_us=3011467422508953802
https://econpapers.repec.org/article/eeejfinec/
http://xueshu.baidu.com/s?wd=paperuri:(c9e56896da6794c1f2e5e11c70bc410d)&filter=sc_long_sign&tn=SE_xueshusource_2kduw22v&sc_vurl=http://www.sciencedirect.com/science/article/pii/S1042444X12000023&ie=utf-8&sc_us=3002168187608217937
http://xueshu.baidu.com/s?wd=paperuri:(c9e56896da6794c1f2e5e11c70bc410d)&filter=sc_long_sign&tn=SE_xueshusource_2kduw22v&sc_vurl=http://www.sciencedirect.com/science/article/pii/S1042444X12000023&ie=utf-8&sc_us=3002168187608217937


Yuping Deng, Yanrui Wu and Helian Xu Political connections and firm pollution behaviour: 
An empirical study 

 

 
 
 

36 

Rodrigue, M., Magnan, M., Charles,C.H. (2013). Is Environmental Governance Substantive or 
Symbolic? An Empirical Investigation. Journal of Business Ethics, 114(1), 107-129. 

Sanna-Randaccio, F. & Sestini, R. (2012). The Impact of Unilateral Climate Policy with Endoge-
nous Plant Location and Market Size Asymmetry. Review of International Economics, 
20(3), 580–99.  

Schweizer, D., Walker, T., & Zhang, A. (2017). Cross-border Acquisitions by Chinese Enterprises: 
The Benefits and Disadvantages of Political Connections. Journal of Corporate Finance, 
28, 1-23. 

Shen, K. R., Jin, G. & Fang, X. (2017). Does Environmental Regulation Cause Pollution to Trans-
fer Nearby? Economic Research Journal, 5, 44-58 (in Chinese). 

Sigman, H. (2007). Decentralization and Environmental Quality, an International Analysis of Wa-
ter Pollution. NBER Working Papers No.13098. 

Su, Z. Q., Xiao Z. P.,Yu, L. (2018). Do Political Connections Enhance or Impede Corporate Inno-
vation? International Review of Economics and Finance, 59, 1-17. 

van der Kamp, D., Lorentzen, P., & Mattingly, D. (2017). Racing to the Bottom or to the Top? 
Decentralization, Revenue Pressures, and Governance Reform in China. World Develop-
ment, 95, 164-176. 

Wang, A. (2013). The Search for Sustainable Legitimacy, Environmental Law and Bureaucracy 
in China. Harvard Environmental Law Review, 37(2), 365-440. 

Wang, D. T. & Chen, W. Y. (2014). Foreign Direct Investment, Institutional Development, and 
Environmental Externalities, Evidence from China. Journal of Environmental Manage-
ment, 135(15), 81–94. 

Wang, H. & Jin, Y. H. (2007). Industrial Ownership and Environmental Performance, Evidence 
from China. Environmental and Resource Economics, 2007, 36(3), 255-273. 

Wang, X., Xu, X., & Li, X. (2009). Provincial Governors’ Turnovers and Economic Growth: Ev-
idence from China. China Economic Quarterly, 8(4), 1301-1328 (in Chinese). 

Wang, Y. J. & Sheng, D. (2010). Political Connection and Contract Enforcement Environment. 
China Economic Quarterly, 11(4), 1193-1218. 

Woods, N. D. (2006). Primacy Implementation of Environmental Policy in the U.S. States. Journal 
of Federalism, 36(2), 259-276. 

Wooldridge, J. M. (2010). Econometric Analysis of Cross Section and Panel Data. The MIT Press, 
Cambridge. 

Wu, J. Y., Deng, J. Huang, R., M., & Yeung, B. (2014).Incentives and Outcomes,China’s Envi-
ronmental Policy. Capitalism and Society, 9(1), 1-41. 

Xing, Y. Q. & Kolstad, C. D. (2002). Do Lax Environmental Regulation Attract Foreign Invest-
ment? Environmental and Resource Economics, 21(1), 1-22 

Xu, N. H., Chen, Q. Y., Xu, Y., & Chan, K. C. (2016). Political Uncertainty and Cash Holdings: 
Evidence from China. Journal of Corporate Finance, 40, 276-295. 

Xu, N., Xu, X., & Yuan, Q. (2013). Political Connections, Financing Friction, and Corporate In-
vestment, Evidence from Chinese Listed Firms.European Financial Management, 2013, 
19(4), 675-702. 

Yang, B. H. (2011). Does Democracy Foster Financial Development? An Empirical Analysis. 
Economic Letters, 112, (3), 262-265. 

https://econpapers.repec.org/paper/nbrnberwo/
http://xueshu.baidu.com/s?wd=paperuri:(52cca61a583271a0999fb0942bf7efcd)&filter=sc_long_sign&tn=SE_xueshusource_2kduw22v&sc_vurl=http://www.jstor.org/stable/4624744&ie=utf-8&sc_us=3564898246238322570
http://xueshu.baidu.com/s?wd=paperuri:(e33d53f794b0c1058ff775d27ac33be1)&filter=sc_long_sign&tn=SE_xueshusource_2kduw22v&sc_vurl=http://onlinelibrary.wiley.com/doi/10.1111/j.1468-036X.2011.00591.x/full&ie=utf-8&sc_us=16310256915481053440
http://xueshu.baidu.com/s?wd=paperuri:(e33d53f794b0c1058ff775d27ac33be1)&filter=sc_long_sign&tn=SE_xueshusource_2kduw22v&sc_vurl=http://onlinelibrary.wiley.com/doi/10.1111/j.1468-036X.2011.00591.x/full&ie=utf-8&sc_us=16310256915481053440


BOFIT- Institute for Economies in Transition 
Bank of Finland 

BOFIT Discussion Papers 4/ 2019 

 

 
 
 

37 

Yang, J., Guo, H. X., Liu, B. B., Shi, R., Zhang, B., & Ye, W. L. (2018). Environmental Regulation 
and the Pollution Haven Hypothesis: Do Environmental Regulation Measures Matter? 
Journal of Cleaner Production, 202, 993-1000.  

Yao,Y. & Zhang, M. Y. (2015). Subnational Leaders and Economic Growth, Evidence from Chi-
nese Cities. Journal of Economic Growth, 20(4), 504-436. 

Yu, Y. Z., Yang, X. Z., & Li, K, (2019). Effects of the Terms and Characteristics of Cadres on 
Environmental Pollution: Evidence from 230 cities in China. Journal of Environmental 
Management, 232, 179-187.  

Zeng, S. H., Jiang, X., Su, B., & Nan, X. (2018). China's SO2 Shadow Prices and Environmental 
Technical Efficiency at the Province Level. International Review of Economics & Fi-
nance, 57, 86-102. 

Zeng, S. X., Xu, X. D., & Yin H. (2012). Factors that Drive Chinese Listed Companies in Volun-
tary Disclosure of Environmental Information. Journal of Business Ethics, 109(3), 309-
321. 

Zhang, C. (2017). Political Connections and Corporate Environmental Responsibility: Adopting 
or Escaping? Energy Economics, 68, 539-547. 

Zhang, C. Y. & Chen, C. (2018). A Dynamic Study on the Impact of Local Government Compe-
tition on Environmental Regulation: Based on Chinese Decentralization Perspective. 
Nankai Economic Studies, 4(4), 137-156 (in Chinese). 

Zhang, H. Y. (2018). Political connections and antidumping investigations: Evidence from China. 
China Economic Review, 50, 34-41.  

Zhang, J. J., Marquis, C., & Qiao, K. Y. (2016). Do Political Connections Buffer Firms from or 
Bind Firms to the Government? A Study of Corporate Charitable Donations of Chinese 
Firms. Organization Science, 27(5), 1307-1324. 

Zheng, S. M., Kahn, W., & Luo, D. (2014). Incentivizing China’s Urban Mayors to Mitigate Pol-
lution Externalities, The Role of the Central Government and Public Environmentalism. 
Regional Science and Urban Economics, 47(1), 61-71 

Zheng, W. T., Singh, K. W., & Chung, C. N. (2017). Ties to Unbind: Political Ties and Firm Sell-
Offs During Institutional Transition. Journal of Management, 43(7), 2005-2036.  

Zhou, M. D. & Dong, Z. Q. (2018). Does Economic Growth Help Promotion? An Empirical Study 
Based on Prefecture-level Data of Guangdong Province. Studies in Labor Economics, 
4(2), 95-122 (in Chinese). 

Zhu, H.J, & Chung, C.N. (2014). Portfolios of Political Ties and Business Group Strategy in 
Emerging Economies: Evidence from Taiwan. Administrative Science Quarterly, 59(4), 
599-638. 

Zhu, Q., Geng, Y., & Sarkis, J. (2013). Motivating Green Public Procurement in China: an Indi-
vidual Level Perspective. Journal of Environmental Management, 126, 85-95.  

 

 

 

 

https://link.springer.com/journal/10887
https://www.sciencedirect.com/science/article/pii/S1059056018301461
https://www.sciencedirect.com/science/article/pii/S1059056018301461
https://www.sciencedirect.com/science/journal/10590560
https://www.sciencedirect.com/science/journal/10590560


Yuping Deng, Yanrui Wu and Helian Xu Political connections and firm pollution behaviour: 
An empirical study 

 

 
 
 

38 

Appendices 
 
Appendix A Variable definitions 

Variables Definition 

SO2 Amount of discharged SO2(ton)/sales(10 thousand RMB) 

Political A dummy variable, equals to one if the local official has the same birthplace as one of 
the top managers of a listed firm located in the official’s jurisdiction and zero otherwise 

Political_province A dummy variable, equals to one if the local official shares the same birthplace as the 
top manager at the provincial level and zero otherwise 

Political_school A dummy variable, equals to one if the top manager of a listed firm graduated from the 
same university as the mayor in whose district the firm is located 

Liability The ratio of total debts over total assets 

Profitability The ratio of net profits over net assets 

Scale The natural logarithm of total assets 

Ownership A dummy variable, equals to one if the firm whose ultimate controllers are the state and 
zero otherwise 

Population Population per land area (square kilometer) in each city 

Pgdp GDP per capital in each city (10000 RMB) 

Manufacturing The ratio of industrial added value in manufacturing to GDP 

Misallocation The growth rate of net fixed assets 

Regulation The removal of industrial sulphur dioxide /(the removal of industrial SO2+the amount 
of industrial SO2 discharged) in each city 

 
 
 
 
 
 
  

http://www.youdao.com/w/profitability/#keyfrom=E2Ctranslation
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Appendix B  Endogeneity test on mechanisms of  
  political connections influencing the environment  

Variables Dependent variable: SO2 
(1) (2) (3) 

Constant 2.5586*** 
(0.6622) 

2.5594*** 
(0.6624) 

2.1863*** 
(0.5355) 

Political 0.3489** 
(0.1392)   

Investment 0.0009**** 
(0.0004) 

0.0009**** 
(0.0004) 

0.0014** 
(0.0006) 

Regulation -0.1085 
(0.0656) 

-0.1367* 
(0.0762) 

-0.1452* 
(0.0823) 

Political×Investment 0.6873** 
(0.2858)   

Political×Regulation 0.4648* 
(0.2403)   

Match  0.2254** 
(0.0902)  

Match×Investment  0.6892** 
(0.2858)  

Match×Regulation  0.4178** 
(0.1908)  

Political_IV   0.2689** 
(0.1243) 

Political_IV×Investment   0.4746* 
(0.2690) 

Political_IV×Regulation   0.3101 
(0.2048) 

imr -0.0299 
(0.1669)   

Control variables Yes Yes Yes 

Year dummy Yes Yes Yes 

City dummy Yes Yes Yes 

Industry dummy Yes Yes Yes 

Observations 15,238 15,235 15,238 

R-squared 0.1259 0.1258 —— 
 

Note: Column (1) presents the results for the endogeneity test using Heckman’s two-stage procedure; Column (2) pre-
sents the results for the endogeneity test using PSM procedure; Column (3) presents the results for the endogeneity test 
using two-stage least square regression. Robust standard errors clustered at city level are shown in parentheses. *, ** 
and *** indicate significance at the 10%, 5% and 1% levels, respectively. 
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