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Abstract 

Chinese central and provincial state-owned enterprises (SOEs) were exempt from local 

environmental regulations because of an institutional barrier. This exemption pushed local regulators to 

impose more stringent regulations on private firms. We use rich firm-level panel data and exploit the 

decentralization of Chinese central and provincial SOEs to explore the direct and spillover effects of 

removing this regulatory constraint. We report that a polluting SOE invests more in unproductive 

pollution abatement inputs and therefore pollutes less and has lower productivity when decentralized to 

the prefectural level; moreover, private firms in the same prefecture pollute more while increasing 

output and TFP. The spillover effects are stronger among private firms with more binding financial 

constraints. At the aggregate level, decentralization of polluting SOEs in a prefecture decreases total 

emissions without a significant negative effect on total industrial output or aggregate productivity. When 

hypothetically reallocating 10% of emissions from central and provincial SOEs to private firms, we 

calculate total industrial output gains of 0.74–3.31%.  
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I. Introduction 

The role of government regulations has long been a key topic in economics. Classical public interest 

theory justifies regulation by emphasizing the government’s role in correcting market failures with 

Pigovian arrangements. This traditional view is then challenged by a growing emphasis on the political 

economies of regulators. The theory of regulatory capture highlights the process in which special 

interest groups affect regulator’s decisions, leading to potentially suboptimal regulations by creating 

political incentives for regulators, causing troubles and constraints, or leveraging information 

asymmetry (Stigler, 1971; Peltzman, 1976; Laffont and Tirole, 1993). However, little is known about 

the economic consequences of regulatory captures. Existing empirical studies on the outcomes of 

regulatory captures suggest large distributive consequences that transfer income between consumers 

and firms, large firms and small firms, incumbents and new entrants, and so on (De Figueiredo and 

Edwards, 2007; Acemoglu et al., 2016; Schneider et al., 2020), but provide limited evidence on the net 

wealth or welfare effects which could potentially be very significant (Dal Bó, 2006; Dal Bó and Rossi, 

2007).  

This study sheds light on this question in the context of environmental regulations in developing 

countries, which highlights two features. On the one hand, environmental regulations rely heavily on 

local governments, especially in developing countries, leaving abundant space for localized and 

selective implementation serving regulators’ political incentives (Burgess et al., 2012; Lipscomb and 

Mobarak, 2016; Cai et al., 2016; He et al., 2020; Wang and Wang, 2021). On the other hand, factor 

misallocations and credit constraints are especially prevalent in developing countries (Hsieh and 

Klenow, 2009; Restuccia and Rogerson, 2017), leading to highly dispersed environmental regulation 

costs across firms. To gain intuition, the environmental regulation costs depend on the firms’ abilities 

to adjust their input bundles when facing additional factor demands for pollution abatement. Higher 

factor wedges or more binding credit constraints could therefore increase the cost of environmental 

regulations. Taken together, one could suppose a regulatory capture scenario that assigns more stringent 

regulations to firms with more limited access to factors, making them not only confront a higher cost 

of pollution reduction but also more stringent regulations, implying a higher aggregate economic cost 

for pollution reduction.  

We explore the consequences of this scenario by documenting a real-world example caused by an 

institutional barrier in China’s environmental regulation system. This barrier limits the enforcement of 



 

 

environmental regulations on a subset of Chinese state-owned enterprises (SOEs), which are widely 

documented to have more abundant factor access but lower economic efficiency (Brandt et al., 2013; 

Hsieh and Song, 2015).  

This institutional barrier is shaped by China’s overlapping organizational structure with centralized 

administration of SOEs and decentralized enforcement of environmental regulations. On the one hand, 

China’s SOEs are overseen by different levels of government, among which a large share is overseen 

by central or provincial governments – the high-level governments in China’s political system.1 On the 

other hand, China’s environmental protection law (EPL) imposes a constraint on environmental 

regulators when they target central and provincial SOEs. Local environmental regulators, usually at the 

prefectural level, are authorized to implement regulations by inspecting firms and applying punishments 

when environmental standards are violated. However, the regulators are not authorized to punish central 

or provincial SOEs without approval from central or provincial governments. This constraint made 

central and provincial SOEs into a de-facto “privileged class” exempt from environmental regulations.  

With this exemption, central and provincial SOEs contributed significantly to China’s total emissions 

of various pollutants and largely undermined the aggregate pollution reduction effort. In Panel A of 

Figure 1, we plot the logarithmic total value-added from all firms, all SOEs, and central and provincial 

SOEs in China’s polluting industries. We observe an increasing trend in total industrial value-added 

with a relatively constant contribution from central and provincial SOEs. In Panels B, C, and D, we plot 

the emissions of waste gas, SO2, and sewage per 1,000 RMB of value-added by the three categories of 

firms. Though there is an aggregate decrease in emission intensities among all firms, the central and 

provincial SOEs are significantly more pollutive than others, and their pollution intensities were not 

decreasing over time despite an overall increase in regulatory stringency.  

We leverage a rich firm-level panel database on emission outcomes and key financial indicators of 

Chinese manufacturing firms to empirically test the environmental and economic consequences of 

lifting the regulation constraint on central and provincial SOEs. We exploit the quasi-exogenous 

implementation of China’s SOE reform to facilitate causal identification. During our sample period, 

over 600 central and provincial SOEs were decentralized to the prefectural level, mainly driven by 

 

1 In the remainder of the paper, we use “central and provincial SOEs” to represent SOEs overseen by the central 

government or provincial governments. We use “lower level SOEs” to represent SOEs overseen by prefecture- 

and county-level governments, which are lower-level governments compared to the central government and 

provincial governments.  



 

 

concerns over low administrative efficiency owing to a lack of local information largely irrelevant to 

pollution concerns (Huang et al., 2017), thereby serving as plausible exogenous shocks to the 

organizational structure between the environmental regulator and SOEs. We further compare the 

decentralizations of polluting versus non-polluting SOEs to disentangle the effects of differential 

environmental regulations.  

We present a rich set of empirical findings on the effects of decentralization of polluting SOEs on the 

decentralized SOEs and private firms in the same jurisdiction and discuss the implications for aggregate 

allocative efficiency. First, we report the direct effect that a polluting central or provincial SOE 

decreases its emissions of waste gas, SO2, and sewage when decentralized to the prefectural level. 

Compared to decentralization of a non-polluting SOE, it purchases more capital stock and labor, and 

has a lower total factor productivity (TFP). These findings indicate that the decentralized state-owned 

enterprises face increased intensities of environmental regulation and increase unproductive emission 

abatement inputs.  

Second, the decentralization of polluting SOEs yields spillovers to private firms in the same 

prefecture; private firms emit more and increase in value-added, capital stock, and TFP. To understand 

the underlying mechanism, we demonstrate a simple conceptual framework where the local government 

is facing a total emission target regardless of the emission sources. If there is a de-facto “privileged 

class” exempt from regulation, the local regulator faces a tighter cap on allowable emissions from the 

remaining firms, forcing more stringent regulations on the private firms. When decentralization 

eliminates the “privileged class”, the local regulators reallocate emission quotas by decreasing the 

regulation intensities on the private firms, leading to the spillover effects we report.  

Third, we report evidence that dispersed financial access of private firms drives the spillover effects. 

Following the financial constraint literature, we construct three proxies for a firm’s external financial 

constraints: liquidity, leverage, and the industry-average external finance dependence. The 

decentralization of polluting SOEs has greater positive spillovers on firms’ value-added and TFP if they 

face more binding financial constraints, and less positive spillover effects on capital stock. These 

findings confirm the predictions from an extension of our conceptual framework that more financially 

constrained firms face greater costs from environmental regulations.  

Finally, we illuminate the aggregate effects of removing this regulation constraint on central and 

provincial SOEs. Aggregating the prefectural level production and emission outcomes, we capture an 



 

 

empirical pattern in which decentralization of polluting SOEs significantly decreases total emissions at 

the prefecture level with no significant effects on total industrial output and aggregate TFP. A back-of-

the-envelope welfare calculation suggests a total industrial output gain of 0.74–3.31% if we 

hypothetically reallocate 10% of total emissions from central and provincial SOEs to private firms.  

This paper speaks to several strands of literature. First and foremost, we are among the first to report 

empirical evidence that regulatory captures lead to an aggregate inefficiency when intertwined with pre-

existing factor misallocations. There exists a literature on distortions and efficiency losses caused by 

regulations (Fisman and Sarria-Allende, 2010; Pizer and Kopp, 2005; Tombe and Winter, 2015); 

however, the existing works mostly assume uniform regulation intensities and shed limited light on 

regulatory captures or selective regulatory enforcement. We also document the overlapping 

organizational structure as an additional source of regulatory captures, as in our context, the central and 

provincial SOEs are exempt from environmental regulations because they benefit from a superior status 

in the political hierarchies to local environmental regulators.  

Second, this paper adds to a burgeoning discussion on political decentralization and environmental 

regulation. Sigman (2005) shows that the decentralized water quality regulation in the United States 

leads to a free riding problem at the state border. Lipscomb and Mobarak (2016) exploit county splits 

in Brazil to identify the cross-border patterns of water pollution along rivers, showing that local 

authorities allowed more settlements to develop close to rivers in the downstream than the upstream 

portions of counties. Wang and Wang (2021) present that China’s township mergers internalized 

regional environmental spillovers and led to lower emissions at an expense of lower output. Compared 

to the main takeaway from this literature, that political decentralizations are associated with greater 

border spillovers that could dampen the effectiveness of regulation, our paper highlights the role of an 

overlapping political hierarchy where the disparity between the centralized control over SOEs versus 

the decentralized environmental regulations creates a de-facto “privileged class” exempt from 

regulations, and decentralizations could therefore improve environmental outcomes by eliminating this 

“privileged class”.  

Third, our study enriches the understanding of the political determinants of environmental policies 

in developing countries in two ways. First, our study echoes findings that under many different political 

institutions, the enforcement of environmental regulations is highly localized and selective. Burgess et 

al. (2012) report that illegal logging and deforestation are linked to local elections in Indonesia; 



 

 

Lipscomb and Mobarak (2016) explore the border effect on environmental regulations in Brazil. He et 

al. (2020) and Wang and Wang (2021) indicate that regulatory enforcement by local governments is 

highly selective, although there is a universal nominal environmental standard in China. Our findings 

are consistent with this literature, but we further discuss the local regulators’ strategic response to 

differential difficulties in regulating different firms. Second, we focus on strategic interactions across 

different levels of authoritarian governments in environmental regulation. Kahn et al. (2015) find that 

China’s central government improved local leaders’ incentives to reduce pollution by reforming the 

local political promotion criteria. Cai et al. (2016) speak to competition between local governments that 

leads to negative border spillovers in water pollution. Greenstone et al. (2022) find that automatic air 

pollution monitoring reduced systematic air pollution under-reporting in China’s local governments. 

We contribute to this discussion by evaluating the political interactions between the SOEs and local 

environmental regulators as well as how the political concerns of local regulators react to the existence 

of polluters exempt from their regulations.  

Finally, our findings contribute to understanding the role of the state-owned sector in transition 

economies. Existing works document a significant productivity gap between SOEs and private 

enterprises (Hsieh and Klenow, 2009; Brandt et al., 2012; Yang, 2015) and identify various sources, 

including the administrative and financial inefficiency of SOEs (Lin et al., 1998; Berglof and Roland, 

1998; Qian and Roland, 1998; Megginson and Netter, 2001; Lin and Chang, 2019) and factor 

misallocations (Hsieh and Klenow, 2009; Hsieh and Song, 2015). We contribute a new perspective to 

this discussion: environmental regulators impose more stringent regulations on private firms facing 

more binding financial constraints and greater environmental regulation costs, while SOEs are more 

likely to be exempt from regulations.  

The remainder of the paper proceeds as follows. Section II describes the institutional context of 

China’s SOE oversight system, SOE reform and decentralization, and the local enforcement of 

environmental regulations. Section III introduces a conceptual framework that motivates the empirical 

research. Section IV introduces the data and sample. Section V presents our empirical strategies to 

identify the environmental and economic effects of removing the regulation constraint on central and 

provincial SOEs. Section VI reports baseline empirical results, discusses the validity of the baseline 

estimates, and reports a set of extensions and robustness checks for the baseline findings. Section VII 

discusses the implications for aggregate allocative efficiency. Section VIII concludes the paper. 



 

 

II. Institutional Context 

2.1. China’s SOE Oversight System and Decentralization of SOEs 

As a legacy of the command economy era, China’s economy features the important role of SOEs, 

administered by an overlapping hierarchy of central and local governments. SOEs are said to be 

“overseen” by different government levels, which means their state-owned stock is held by those 

“oversight governments”; more precisely, by the local State-owned Assets Supervision and 

Administration Commission (SASAC), an administrative branch of the oversight government (Huang 

et al., 2017). By holding the state-owned shares, the oversight government has the power to influence a 

wide range of SOE operations, including finance, employment, social welfare, and personnel. The 

sharing of corporate tax revenue and economic residuals also falls under the oversight government. The 

leaders of the SOEs usually have stronger personal connections to the officials in the oversight 

government, which is especially important for central and provincial SOEs, which means the SOE’s 

leadership has stronger connections to high-level political officials. To the oversight government, 

overseeing an SOE means more revenue sharing but may also cause a fiscal burden if the SOE is 

unprofitable. Overseeing an SOE also means additional ways to influence the local economy and more 

space for rent-seeking by influencing SOE personnel control. 

It is noteworthy that there is a rich variety in the political levels of governments overseeing SOEs, 

from the central government to local governments at provincial, prefectural, and county levels. Waves 

of historical movements in China’s pre-reform era shaped this variety. In the early 1950s, China 

established its planned economy by copying the Soviet Union’s system, where all important plants were 

subject to the central government through eight ministries of industries, which are branches of the State 

Council (the formal name of China’s central government). During the “Great Leap Forward” 1958–

1960, Mao Zedong encouraged local governments to establish their own enterprises to incentivize local 

efforts to promote economic growth, leading to a growing number of SOEs overseen by local 

governments. The third wave started in 1964, when China’s central government was worried about 

potential military strikes from the US and the Soviet Union; it, therefore, relocated many strategically 

important SOEs to the hinterland, and most of the relocated SOEs were controlled by the central 

government (the “Great Third Front Construction” movement). This was followed by the fourth wave 

started in 1971, when Mao further required each province to be self-sustaining during potential 

invasions and asked provinces, prefectures, and counties to establish their own enterprises in defense-



 

 

related industries, creating another wave of SOEs overseen by local governments (Naughton, 2006; 

Brandt and Rawski, 2008). 

By the 1980s, the SOEs established in all four waves suffered from low economic efficiency and 

profitability, placing severe fiscal burdens on all Chinese government levels, which motivated the SOE 

reform starting in the 1990s, as summarized in Huang et al. (2017). The main objective of the SOE 

reform was to improve SOE efficiency and performance using three primary measures: merger, 

decentralization, and privatization. First, China merged large, advanced, or strategically important 

SOEs into large industrial conglomerates under the direct control of central government. Second, for 

smaller and less productive enterprises, their oversight governments considered decentralizing them to 

lower-level governments to allow local governments closer to the SOEs to make more flexible 

production, investment, and personnel decisions. Third, for the smallest and least productive SOEs, the 

governments allowed private owners or investors to buy off the enterprises – “privatization” or 

“restructuring” (Qian et al., 2006; Brandt and Rawski, 2008; Naughton, 2015). 

We leverage decentralization among the three measures as the key identifying variation for two 

reasons. First, decentralizations were the major shocks to the organizational structure of Chinese SOEs 

during the reform. Second, the variations in decentralization are better-understood thanks to the existing 

literature. As documented by Huang et al. (2017), decentralization decisions were made by the original 

oversight governments (the higher-level governments) alone and could not be rejected or reversed by 

the receiving governments at lower levels. Furthermore, Huang et al. (2017) carefully discuss the 

determinants of decentralizations and conclude that they are mostly explained by a Hayek conjecture 

that a lack of local information led to low administrative efficiency and that an SOE was more likely to 

be decentralized the greater the distance from its original oversight government. Taken together, 

decentralizations serve as quasi-exogenous shocks to the organizational structure between polluting 

SOEs and local environmental regulators in the sense that (1) the local regulators (local governments) 

could not decide whether an SOE in their jurisdictions was decentralized, and (2) the decentralization 

decisions were largely irrelevant to pollution concerns.  

2.2. China’s Environmental Regulation System 

In this section, we introduce China’s environmental regulation system focusing on its local 

implementation. China’s immense economic growth since 1979 is impressive not only for its economic 

success but also for the environmental consequences it generates: by 1997, there were hundreds of 



 

 

thousands of premature deaths and incidents of serious respiratory illness caused by exposure to 

industrial air pollution; many of China’s waterways became largely unfit for human use owing to 

sewage emissions (Dasgupta et al., 1997). The severe environmental problems also resulted in growing 

social discontent. Since 1996, the number of environmental protests has increased by an average of  

29% every year.2 In response to this challenge, China’s central government has called for increasingly 

stringent environmental regulations since the 1990s. China’s first environmental protection law (EPL) 

was issued in 1989 and came into effect in January 1990. In 1998, the State Environmental Protection 

Administration, the top government institution for environmental regulation, was upgraded to 

ministerial status in the central government and further renamed the Ministry of Environmental 

Protection (MEP) in 2008.  

As in many developing countries, the central government’s commitment to more stringent 

environmental regulations is never credible without enforcement by the local governments, who bear 

the specific responsibility to implement inspections, fines, and other punishments for violations and 

enjoy significant room for selective implementation serving their political interests. The division of 

responsibilities across different government levels is reported by a State Council document in 2020 that 

reviews China’s historical experience of environmental regulation: 

“The central government coordinates the major environmental protection policies, puts forward 

overall goals, and plans for major strategic measures; provincial governments bear overall 

responsibility for environmental governance in the region, organize the implementation of central 

government objectives, tasks, policies and measures, and provide financial support; prefectural and 

county governments bear specific responsibilities, implement supervision and law enforcement, market 

regulation, funding arrangements, publicity, and education…”  

The main takeaway from this document is that higher-level governments at the central and provincial 

levels are primarily responsible for setting major strategic measures and policy objectives, while lower 

governments, especially at the prefecture level, are the regulators that implement the regulations in their 

jurisdictions. Thus, China’s bureaucratic system enforces environmental regulations in a top-down 

fashion, similar to other political tasks in China, including the one-child policy, worker safety, disease 

control, and education promotion (Fisman and Wang, 2017; Zhang, 2017; Chen et al., 2018; Fang et al., 

 

2 Please see https://chinadialogue.net/en/cities/5561-china-s-new-middle-class-environmental-protests/ for an 

example of such discussion.  

https://chinadialogue.net/en/cities/5561-china-s-new-middle-class-environmental-protests/


 

 

2020; Chen et al., 2022).  

As the actual executors of environmental regulations, the prefecture- and county-level governments 

were authorized by the EPL to perform on-site inspections and charge emission fees within their 

jurisdictions. In case of violations of emission standards, local regulators may punish violators with 

fines, orders to overhaul the violations in limited time, production suspensions, or even more severely, 

ask a polluter to temporarily shut down. However, punishment measures are highly restricted when the 

polluter is an enterprise or institution subject to central or provincial government oversight. As noted in 

the Environmental Protection Law in 1989: 

“Emission fees and fines can only be charged by the State Council if the targeted entity (enterprises 

and other institutions) is administered directly by the central government, and charged by the provincial 

government if administered by the provincial government… Overhaul, production suspension, or 

shutdown orders should be submitted to the State Council for approval if the targeted entity is 

administered directly by the central government, and to the provincial government if administered by 

the provincial government.” 

These constraints made prefecture- and county-level regulators unable to impose any effective 

punishments should central or provincial SOEs violate the EPL; this made them a de-facto “privileged 

class” exempt from environmental regulations.3 The restrictions were removed later in the 2014 EPL 

amendment that took effect in January 2015, but unfortunately, the firm-level panel data used in this 

study does not include observations post-2015, and we were unable to capture the effects from the 

universal removal of these constraints.  

The prefecture- and county-level governments are held responsible for pollution reduction tasks and 

incentivized by top-down imposed total emission targets that impact the likelihood of local government 

officials’ promotions.4 In every Five-Year Plan (FYP) since 2001’s 10th FYP, the central government 

makes promises of pollution reduction at the national level and splits this into provincial government 

targets. The provincial governments then allocate emission targets across their prefectures. This process 

is largely imposed in a top-down manner, as the lower levels have very little bargaining power against 

 

3 I report more anecdotal evidence on the local regulators’ inability to regulate central and provincial SOEs in 

their jurisdictions in Appendix F.  
4 As noted in the Environmental Protection Law (1989), “local governments at various levels shall be 

responsible for the environmental quality of their jurisdictions and take measures to improve the environmental 

quality.” 



 

 

targets imposed by higher authorities (Zhang, 2021).5 Notably, the emission target is imposed on the 

total amounts of specific types of emissions produced within the jurisdictions regardless of the emission 

sources.  

As a typical example of target-setting in China’s regionally decentralized authoritarian (RDA) system 

(Xu, 2011), emission reduction serves as a typical “one-item-veto” target in the sense that failing to 

achieve the target makes local government leaders ineligible for career promotions even if they perform 

well in other targets such as facilitating economic growth. Therefore, failing to achieve emission targets 

has severe career consequences and pressures local officials to implement environmental regulations 

with increased stringency. However, a disparity arises when there are central- or provincial-

administered polluters in their jurisdiction: the emissions from these polluters are exempt from 

regulations, but not exempt from the regulators’ total emission target. Therefore, while the central and 

provincial SOEs contribute significantly to total emissions, local regulators confront more limited 

allowable emissions from the rest of the firms they regulate, pushing them to regulate the remaining 

polluters with increased stringency. This scenario will be further formalized under the conceptual 

framework discussed in section III.  

 

III. Conceptual Framework 

In this section, we motivate the empirical study using a conceptual framework to conceptualize the 

economic and environmental effects of firms’ environmental regulation as well as the local 

government’s environmental regulation decisions, where they optimize regulation stringency across 

different firms while confronting career promotion incentives. For simplicity, assume two firms in a 

local unit – private (𝑖 = 1) and state-owned (𝑖 = 2) to allow space for the local government’s selective 

regulatory enforcement over ownership types. For simplicity, assume the two firms are identical in all 

characteristics except ownership, and both firms are discussed under partial equilibrium.  

3.1. Economic Costs of Firm-Level Environmental Regulations 

We borrow the firm settings in He et al. (2020) and Wang and Wang (2021) that discuss the effects 

of regulation intensity on firm outcomes under partial equilibrium. Assume each firm has a neoclassical 

 

5 An anecdotal example of this top-down manner is China’s 11th FYP. During this process, the central 

government monitored the local objectives established by provinces and found they failed to achieve the 

aggregate national target and forced the provincial and prefectural governments to remake plans “under close 

instruction” from the central government. 



 

 

production function over capital and labor 𝑓(𝐾, 𝐿) , and the firm’s emissions are determined by its 

production plus emission abatement capital (𝐾𝐸 ) described by the function 𝐸(𝑓(𝐾, 𝐿), 𝐾𝐸) .6  Firms 

maximize profit subject to the exogenous environmental regulation intensity (𝑟) conceptualized as tax-

like fines on pollutive emissions: 

max 𝜋(𝐾, 𝐿, 𝐾𝐸) = 𝑝𝑓(𝐾, 𝐿) − 𝑝𝐾(𝐾 + 𝐾𝐸) − 𝑝𝐿𝐿 − 𝑟𝐸(𝑓(𝐾, 𝐿), 𝐾𝐸) 

The same propositions as in He et al. (2020) can be derived to predict the effects of environmental 

regulations on firm observable attributes, which allows us to empirically infer changes in environmental 

regulation stringency from changes in firm characteristics when the stringency is not directly observed:  

Proposition 1. Output, profit, and TFP decrease if a firm faces stricter environmental regulation 

(
𝜕𝑓𝑖

𝜕𝑟𝑖
< 0,

𝜕𝜋𝑖

𝜕𝑟𝑖
< 0,  

𝜕𝑇𝐹𝑃𝑖

𝜕𝑟𝑖
< 0). 7 

Proposition 2. Investment in emission abatement capital will increase and total emissions will 

decrease if a firm faces stricter environmental regulation (
𝜕𝐾𝐸𝑖

𝜕𝑟𝑖
> 0,

𝜕𝐸𝑖

𝜕𝑟𝑖
< 0).  

Furthermore, we extend the model by assigning Cobb-Douglas production and emission functions 

(𝑌 = 𝐴𝐾𝛼𝐾𝐿𝛼𝐿, 𝐸 = 𝑌𝛿 (
𝐾

𝐾+𝐾𝐸
)

𝛽
) and transform the production function in the spirit of Tombe and 

Winter (2015): 8 

𝑌 = �̃�(𝐾 + 𝐾𝐸)�̃�𝐾𝐿�̃�𝐿𝐸�̃�𝐸 

In this transformation, emissions can therefore be taken as an input in production function combined 

with total inputs in capital (productive plus abatement) and labor. Therefore, one can easily imply a 

positive but decreasing “marginal product of emission” (
𝜕𝑌

𝜕𝐸
> 0 and 

𝜕2𝑌

𝜕𝐸2 < 0). This transformation is 

especially meaningful for the regulators in the sense that the marginal economic benefits from allowing 

more emissions from a single firm are diminishing.  

3.2. Regulatory Decisions of Local Governments 

We model the local government objective function based on the meritocracy conjecture in China’s 

political economy literature that local government officials balance across multiple key performance 

 

6 We further assume 𝑓1 > 0,  𝑓2 > 0,  𝑓11 < 0,  𝑓22 < 0, and 𝐸1 > 0,  𝐸2 < 0,  𝐸11 > 0,  𝐸22 > 0 
7 Here TFP is defined as the ratio of revenue relative to all inputs including 𝐾𝐸: 𝑇𝐹𝑃 =

𝑝𝑓(𝐾,𝐿)

𝑝𝐾(𝐾+𝐾𝐸)+𝑝𝐿𝐿
.  

8 �̃� = 𝐴
𝛽

𝛽+𝛿𝛼𝐾, �̃�𝐾 =
𝛼𝐾𝛽

𝛿𝛼𝐾+𝛽
, �̃�𝐿 =

𝛼𝐿𝛽

𝛿𝛼𝐾+𝛽
, �̃�𝐸 =

𝛼𝐾

𝛿𝛼𝐾+𝛽
. �̃�𝐾 , �̃�𝐿, �̃�𝐸 ∈ (0,1) if we assume 𝛼𝐾 , 𝛼𝐿 ∈ (0,1) and 

𝛿 > 1.  



 

 

indicators (KPIs henceforth), and achieving each of the KPIs contributes to a higher likelihood of 

promotion.9 There are two KPIs most relevant in the context of environmental regulations: first, local 

governments are incentivized to maximize regional GDP using a tournament system where prefectural 

leaders achieving higher economic growth are more likely to receive promotions (Li and Zhou, 2005; 

Xu, 2011; Wang et al., 2020); second, local governments are required to achieve local emissions targets 

as a constraint on total emissions. As introduced in section 2.2, such emission targets are set by higher-

level governments and reported in provincial FYPs.  

Therefore, we model the local government’s objective function as maximizing the net contribution 

of the two targets to its promotion likelihood. For simplicity, we assume total output (∑ 𝑌𝑖𝑖 ) and total 

emissions relative to emission target (�̅� − ∑ 𝐸𝑖𝑖 ) contribute to promotion likelihood in a Cobb-Douglas 

form:  

max
𝑟1,𝑟2

𝛾1 log (∑ 𝑌𝑖(𝑟𝑖)

𝑖

) + 𝛾2 log (�̅� − ∑ 𝐸𝑖(𝑟𝑖)

𝑖

)     

To further illuminate the government’s regulatory decisions across different firms, we apply the 

Tombe and Winter (2015) style transformation by writing the production function as a Cobb-Douglas 

combination of total capital, labor, and emission. Noting that emission is a monotone function of 

regulation intensity 𝑟𝑖 , the optimization problem can be transformed by taking 𝐸𝑖  as the choice 

variable, in the sense that the regulator indirectly allocates emission quotas across firms by selecting 

regulation intensities:  

max
𝐸1,𝐸2

𝛾1 log (∑ 𝑌𝑖(𝐸𝑖)

𝑖

) + 𝛾2 log (�̅� − ∑ 𝐸𝑖

𝑖

)   

3.3. Regulation Constraints on Central and Provincial SOEs 

As discussed in section 2.2, a regulatory constraint exists if the SOE is administered by central or 

provincial governments. To conceptualize this constraint, we assume a cap over SOE regulation 

intensities (i.e., 𝑟1 ≤ �̅�), which is binding for central and provincial polluting SOEs, or equivalently a 

lower limit on the emissions quota allocated to the SOE (i.e., 𝐸1 ≥ 𝐸1(�̅�) ). With the transformed 

production function, we derive the comparative statics by taking 𝐸𝑖  as the choice variable and 

exploiting properties of “marginal product of emission” (
𝜕𝑌

𝜕𝐸
> 0 and 

𝜕2𝑌

𝜕𝐸2 < 0):  

 

9 Please see Xu (2011) for an excellent review on this literature.  



 

 

max
𝐸1≥𝐸1(�̅�),𝐸2

𝛾1 log (∑ 𝑌𝑖(𝐸𝑖)

𝑖

) + 𝛾2 log (�̅� − ∑ 𝐸𝑖

𝑖

)   

The comparative statics indicate that a stronger enforcement power represented by a larger �̅� (and 

therefore smaller 𝐸1(�̅�)) will increase the stringency of SOE environmental regulation (
𝜕𝑟1

𝜕�̅�
> 0,

𝜕𝐸1

𝜕�̅�
<

0 ) and decrease the stringency of private firm environmental regulation (
𝜕𝑟2

𝜕�̅�
< 0,

𝜕𝐸2

𝜕�̅�
> 0 ), further 

predicting the effects of removing the distortion by decentralizing the central and provincial SOEs. As 

the restriction on local regulators is removed, prefectural regulators can more stringently regulate 

central and provincial SOEs, indicating an increase in �̅�, making it no longer a binding constraint, 

leading to a higher stringency on SOEs and lower stringency on private firms. Combined with previous 

propositions, the output, profit, productivity, and pollution amounts would decrease in the decentralized 

SOE but increase in remaining private firms. Therefore, the decentralization of central and provincial 

SOEs not only yields direct effects, in that the decentralized SOEs are more stringently regulated, 

decreasing productivity, but it also creates spillover effects by reallocating regulation intensities, in that 

private firms are less stringently regulated, increasing productivity.  

 

IV. Data 

We combine several rich datasets that provide comprehensive observations on key financial 

indicators, ownership type, oversight status, and emission outcomes of manufacturing firms in China, 

together with prefecture-level socio-economic characteristics and political leaders’ resume information.  

4.1. The Annual Survey of Industrial Firms (ASIF) 

Our firm-level production and ownership information is based on the Annual Survey of Industrial 

Firms (ASIF) database from 1998 to 2014.10 The ASIF database is managed by the National Bureau of 

Statistics and contains a rich set of key financial indicators including capital and labor inputs, outputs, 

sales, taxes, expenses, and profits from firms’ annual accounting reports. The dataset contains all SOEs 

in China and private firms above a specific scale threshold.11  

As widely applied in empirical works on China’s economy, we follow the standard procedure in the 

 

10 The year 2010 is dropped from the sample because all key financial indicators were missing.  
11 Private firms are included in the ASIF (the so-called “above-scale” firms) if the annual revenue is over 5 

million RMB before 2011; the revenue threshold increased to 20 million RMB since 2011. 



 

 

literature to clean the ASIF database following Brandt et al. (2012), Yang (2015), and Yu (2015). First, 

we use institutional codes, firm names, names of legal representatives, geographic codes, industry codes, 

founding years, addresses, and phone numbers to identify identical firms across different years of 

observation and construct a panel identifier. Second, we follow the standard procedure to construct real 

capital stock and deflate key financial variables at 2-digit industry by year level. Third, we drop 

observations with missing key financial indicators or those that apparently violate accounting 

principles.12 Fourth, we drop observations with values of key variables below the 0.5th percentile or 

above the 99.5th percentile. Finally, we produce the semi-parametric TFP estimates following Olley and 

Pakes (1996) as the baseline TFP measure and take several alternative TFP estimates for robustness 

checks. The final sample includes 3,104,933 observations and 724,851 unique firms.  

The key identifying variation in our research design is the ownership type and the level of oversight 

government if the firm is state-owned, also drawn from the ASIF dataset. We follow the criteria in 

Huang et al. (2017) that a firm is defined as an SOE if its state capital share exceeds 30%. The SOE is 

identified as decentralized in year 𝑡 if its oversight status changes to a lower level than year 𝑡−1. SOEs 

whose oversight status changed repeatedly are not counted because this case is more likely to be caused 

by coding inconsistency across years instead of actual decentralizations. We also use GIS data on 

China’s administrative divisions to generate the distance of SOEs from their oversight governments 

following Huang et al. (2017). We use a categorization of polluting industries at 2-digit and 3-digit 

industry levels published by China’s MEP as introduced in Appendix Table B2 to identify polluting 

firms in the ASIF dataset.  

4.2. The Environmental Survey and Reporting (ESR) Dataset 

The Environmental Survey and Reporting (ESR) dataset is managed by MEP and contains firm by 

year level observations on emission amounts by different pollutant categories including waste gas, SO2, 

sewage, and other important pollutant types, as well as several proxies for emission abatement inputs.13 

The database contains 1,652,355 observations from 1998 to 2014. The ESR database includes important 

pollution sources including not only manufacturing firms but also hospitals, research institutes, and 

 

12 These cases include: negative values for output, intermediate input, value-added, employment, capital stock; 

liquid assets or fixed assets greater than total assets; current depreciation greater than cumulative depreciation.  
13 The emissions are self-reported by the firms and double-checked by the MEP’s auditors. The ESR data is not 

observable by local level regulators and are therefore not used as the basis of environmental regulations, which 

limited the firms’ incentives to misreport their emission amounts. Please see He et al. (2020) and Wang and 

Wang (2021) for a more comprehensive discussion on the reporting process of the ESR database.  



 

 

hazardous waste and sewage processors.  

We use firm names and institutional codes to match the firms in the ESR dataset with the basic firm 

information in the ASIF dataset to (1) identify the manufacturing firms in the sample and (2) use the 

basic firm information in ASIF to identify SOEs and their decentralization records.14 In the ESR dataset, 

745,847 observations are matched with firms in the ASIF dataset. The main reason for the missing 

matches is that only 884,673 ESR observations satisfy the scale thresholds in the ASIF dataset. The 

matching rate among the “above scale” firms is then 84.3%. However, as the matched database only 

contains a small fraction of the ASIF dataset, we do not interpret the matched sample as a representative 

sample of the ASIF but cautiously interpret the matched sample as “above-scale manufacturing firms 

in the ESR dataset” and only use the basic firm information from the ASIF dataset. Therefore, we 

analyze the two datasets separately in the empirical analysis. 

4.3. Prefecture-level Datasets 

We use data from statistical yearbooks for 314 Chinese prefectural-level cities from 1999 to 2019 to 

construct a prefecture-level database with economic and pollution outcomes. Among them, 284 

prefecture-level cities have non-missing observations on the total amount of industrial SO2 and sewage 

emissions from 2003 to 2019. The summary statistics of ASIF, ESR, and prefectural-level panel data 

are reported in Appendix Table B1.  

 

V. Empirical Strategies 

As discussed in section III, our conceptual framework predicts that when a polluting central or 

provincial SOE is decentralized to the prefecture level, it will reduce its pollutant emissions, increase 

in abatement capital, and have lower productivity. The private firms in the same prefecture will increase 

their pollutant emissions and also have higher outputs and productivities. In this section, we discuss the 

empirical strategies to identify these effects.  

5.1. Direct Effects on the Decentralized SOEs 

Following the predictions in section III, decentralization removes the regulation constraint on the 

SOEs previously overseen by the central or provincial governments, leading to an increase in regulation 

 

14 As the ASIF contains the universe of all Chinese SOEs, the important polluting SOEs and their records of 

decentralization are then identified in the ESR dataset. We use this relationship to construct decentralization 

relevant variables when analyzing the ESR dataset.  



 

 

intensity and decrease in emission and production outcomes. We first focus on identifying the effects 

of decentralization on pollution outcomes. With the ESR dataset and firms’ basic information matched 

from the ASIF, we identify the SOEs’ among polluting firms in the ESR and their decentralization 

records. Decentralization acts as an external shock on the political relationship between the SOE and 

the regulating government, and we estimate the following difference-in-differences (DD) model 

specified in equation (1) to identify the effects of decentralization on pollution outcomes:  

𝑃𝑖𝑠𝑝𝑡 = 𝛼𝑖 + 𝜌𝑠𝑡 + 𝛿𝑝𝑡 + 𝛽𝐷𝑒𝑐𝑒𝑖𝑡 + 휀𝑖𝑠𝑝𝑡      (1) 

where 𝑃𝑖𝑠𝑝𝑡 represents the pollution outcomes for firm 𝑖 in 2-digit industry 𝑠, prefecture 𝑝, and year 

𝑡. The outcome variables are logarithmic pollutant emissions in three types reported in the ESR dataset: 

waste gas, SO2, and sewage.15 𝐷𝑒𝑐𝑒𝑖𝑡 is a dummy event variable equaling 1 if the firm is an SOE and 

has been decentralized from the central or provincial level to the prefectural level. The coefficient 𝛽 

captures the effect of decentralization on firms’ pollution outcomes. We control for firm fixed effects, 

2-digit industry by year fixed effects, and prefecture by year fixed effects to account for unobservable 

firm characteristics, prefecture-specific time trends, and industry-specific time trends. The standard 

errors are clustered at the firm level as suggested by Cameron and Miller (2015).  

As is typical for DD identification strategies, the key identifying assumption for model (1) is that 

decentralization should be uncorrelated with potential trends in a firm’s pollution outcomes. The 

assumption is plausibly true given the institutional context that the prefectural level regulator does not 

have control over the decentralization decision, and the higher-level government does not consider 

pollution outcomes when they decide which SOE to decentralize. Therefore, the unobserved potential 

pollution intensity and decentralization are likely uncorrelated. However, being decentralized may also 

affect a firm’s production, corporate governance, access to loans, and status in competition, which may 

lead to an indirect effect on pollution outcomes.  

To address this concern, we use the same methodology as He et al. (2020) by splitting the firms into 

two groups: firms in a non-polluting industry versus firms in a polluting industry.16 We perform a triple-

differences (TD) estimation by comparing the two DD estimators on the decentralization effects 

 

15 Waste gas and SO2 are indicators of air pollution while sewage is an indicator of water pollution. We pick the 

three variables because the ESR reports the most comprehensive observations on them, and they are highly 

representative of pollutant emissions in Chinese industrial firms.  
16 This categorization is made by the Ministry of Environmental Protection. Please refer to Table A1 for the 

detailed classification over industries.  



 

 

between firms in polluting versus non-polluting industries and attribute this third difference to the effect 

of environmental regulation. This methodology is not directly applicable to the ESR dataset as the 

database only includes polluting firms, so we focus on the ASIF sample and firms’ production outcomes 

when applying the TD strategy. The empirical model for TD is specified in equation (2):  

𝑌𝑖𝑠𝑝𝑡 = 𝛼𝑖 + 𝜌𝑠𝑡 + 𝛿𝑝𝑡 + 𝛽𝐷𝑒𝑐𝑒𝑖𝑡 + 𝜏𝐷𝑒𝑐𝑒𝑖𝑡 × 𝑃𝑜𝑙𝑙𝑢𝑡𝑒_𝑖𝑛𝑑𝑠 + 휀𝑖𝑝𝑡      (2) 

where 𝑌𝑖𝑠𝑝𝑡  is the logarithm of the firm’s key financial indicators (value-added, capital stock, 

employment) and TFP measurements. 𝑃𝑜𝑙𝑙𝑢𝑡𝑒_𝑖𝑛𝑑𝑠 is a dummy variable equaling 1 if the firm is in a 

polluting industry categorized by MEP. The coefficient of interest is 𝜏  for the interaction between 

decentralization and the polluting industry indicator. 

As suggested by Olden and Møen (2022), the validity of the TD strategy does not require the parallel 

trend assumptions to hold for the two DD estimators. The TD estimator, as the difference between two 

biased DD estimators is still unbiased if the biases in DD estimators are the same, therefore they can 

cancel out. In this research, the property of TD weakens the key identifying assumption in the sense 

that it allows for selection in decentralization based on potential outcomes in production outcomes, as 

long as the selection is irrelevant to whether the firm is in a polluting industry. The TD also allows non-

zero decentralization effects in the absence of changes in regulation intensity. Instead, it requires that, 

except for environmental regulation, the decentralization effects should be the same for SOEs in 

polluting versus non-polluting industries.  

5.2. Spillover Effects on the Private Firms 

In addition to the direct effects, the conceptual framework in section III predicts a spillover effect 

from decentralization of polluting SOEs on private firms regulated by the same prefecture-level local 

regulator in that the private firms will benefit from more lenient environmental regulation and therefore 

increase emission and production outcomes. We estimate equations (3) and (4) among the private firms 

in the ESR and the ASIF to identify the spillover effects:  

𝑃𝑖𝑠𝑝𝑡 = 𝛼𝑖 + 𝜌𝑠𝑡 + 𝑋𝑝 × 𝛿𝑡 + 𝛽𝑁(𝐷𝑒𝑐𝑒, 𝐸𝑆𝑅)𝑝𝑡 + 휀𝑖𝑠𝑝𝑡          (3) 

𝑌𝑖𝑠𝑝𝑡 = 𝛼𝑖 + 𝜌𝑠𝑡 + 𝑋𝑝 × 𝛿𝑡 + 𝛽1𝑁(𝐷𝑒𝑐𝑒, 𝐴𝑆𝐼𝐹, 𝑎𝑙𝑙)𝑝𝑡 + 𝛽2𝑁(𝐷𝑒𝑐𝑒, 𝐴𝑆𝐼𝐹, 𝑝𝑜𝑙)𝑝𝑡 + 휀𝑖𝑠𝑝𝑡    (4) 

where 𝑃𝑖𝑠𝑝𝑡 and 𝑌𝑖𝑠𝑝𝑡 are the outcomes of interest as discussed in equations (1) and (2). We construct 

the 𝑁(∙)  variables to identify the spillover effects by counting the cumulative number of SOE 

decentralizations in prefecture 𝑝  by year 𝑡 . Therefore, 𝑁(𝐷𝑒𝑐𝑒, 𝐸𝑆𝑅)𝑝𝑡  represents the cumulative 

number of records where polluting SOEs are decentralized to prefecture 𝑝  by year 𝑡  in the ESR 



 

 

dataset; 𝑁(𝐷𝑒𝑐𝑒, 𝐴𝑆𝐼𝐹, 𝑎𝑙𝑙)𝑝𝑡 represents the cumulative number of records where all types of SOEs 

are decentralized to prefecture 𝑝  by year 𝑡  in the ASIF dataset; and 𝑁(𝐷𝑒𝑐𝑒, 𝐴𝑆𝐼𝐹, 𝑝𝑜𝑙)𝑝𝑡 

represents the cumulative number of records where SOEs in polluting industries are decentralized to 

prefecture 𝑝 by year 𝑡 in the ASIF dataset. In equation (3), the coefficient 𝛽 of 𝑁(𝐷𝑒𝑐𝑒, 𝐸𝑆𝑅)𝑝𝑡 

captures the mean spillover effects of an additional polluting SOE being decentralized on the private 

firms’ pollution outcomes; in equation (4), 𝑁(𝐷𝑒𝑐𝑒, 𝐴𝑆𝐼𝐹, 𝑎𝑙𝑙)𝑝𝑡  and 𝑁(𝐷𝑒𝑐𝑒, 𝐴𝑆𝐼𝐹, 𝑝𝑜𝑙)𝑝𝑡  are 

taken as aggregations of the TD variables 𝐷𝑒𝑐𝑒𝑖𝑡 and 𝐷𝑒𝑐𝑒𝑖𝑡 × 𝑃𝑜𝑙𝑙𝑢𝑡𝑒_𝑖𝑛𝑑𝑠 at the prefecture by 

year level, in the sense that we allow a spillover effect from the decentralization of all SOEs on firm’s 

financial indicators in the absence of environmental regulation, which is captured by 𝛽1 ; we then 

attribute the additional spillover effects from SOE decentralizations in polluting industries to the change 

in environmental regulations captured by 𝛽2. Therefore, 𝛽 in equation (3) and 𝛽2 in equation (4) are 

the main parameters of interest. 

We control for a similar group of fixed effects in equations (3) and (4) to those in equations (1) and 

(2), with the exception that the prefecture-by-year fixed effects are not applicable as the key identifying 

variations at the prefecture-by-year level. As a substitute, we control for the interaction of a full set of 

times fixed effects 𝛿𝑡 with 𝑋𝑝, a vector of prefecture-level characteristics in 1998. The prefecture-

level controls include the logarithm of population, non-agriculture population, GDP, and total industrial 

output in 1998, plus several indicators of industrial structural: the share of first and second industries in 

GDP, and the share of industrial output from polluting industries in 1998. The standard errors are 

clustered at prefecture level following Cameron and Miller (2015).  

 

VI. Baseline Results 

In this section, we report the baseline estimates from equations (1) through (4) on the direct and 

spillover effects of decentralization on the pollution and production outcomes of the decentralized SOEs 

and the private firms under the same prefectural level environmental regulators. We then discuss 

potential threats to the validity of our baseline analysis, a set of extensions to the baseline estimates, 

and a series of additional robustness checks.  

6.1. Direct Effects on the Decentralized SOEs 

We first investigate the decentralization effects on pollution outcomes following the DD strategy as 

specified in equation (1). As shown in Table 1, we use the ESR sample for estimation where the 



 

 

outcomes of interest are the logarithmic emission amounts of three main types of pollutants: total waste 

gas (in standard cubic meters), SO2 (in kilograms), and sewage (in tons) in columns 1–3, respectively. 

The estimates indicate that, compared to all other firms in the same prefecture, year, and 2-digit industry, 

a polluting SOE decreases 47.5% of its waste gas emissions, 63.0% of its SO2 emissions, and 45.2% of 

its sewage emissions when decentralized from central or provincial governments to the prefectural 

government. These effects are statistically significant and also have considerable economic meaning, 

in the sense that the central and provincial SOEs are around 50% more pollutive than an average firm 

before decentralization as shown in Figure 1.  

In Table 2, we investigate the effects of decentralization on firms’ production outcomes following the 

TD specification in equation (2). In columns 1–4, we report the decentralization effects on logarithmic 

value-added, capital stock, employment, and TFP of firms. The first row reports the DD estimates of 

the decentralization effects among non-polluting firms, whereas the second row reports the TD 

estimates as the differential decentralization effects among polluting firms compared to non-polluting 

firms, which are the estimates of interest. As suggested by the first-row estimates, when a non-polluting 

SOE is decentralized to the prefecture level, it experiences a decrease in value-added, capital stock, and 

employment in a similar magnitude, indicating a shrinking scale without any significant effect on its 

TFP. The first-row estimates may also suggest a selection that shrinking SOEs may be more likely to 

be decentralized, but the biased DD effects do not directly threaten the validity of TD estimates as long 

as the biases caused by selections in decentralizations are comparable between polluting and non-

polluting firms.  

In contrast, the TD estimates reported in the second row suggest that when a polluting SOE is 

decentralized to the prefectural level, it does not experience an additional change in value-added when 

compared to the decentralization of a non-polluting SOE but increased 39.7% of its capital stock and 

14.4% of its employment relative to the decentralization effects among non-polluting SOEs. These 

results indicate that SOEs in polluting industries spent more on factors not contributing to production, 

which is confirmed by column 4: after being decentralized to the prefecture level, polluting SOEs 

decreased 21.5% of their TFP.  

These results are consistent with the predictions in the conceptual framework discussed in section III 

that the SOEs pollute less and become less economically efficient when decentralized from central or 

provincial governments to the prefectural level. As the polluting SOEs purchased more capital and labor 



 

 

without contributing to their outputs, we further infer that the increased inputs are possibly used for 

emission abatement confronting more stringent environmental regulations following decentralization.   

6.2. Spillover Effects on the Private Firms 

Our conceptual framework suggests that for the prefecture-level regulators, when there are central 

and provincial polluting SOEs exempt from environmental regulations in their jurisdictions, their 

strategic response would be to regulate other firms more stringently because of political targets on total 

emissions. Therefore, we predict that eliminating this “privileged class” through decentralizations of 

polluting SOEs leads to spillover effects on the private firms in the same jurisdiction. We confront the 

spillover effects by estimating equations (3) and (4) using the private firm sample from ESR and ASIF, 

respectively.  

Table 3 shows that if an additional polluting SOE is decentralized to a prefecture, other firms gain 

the ability to pollute more. On average, one additional decentralization of a polluting SOE in the same 

prefecture leads to a 4.34% increase in a private firm’s waste gas emission, a 4.74% increase in SO2 

emission, and a 5.51% increase in sewage emission. These findings are consistent with the conceptual 

framework that when an additional polluting SOE is decentralized, the prefecture-level regulators will 

reduce the regulation intensities on the private firms and allow more emissions from them.  

In Table 4, we investigate the spillover effects on production outcomes. Similar to Table 2, the first-

row coefficients indicate the spillover effects from the decentralization of non-polluting SOEs, while 

the second-row coefficients indicate the relative spillover effects if the decentralized SOEs are in 

polluting industries, which is the parameter of interest. The first-row estimates show that an additional 

decentralization of a non-polluting SOE in a prefecture results in a slight decrease in value-added, 

capital stock, employment, and TFP, but the magnitudes are small, ranging from 0.2-1.1%. In sharp 

contrast, if the decentralized SOE is in a polluting industry, it leads to significant spillovers to private 

firms. On average, an additional decentralization of a polluting SOE leads to a 3.89% increase in value-

added, a 2.55% increase in capital stock, a 1.47% increase in employment, and a 2.50% increase in TFP 

among private firms in the same prefecture. These findings confirm that private firms receive economic 

gains when they face less stringent environmental regulations following the decentralization of 

polluting SOEs.  

6.3. Threats to the Baseline Estimates, Extensions, and Robustness Checks 

In this section, we discuss the potential threats to the validity of our baseline research design and 



 

 

conduct several empirical tests to address them. We also discuss several extensions to the baseline 

estimates on the extensive margin effects and the political-economic mechanisms of local government 

leaders. We then report a series of checks for robustness.  

A. Pre-decentralization Trends 

To summarize the key strategies of causal identification employed in the baseline analysis, we rely 

on (1) the DD strategy for direct effects on emission outcomes, where the key identifying assumption 

is that decentralizations should be uncorrelated with potential trends in firm’s pollution outcomes; (2) 

the TD strategy for direct effects on production outcomes, where the key identifying assumption 

weakens because violations of parallel trends can be allowed, but biases in the two DD estimators in 

polluting and non-polluting firms should be the same (Olden and Møen, 2022); and (3) the fixed effects 

model for spillover effects, with the identifying assumption that SOEs’ decentralizations are irrelevant 

to potential outcomes among private firms in the same prefecture. Though the third strategy does not 

exploit specific identification designs, the assumption is most likely to hold in the sense that 

decentralizations of SOEs are very unlikely to yield any effects on private firms’ potential emissions 

and production outcomes. In this section, we focus on the validity of the DD and TD assumptions by 

testing the pre-trends prior to decentralizations.  

We first report pre-trend tests for the DD estimates of the direct effects on pollution outcomes. We 

employ an event study specification by including a full set of indicators denoting relative years to the 

last year before decentralization, omitting the last year before decentralization as the reference group. 

As shown in Figure 2, panels (a) and (b), there exist decreasing pre-decentralization trends in waste gas 

and SO2 emissions prior to decentralization, which suggests we should be cautious while interpreting 

the direct effects on these emissions. There is no significant pre-decentralization trend for sewage 

emissions as shown in panel (c) of Figure 2.  

Given that the DD estimates are likely biased, we report the pre-decentralization trends for both the 

polluting firms and non-polluting firms on the production outcomes in the ASIF dataset. As shown in 

Figure 3, the pre-decentralization trends significantly exist for value-added and employment (columns 

a and b for Panels A and C) while less significantly for capital stock and TFP (columns a and b for 

Panels B and D). However, when comparing the pre-decentralization trends between polluting and non-

polluting firms, they are very similar for all outcome variables, and the gaps between the pre-trend 

coefficients in the two groups are statistically insignificant and centered at zero (columns c for Panels 



 

 

A-D). These reassure us of the validity of TD estimates: there are likely biases in the DD estimates but 

the biases are largely comparable across the third difference: whether the firm is in polluting industries 

or not. Therefore, the TD estimates as the difference between the two DD estimates remain valid as the 

biases automatically cancel out.  

We only report the pre-decentralization trends for direct effects, but not for spillover effects, for two 

reasons: first, the specification for spillover effects is different from standard DD or TD specifications 

(see equations 3 and 4, where the cumulative number of decentralization events can take values greater 

than 1), and therefore a regular event study analysis is not applicable; second, the spillover effects are 

less sensitive to the selection issue because a private firm’s potential outcomes are less likely to correlate 

with a decentralized SOE in the same prefecture, compared to the potential outcomes of the 

decentralized SOE. 

B. Selections in SOE Decentralizations 

The validity of our empirical analysis also relies on the assumption that pollution is not a concern in 

the decision-making process of SOE decentralizations. If the higher level oversight governments are 

more likely to decentralize SOEs with decreasing emissions, our DD estimates for the direct effects on 

pollution outcomes will be downward biased; meanwhile, if pollution concern serves as a determinant 

of SOE decentralization, there would potentially be differential treatment effects for decentralized SOEs 

in polluting industries even without the change in the organizational structure between local regulators 

and SOEs. We suggest in section II that the determinants of SOE decentralization in China are driven 

by a concern that the SOEs operated at low efficiency and are unlikely to be driven by environmental 

concerns. We formally check for this concern by replicating the baseline specification in Huang et al. 

(2017) on the determinants of decentralizations and add pollution variables to the specification to test 

if pollution is among the main determinants of SOE decentralization.  

We report the estimates in Table 5. Columns 1 and 3 report our replications to the baseline 

specifications in Huang et al. (2017), a Probit model estimating how various factors jointly contribute 

to the determination of decentralization, conditional on province-year level controls (GDP per capita, 

unemployment rate, SOE output share) and fixed effects at oversight government and year levels. 

Column 3 further includes 2-digit industry fixed effects. Consistent with Huang et al. (2017), our 

replication shows that the likelihood of decentralization significantly increases with the distance to the 

original oversight government, indicating a Hayek conjecture that the lack of local information is the 



 

 

primary concern of the oversight government. Asset stock, return-on-sales ratio, being fully state-owned, 

and firm importance are negatively correlated with decentralization.17  

We then include four pollution indicators in the replications: the indicator of polluting industries used 

as the “third difference” for our TD strategy and firms’ logarithmic emissions of waste gas, SO2, and 

sewage. The estimates with pollution indicators are reported in columns 2 and 4–6 of Table 5. The 

coefficients on the polluting industry indicator, logarithmic waste gas emission, and logarithmic SO2 

emission are small in magnitude and not statistically significant. Though the coefficient on logarithmic 

sewage emission is significantly correlated with decentralization, our estimates only present a small 

magnitude, indicating that a 100% increase in sewage emission is only associated with a 0.04 percentage 

point increase in the likelihood of decentralization. Our replications of Huang et al. (2017) suggest that 

SOE decentralization is largely orthogonal to environmental regulation concerns and therefore plausibly 

exogenous to the environmental regulators.  

C. Extensive Margin Effects 

Our conceptual framework provides a simplified discussion to capture the firms’ economic costs of 

environmental regulations assuming the firms are producing the same products and are not exiting. 

However, the implications may change if firms exit more when faced with increased regulation 

intensities. Our interpretation of the effects on production outcomes as changes in regulation intensities 

are also susceptible if the firms produce different products when decentralized. To address this concern, 

we construct two extensive margin variables as alternative outcomes of interest: first, we construct an 

exit indicator that equals 1 if the firm exits from the sample in the following year;18  second, we 

construct an indicator equaling 1 if the firm switches to a different 4-digit industry in the following year. 

As 4-digit industry codes are the most disaggregated coding of niche industries under China’s 

classification system, switching across the 4-digit industries serves as a plausible proxy for firms 

switching to a different product.  

We report in Appendix Table C1 that the decentralization of polluting SOEs does not yield any 

significant effects on decentralized firm exits, nor does it lead to a higher likelihood of producing a 

 

17 According to Huang et al. (2017), importance is defined as the ratio of the SOE’s value-added to the total 

value-added of the SOEs under the same oversight government in the same 2-digit industry. 
18 One should be cautious when interpreting the exit variable in the sense that the ASIF only includes private 

firms above a scale threshold. Therefore, exiting from the ASIF sample may mean firm scale falls below the 

threshold without actually exiting the market. However, this is the best firm exit measurement we can construct 

from the ASIF.  



 

 

different product. As for the spillover effects, an additional polluting SOE being decentralized is 

associated with a slightly higher likelihood of exiting (0.72 percentage points) among private firms, 

while there are no significant effects on the likelihood of switching industries for these firms. These 

estimates suggest that the extensive margin outcomes are not likely affected by SOE decentralizations.  

D. Effects on Abatement Efforts 

As we discuss in the conceptual framework, the economic costs from environmental regulations are 

determined by the inputs in unproductive factors for abatement. In the baseline results, we interpret the 

increase in capital and labor without increase in value-added when a polluting SOE is decentralized as 

an increase in unproductive inputs for pollution abatement. Though this interpretation is not directly 

testable because the investment or expenses on abatement inputs are not reported in the ESR dataset, 

we shed light on how decentralization affects firms’ abatement efforts by checking the direct and 

spillover effects on a series of proxies on abatement efforts reported in ESR, similar to He et al. (2020).  

We show the estimates in Appendix Table C2. Columns 1–4 report several proxies of firms’ 

adjustments in the production process: total hours of operation per year, logarithmic inputs in water, 

coal, and petroleum. Additional hours of operation and water and fossil fuels inputs are associated with 

greater production and discharge of pollutants. Columns 5 and 6 report two proxies for the “end-of-the-

pipe” abatement: the abatement-to-emission ratios of SO2 and sewage. The abatement-to-emission ratio 

is defined as the ratio of the amount of pollutant absorbed by abatement facilities to the amount of 

pollutant emissions. This ratio quantifies the proportion of total pollutants generated in production that 

are processed by the abatement facilities, reconciling the issue that abatement facility capacities may 

not be fully utilized and therefore the abatement capacities may overstate firms’ efforts to reduce 

emissions.  

Although most of the estimates are not statistically significant (possibly because of notably smaller 

sample size and likely more measurement errors in these non-policy-target variables), the signs of all 

estimates are consistent with the predictions of the conceptual framework. For the decentralized 

polluting central and provincial SOEs, decentralization leads to a decrease in operating hours, water 

use, and fossil fuel use, combined with an increase in the proportion of SO2 and sewage processed by 

the abatement facilities; for the private firms in the same prefecture, the decentralization of polluting 

SOEs is associated with greater operating hours and pollutive inputs, combined with a decrease in the 

proportion of SO2 and sewage processed by the abatement facilities. These findings indicate that 



 

 

decentralization of polluting SOEs leads to an increase in abatement efforts of the decentralized SOEs 

and a decrease in abatement efforts of the private firms in the same prefecture.  

E. Political Economies of Local Government Officials 

In our discussion of the conceptual framework, there is a key implicit assumption that the objective 

functions of local regulators are reliant on the political career incentives of prefecture-level government 

officials, who supervise economic growth and emission control, which jointly contribute to their 

promotion likelihoods. To better understand how the political promotion incentives motivated local 

government enforcement of environmental regulations, we exploit variations in the political promotion 

incentives across different local government leaders.  

Following a branch of literature on the meritocracy and career incentives of Chinese local 

government leaders (Guo, 2009; Wang, 2016; Wang et al., 2020), the career incentives are largely 

determined by an age-based retirement rule, where prefectural level leaders aged over 56 are ineligible 

for promotion because they will be unable to finish the next term of five years in the new position before 

they reach the retirement age of 60. We exploit this discontinuous change in promotion incentives to 

test whether the pollution and production effects from decentralizations of polluting SOEs are 

dependent on the political incentives of local government leaders. We digitize the resumes of Chinese 

prefectural party secretaries (the chief leaders of prefectural governments in China’s institutional 

context) and define the party secretaries as having “strong promotion incentives” if their ages do not 

surpass 56 in a given year and having “weak promotion incentives” otherwise. As reported in Appendix 

Tables C3 and C4, the baseline findings are mainly driven by prefectural leaders having “strong 

promotion incentives,” while the direct and indirect effects are negligible and not statistically significant 

when the prefectural leaders are “un-incentivized” as their ages surpass 56 in a given year. This provides 

compelling evidence that our baseline findings are driven by the political promotion incentives of the 

local government leaders.19 

F. Robustness Checks 

We present an additional series of robustness checks to further address concerns over our empirical 

findings. First, we drop the four provincial-level municipalities and 15 vice-provincial-level prefectures 

 

19 Notably, the size of the low promotion incentive subsample is significantly lower than the high promotion 

incentive subsample, and the number of decentralization events is also much lower in this sample. Therefore, the 

sub-sample results for low promotion incentive leaders should be interpreted with caution.   



 

 

from the sample, whose local governments have significantly greater power than regular prefectures 

and may face fewer constraints on environmental regulations.20  The results reported in Appendix 

Tables D1 and D2 are consistent with Tables 1–4. Second, we report two-way clustered standard errors 

on both firm (or prefecture, for spillover effects) and industry by year level. The estimates remain 

statistically significant as reported in Appendix Tables D3 and D4. Third, we drop mining industries 

and only keep pure manufacturing industries whose 2-digit industry codes are between 13 and 42 to 

address the concern that mining is usually more pollutive and less comparable to other industries. The 

results reported in Appendix Tables D5 and D6 are largely comparable to the baseline result. Fourth, 

we address the concern that the findings are driven by data quality issues by dropping the sample later 

than 2009 because (1) it does not include the year 2010 because all financial indicators in the ASIF are 

missing, and (2) the sample entrance criterion changed in 2011, when the “above scale” threshold rose 

from 5 million RMB to 20 million RMB. The estimates are unchanged and presented in Appendix 

Tables D7 and D8. Fifth, we estimate using a subsample excluding firms that exit from the market to 

address the concern that the estimated productivity effects are driven by the exits of less productive 

firms. The estimates are reported in Appendix Tables D9 and D10 and are consistent with our baseline 

estimates, although the sample size is significantly smaller. Finally, we report in Appendix Table D11 a 

set of robustness checks using alternative estimates of TFP, including the Levinsohn and Petrin (2003) 

method and residuals from the estimated production functions reported in Yang (2015), which is the 

first empirical estimate of the industry-specific production functions using the ASIF database of China.  

 

VII. Implications for Allocative Efficiency 

In section VI, we report baseline results on the direct effects of the decentralization of central and 

provincial SOEs. The decentralized SOE decreased its emissions, purchased more capital stock, and 

decreased in TPF, producing spillover effects where private firms in the same prefecture emitted more 

and experienced an increase in value-added, capital stock, and total factor productivity. Although these 

findings report a strong and robust distributional effect that economically injures the decentralized SOEs 

 

20 The four provincial level municipalities are Beijing, Shanghai, Tianjin and Chongqing, where the local 

government leaders are also members of the central committee of CCP. The 15 vice-provincial level prefectures 

are Shenyang, Dalian, Changchun, Ha’erbin, Nanjing, Hangzhou, Jinan, Qingdao, Ningbo, Xiamen, Wuhan, 

Guangzhou, Shenzhen, Chengdu and Xi’an. These cities are regional economic centers where the local 

government leaders are also members of the provincial committee of CCP.  



 

 

and benefits the private firms, they also shed limited light on aggregate allocative efficiency. However, 

the distributional effects intuitively imply an improved efficiency in that emission amounts are 

reallocated from less efficient SOEs to more efficient private firms.  

To formalize this discussion, we first extend the conceptual framework in section III by assigning a 

binding credit constraint on private firms to reconcile the limited factor access. We find the economic 

costs from environmental regulations are greater for firms facing binding credit constraints. We further 

report a set of empirical results that: (1) spillover effects on private firms are more positive in production 

and TFP but less positive in capital stock among more financially constrained firms; and (2) the 

decentralization of polluting central and provincial SOEs is associated with significant decreases in total 

emissions without significantly decreasing total output or aggregate TFP at the prefecture level. We 

finally perform a back-of-the-envelope welfare calculation to interpret the magnitudes and welfare 

implications of our findings.  

7.1. Conceptual Framework with Credit Constraints 

  It is well documented that private firms are facing a higher capital wedge than SOEs in China 

(Chow and Fung, 1998; Hsieh and Klenow, 2009; Brandt et al., 2013). A stylistic difference occurs in 

that compared to private firms, SOEs can more easily finance their investment by borrowing from the 

financial system, a sector highly dominated by state-owned banks. As presented in Hsieh and Klenow 

(2009), the marginal revenue product of capital (MRPK) and TFP are higher among private firms in 

China, indicating they are below their optimal level of scale and capital stock if there is no factor 

misallocation. To reconcile this feature, we extend the conceptual framework by introducing a credit 

constraint on the private firm: the firm’s total purchase on capital, 𝐾 + 𝐾𝐸, should not exceed a constant 

level 𝐾. With credit constraint, the private firm’s optimization question changes to: 

max 𝜋(𝐾, 𝐿, 𝐾𝐸) = 𝑝𝑓(𝐾, 𝐿) − 𝑝𝐾(𝐾 + 𝐾𝐸) − 𝑝𝐿𝐿 − 𝑟𝐸(𝑓(𝐾, 𝐿), 𝐾𝐸) 𝑠. 𝑡. 𝐾 + 𝐾𝐸 ≤ 𝐾 

  The relationship between regulation intensity and firm outcomes maintains the same direction as 

described in propositions 1 and 2 in section 3.1. Meanwhile, the binding credit constraint indicates a 

perfect substitution between productive and abatement capital (𝑑𝐾 + 𝑑𝐾𝐸 = 0). In contrast, if the credit 

constraint is not binding, the increase in 𝐾𝐸 alleviates the drop in the marginal return of 𝐾 caused by 

an increase in 𝑟  and therefore the substitution between 𝐾  and 𝐾𝐸  is imperfect (
𝜕𝐾+𝐾𝐸

𝜕𝑟
> 0 ). This 

indicates that the economic cost of environmental regulation is greater when the firm faces a binding 



 

 

credit constraint.  

Without imposing any functional forms, output, profit, and TFP would be lower when the credit 

constraint is binding under any given level of regulation intensity 𝑟 ; furthermore, when the Cobb-

Douglas production and emission functions are assigned, the firm’s productive capital input decreases 

more rapidly in regulation intensity while the credit constraint is binding, leading to the following 

proposition that indicates greater economic costs from environmental regulation for firms facing 

binding credit constraints.  

Proposition 3. Output, profit, and TFP decrease more rapidly in regulation intensity if the credit 

constraint is binding (
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With the Tombe and Winter (2015) style production function transformation, one could further imply 

that the “marginal product of emission” is smaller but diminishes more slowly with the binding credit 

constraint (
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). Therefore, compared to a hypothetical scenario 

where both firms face no credit constraint, the government will allow more emissions from the private 

firm if it faces a binding credit constraint. Intuitively, this means the government should optimally 

impose less stringent regulation on firms with higher economic costs from regulation. 

7.2. Heterogeneous Spillover Effects by Financial Constraint 

We report in section 6.2 that one additional central or provincial SOE being decentralized yields 

spillovers on private firms in the same prefecture, as the local regulators could regulate the decentralized 

SOE more stringently and re-allocate more emission amounts to the private firms. As predicted in 

section 7.1, the decreased regulation intensity should yield greater economic gains for firms facing more 

binding credit constraints.  

We empirically test this hypothesis by interacting the spillover effects indicators with three 

constructed measurements of firms’ financial constraints following Krozner et al. (2007) and Manova 

and Yu (2016): the opposite of firms’ lagged liquidity, firms’ lagged leverage, and the average external 

finance dependence at 2-digit industry level.22 We interact the three measurements with the cumulative 

numbers of decentralizations for all SOEs and polluting SOEs in the spillover specification, and the 

 

21 𝐾∗, 𝐿∗, 𝐾𝐸
∗ represent the optimized level of capital, labor and abatement capital when credit constraint is not 

binding.  
22 Liquidity = (current assets – current liabilities)/total assets; Leverage = current liabilities/current assets.  



 

 

results are reported in Table 6 for the opposite of lagged liquidity and Appendix Tables E1-E2 for the 

other two measurements. The findings from the three tables are highly consistent: more financially 

constrained firms received greater positive spillovers on value-added and TFP from the decentralization 

of polluting SOEs but less positive spillovers on capital stock. These findings are highly consistent with 

the predictions from the conceptual framework that if the credit constraint is more binding, a firm will 

be less able to increase total capital stock when environmental regulations become less stringent, but 

the replacement between productive and abatement capital stocks has a higher economic return 

compared to firms with non-binding financial constraints.  

7.3. Aggregate Effects of Decentralization 

  The conceptual framework discussed here is highly simplified to explain intuition regarding firms’ 

differential economic costs of environmental regulation and the local regulators’ emission quota 

allocations across firms in response to the regulatory constraints on central and provincial SOEs. 

Because of this simplicity, the model is insufficient for predicting the effects of decentralization on 

aggregate outcomes. However, this is of apparent importance when interpreting what decentralization 

of polluting SOEs implies for allocative efficiency. We are especially interested in the question of 

whether there will be a decrease in total emissions at the prefecture level following the decentralizations 

of polluting SOEs, and furthermore, whether the positive productivity spillovers on private firms can 

offset the negative direct productivity effects. To further illuminate the aggregate welfare effects of 

removing this regulation constraint, we aggregate the ASIF and ESR datasets at prefecture by year level, 

and estimate the following specifications: 

𝑃𝑝𝑡 = 𝛼𝑝 + 𝛾𝑡 + 𝑋𝑝 × 𝛿𝑡 + 𝛽𝑁(𝐷𝑒𝑐𝑒, 𝐸𝑆𝑅)𝑝𝑡 + 휀𝑝𝑡    (5) 

𝑌𝑝𝑡 = 𝛼𝑝 + 𝛾𝑡 + 𝑋𝑝 × 𝛿𝑡 + 𝛽1𝑁(𝐷𝑒𝑐𝑒, 𝐴𝑆𝐼𝐹, 𝑎𝑙𝑙)𝑝𝑡 + 𝛽2𝑁(𝐷𝑒𝑐𝑒, 𝐴𝑆𝐼𝐹, 𝑝𝑜𝑙)𝑝𝑡 + 휀𝑝𝑡    (6) 

  In equation (5), 𝑃𝑝𝑡  represents prefecture-by-year level total emission amount of waste gas, 

sewage, and SO2; in equation (6), 𝑌𝑝𝑡  represents prefectural level aggregate industrial output and 

aggregate TFP. The treatment variables are the same as in equations (3) and (4), which are aggregated 

at prefecture by year level. We control for prefecture fixed effects, year fixed effects, and year fixed 

effects interacted by prefectural level characteristics in 1998, as described in section 5.2; we cluster the 

standard errors at the prefecture level.  

The estimates from equations (5) and (6) are reported in Table 7. Columns 1–3 report estimates from 

the aggregate sample of ESR, while columns 4 and 5 report estimates from the aggregate sample of 



 

 

ASIF. At the prefecture by year level, an additional polluting SOE decentralized from the central or 

provincial levels decreases 7.20% of the prefecture’s total waste gas emission, 10.71% of total SO2 

emission, and 8.58% of total sewage emissions. The magnitudes are smaller than the direct effect, 

indicating that part of the direct effect is offset by the positive spillover. The magnitudes of emission 

reductions are comparable to a separate study on the effects of the new EPL evaluated at the prefecture 

level and reported in appendix A, as the new EPL removed the regulation constraint on central and 

provincial SOEs without affecting other political and economic ties between the local governments and 

central and provincial SOEs, which is less susceptible to the selection of decentralizations and 

confounding financial effects of decentralizations.  

Columns 4 and 5 report estimates of aggregate productivity. The estimates are not statistically 

significant, and the small magnitudes of the coefficients indicate that the decentralization of polluting 

SOEs does not harm production efficiency. Even when ignoring the lack of statistical significance, the 

aggregate effects of an additional decentralized polluting SOE are -1.65% for total industrial output and 

-3.55% for aggregate TFP, which are notably smaller in magnitude than the direct effects on 

productivities or the aggregate effects on pollution outcomes.  

7.4. Back-of-the-Envelope Welfare Computation 

Our baseline estimates suggest that when a central and provincial SOE is decentralized to the 

prefectural level, its TFP decreases by 21.51%, whereas its emissions of waste gas, SO2, and sewage 

decrease by 47.45%, 63.00%, and 45.16%, respectively. This change is combined with a spillover effect 

where the private firms in the same prefecture increased their TFP by 2.50%, and emissions of waste 

gas, SO2, and sewage by 4.34%, 4.74%, and 5.51%, respectively.  

Leveraging the estimated coefficients and a simple re-weighting technique developed by He et al. 

(2020) to adjust for sample criteria differences in ASIF and ESR, we evaluate the average economic 

cost for pollution reduction as the marginal rate of substitution (MRS) between TFP and emissions. As 

reported in Table 8, among central and provincial polluting SOEs, a 10% reduction in sewage emission 

is associated with a 5.51% reduction in TFP, indicating the economic losses from pollution reduction. 

Similarly, the economic cost of a 10% reduction in SO2 is 4.45% of TFP, and the economic cost of a 

10% reduction in sewage is 5.72% of TFP. Consistent with section 7.1, the economic costs of emission 

reductions are higher among private firms: the economic costs of a 10% decrease in waste gas, SO2, 

and sewage are 11.68%, 10.68%, and 9.15% of TFP, respectively.  



 

 

In Table 9, we further report a back-of-the-envelope welfare computation to help understand the 

magnitudes of our findings and the implications on aggregate economic costs of pollution control. 

Consider a hypothetical experiment where the central and provincial SOEs reduce emissions by 10%, 

and the emission quotas saved from central and provincial SOEs are reallocated to private firms. The 

reallocation of emissions reduces the outputs of central and provincial SOEs but increases private firms’ 

outputs following the MRS estimates reported in Table 8. On aggregate, reallocating emissions from 

central and provincial SOEs to private firms leads to an increase in total output of 0.74–3.31%.  

Taken together, our findings suggest decentralizing polluting SOEs would decrease the aggregate 

economic costs of pollution reduction by reallocating emissions across the state-owned and private 

sectors. This implication for aggregate efficiency is meaningful not only to the overall policy 

implications of SOE decentralizations but also elucidates the aggregate efficiency effects of removing 

a regulatory capture that intertwines with pre-existing misallocation. The aggregate implications further 

indicate that the regulatory capture that central and provincial SOEs were exempt from environmental 

regulations induces a distortion in the allocation of regulation efforts across firms. Removing such 

distortion not only leads to an improvement in environmental outcomes but also involves a lower 

economic cost. At the firm level, pollution reduction is costly, reflected by decreased TFP of 

decentralized SOEs; but at the aggregate level, pollution reduction can be costless by removing the 

aforementioned distortion, in that the positive productivity spillovers on private firms offset the negative 

direct effects.  

 

VIII. Conclusion 

This study documents a real-world regulatory capture scenario where China’s central or provincial 

SOEs were exempt from environmental regulations enforced by local governments. This exemption 

further forces the local regulators to more stringently exercise environmental regulations on other firms 

to achieve total pollution targets. We exploit the decentralizations of central and provincial SOEs as 

plausibly exogenous shocks in the regulatory relationship between local governments and polluting 

SOEs to identify the direct and spillover effects when this exemption is removed.  

Following decentralization, a polluting SOE experiences a decrease in pollution amount and 

productivity, combined with an increase in unproductive capital stock aimed for abatement. Meanwhile, 

decentralization of polluting SOEs creates positive spillovers on private firms in the same prefecture, 



 

 

allowing them to emit more pollutants and gain higher value-added and productivity. We further 

document that among the private firms, the ones with greater financial constraints increased more in 

value-added and TPF but increased less in capital stock, which indicates that the economic costs of 

emission reduction are higher if the firms are facing a more binding credit constraint. Aggregated to the 

prefecture level, the decentralization of a polluting central or provincial SOE leads to a decrease in total 

emissions without a significant decrease in aggregate industrial output or productivity. When 

hypothetically reallocating 10% of emissions from central and provincial SOEs to private firms, we 

calculate total industrial output gains of 0.74–3.31%.  

The message of this paper can be extended to a more general context. Although the importance of 

state economy and SOE decentralization is unique to China, regulatory captures and selective regulatory 

enforcement are not uncommon globally. Our findings highlight an efficiency loss from regulatory 

capture when it intertwines with pre-existing factor misallocation: in reaction to differential difficulties 

to regulate different firms, regulators may impose more stringent regulations on firms easier to control, 

instead of the firms bearing lower economic costs of regulation, a clear violation from the social 

optimum. This paper also reminds policymakers who widely favor firms or industries for political 

concerns, exempting them from regulations, that there may be unintended consequences that these 

discretions make regulations more costly in the aggregate sense.  
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Figure 1. Value-added and Emission Intensities of China’s Polluting Firms 

       

Panel A. Value-added                  Panel B. Waste gas per 1,000 RMB value-added 

       

Panel C. SO2 per 1,000 RMB value-added           Panel D. Sewage per 1,000 RMB value-added 

Notes: The figures report the dynamics in industrial output and pollution intensities in China’s polluting firms. 

Panel A shows the trend of total value-added of China’s polluting firms by all firms, SOEs and central and 

provincial SOEs. Panel B, C and D show the trend of emissions per 1,000 RMB value-added in waste gas, SO2 

and sewage. 



 

 

 

Figure 2. Pre-trends: Direct Effects on Pollution Outcomes 

           

(a) log(waste gas)                              (b) log(SO2)                                   (c) log(sewage) 

Notes: The figures visualize the DD pre-trends for the direct decentralization effects on pollution outcomes. We illustrate the estimated coefficients with the 95% confidence 

intervals of a full set of time dummies indicating relative years to decentralization. The last year before decentralization is omitted as the reference group. 



 

 

Figure 3. Pre-trends: Direct Effects on Pollution Outcomes, by Polluting Indicator 

(a)Polluting DD               (b) Non-polluting DD                (c) TD 

     

Panel A. Value-added 

     

Panel B. Capital stock 

     

Panel C. Employment 

     

Panel D. TFP 

Notes: The figures visualize the DD pre-trends for the direct decentralization effects on production outcomes 

by polluting and non-polluting firms, and the gaps between the two pre-trends (the TD pre-trends). We illustrate 

the estimated coefficients with the 95% confidence intervals of a full set of time dummies indicating relative years 

to decentralization. The last year before decentralization is omitted as the reference group. 

 



 

 

Table 1. The Direct Effects of Decentralization on Pollution Outcomes 

  (1) (2) (3) 

Sample ESR 

Dependent Variable log(waste gas) log(SO2) log(sewage) 

    

Decentralized to Prefecture, Polluting Firms in ESR -0.4745*** -0.6300** -0.4516** 

 (0.155) (0.267) (0.205) 

    

Firm FE YES YES YES 

Prefecture-Year FE YES YES YES 

Industry-Year FE YES YES YES 

Observations 531,665 531,665 531,665 

Notes: This table reports the direct effects of decentralization on firms’ pollution outcomes. Robust standard errors are clustered at firm level and reported in parentheses. *** p<0.01, ** 

p<0.05, * p<0.1. 

 

  



 

 

Table 2. The Direct Effects of Decentralization on Production Outcomes 

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

Sample ASIF 

Dependent Variable log(value-added) log(capital stock) log(employment) log(TFP, OP) 

     

Decentralized to Prefecture, ASIF -0.3199*** -0.4438*** -0.3645*** -0.0238 

 (0.062) (0.093) (0.040) (0.072) 

    × Polluting Industry 0.0451 0.3965** 0.1444** -0.2151** 

 (0.101) (0.184) (0.061) (0.106) 

     

Firm FE YES YES YES YES 

Prefecture-Year FE YES YES YES YES 

Industry-Year FE YES YES YES YES 

Observations 2,945,013 2,529,237 2,945,013 2,529,237 

Notes: This table reports the direct effects of decentralization on firms’ production outcomes. Robust standard errors are clustered at firm level and reported in parentheses. *** p<0.01, ** 

p<0.05, * p<0.1. 

  



 

 

Table 3. The Spillover Effects of Decentralization on Pollution Outcomes 

  (1) (2) (3) 

Sample ESR, private firms 

Dependent Variable log(waste gas) log(SO2) log(sewage) 

    

N(Dece, ESR) 0.0434*** 0.0474*** 0.0551*** 

 (0.010) (0.013) (0.012) 

    

Firm FE YES YES YES 

Prefecture Characteristics × Year FE YES YES YES 

Industry-Year FE YES YES YES 

Observations 379,231 379,231 379,231 

Notes: This table reports the spillover effects of decentralization on firms’ pollution outcomes. N(Dece, ESR) is constructed as the cumulative number of events that a polluting SOE in the 

ESR database is decentralized to prefecture 𝑝 by year 𝑡. Prefecture controls include logarithm of population, non-agriculture population, GDP and total industrial output in 1998, plus several 

indicators of industrial structural – the share of first and second industries in GDP, and the share of industrial output from pollutive industries in 1998. Robust standard errors are clustered at 

prefecture level and reported in parentheses. *** p<0.01, ** p<0.05, * p<0.1. 

 

  



 

 

Table 4. The Spillover Effects of Decentralization on Production Outcomes 

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

Sample ASIF, private firms 

Dependent Variable log(value-added) log(capital stock) log(employment) log(TFP, OP) 

     

N(Dece, ASIF, all) -0.0113*** -0.0099*** -0.0020*** -0.0081*** 

 (0.001) (0.001) (0.001) (0.001) 

N(Dece, ASIF, pol) 0.0389*** 0.0255*** 0.0147*** 0.0250*** 

 (0.003) (0.004) (0.002) (0.003) 

     

Firm FE YES YES YES YES 

Prefecture Characteristics × Year FE YES YES YES YES 

Industry-Year FE YES YES YES YES 

Observations 2,377,652 2,044,561 2,377,652 2,044,561 

Notes: This table reports the spillover effects of decentralization on firms’ pollution outcomes. N(Dece, ASIF, all) is constructed as the cumulative number of events that all types of SOEs in 

the ASIF database being decentralized to prefecture p by year t; N(Dece, ASIF, pol) is constructed as the cumulative number of events that an SOE in polluting industry being decentralized to 

prefecture p by year t. Prefecture controls include logarithm of population, non-agriculture population, GDP and total industrial output in 1998, plus several indicators of industrial structural – 

the share of first and second industries in GDP, and the share of industrial output from pollutive industries in 1998. Robust standard errors are clustered at prefecture level and reported in 

parentheses. *** p<0.01, ** p<0.05, * p<0.1. 

  



 

 

Table 5. The Determinants of Decentralization 

 (1) (2) (3) (4) (5) (6) 

Dependent Variable Decentralized in the following year 

Pollution Indicator  Polluting Industry  log(waste gas) log(SO2) log(sewage) 

       

log (distance to oversight government) 0.0031*** 0.0031*** 0.0029*** 0.0026*** 0.0026*** 0.0026*** 

 (0.000) (0.000) (0.000) (0.001) (0.001) (0.001) 

log (asset stock) -0.0010*** -0.0010*** -0.0011*** -0.0003 -0.0002 -0.0001 

 (0.000) (0.000) (0.000) (0.001) (0.001) (0.001) 

ROS -0.0034 -0.0034 -0.0039* -0.0060** -0.0058** -0.0056** 

 (0.002) (0.002) (0.002) (0.003) (0.003) (0.003) 

Importance -0.0011 -0.0011 -0.0021 -0.0016 -0.0014 -0.0010 

 (0.002) (0.002) (0.002) (0.003) (0.003) (0.003) 

Fully state-owned -0.0023** -0.0023** -0.0018* -0.0030** -0.0030** -0.0032** 

 (0.001) (0.001) (0.001) (0.001) (0.001) (0.001) 

Polluting Indicator  0.0002  0.0001 -0.0001 -0.0004*** 

  (0.002)  (0.000) (0.000) (0.000) 

       

Province controls YES YES YES YES YES YES 

Government FE YES YES YES YES YES YES 

Year FE YES YES YES YES YES YES 

Industry FE   YES YES YES YES 

Observations 80,334 80,334 80,334 28,483 28,483 28,483 

Notes: This table replicates the baseline specification from Huang et al. (2017). The coefficients report marginal effects from probit regressions. Province controls include province-year level 

GDP per capita, unemployment rate and share of SOE in industrial output. Standard errors clustered at oversight government level are reported in the parenthesis. *** p<0.01, ** p<0.05, * p<0.1. 

  



 

 

Table 6. The Heterogeneous Spillover Effects by Financial Constraints 

 (1) (2) (3) (5) 

Sample ASIF, private firms 

Dependent Variable log(value-added) log(capital stock) log(employment) log(TFP, OP) 

     

N(Dece, ASIF, all) -0.0091*** -0.0086*** -0.0018*** -0.0056*** 

 (0.001) (0.001) (0.001) (0.001) 

× –(Liquidityt-1)  -0.0008** 0.0060*** -0.0001 -0.0020*** 

 (0.000) (0.001) (0.000) (0.000) 

N(Dece, ASIF, pol) 0.0321*** 0.0214*** 0.0143*** 0.0173*** 

 (0.003) (0.005) (0.002) (0.003) 

    × –(Liquidityt-1) 0.0043*** -0.0113*** 0.0001 0.0059*** 

 (0.001) (0.002) (0.001) (0.001) 

Liquidityt-1 0.0036** -0.0196*** -0.0008 0.0073*** 

 (0.001) (0.002) (0.001) (0.001) 

     

Firm FE YES YES YES YES 

Prefecture Characteristics × Year FE YES YES YES YES 

Industry-Year FE YES YES YES YES 

Observations 1,848,305 1,568,704 1,848,305 1,568,704 

Notes: This table reports the heterogeneous spillover effects of decentralization on firms’ pollution outcomes by lagged liquidity standardized within prefecture-year grids so that their means 

equal zero and their standard deviations equal one. N(Dece, ASIF, all) is constructed as the cumulative number of events that all types of SOEs in the ASIF database being decentralized to 

prefecture p by year t; N(Dece, ASIF, pol) is constructed as the cumulative number of events that an SOE in polluting industry being decentralized to prefecture p by year t. Prefecture controls 

include logarithm of population, non-agriculture population, GDP and total industrial output in 1998, plus several indicators of industrial structural – the share of first and second industries in 

GDP, and the share of industrial output from pollutive industries in 1998. Robust standard errors are clustered at prefecture level and reported in parentheses. *** p<0.01, ** p<0.05, * p<0.1. 

 

  



 

 

Table 7. The Aggregate Effects of Decentralization at Prefecture-Year Level 

  (1) (2) (3) (4) (5) 

Sample Prefecture-Year Aggregate from ESR Prefecture-Year Aggregate from ASIF 

Dependent Variable log(total waste gas) log(total SO2) log(total sewage) log(total output) log(aggregate TFP) 

      

N(Dece, ESR) -0.0720* -0.1071*** -0.0858***   

 (0.039) (0.030) (0.033)   

N(Dece, ASIF, all)    0.0021 0.0200 

    (0.007) (0.015) 

N(Dece, ASIF, pol)    -0.0165 -0.0355 

    (0.024) (0.051) 

      

Firm FE YES YES YES YES YES 

Prefecture Characteristics × Year FE YES YES YES YES YES 

Year FE YES YES YES YES YES 

Observations 2,705 3,554 3,553 3,396 3,367 

Notes: This table reports the aggregate effects of decentralization on prefecture-year level pollution and productivity outcomes. N(Dece, ESR) is constructed as the cumulative number of 

events that a polluting SOE in the ESR database is decentralized to prefecture p by year t. N(Dece, ASIF, all) is constructed as the cumulative number of events that all types of SOEs in the ASIF 

database being decentralized to prefecture p by year t. N(Dece, ASIF, pol) is constructed as the cumulative number of events that an SOE in polluting industry being decentralized to prefecture 

p by year t. Prefecture controls include logarithm of population, non-agriculture population, GDP and total industrial output in 1998, plus several indicators of industrial structural – the share of 

first and second industries in GDP, and the share of industrial output from pollutive industries in 1998. Robust standard errors are clustered at prefecture level and reported in parentheses. *** 

p<0.01, ** p<0.05, * p<0.1. 

  



 

 

Table 8. The Marginal Rates of Substitution between TFP and Emissions 

MRS(TFP, emission) Central and Provincial SOEs Private firms 

Emission = waste gas 0.551 1.168 

Emission = SO2 0.445 1.068 

Emission = sewage 0.572 0.915 

Notes: This table reports estimates of the marginal rates of substitution between TFP and three types of emissions constructed from the baseline estimates on the direct and spillover effects of 

decentralizations. The computation follows a technique developed by He et al. (2020) to reconcile the differential sampling criteria in ASIF and ESR.  

 

 

Table 9. The Economic Effects of Reallocating Emissions 

 Percentage change in value-added 

Emission type Central and provincial SOEs Private firms Aggregate 

Waste gas -5.51% 4.73% 3.31% 

SO2 -4.45% 3.76% 2.62% 

Sewage -5.72% 1.69% 0.74% 

Notes: This table reports computations on the effects of decreasing emission amounts by central and provincial SOEs by 10% and reallocating the same emission amounts to private firms 

based on the MRS reported in Table 10.  

 

 



 

 

Appendix 

Appendix A. The Effects of New EPL on Aggregate Pollution Outcomes 

A main drawback of our baseline analysis is that though unlikely given the institutional context of 

decentralization, there might by unobserved selection over which SOE get decentralized, and which 

prefecture has more decentralized SOE. The effects of decentralization may also be confounded by the 

change in financial relationships between the prefectural level government and the SOE, as 

decentralization not only means the prefectural government its capable to enforce more stringent 

environmental regulations, but also means the prefectural government receives the tax payment and 

financial surplus from the SOE. To address this concern, we introduce a second set of analysis exploiting 

the enforcement of the new EPL in 2015. As described in section II, the new EPL removes the constraint 

that prefecture level governments have to ask for approval before punishing a polluting SOE under the 

oversight of provincial or central government. Therefore, the new EPL removes this regulation 

constraint without affecting the financial and personnel ties between the regulator and SOE. If the 

effects from the two separate shocks are comparable, one would have more confidence in the validity 

of our findings.  

Unfortunately, the new EPL was issued in October 2014 and became effective on January 1st, 2015. 

Neither ASIF nor ESR is able to support the analysis of the new EPL effects because the year coverage 

of both samples are limited to 1998-2014, missing the post event periods. Therefore, we use prefecture 

level panel data described in section 4.3 in this analysis, while using the ESR and ASIF to construct 

treatment group variables by exploiting the pre-treatment pollution intensity from SOEs oversight by 

central or provincial government. The empirical model is specified in equation (7).  

𝑃𝑝𝑡 = 𝛼𝑝 + 𝛾𝑡 + 𝑋𝑝 × 𝛿𝑡 + 𝛽𝑇𝑟𝑒𝑎𝑡𝑝 × 𝑃𝑜𝑠𝑡𝑡 + 휀𝑝𝑡     (7) 

where 𝑃𝑝𝑡 represents the total emissions of SO2 or sewage from industrial sources. 𝑃𝑜𝑠𝑡𝑡 defines the 

post treatment period, equaling to 1 if the year is 2015 or later. 𝑇𝑟𝑒𝑎𝑡𝑝  is a continuous proxy on 

control-treatment groups, constructed as the share of SO2 or sewage emission from central or provincial 

SOEs in 2014 by summarizing the ESR database. As in equations (5) and (6), we control for prefecture 

fixed effects, year fixed effects and year fixed effects interacted with prefecture characteristics.1 As the 

 

1 In equation (6), prefecture characteristics take values in year 2003, as the prefectural level pollution records in 



 

 

outcome variable is prefectural level aggregate pollution amounts, we compare the estimates from this 

model to that from equation (5) described in 5.3.  

In Table A1, we report a parallel analysis of the implementation of new EPL. As explained in 5.4, the 

ESR and ASIF samples are unable to analyze this event because of limitations in year coverage. Instead, 

we use a prefecture-year level sample from prefectural annual yearbooks which covers prefectural 

aggregate pollution amounts on SO2 and sewage from 2003 to 2019. In the difference-in-differences 

analysis, we define the post treatment period as years 2015-2019, and construct control-treatment 

proxies by using the ESR database before the new EPL.  

Columns 1-2 in Table A1 report DD estimates when treatment proxies are constructed as the pollution 

share of central and provincial SOEs in 2014, the last year of ESR coverage and the last period before 

new EPL. The shares are standardized so that the magnitudes are meaningful. If the SO2 pollution share 

from central and provincial SOEs are 1-sd higher, the prefecture’s total SO2 emission decreases by 5.24% 

after the implementation of the new EPL; if the sewage pollution share from central and provincial 

SOEs are 1-sd higher, the prefecture’s total sewage emission decreases by 5.71% after the 

implementation of the new EPL. Columns 3-4 construct discrete treatment proxies by splitting the 

shares in columns 1-2 into higher half and lower half. When the SO2 pollution share from central and 

provincial SOEs are in the higher half, the prefectures total SO2 emission decrease by an additional 

16.59% than the lower half. The magnitude on sewage is small and statistically insignificant.  

The main takeaway from the new EPL analysis is that it provides a similar but independent shocks 

to the environmental regulation abilities of prefectural level regulators on SOEs oversight by higher 

levels of government. In the decentralization case, there’s selection on the decentralized SOEs, 

combined with a change in financial relationships between the prefectural government and the SOE; in 

the new EPL case, there’s no selection on which firms are affected, and there’s no change in financial 

relationships, creating a cleaner natural experiment. As the effects and magnitudes in Tables 7 and 8 are 

comparable, it cross-validates our findings in the decentralization context, where we have richer data to 

investigate more detailed structure and mechanisms.  

 

yearbooks start from year 2003.  



 

 

Table A1. The Aggregate Effects of New Environmental Protection Law 

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

Sample Prefecture Annual Statistical Yearbooks, 2003-2019 

Dependent Variable log(total SO2) log(total sewage) log(total SO2) log(total sewage) 

Treat Construction 

SO2 emission share 

from central and 

provincial SOEs 

Sewage emission 

share from central 

and provincial 

SOEs 

Higher half of SO2 

emission share 

from central and 

provincial SOEs 

Higher half of 

sewage emission 

share from central 

and provincial 

SOEs 

     

New EPL × Treat -0.0524* -0.0571* -0.1659** -0.0156 

 (0.031) (0.032) (0.078) (0.059) 

     

Firm FE YES YES YES YES 

Prefecture Characteristics × Year FE YES YES YES YES 

Year FE YES YES YES YES 

Observations 4,205 4,169 4,205 4,169 

Notes: This table reports the aggregate effects of the new EPL on prefecture-year level pollution and productivity outcomes. New 

EPL equals 1 if year equals 2015 or above. Prefecture controls include logarithm of population, non-agriculture population, GDP 

and total industrial output in 2003, plus several indicators of industrial structural – the share of first and second industries in GDP, 

and the share of industrial output from pollutive industries in 2003. Robust standard errors are clustered at prefecture level and 

reported in parentheses. *** p<0.01, ** p<0.05, * p<0.1. 

  



 

 

Appendix B. Details about Sample and Data 

Table B1. Summary Statistics 

Variables Obs. Mean Std. Dev. Min Max 

Panel A. ASIF variables 

Value-added (log) 2,529,237 8.807 1.332 4.125 13.29 

# Employees (log) 2,529,237 4.919 1.051 2.303 8.303 

Capital stock (log) 2,529,237 7.989 1.712 2.328 13.15 

TFP (log) 2,529,237 4.674 1.086 -2.494 10.32 

Liquidity 2,521,705 0.0546 0.324 -104.0 9.046 

SOE 2,529,237 0.0799 0.271 0 1 

Post decentralization 2,529,237 0.000458 0.0214 0 1 

Polluting industries 2,529,237 0.356 0.479 0 1 

Panel B. ESR variables 

Waste gas emission (log) 409,037 6.116 3.692 0 17.18 

SO2 emission (log) 531,664 6.958 4.702 0 21.50 

Sewage emission (log) 531,664 8.482 4.524 0 18.27 

Panel C. Prefecture-by-year-level variables 

N(Dece, ESR) 3,553 0.491 1.224 0 14 

N(Dece, ASIF, all) 3,396 1.749 4.826 0 67 

N(Dece, ASIF, pol) 3,396 0.514 1.348 0 15 

Total industrial output (log) 3,396 17.64 1.503 12.91 21.92 

Aggregate TFP (log) 3,367 6.453 1.178 1.564 16.00 

Total waste gas emission (log) 2,701 14.50 1.468 6.280 18.81 

Total SO2 emission (log) 3,549 16.10 1.208 7.720 21.50 

Total sewage emission (log) 3,553 16.97 1.285 8.882 20.63 

Panel D. Prefecture-level variables 

Population, 1998 (log) 213 5.768 0.757 2.660 8.039 

Non-agricultural population, 1998 (log) 213 4.500 0.677 2.438 6.860 

GDP, 1998 (log) 213 14.62 0.905 11.99 17.42 

GDP growth rate, 1998 213 9.134 12.39 -48.80 146.3 

Total industrial output, 1998 (log) 213 16.42 1.156 12.91 20.03 

First industry GDP share, 1998 213 21.16 11.22 1 51.20 

Second industry GDP share, 1998 213 44.70 10.91 18.80 83.80 

Share of polluting industry in industrial output, 1998 213 0.487 0.205 0.0290 0.982 

 



 

 

Table B2. Polluting Industries in the MEP Classification 

Polluting Industries Non-Polluting Industries 

Mining and Washing of Coal [6] Forestry [2] Non-Ferrous Metal Processing [33] 

Mining and Processing of Ferrous Metal Ores [8] Extraction of Petroleum and Natural Gas [7] Fabricated Metal Products Manufacturing [34] 

Mining and Processing of Non-metallic Mineral [10] Mining and Processing of Non-ferrous Metal Ores [9] General Purpose Machinery Manufacturing [35] 

Fermentation [14(6)] Agricultural and Sideline Food Processing [13] Special purpose Machinery Manufacturing [36] 

Beverage Manufacturing [15] Food Manufacturing [14] Transport Equipment Manufacturing [37] 

Textiles Mills [17] Tobacco Manufacturing [16] Electrical Equipment Manufacturing [39] 

Leather, Fur and Related Products Manufacturing [19] Wearing Apparel and Clothing Accessories Manufacturing [18] Computers and Electronic Products Manufacturing [40] 

Pulp and Paper Manufacturing [22(1,2)] Wood and Bamboo Products Manufacturing [20] General Instruments and Other Equipment Manufacturing [41] 

Petrochemicals Manufacturing [25] Furniture Manufacturing [21] Craftworks Manufacturing [42] 

Chemical Products Manufacturing [26] Paper Products Manufacturing [22] Renewable Materials Recovery [43] 

Medicine Manufacturing [27(1,2,4)] Printing and Reproduction of Recorded Media [23] Electricity and Heat Supply [44] 

Chemical Fibers Manufacturing [28] Education and Entertainment Articles Manufacturing [24] Gas Production and Supply [45] 

Non-Metallic Mineral Products Manufacturing [31] Medical Goods Manufacturing [27] Water Production and Supply [46] 

Iron and Steel Smelting [32(1,2)] Rubber Products Manufacturing [29] 

Non-Ferrous Metal Smelting [33(1)] Plastic Products Manufacturing [30] 

Fossil-Fuel Power Station [44(1)] Basic Metal Processing [32] 

Notes: 2-digit (3-digit if there exists a third digit in parenthesis) industry codes are reported in brackets. The division of polluting versus non-polluting industries are sourced from MEP and 

reported in He et al. (2020).  

  



 

 

Appendix C. Extensions of the Baseline Results 

Table C1. Effects on Exits and Switching Industries 

  (1) (2) 

Dependent Variable 
Exit in the  

next year 

Switch to a different 4-digit 

 industry in the next year 

Direct Effects, ASIF 

Decentralized to Prefecture, ASIF × Polluting Industry -0.0109 0.0110 

 (0.029) (0.020) 

Observations 3,265,686 3,265,686 

Firm FE YES YES 

Prefecture-Year FE YES YES 

Industry-Year FE YES YES 

Spillover effects, ASIF, private firms 

N(Dece, ASIF, pol) 0.0072** 0.0002 

 (0.001) (0.001) 

Observations 2,865,094 2,865,094 

Firm FE YES YES 

Prefecture Characteristics × Year FE YES YES 

Industry-Year FE YES YES 

Notes: This table reports the direct and spillover effects of decentralization on firms’ exits and switching across industries. We only report the parameters of interest in this table, which are the 

interaction term of decentralization with polluting industry dummy in the direct effects specification, and the cumulative number of events that an SOE in polluting industry being decentralized 

in the spillover effects specification. Robust standard errors are clustered at firm level for direct effects and prefecture level for spillover effects and reported in parentheses. *** p<0.01, ** 

p<0.05, * p<0.1. 

  



 

 

Table C2. Effects on Abatement Efforts 

  (1) (2) (3) (4) (5) (6) 

Dependent Variable 
Operating 

Hours/yr 
log(water input) log(coal input) log(petroleum input) 

Abatement-to-emission 

ratio, SO2 

Abatement-to-emission 

ratio, Sewage 

Direct Effects, ESR 

Decentralized to Prefecture, ESR -186.2722 -0.4554*** -0.0695 -0.1548 4.3061 8,878.55 

 (578.605) (0.128) (0.114) (0.114) (11.531) (18,054.35) 

Observations 277,583 510,889 266,491 248,909 212,377 232,869 

Firm FE YES YES YES YES YES YES 

Prefecture-Year FE YES YES YES YES YES YES 

Industry-Year FE YES YES YES YES YES YES 

Spillover effects, ESR, private firms 

N(Dece, ESR) 6.7892 0.0120 0.0264 0.0592*** -13.2574 -5,157.75 

 (50.778) (0.011) (0.021) (0.017) (9.146) (3,793.92) 

Observations 218,458 363,213 189,118 157,181 133,668 168,763 

Firm FE YES YES YES YES YES YES 

Prefecture Characteristics × Year FE YES YES YES YES YES YES 

Industry-Year FE YES YES YES YES YES YES 

Notes: This table reports the direct and spillover effects of decentralization on firms’ abatement efforts. The abatement-to-emission ratio is defined as the ratio of the amount of pollutant 

absorbed by abatement facilities to the amount of pollutant emissions. Robust standard errors are clustered at firm level for direct effects and prefecture level for spillover effects and reported in 

parentheses. *** p<0.01, ** p<0.05, * p<0.1. 

 

 

  



 

 

Table C3. The Political Mechanism of Decentralization, Pollution Outcomes 

  (1) (2) (3) 

Dependent Variable log(waste gas) log(SO2) log(sewage) 

Direct Effects, ESR 

Decentralized to Prefecture -0.4113** -0.5255* -0.4114* 

Leader age ≤ 56 (0.169) (0.272) (0.221) 

Observations 416,933 416,933 416,933 

Decentralized to Prefecture 0.0539 -1.2495 -0.0843 

Leader age > 56 (0.399) (1.186) (0.962) 

Observations 46,677 46,677 46,677 

Firm FE YES YES YES 

Prefecture-Year FE YES YES YES 

Industry-Year FE YES YES YES 

Spillover Effects, ESR, private firms 

N(Dece, ESR) 0.0368** 0.0616*** 0.0862*** 

  Leader age ≤ 56 (0.016) (0.021) (0.023) 

Observations 293,313 293,313 293,313 

N(Dece, ESR) -0.0639 0.1534** 0.2150*** 

  Leader age > 56 (0.045) (0.061) (0.066) 

Observations 35,150 35,150 35,150 

Firm FE YES YES YES 

Prefecture Characteristics × Year FE YES YES YES 

Industry-Year FE YES YES YES 

Notes: This table reports the direct and spillover effects of decentralization on firms’ pollution outcomes in two subsamples. The strong promotion incentives subsample is defined that the 

incumbent party secretary is 56 years old or younger. The weak promotion incentives subsample is defined that the incumbent party secretary is over 56 years old. Robust standard errors are 

clustered at firm level for direct effects and prefecture level for spillover effects and reported in parentheses. *** p<0.01, ** p<0.05, * p<0.1. 

  



 

 

Table C4. The Political Mechanism of Decentralization, Production Outcomes 

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

Dependent Variable log(value-added) log(capital stock) log(employment) log(TFP, OP) 

Direct Effects, ASIF 

Decentralized to Prefecture, ASIF × Polluting Industry -0.0019 0.4850** 0.1204* -0.3045** 

  Leader age ≤ 56 (0.125) (0.209) (0.065) (0.124) 

Observations 2,243,249 1,951,621 2,243,249 1,951,621 

Decentralized to Prefecture, ASIF × Polluting Industry 0.1829 0.3992 0.0261 0.0212 

  Leader age > 56 (0.220) (0.487) (0.149) (0.285) 

Observations 287,059 236,529 287,059 236,529 

Firm FE YES YES YES YES 

Prefecture-Year FE YES YES YES YES 

Industry-Year FE YES YES YES YES 

Spillover effects, ASIF, private firms 

N(Dece, ASIF, pol) 0.0356*** 0.0081 0.0016 0.0335*** 

  Leader age ≤ 56 (0.005) (0.007) (0.003) (0.005) 

Observations 1,778,247 1,550,876 1,778,247 1,550,876 

N(Dece, ASIF, pol) -0.0164 -0.0295 -0.0174* 0.0039 

  Leader age > 56 (0.016) (0.022) (0.010) (0.016) 

Observations 245,452 201,799 245,452 201,799 

Firm FE YES YES YES YES 

Prefecture Characteristics × Year FE YES YES YES YES 

Industry-Year FE YES YES YES YES 

Notes: This table reports the direct and spillover effects of decentralization on firms’ production outcomes in two subsamples. We only report the parameters of interest in this table. The strong 

promotion incentives subsample is defined that the incumbent party secretary is 56 years old or younger. The weak promotion incentives subsample is defined that the incumbent party secretary 

is over 56 years old. Robust standard errors are clustered at firm level for direct effects and prefecture level for spillover effects and reported in parentheses. *** p<0.01, ** p<0.05, * p<0.1.  



 

 

Appendix D. Robustness Checks  

Table D1. Robustness Check 1: Drop Provincial and Vice-Provincial Level Cities, Pollution Outcomes 

  (1) (2) (3) 

Dependent Variable log(waste gas) log(SO2) log(sewage) 

Panel A. Direct effects    

Decentralized to Prefecture, Polluting Firms in ESR -0.3922** -0.4235 -0.3541* 

 (0.168) (0.258) (0.211) 

Observations 417,948 417,948 417,948 

Firm FE YES YES YES 

Prefecture-Year FE YES YES YES 

Industry-Year FE YES YES YES 

Panel B. Spillover effects    

N(Dece, ESR) 0.0187 0.0904*** 0.1348*** 

 (0.018) (0.024) (0.028) 

Observations 285,065 285,065 285,065 

Firm FE YES YES YES 

Prefecture Characteristics × Year FE YES YES YES 

Industry-Year FE YES YES YES 

Notes: This table reports the robustness check for the direct and spillover effects of decentralization on firms’ pollution outcomes by dropping the 4 provincial level cities and 15 vice-provincial 

level cities from the sample. Robust standard errors are clustered at firm level for direct effects and prefecture level for spillover effects and reported in parentheses. *** p<0.01, ** p<0.05, * 

p<0.1. 

 

  



 

 

Table D2. Robustness Check 1: Drop Provincial Level Cities, Production Outcomes 

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

Dependent Variable log(value-added) log(capital stock) log(employment) log(TFP, OP) 

Panel A. Direct effects     

Decentralized to Prefecture, ASIF -0.2852*** -0.5969*** -0.3695*** 0.0819 

 (0.072) (0.110) (0.039) (0.087) 

Decentralized to Prefecture, ASIF × Polluting Industry -0.0426 0.5807*** 0.1691** -0.3689*** 

 (0.123) (0.213) (0.067) (0.126) 

Observations 2,142,190 1,878,868 2,142,190 1,878,868 

Firm FE YES YES YES YES 

Prefecture-Year FE YES YES YES YES 

Industry-Year FE YES YES YES YES 

Panel B. Spillover effects     

N(Dece, ASIF, all) -0.0200*** 0.0188*** -0.0060*** -0.0187*** 

 (0.003) (0.004) (0.002) (0.002) 

N(Dece, ASIF, pol) 0.0397*** -0.0086 -0.0023 0.0345*** 

 (0.006) (0.009) (0.004) (0.006) 

Observations 1,645,880 1,447,243 1,645,880 1,447,243 

Firm FE YES YES YES YES 

Prefecture Characteristics × Year FE YES YES YES YES 

Industry-Year FE YES YES YES YES 

Notes: This table reports the robustness check for the direct and spillover effects of decentralization on firms’ production outcomes by dropping the 4 provincial level cities and 15 vice-

provincial level cities from the sample. Robust standard errors are clustered at firm level for direct effects and prefecture level for spillover effects and reported in parentheses. *** p<0.01, ** 

p<0.05, * p<0.1. 

 

  



 

 

Table D3. Robustness Check 2: Two-way Clustered Standard Errors, Pollution Outcomes 

  (1) (2) (3) 

Dependent Variable log(waste gas) log(SO2) log(sewage) 

Panel A. Direct effects    

Decentralized to Prefecture -0.4745*** -0.6300** -0.4516** 

 (0.156) (0.263) (0.214) 

Observations 531,665 531,665 531,665 

Firm FE YES YES YES 

Prefecture-Year FE YES YES YES 

Industry-Year FE YES YES YES 

Panel B. Spillover effects    

N(Dece, ESR) 0.0434*** 0.0474*** 0.0551*** 

 (0.012) (0.015) (0.014) 

Observations 379,231 379,231 379,231 

Firm FE YES YES YES 

Prefecture Characteristics × Year FE YES YES YES 

Industry-Year FE YES YES YES 

Notes: This table reports the robustness check for the direct and spillover effects of decentralization on firms’ pollution outcomes by reporting robust standard errors two-way clustered at firm 

(or prefecture, for spillover effects) and industry-by-year level, which are reported in parentheses. *** p<0.01, ** p<0.05, * p<0.1. 

 

  



 

 

Table D4. Robustness Check 2: Two-way Clustered Standard Errors, Production Outcomes 

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

Dependent Variable log(value-added) log(capital stock) log(employment) log(TFP, OP) 

Panel A. Direct effects     

Decentralized to Prefecture, ASIF -0.3199*** -0.4438*** -0.3645*** -0.0238 

 (0.066) (0.092) (0.042) (0.074) 

Decentralized to Prefecture, ASIF × Polluting Industry 0.0451 0.3965** 0.1444** -0.2151** 

 (0.104) (0.182) (0.064) (0.107) 

Observations 2,945,013 2,529,237 2,945,013 2,529,237 

Firm FE YES YES YES YES 

Prefecture-Year FE YES YES YES YES 

Industry-Year FE YES YES YES YES 

Panel B. Spillover effects     

N(Dece, ASIF, all) -0.0113*** -0.0099*** -0.0020*** -0.0081*** 

 (0.001) (0.001) (0.001) (0.001) 

N(Dece, ASIF, pol) 0.0389*** 0.0255*** 0.0147*** 0.0250*** 

 (0.005) (0.005) (0.002) (0.004) 

Observations 2,377,652 2,044,561 2,377,652 2,044,561 

Firm FE YES YES YES YES 

Prefecture Characteristics × Year FE YES YES YES YES 

Industry-Year FE YES YES YES YES 

Notes: This table reports the robustness check for the direct and spillover effects of decentralization on firms’ production outcomes by reporting robust standard errors two-way clustered at 

firm (or prefecture, for spillover effects) and industry-by-year level, which are reported in parentheses. *** p<0.01, ** p<0.05, * p<0.1. 

 

  



 

 

Table D5. Robustness Check 3: Drop Mining Industries, Pollution Outcomes 

  (1) (2) (3) 

Dependent Variable log(waste gas) log(SO2) log(sewage) 

Panel A. Direct effects    

Decentralized to Prefecture -0.4633*** -0.6671** -0.4213** 

 (0.163) (0.280) (0.206) 

Observations 500,879 500,879 500,879 

Firm FE YES YES YES 

Prefecture-Year FE YES YES YES 

Industry-Year FE YES YES YES 

Panel B. Spillover effects    

N(Dece, ESR) 0.0417*** 0.0473*** 0.0531*** 

 (0.010) (0.013) (0.012) 

Observations 364,427 364,427 364,427 

Firm FE YES YES YES 

Prefecture Characteristics × Year FE YES YES YES 

Industry-Year FE YES YES YES 

Notes: This table reports the robustness check for the direct and spillover effects of decentralization on firms’ pollution outcomes by dropping mining industries (2-digit industry codes from 6 to 

10) from the sample. Robust standard errors are clustered at firm level for direct effects and prefecture level for spillover effects and reported in parentheses. *** p<0.01, ** p<0.05, * p<0.1. 

 

  



 

 

Table D6. Robustness Check 3: Drop Mining Industries, Production Outcomes 

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

Dependent Variable log(value-added) log(capital stock) log(employment) log(TFP, OP) 

Panel A. Direct effects     

Decentralized to Prefecture, ASIF -0.3035*** -0.4261*** -0.3637*** -0.0042 

 (0.063) (0.094) (0.040) (0.074) 

Decentralized to Prefecture, ASIF × Polluting Industry 0.0462 0.4345** 0.1404** -0.2058* 

 (0.103) (0.190) (0.063) (0.109) 

Observations 2,826,247 2,422,237 2,826,247 2,422,237 

Firm FE YES YES YES YES 

Prefecture-Year FE YES YES YES YES 

Industry-Year FE YES YES YES YES 

Panel B. Spillover effects     

N(Dece, ASIF, all) -0.0113*** -0.0099*** -0.0023*** -0.0081*** 

 (0.001) (0.001) (0.001) (0.001) 

N(Dece, ASIF, pol) 0.0388*** 0.0259*** 0.0153*** 0.0248*** 

 (0.003) (0.004) (0.002) (0.003) 

Observations 2,303,085 2,303,085 2,303,085 2,303,085 

Firm FE YES YES YES YES 

Prefecture Characteristics × Year FE YES YES YES YES 

Industry-Year FE YES YES YES YES 

Notes: This table reports the robustness check for the direct and spillover effects of decentralization on firms’ production outcomes by dropping mining industries (2-digit industry codes from 

6 to 10) from the sample. Robust standard errors are clustered at firm level for direct effects and prefecture level for spillover effects and reported in parentheses. *** p<0.01, ** p<0.05, * p<0.1. 

 

 

  



 

 

Table D7. Robustness Check 4: Drop Observations Post 2009, Pollution Outcomes 

  (1) (2) (3) 

Dependent Variable log(waste gas) log(SO2) log(sewage) 

Panel A. Direct effects    

Decentralized to Prefecture -0.2775* -0.3079 -0.4856** 

 (0.164) (0.202) (0.225) 

Observations 360,141 360,141 360,141 

Firm FE YES YES YES 

Prefecture-Year FE YES YES YES 

Industry-Year FE YES YES YES 

Panel B. Spillover effects    

N(Dece, ESR) 0.0659*** 0.0550*** 0.0385*** 

 (0.010) (0.012) (0.012) 

Observations 243,722 243,722 243,722 

Firm FE YES YES YES 

Prefecture Characteristics × Year FE YES YES YES 

Industry-Year FE YES YES YES 

Notes: This table reports the robustness check for the direct and spillover effects of decentralization on firms’ pollution outcomes by dropping observations post 2009 from the sample. Robust 

standard errors are clustered at firm level for direct effects and prefecture level for spillover effects and reported in parentheses. *** p<0.01, ** p<0.05, * p<0.1. 

 

  



 

 

Table D8. Robustness Check 4: Drop Observations Post 2009, Production Outcomes 

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

Dependent Variable log(value-added) log(capital stock) log(employment) log(TFP, OP) 

Panel A. Direct effects     

Decentralized to Prefecture, ASIF -0.3077*** -0.4655*** -0.3244*** -0.0267 

 (0.051) (0.096) (0.040) (0.075) 

Decentralized to Prefecture, ASIF × Polluting Industry 0.0857 0.4076** 0.1320** -0.2322** 

 (0.080) (0.195) (0.064) (0.110) 

Observations 2,303,540 2,027,816 2,303,540 2,027,816 

Firm FE YES YES YES YES 

Prefecture-Year FE YES YES YES YES 

Industry-Year FE YES YES YES YES 

Panel B. Spillover effects     

N(Dece, ASIF, all) -0.0098*** -0.0037*** -0.0024*** -0.0088*** 

 (0.001) (0.001) (0.000) (0.001) 

N(Dece, ASIF, pol) 0.0310*** -0.0006 0.0132*** 0.0259*** 

 (0.003) (0.004) (0.002) (0.003) 

Observations 1,830,681 1,617,929 1,830,681 1,617,929 

Firm FE YES YES YES YES 

Prefecture Characteristics × Year FE YES YES YES YES 

Industry-Year FE YES YES YES YES 

Notes: This table reports the robustness check for the direct and spillover effects of decentralization on firms’ production outcomes by dropping observations post 2009 from the sample. 

Robust standard errors are clustered at firm level for direct effects and prefecture level for spillover effects and reported in parentheses. *** p<0.01, ** p<0.05, * p<0.1. 

  



 

 

Table D9. Robustness Check 5: Drop Exiting Firms, Pollution Outcomes 

  (1) (2) (3) 

Dependent Variable log(waste gas) log(SO2) log(sewage) 

Panel A. Direct effects    

Decentralized to Prefecture -0.6345*** -0.5371 -0.7340** 

 (0.236) (0.565) (0.378) 

Observations 274,101 274,101 274,101 

Firm FE YES YES YES 

Prefecture-Year FE YES YES YES 

Industry-Year FE YES YES YES 

Panel B. Spillover effects    

N(Dece, ESR) 0.0398*** 0.0355*** 0.0453*** 

 (0.014) (0.019) (0.017) 

Observations 207,960 207,960 207,960 

Firm FE YES YES YES 

Prefecture Characteristics × Year FE YES YES YES 

Industry-Year FE YES YES YES 

Notes: This table reports the robustness check for the direct and spillover effects of decentralization on firms’ pollution outcomes by dropping exiting firms from the sample. Robust standard 

errors are clustered at firm level for direct effects and prefecture level for spillover effects and reported in parentheses. *** p<0.01, ** p<0.05, * p<0.1. 

 

  



 

 

Table D10. Robustness Check 5: Drop Exiting Firms, Production Outcomes 

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

Dependent Variable log(value-added) log(capital stock) log(employment) log(TFP, OP) 

Panel A. Direct effects     

Decentralized to Prefecture, ASIF -0.4478*** -0.5498*** -0.5315*** -0.0672 

 (0.117) (0.174) (0.091) (0.120) 

Decentralized to Prefecture, ASIF × Polluting Industry 0.1318 0.6325** 0.1739 -0.0868 

 (0.187) (0.289) (0.114) (0.160) 

Observations 1,226,934 1,035,041 1,226,934 1,035,041 

Firm FE YES YES YES YES 

Prefecture-Year FE YES YES YES YES 

Industry-Year FE YES YES YES YES 

Panel B. Spillover effects     

N(Dece, ASIF, all) -0.0094*** -0.0086*** -0.0007 -0.0059*** 

 (0.001) (0.002) (0.001) (0.001) 

N(Dece, ASIF, pol) 0.0376*** 0.0254*** 0.0120*** 0.0230*** 

 (0.005) (0.006) (0.003) (0.004) 

Observations 1,030,701 871,045 1,030,701 871,045 

Firm FE YES YES YES YES 

Prefecture Characteristics × Year FE YES YES YES YES 

Industry-Year FE YES YES YES YES 

Notes: This table reports the robustness check for the direct and spillover effects of decentralization on firms’ production outcomes by dropping exiting firms from the sample. Robust standard 

errors are clustered at firm level for direct effects and prefecture level for spillover effects and reported in parentheses. *** p<0.01, ** p<0.05, * p<0.1. 

 

  



 

 

Table D11. Robustness Check 6: Alternative TFP Estimates 

  (1) (2) (3) 

Dependent Variable 
log TFP, 

Oley and Pakes (1996) 

log TFP, 

Levinsohn and Petrin (2003) 

log TFP, 

Yang (2015) 

Decentralized to Prefecture, ASIF -0.0238 -0.0347 0.0841 

 (0.072) (0.071) (0.077) 

Decentralized to Prefecture, ASIF × Polluting Industry -0.2151** -0.1962* -0.2925** 

 (0.106) (0.105) (0.122) 

Observations 2,529,237 2,529,237 2,422,237 

Firm FE YES YES YES 

Prefecture-Year FE YES YES YES 

Industry-Year FE YES YES YES 

N(Dece, ASIF, all) -0.0081*** -0.0082*** -0.0067*** 

 (0.001) (0.001) (0.001) 

N(Dece, ASIF, pol) 0.0250*** 0.0252*** 0.0206*** 

 (0.003) (0.003) (0.003) 

Observations 2,044,561 2,044,561 1,976,595 

Firm FE YES YES YES 

Prefecture Characteristics × Year FE YES YES YES 

Industry-Year FE YES YES YES 

Notes: This table reports the robustness check for the direct and spillover effects of decentralization on firms’ TFP by using alternative TFP estimates. Column 1 reports the baseline TFP 

estimates following Olley and Pakes (1996). Column 2 reports TFP estimates following Levinsohn and Petrin (2003). Column 3 reports TFP estimates from Yang (2015), which is the first 

empirical estimate on industry specific production functions using the ASIF database of China. Robust standard errors are clustered at firm level for direct effects and prefecture level for spillover 

effects and reported in parentheses. *** p<0.01, ** p<0.05, * p<0.1. 

 

  



 

 

Appendix E. Alternative measurements of financial constraints 

Table E1. The Heterogeneous Spillover Effects by Financial Constraints – External Finance Dependence 

 (1) (2) (3) (5) 

Sample Private firms in ASIF 

Dependent Variable log(value-added) log(capital stock) log(employment) log(TFP, OP) 

     

N(Dece, ASIF, all) -0.0107*** -0.0112*** -0.0017*** -0.0074*** 

 (0.001) (0.001) (0.001) (0.001) 

× Ext. Fin. Dep. -0.0015 0.0034* -0.0015* -0.0018 

 (0.001) (0.002) (0.001) (0.001) 

N(Dece, ASIF, pol) 0.0343*** 0.0305*** 0.0115*** 0.0208*** 

 (0.003) (0.005) (0.002) (0.003) 

    × Ext. Fin. Dep. 0.0115** -0.0122 0.0098*** 0.0103* 

 (0.005) (0.008) (0.003) (0.005) 

     

Firm FE YES YES YES YES 

Prefecture Characteristics × Year FE YES YES YES YES 

Industry-Year FE YES YES YES YES 

Observations 2,303,085 1,976,595 2,303,085 1,976,595 

Notes: This table reports the heterogeneous spillover effects of decentralization on firms’ pollution outcomes by external finance dependence. N(Dece, ASIF, all) is constructed as the cumulative 

number of events that all types of SOEs in the ASIF database being decentralized to prefecture p by year t; N(Dece, ASIF, pol) is constructed as the cumulative number of events that an SOE in 

polluting industry being decentralized to prefecture p by year t. Ext. Fin. Dep. is the average external finance dependence at 2-digit industry level constructed following Kroszner et al., (2007) 

and Manova and Yu (2016). Prefecture controls include logarithm of population, non-agriculture population, GDP and total industrial output in 1998, plus several indicators of industrial structural 

– the share of first and second industries in GDP, and the share of industrial output from pollutive industries in 1998. Robust standard errors are clustered at prefecture level and reported in 

parentheses. *** p<0.01, ** p<0.05, * p<0.1. 

 

  



 

 

Table E2. The Heterogeneous Spillover Effects by Financial Constraints – Leverage 

 (1) (2) (3) (5) 

Sample Private firms in ASIF 

Dependent Variable log(value-added) log(capital stock) log(employment) log(TFP, OP) 

     

N(Dece, ASIF, all) -0.0090*** -0.0090*** -0.0018*** -0.0054*** 

 (0.001) (0.001) (0.001) (0.001) 

× Leveraget-1 -0.0009*** 0.0031*** -0.0002 -0.0014*** 

 (0.000) (0.000) (0.000) (0.000) 

N(Dece, ASIF, pol) 0.0319*** 0.0227*** 0.0144*** 0.0167*** 

 (0.003) (0.005) (0.002) (0.003) 

    ×Leveraget-1 0.0043*** -0.0113*** 0.0001 0.0059*** 

 (0.001) (0.002) (0.001) (0.001) 

Leveraget-1 -0.0133*** 0.0717*** -0.0030*** -0.0260*** 

 (0.001) (0.002) (0.001) (0.001) 

     

Firm FE YES YES YES YES 

Prefecture Characteristics × Year FE YES YES YES YES 

Industry-Year FE YES YES YES YES 

Observations 1,847,533 1,567,999 1,847,533 1,567,999 

Notes: This table reports the heterogeneous spillover effects of decentralization on firms’ pollution outcomes by lagged leverage standardized within prefecture-year grids so that their means 

equal zero and their standard deviations equal one. N(Dece, ASIF, all) is constructed as the cumulative number of events that all types of SOEs in the ASIF database being decentralized to 

prefecture p by year t; N(Dece, ASIF, pol) is constructed as the cumulative number of events that an SOE in polluting industry being decentralized to prefecture p by year t. Prefecture controls 

include logarithm of population, non-agriculture population, GDP and total industrial output in 1998, plus several indicators of industrial structural – the share of first and second industries in 

GDP, and the share of industrial output from pollutive industries in 1998. Robust standard errors are clustered at prefecture level and reported in parentheses. *** p<0.01, ** p<0.05, * p<0.1. 

 

 



 

 

Appendix F. Anecdotal Evidence on Environmental Regulations over Central and Provincial SOEs 

In this section, we list several examples of anecdotal evidence on the local governments’ inability to 

regulate central and provincial SOEs stringently when they violate the EPL or emission standards: 

1. A stated-owned coal mine in Henan province had been punished 33 times by the local 

government since 2015 but continued to heavily pollute the water till 2018.1 

2. A branch of Sinopec (world’s second largest enterprise and largest SOE) in Jiangsu Province 

was detected violation repeated in 2013, 2015 and 2017, severely warned by the local 

government several times, but not actually punished until 2019.2 

3. The central government’s environmental auditing system only audits local governments; began 

to audit SOEs only after 2019.3 

4. Lardy (2014) documents qualitative discussions on the unbalanced competition between SOEs 

and private firms in China, where environmental regulations are among the important features 

that differ by firm type (others factors include financing, subsidy, land market, etc.). 

5. Eaton and Kostka (2017) recorded 2,370 violations from big SOEs from 2004 to 2016. 

6. Maurel and Pernet-Coudrier (2020) report that the SOE dominated cities in China are less 

effective in emission reduction under a national program to reduce SO2 emissions.  

 

  

 

1 Source: https://news.sina.cn/2018-09-12/detail-ihiycyfx4827875.d.html  

2 Sources: https://www.nbd.com.cn/articles/2013-06-24/751905.html; 

https://www.chinanews.com.cn/ny/2015/01-09/6952470.shtml; http://news.huishoushang.com/84171.html; 

http://finance.sina.com.cn/money/future/fmnews/2020-01-19/doc-iihnzhha3399323.shtml  

3 Source: https://www.jiemian.com/article/2166930.html  

https://news.sina.cn/2018-09-12/detail-ihiycyfx4827875.d.html
https://www.nbd.com.cn/articles/2013-06-24/751905.html
https://www.chinanews.com.cn/ny/2015/01-09/6952470.shtml
http://news.huishoushang.com/84171.html
http://finance.sina.com.cn/money/future/fmnews/2020-01-19/doc-iihnzhha3399323.shtml
https://www.jiemian.com/article/2166930.html
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