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Environmental supervision is significantly disrupted by local economic
development and typically characterized by a lack of independence in China.
This paper investigates the impacts and mechanisms of the vertical management
reform of environmental protection department in China on urban air quality. We
construct a principal–agent model suitable for explaining the interactions
between the central and local governments and elaborate the intrinsic
mechanism of EVM on strengthening environmental supervision. Using
manually collected data, we conduct EVM as a quasi-experiment and construct
a time-varying difference-in-difference (DID) model. Our empirical results show
that the EVM significantly strengthens regional environmental supervision and
reduces urban air pollution, bringing abatement in the PM2.5 concentration. The
mechanism shows that EVM increases enterprises’ green innovation and attracts
new entrants, further promoting industrial upgrading. Our study provides a new
perspective on environmental governance and urban air quality in emerging
countries such as China.
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1 Introduction

The acceleration of industrialization in China has prompted economic growth, but
excessive industrial emissions have damaged the environment (Cole et al., 2011). Haze and
pollution-related disputes and accidents have raised serious concerns among both the public
and government (Vanrooij, 2010; Chung et al., 2022). In China, air pollution is a particularly
serious problem. According to the Communique on the State of China’s Ecological
Environment released in 2021, 35.7% of China’s cities exceeded ambient air quality
standards in 2020. The annual average urban PM2.5 concentration was 35g/m3 in 2020,
which is much higher than the World Health Organization’s annual average guideline value
of 10 g/m3 for PM2.5 concentration. Air pollution governance, as a typical public good, has
negative externalities. The government should regulate this negative externality behavior by
administrative means (Sandholm, 2005). There has been a growing awareness that economic
growth should not be compromised, and the conducive environmental institutional factor
plays a crucial role in economic growth (Shen, et al., 2023; Tao et al., 2023). Based on these
considerations, the Chinese government has become concerned about the severe air
pollution in recent years and emphasized the environmental system restructure and
strengthened environmental supervision. In this paper, we investigate the environmental
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governance effects of this reform driven by the central government.
The prominent feature of this reform is to centralize the rights of
environmental supervision. Under the guidance of this reform, the
grassroots environmental departments play a key role in the
environmental system, which has not been explored to the extent
of the effects of the environmental governance. Focusing on this, we
attempt to identify the governance effect of centralized
environmental supervision and provide the influence path behind
this reform.

A lot of research has evaluated the performance of environmental
regulation and attempted to actively solve the problem of
environmental pollution in China (Lelieveld et al., 2015; Olabi and
Abdelkareen, 2022). Chen andDagestani (2023a) showed that the smart
city pilot policies in China have a positive effect on the green urban
development. Chen (2023) empirically tested the two control zones as
China’s first air pollution regulation resulted in a decrease in
employment and inhibited the firm entry in targeted areas and
sectors. Van Der Kamp et al. (2017) and Hao et al. (2020) pointed
out that the previous environmental decentralization management
caused local authorities to slow down or block the implementation
of centrally mandated governance reforms, especially when these may
negatively affect local development goals, which may inhibit the
environmental governance. The influences affecting government
environmental regulation are complex, including the pollution
abatement costs and heterogeneous firms in the jurisdiction
(Spulber, 1998). Building on the aforementioned studies, this paper
adds to the discussion on the potential reasons of China’s
environmental challenges from the perspective of environmental
administrative organization construction.

For the administrative governance mechanism of air pollution,
some economists have made discussions on local officials’ behaviors.
The promotion incentives of local officials (Zhao et al., 2022), the
political connections (Chen and Dagestani, 2023b), and the length of
the tenure of officials (Eaton and Kostka, 2013) also affect the
efficiency of local governments for environmental governance.
Research has documented the trans-regional environmental
externalities with environmental decentralization (Fell and
Kaffine, 2014; Zhang. et al., 2018), while a related study on
centralization is inadequate. Compared with previous research,
our study uses the vertical management reform of the
environmental protection department (EVM) as a typical case of
environmental centralization and focuses on the air pollution
reduction effect.

Furthermore, we attempt to offer a new perspective on the well-
documented ineffective environmental regulation in China. Our
theoretical analysis reveals that due to the incentive incompatibility
between the central and local governments, Chinese local governments
are less keen on environmental protection than the central government,
and the centralization of environmental supervision driven by EVM
internalized the negative environmental externalities. We offer a
normative empirical investigation for an authentic causal
relationship between reform and urban air quality in China. We use
the variations in the reform timings of different cities adopting the EVM
to conduct a time-varying difference-in-difference (DID) regression as
the baseline empirical model. Our empirical results reveal that,
after the reform, cities experienced constant decreases in the
PM2.5 concentration. The primary potential threat of the DID
strategy is that the cities may not be randomly selected for the

reform. We attempt to address this concern in the following way:
first, a key DID identifying assumption is the parallel trend assumption
before the reform. Hence, we follow a dynamic event study approach to
estimate year-wise changes in the urban air condition before and after
this reform, ensuring the pre-treatment balance. Then, the placebo test
is conducted to exclude the chance of unobservable factors affecting our
empirical results. This paper not only focuses on the impact of EVMbut
also finds the heterogeneous performance of air reduction effects of the
environmental vertical reform. First, we find the heterogeneous
performance of air pollution reduction effects of EVM moderated by
regional environmental governance. Furthermore, we find that the
reforms can alleviate air pollution for cities that have district-wide
heating. Finally, from the perspective of local government behaviors, we
also find out that the local officials with high risk aversion will be less
willing to curb environmental pollution. We provide a strong basis for
decision-making to improve and optimize the implementation effects of
the environmental protection system, as well as a reference for emerging
economies.

Furthermore, we also rule out alternative explanations that
might give rise to our results. We attempt to explore the
mechanisms to explain the air quality effect using the micro-
enterprise data and find out that EVM improves enterprise green
innovation performance. We further study influence mechanisms
and find that the implementation of EVM can effectively improve
the productivity of new entrants. From the perspective of the
industrial sector, we explore the mechanisms through which
EVM promote the upgradation of the industrial structure,
opening up the black box of how policy works and, thus,
providing a reference for how to open up influence channels and
achieve air pollution reduction. The analysis provides policymakers
a basis to appraise the social impact of environmental centralization
reforms.

The rest of this paper is organized as follows: Section 2
introduces the background of EVM; Section 3 provides a
conceptual framework and puts forward theoretical hypotheses;
Section 4 provides about data; Section 5 exhibits empirical
design; Section 6 presents a robustness check; Section 7 provides
the heterogeneity analysis, while Section 8 discusses further analysis;
and Section 9 provides the conclusions and policy implications.
Figure 1 depicts the theoretical framework of this paper.

2 Background

China’s local environmental protection departments formerly
practiced a hierarchical management system. In the territorial
environmental system, the environmental departments are both led
by its superior department in the vertical line and the government in the
horizontal line, known as “dual management.”The dual management is
considered from three dimensions: first, the local governments have
sufficient authority to determine personnel allocations, funding
collection, and cadre recruitments of local environmental protection
bureaus (EPBs). Moreover, there are vague boundaries in the divisions
of responsibilities and decision-making procedures among local
governments at different levels.

To maintain the imperative political cohesion in the
implementation process, EVM was launched. Environmental
departments under this reform are removed from the leadership
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of the horizontal line. Specifically, the control of personnel allocations,
funding collection, and cadre recruitments were shifted back to the
vertical line to secure their instruction binding. The feature of this
restructure of the environmental system is that the county-level EPBs
are adjusted to be dispatched agencies of the municipal EPBs1,
centralizing the environmental system in their jurisdictions.

Furthermore, the pilot of the environmental vertical reform was
distributed in the northeast, east, and west of China. Approximately
200 grassroot environmental agencies have carried out the
environmental vertical reform before the full rollout of vertical
environmental protection. We focus on these pilot cities and
attempt to investigate the air emission reduction effect of the
reform. Figure 2 shows the institution rearrangement of EVM.

3 Theoretical analyses and research
hypotheses

3.1 Theoretical model assumption

In practice, the implementation of EVM often faces information
asymmetry. Based on the ordinary principal–agent model between
the central and local governments, we introduce the degree of local
environmental governance efforts and identify the environmental
governance effect of EVM. In order to analyze the problem, we
propose three hypotheses: (1) local governments, as agents, face
long-term environmental protection tasks and economic growth
during local officials’ tenure. The local officials are risk-averse. We set
their risk aversion function as the absolute risk aversion utility
function μ � −e−ρω, where ρ is the degree of risk aversion and ω
is the real monetary income; (2) the central government, as the
principal, aims to maximize the welfare of the whole society, who is
risk-neutral. It means that the central and local governments do not
face exactly the same objective function; and (3) the local government
is faced with the dual goals: economic growth and environmental
protection. The agent’s (local government) efforts in these two goals
are complementary. e denotes the agent’s effort in environmental
protection. The effort in economic growth is 1-e.

3.2 Theoretical model construction

The central government cannot observe the effort of local
governments on different tasks, but it can observe the
performance generated by local governments. The social

FIGURE 1
Theoretical framework of this paper.

FIGURE 2
Institutional rearrangement of EVM.

1 In China, there are four vertical levels in sub-national jurisdictions: the
provincial, municipal, county, and township levels.
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welfare generated by local governments in environment
protection is

SWe � Aeqe + ε. (1)
The social benefits generated by local governments in the

economic growth are represented as

SWg � A 1 − e( )qg + ε. (2)

In Eqs 1 (2), A denotes the technical level, and qe and qg denote
the factor endowment that local governments have in protecting the
environment and economic growth, respectively. We propose that
the environmental governance endowment can be viewed as the
degree of local environmental governance. The higher the
environmental factor endowment, the higher the degree of local
environmental governance. ε is the random disturbance term,
following the normal distribution, which indicates the influence
of external environmental uncertainty and follows ε ~N (0, δ2 ). To
simplify the analysis, the resource endowment of local governments
in terms of economic growth qg normalizes to 1.

The total social welfare generated by local governments is equal
to the welfare generated by environmental protection plus the
welfare generated by economic growth:

SWl � SWe + SWg� A eqe + 1 − e( )[ ] + ε. (3)

The local officials who received the performance rewards during
their tenure are a linear function of the total social welfare:

Rl � α + β SWl − SW0( ). (4)
α is the fixed payment granted by the central government. β is the
incentive coefficient. (0 < β < 1). SW0 is the minimum total social
welfare of the local government, which can be measured by the
average political performance created by the local officials during
their tenure.

FIGURE 3
Factors affecting local environmental governance efforts.

FIGURE 4
Methodological flow of this paper.
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TABLE 1 Summary statistics.

Variable N Mean SD Min Max

dn 4,437 4.31 4.03 0.16 14.96

lnpop 4,437 5.63 0.97 0.10 7.99

innov 4,437 58.86 22.36 4.03 99.99

sec 4,437 47.34 10.92 1.06 90.97

fdi 4,437 9.15 2.13 0 14.55

tem 4,437 2.66 0.66 0.50 13.82

hum 4,437 4.24 0.46 3.61 14.56

sundr 4,437 7.92 1.49 6.51 13.62

TABLE 2 Baseline regression results.

Variable (1) (2) (3) (4) (5) (6)

Core explanatory variables Core explanatory variables lagged by one period

evm −0.0202** −0.0198** −0.0207** −0.014 −0.0204** −0.0204**

(0.007) (0.007) (0.007) (0.0084) (0.0072) (0.0072)

dn −0.0011 −0.001 −0.0044*** −0.0044***

(0.0014) (0.0013) (0.0011) (0.0011)

lnpop −0.0019 −0.0018 −0.0049 −0.0049

(0.0042) (0.0042) (0.0054) (0.0054)

innov 0.0001 0.0001 0.0001 0.0001

(0.0002) (0.0002) (0.0002) (0.0002)

sec 0.0001 0.0001 −0.0004 −0.0004

(0.0004) (0.0004) (0.0003) (0.0003)

fdi −0.0002 −0.0002 0.0015 0.0015

(0.0013) (0.0013) (0.0014) (0.0014)

tem −0.0048 −0.2838** −0.2838**

(0.0049) (0.0857) (0.0857)

hum −0.0002 0.0133* 0.0133*

(0.0059) (0.0067) (0.0067)

sundr −0.0191** −0.0188 −0.0188

(0.0062) (0.0138) (0.0138)

Constant term 3.7704*** 3.7809*** 3.9437*** 3.7908*** 4.6768*** 4.6768***

(0.0015) (0.0326) (0.059) (0.0015) (0.2676) (0.2676)

Obs. 4,437 4,437 4,437 3,915 3,915 3,915

City fixed effects YES YES YES YES YES YES

Year fixed effects YES YES YES YES YES YES

Adj. R2 0.943 0.9429 0.9431 0.945 0.9476 0.9476

Note: ***, **, and * indicate significance at the 1%, 5%, and 10% levels, respectively. Standard errors of heteroskedasticity robustness are in parentheses. Same as in the following tables.
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Local governments need to pay corresponding costs to
accomplish the tasks given by the upper government:

C e( ) � 1
2

C1e
2 + C2 1 − e( )2( ), (5)

where Ci denotes the marginal rate of the cost to complete the
tasks (Ci >0).

Therefore, the actual revenue received by the local government is

Rlr � Rl−C e( )
� α + β A eqe + 1 − e( )[ ] + ε−SW0{ } − 1

2
C1e

2 + C2 1 − e( )2( ). (6)

The local government is risk-averse, and the absolute risk-averse
utility function is μ � −e−ρω, where ρ is the degree of risk aversion

and ω is the real money revenue. The certainty equivalence of the
local government is

CE� α + β A eqe + 1 − e( )[ ] − SW0{ } − 1
2

C1e
2 + C2 1 − e( )2( )

− 1
2
ρ βδ( )2.

(7)

Local governments satisfy the incentive compatibility constraint:

IR( )CE≥C–E. (8)
C
–
E is the level of retained revenue for local governments, which

can be seen as an opportunity revenue for local governments.
The central government is risk-neutral. Its expected utility is

equal to the expected revenue. The social welfare generated by the
central government is the social welfare by the local government
minus the corresponding expenditures paid to the local government:

Rcc� A eqe + 1 − e( )[ ] − α + β SWl − SW0( )[ ]. (9)
The central government can evaluate the political performance

of local governments, reflecting by the fact that local governments
will maximize their deterministic equivalent income. So the
incentive compatibility constraint is

IC( ) e ∈ argmax CE( ). (10)
Thus, the principal–agent problem between local and central

governments based on dual objectives is transformed into solving
the optimization problem:

max Rcc + CE( ), (11)
s.t IR( )Rll ≥R

–

. (12)
The optimal degree of effort and incentive coefficient are

obtained by solving for

e* � βA qe−1( ) + C2

C1 + C2
, (13)

β* � A2 qe−1( )2

ρσ2 C1 + C2( )+A2 qe−1( )2
. (14)

We use Δ � A(qe−1) to denote the initial environmental
endowment (that is, the initial local government’s environmental
governance). The marginal rate of transformation for local
governments to make a choice between economic growth and
environmental protection can be presented as MRTeg � C1

C2
, which

can express the degree of importance between environmental
protections relative to economic growth. Further substituting the
optimal incentive coefficient of Eq. 14 into Eq. 13, the optimal level
of effort made by local governments on environmental protection
can be derived, as shown in Eq. 15:

β* �
Δ3

ρσ2C1 MRTeg+1( )+Δ2+MRTegC1

C1 MRTeg+1( )
. (15)

Eq. 15 shows that the optimal level of local environmental
governance efforts is related to the initial factor endowment of
local environmental governance, the marginal costs of
environmental governance, the degree of local risk aversion, and
the marginal conversion rate of the goal between economic growth
and environmental protection.

TABLE 3 Event study results.

(1)

Variable AQpt

pre5 −0.0011

(0.0060)

pre4 −0.0038

(0.0062)

pre3 −0.0042

(0.0065)

pre2 −0.0039

(0.0033)

pre1 0.0016

(0.0025)

post1 −0.0041

(0.0036)

post2 −0.0147***

(0.0044)

post3 −0.0130***

(0.0041)

post4 −0.0190***

(0.0041)

post5 −0.0162***

(0.0046)

Constant term 0.7834***

(0.0202)

City fixed effect YES

Year fixed effect YES

Obs. 4,437

Adj. R2 0.975
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3.3 Numerical simulation and predictions

For Eq. 15, we use MATLAB to further analyze the relevant factors
affecting the optimal degree of efforts of local environmental governance.
First, we establish that the relative importance of environmental
governance is higher than that of economic development. After the
18th National Congress, ecological civilization construction has become
an important task for local governments. Therefore, the marginal
conversion rate of the local government to make a choice between
economic development and environmental protection is
MRTeg � C1

C2
= 2. The specific analysis is shown in Figure 3.

Controlling other factors, we test how the degree of
environmental governance endowment influences local

governments’ environmental governance. It can be observed
that a higher environmental governance endowment promotes
the degree of the local government’s environmental governance
efforts. We can observe that the high marginal costs of local
environmental governance result in the local governments
becoming less willing to put efforts into the environmental
governance. EVM has effectively reduced the marginal costs of
environmental governance for local governments by centralizing
environmental supervision authority in the upper environmental
departments. The decrease in the cost of environmental
governance strengthens not only the degree of local
environmental governance efforts but also the conversion rate
of local governments between environmental protection and

TABLE 4 2SLS regression results.

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

First stage Second stage First stage Second stage

Variables EVM lnmeanpm EVM lnmeanpm

EVM −0.7820*** −0.1602*

(0.092) (0.086)

VC 0.1430*** 0.1042***

(0.011) (0.012)

dn 0.0038* 0.0063***

(0.002) (0.002)

lnpop −0.0001*** 0.0003***

(0.000) (0.000)

innov 0.0056*** 0.0001

(0.000) (0.001)

sec −0.0023*** 0.0059***

(0.001) (0.001)

fdi 0.0058 0.0057*

(0.004) (0.003)

tem −0.0676*** 0.0543***

(0.014) (0.012)

hum 0.0601*** −0.1094***

(0.020) (0.016)

sundr 0.0028 −0.0204***

(0.004) (0.003)

Constant term −0.8634*** 3.6047*** −0.9146*** 3.7132***

(0.085) (0.020) (0.108) (0.059)

F-value 159.15*** 72.28***

City fixed effect YES YES YES YES

Year fixed effect YES YES YES YES

Obs. 4,403 4,403 4,403 4,403
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economic development goal choices. Admittedly, local
environmental governance efforts are related to the type of
local officials. The local officials tend to be more concerned
about the political risks which may affect their careers.

The theoretical model constructed here illustrates the necessity
and scientificity of EVM in the doctrine.

3.4 Theoretical hypotheses

We further elaborate the soundness of the aforementioned
theoretical analysis based on the existing literature and ultimately
propose mechanism hypotheses.

First, the prominent impact channel through which EVM affects
urban air quality induces the green innovation of polluting
enterprises. According to the compliance cost hypothesis, the
high cost of complying with stringent and tedious environmental
legislation will inhibit achieving pollution control objectives
(Barbera and McConnell, 1990) and increase corporations’
environmental expenditure, which discourage innovation (Song
and Han, 2022; Dagestani, 2023). Compared with these market-
based regulations, policy-oriented instruments may encourage
innovative behavior, offsetting the cost of environmental
regulation (Dagestani. et al., 2023). EVM as a typical policy-
based environmental regulation strengthens the environmental
supervision and improves the independence of environmental

TABLE 5 2SLS regression results.

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

First stage Second stage First stage Second stage

evm lnmeanpm evm lnmeanpm

EVM −0.3141*** −0.3166**

(0.087) (0.153)

ER 36.2196*** 20.3544***

(4.310) (4.814)

dn 0.0097*** 0.0114***

(0.003) (0.002)

lnpop 0.0000 0.0003***

(0.000) (0.000)

innov 0.0048*** 0.0010

(0.001) (0.001)

sec −0.0016 0.0016**

(0.001) (0.001)

fdi 0.0054 0.0112**

(0.007) (0.005)

tem −0.0019 0.0103

(0.020) (0.013)

hum −0.0244 −0.0570***

(0.026) (0.017)

sundr −0.0022 −0.0172***

(0.006) (0.004)

Constant term 0.0972*** 3.9200*** −0.0649 3.8148***

(0.021) (0.023) (0.113) (0.074)

F-value 70.62*** 26.92***

City fixed effect YES YES YES YES

Year fixed effect YES YES YES YES

Obs. 1,862 1,862 1,862 1,862
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law enforcement, which enhances the environmental information
disclosure standards. The transparent environmental information
disclosure will be encouraged in heavy-pollution industries to
strictly comply with environmental standards and promote green
technological advances (Dagestani and Qing, 2022; Dagestani and
Qing, 2022). The increase in the intensity of environmental
regulations can force polluting firms to improve their
productivity and alleviate the pressure on their survival (Guo
et al., 2021).

Second, EVM attracts the enterprises to enter and improves
the productivity of new entrants. Strengthening regional
environmental regulation acts as the automatic screening
mechanism, where potential entrants with low productivity
may be constrained by high abatement costs and choose to
exit the market (Cui and Li, 2023). Furthermore, the increased
environmental performance assessment has a more pronounced
inhibitory effect on the entry of inefficient firms. Therefore, the
coping strategies adopted by polluting firms based on the survival

FIGURE 5
Parallel trend test.

FIGURE 6
Placebo test.
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motive will further complicate the question of the location choice
of firms (Asturias. et al., 2023). Moreover, strengthening the
environmental regulations improves the condition of local
infrastructure and decreases the entry cost. The lower-entry
barriers attract the new entrants. The EVM offers polluting
enterprises the option of either paying a cost pondered by the
unit of pollutant emitted or investing in pollution control sectors
and technologies. When the benefits of improved innovation
offset compliance costs, firms’ performance, such as their
productivity, will increase. Therefore, based on these analyses,
we seek to understand the extent to which the growth in new firm
entry resulted from the cities adopting EVM versus non-EVM
cities.

Finally, EVM promotes industrial upgrading. Many
economists contend that the strengthening environmental

regulation and optimizing the environmental organization
have a strong connection with the upgrading industrial
structure (Luan et al., 2021; Jakobsen et al., 2022). In the
EVM pilot areas, the environmental costs faced by the high-
emission industries are higher than those of the clean
industries. Firms with profit maximization goals will adapt to
the change and reduce investment in high-emission industries
and increase investment in clean industries, which will promote
the industrial structure of upgrading restructuring (Hu et al.,
2020).

Based on the aforementioned analysis, three hypotheses of
impact mechanisms can be formulated as follows:

H1. EVM promotes the green innovation of polluting enterprises in
China, which is conducive to improving air quality.

TABLE 6 Heterogeneity analysis.

Variable (1) (2) (3) (4) (5)

North East South Northeast Northwest

evm −0.054*** −0.061*** −0.007 0.036*** −0.087***

(0.011) (0.012) (0.009) (0.014) (0.018)

dn −0.00356 −0.00453*** 0.00224*** 0.00431 0.00944**

(0.001) (-0.0009) (-0.0003) (-0.0046) (-0.0032)

lnpop −0.00039*** −0.000704* −0.000161 0.000103 0.0000967

(0.0002) (0.0004) (0.0004) (0.0001) (0.0001)

innov −0.0008 0.000605 0.000201 −0.0005 0.000923

(0.0004) (0.0003) (0.0003) (0.0004) (0.0005)

sec 0.000802 −0.00024 0.00171** 0.00138* 0.000488

(0.0011) (0.0007) (0.0005) (0.0005) (0.001)

fdi −0.0195 0.0290** 0.0119 −0.016 0.00313

(-0.0174) (-0.0104) (-0.0082) (-0.0119) (-0.0156)

tem −0.004 −0.003 −0.004 −0.002 −0.004

(0.005) (0.005) (0.005) (0.006) (0.005)

hum −0.001 −0.002 −0.001 −0.003 −0.001

(0.006) (0.006) (0.006) (0.007) (0.006)

sundr −0.018*** −0.019*** −0.019*** −0.018*** −0.018***

(0.006) (0.006) (0.006) (0.006) (0.006)

Constant 3.932*** 3.957*** 3.932*** 3.922*** 3.927***

(0.055) (0.054) (0.055) (0.054) (0.054)

City fixed effect YES YES YES YES YES

Year fixed effect YES YES YES YES YES

Obs. 4,437 4,437 4,437 4,437 4,437

Adj. R2 0.947 0.921 0.908 0.923 0.911
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H2. EVM attracts the new entrants of industrial firms and
increases the productivity of new entrants, thus ameliorating
urban air quality.

H3. EVM favors the industrial upgrading and reduces air
pollution.

Figure 4 shows the methodological flow of this paper to
generalize the following empirical assessment.

4 Data

The explanatory variable is the implementation of the pilot of the
environmental protection vertical management reform at the prefecture
level. Before this reform began to gradually spread across the country in
2016, a number of grassroot environmental protection administrative
organizations inChina had already carried out environmental protection
vertical reform. This paper selected 2000–2011, which is the innovation

TABLE 7 Heterogeneity analysis.

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

Fully heating Partial heating No heating Turnover

ah*evm −0.0272**

(0.0094)

ph*evm −0.0424***

(0.0110)

nh*evm 0.0133

(0.0118)

turnover*evm 0.0132**

(5.08)

dn −0.0014 −0.0013 −0.0013 0.008***

(0.0013) (0.0013) (0.0013) (0.001)

lnpop −0.000444** −0.000449** −0.000442** −0.00325

(0.0001) (0.0013) (0.0013) (0.0031)

innov 0.0002 0.0002 0.0001 0.00194***

(0.0002) (0.0002) (0.0002) (0.0002)

sec 0.0003 0.0002 0.0002 0.00295***

(0.0004) (0.0004) (0.0004) (0.0005)

fdi −0.0003 0.00004 −0.0007 0.0131***

(0.0013) (0.0014) (0.0013) (0.0016)

tem −0.0031 −0.0036 −0.0038 0.0142

(0.0054) (0.0051) (0.0051) (0.0147)

hum 0.0016 0.0012 0.0011 −0.0219

(0.0066) (0.0063) (0.0062) (0.0178)

sundr −0.0184** −0.0193** −0.0186** −0.0228***

(0.0062) (0.0062) (0.0062) (0.0009)

Constant term 3.926*** 3.941*** 3.944*** 3.611***

(0.0541) (0.0544) (0.0542) (0.0468)

City fixed effect YES YES YES YES

Year fixed effect YES YES YES YES

Obs. 4,437 4,437 4,437 4,437

Adj. R2 0.9431 0.9433 0.9433 0.9468
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stage of China’s environmental protection administrative system. We
checked the official website of each prefecture-level city environmental
protection bureau and county environmental protection sub-bureau and
manually collected the pilot samples during 2000–2011. In terms of
organizing the resulting vertical management reform pilot, China’s
northeastern region, central region, and coastal areas have conducted
the reform pilot. From the sample distribution, the problem of sample
selection bias is effectively minimized.

The core explanatory variable is the degree of air pollution. We
measure air pollution using the PM2.5 concentration, which comes
from the 0.01o*0.01o grid data on the ground-level
PM2.5 concentration, obtained from the University of
Washington ACAG website2. The raster data were parsed down

to the prefecture-level city using ArcGIS software in conjunction
with vector maps of administrative areas.

Control variables at the level of urban economic activity: ① local
economic level (dn): it is measured by the nighttime lighting data. The
data formation before 2013 is DMSP/OLS, and after 2013, it is NPP-
VIIRS. We transformed the data after 2013, following Hsu FC et al.
(2015). According to the theory of the environmental Kuznets curve, the
level of economic development affects the level of environmental
pollution; ② population density (lnpop): it is measured by the
number of people per unit area of administrative region and taken
in the logarithm, reflecting the impact of population concentration on
air pollution. The coefficient (lnpop) is expected to be positive because
more dynamic and concentrated economic activities will consumemore
energy and fuels and increase emissions of pollutant gases;③ Index of
Regional Innovation and Entrepreneurship in China (IRIEC) (innov): it
is derived from the indicator data constructed by the Enterprise Big
Data Research Center of Peking University, reflecting the regional

TABLE 8 Impact mechanisms.

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

Upgrading of the industrial
structure

Strategic green
innovation

Substantive green
innovation

Productivity of industrial
enterprises

evm 0.110*** 4.941*** 9.873*** 0.039**

(0.040) (0.763) (1.943) (0.0388)

dn 0.011** 0.088 0.021 0.003

(0.005) (0.159) (0.202) (0.0019)

lnpop 0.0002 0.008*** 0.014* −0.001*

(0.0005) (0.003) (0.008) (0.0001)

innov 0.001 −0.206*** −0.374*** 0.001

(0.001) (0.028) (0.086) (0.0004)

sec −0.0002 −0.190*** −0.349*** 0.002***

(0.002) (0.039) (0.109) (0.0008)

fdi 0.007 −0.049 −0.074 −0.001

(0.006) (0.144) (0.125) (0.0021)

tem 0.008 −0.106 −1.197*** 0.093**

(0.016) (0.388) (0.249) (0.0461)

hum −0.011 −0.315 0.460** −0.008*

(0.019) (0.396) (0.232) (0.0040)

sundr −0.005 0.268 1.123 −0.007

(0.015) (0.246) (0.693) (0.0096)

constant term 0.809*** 18.508*** 26.388*** 1.487***

(0.192) (2.942) (7.618) (0.1351)

City fixed effect YES YES YES YES

Year fixed
effects

YES YES YES YES

Obs. 4,403 2,860 2,860 2,570

Adj. R2 0.796 0.9414 0.9415 0.751

2 Specifically, https://sites.wustl.edu/acag/datasets/surface-pm2-5/
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innovation. The coefficient is expected to be negative because the
improvement in regional innovation and entrepreneurship is
conducive to the technological advance, thus achieving emission
reduction; ④ the value added to the secondary industry as a
proportion of GDP (sec): industrial production may increase the
emission of pollutant gases and deteriorate air quality. The
coefficient is expected to be positive because a high share of
industrial production will increase emissions of pollutant gases and
worsen air quality; and⑤ foreign direct investment (fdi): the coefficient
is positive. According to the “pollution paradise” hypothesis, developing
countries are prone to become a “pollution shelter.”The introduction of
foreign direct investment may deteriorate the local environment.

In particular, considering the correlation between themeteorological
condition and air pollution, we further control the important
meteorological condition. Control variables for urban weather
conditions: these data at the average city-year level come from the
National Climate Center of China. ① Average temperature (degrees
Celsius) (tem): it is measured by the urban annual average temperature.
The coefficient is expected to be negative. The higher the average urban
temperature, the stronger the air convection activity and the higher the
diffusion degree of pollutants, which is conducive to improving the air
quality.②Average humidity (hum): it is calculated by the percentage of
water vapor pressure compared to the saturated water vapor pressure.
The coefficient is expected to be positive. The lower the relative urban
humidity, the easier it is for the respirable particles in the air to settle and
spread, which is conducive to improve the air pollution. ③ Sunshine
hours (sundr): it means the average number of hours of sunshine per city
in per year. The coefficient is expected to be negative because long
sunshine hours are less weakening of solar radiation, inhibiting ozone
generation and improving the air condition.

Table 1 presents the descriptive statistics of some key control
variables at the city level.

5 Empirical design

5.1 Identification strategy

Taking advantage of the panel data, we use a two-way fixed-effects
model to investigate the impact of EVM on urban air pollution.
Furthermore, it is appropriate to construct a quasi-experiment of the
pilot policy of the environmental vertical reform and adopt the time-
varying difference-in-difference (DID) method to focus on how the
deviations from the level relate to changes in policy (Callaway and
Sant’Anna, 2019). This identification strategy will minimize the
endogenous problems as much as possible. We model this
relationship using the econometric model as follows:

AQpt � β0 + β1EVMpt+γXpt + αp + δt + ϵpt. (16)
In Eq. 16, EVMpt = 1 means that city p implementing the

environmental vertical reform in year t, EVMpt = 0 indicates that city p
is not implementing the reform in year t, and AQpt as the dependent
variable denotes urban air quality for city p in year t.We use the average
PM2.5 concentration representing it. Xpt denotes a set of control
variables at the city-year level. αp denotes city fixed effects,
controlling for city-level characteristics that do not vary over time.
δt denotes time fixed effects, controlling for time-level characteristics
that do not vary with the region. ϵpt denotes the error term.

5.2 Benchmark regression results

The empirical benchmark regressions results are given in Table 2.
Column (1) only controls for city fixed effects and year fixed effects.
Column (2) controls for variables on economic characteristics at the
city–year level. Column (3) further controls for weather control variables
at the city–year level. Furthermore, the current PM2.5 concentration does
not have an impact on the historical environmental vertical reform
decision.We lag one-period explanatory variables in order to alleviate the
reverse causality problem. In columns (4)–(6), the regression coefficients
are still significant.

All regression results have negative coefficients and are
statistically significant at 1%. After controlling all the effects in
column (3), we can see that the PM2.5 concentration decreases by
approximately 2.07% points in the pilot cities that have adopted the
environmental vertical reforms. The baseline results illustrates that
EVM has improved air quality in the jurisdiction.

6 Robustness test

6.1 Parallel trend test

The hypothetical premise of applying theDIDmethod is to pass the
parallel trend test, which requires that the trend in the outcome
variables of the pilot cities and non-pilot cities is the same before
the policy occurred. Referring to the studies by Amore and Minichilli
(2018) and He et al. (2020a), we use the event studymethod to examine
whether the benchmarkmodel satisfies the parallel trend assumption, as
shown in Equation 17. EVMn�t−k

pt is used to measure whether city p
adopted the environmental vertical reform in period t. The superscript
n = t-k is normalized for the period before and after the reform,
indicating the number of years between the current period t year and
the occurrence of the kth year of the environmental vertical reform. n
equals 0, indicating the current period of the policy. n is less than 0,
indicating the nth period before the policy. n is greater than 0, indicating
the nth period after the policy. ρn measures the reform effect. The rest of
the variables in Eq. 17 are consistent with Eq. 17.

AQpt � β0 +∑5

n�−5ρnEVM
n�t−k
pt +γXpt + αp + δt + ϵpt. (17)

There tends to be a time lag in policy implementation. Based on
this, we use the period before the policy as the base period. Table 3
demonstrates the empirical results of the coefficient (ρn). In order to
visualize the data analysis in Table 3, we present the regression results of
the coefficient in Figure 5, which provides the results of the event study.

In Table 3 and Figure 5, we can conclude that none of the
coefficients before the reform is significant and the coefficients are
close to 0. The trend of the outcome variables before the reform in
the treatment group and control group is the same, satisfying the
parallel trend. Furthermore, after the base period (the x-axis is
greater than or equal to 1), the coefficients are significantly negative,
indicating EVM may effectively reduce air pollution.

6.2 Placebo test

Although we added adequate control variables at the city levels that
can affect the air pollution, the DID strategy may still be confounded by
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other unobservable policies that affect local air pollution and, thus, lead to
estimation bias. Following Ferrara et al. (2012) andWang et al. (2013), we
use the placebo test to rule out such effects. The specific strategies are as
follows: first, we randomly select city p in year t, where the environmental
vertical reform occurs. Then, we randomly generate variable EVMfake

and carry out this process 500 times. If no other factors disturb the actual
policy, the coefficient β1 will equal 0, which means ϵpt = 0.

The placebo test results are shown in Figure 6, where the distribution
of the coefficients follows a normal distribution with 0 as the mean,
which is far from the estimated coefficient in the benchmark regression
results (−0.0207), thus indicating that the coefficients are not significant,
ruling out the possibility that other factors interfere with the EVMpolicy
effect. Our identification is unbiased, and no unobserved characteristics
affect our empirical results. It further verifies that the environmental
vertical reform has improved the air quality within the jurisdiction.

6.3 IV approach

Our empirical analysis relies on aDID estimate to assess the impact of
the EVM reform, given that selection into EVM is not exogenous but
reflects initial high air pollution. However, it is worth noting that the
selection of pilot cities for the environmental vertical reform may not be
randomand likely to bemeasuredwith errors (Deryugina et al., 2019). The
more polluted areas are more likely to attract the central government’s
attention to their environmental governance (He et al., 2020b).We aim to
find an appropriate instrumental variable for the core explanatory variable.
In practice, themeteorological conditions which slow down the dispersion
of pollutants in the air likely lead to the adoption of stricter environmental
regulation. Hence, there will be less incentives for local environmental
management agencies andmore likely to attract the attention of the central
government to become pilot cities for the environmental protection
reform. Referring to the studies by Broner et al. (2012) and Hering
and Poncet (2014), we instrument the environmental policy using the
ventilation coefficient (VC), which reflects the meteorological conditions
that influence the speed of dispersion of air pollutants. The mathematical
formula for determining the ventilation coefficient is as follows:

VCpt � WSpt × BLHpt, (18)
whereWSpt represents the wind speed in city p in year t and BLHpt

represents the height of the boundary layer in city p in year t. The data
on wind speed are measured as the magnitude of the wind speed value
at 10 m above the ground. The original data were obtained from the
ERA-INTERIM raster (0.75*0.75) meteorological data provided by the
European Center for Medium-Range Weather Forecasts (ECMWF).
We combine the grid data into the city level.

Table 4 reports the results of the 2SLS regression, where columns
(1) (2) are without control variables. According to columns (1) (3), it
can be found that the F-values of the first-stage regressions are all
greater than 10 and statistically significant at 1%, which indicates that
the VC indicators is not a weak instrumental variable. The results of the
second stage of columns (2) (4) show that the environmental vertical
reform presents a significant negative effect on air pollution. In
particular, after the inclusion of control variables, the PM2.5
concentration in the jurisdiction will decrease by 0.1602 units.

Furthermore, in order to measure the strength of government
environmental governance, we select the frequency of vocabulary on
air pollution environmental protection in local government work reports

as an instrumental variable. Specifically, we manually collect the
government work reports of 133 cities from 2003 to 2016 and
conduct the textual analysis. The total number of words appearing in
the work reports relates to air pollution, i.e., “carbon dioxide, sulfur
dioxide, PM2.5, PM10, air, emission reduction, and low carbon.” We
calculate the proportion of the total number of words in the whole text.
Themore frequent use of environmental protectionwords can reflect the
high degree of willingness of the local government environmental
governance. Meanwhile, the government work report is often released
at the beginning of the year. Annual air pollution cannot affect the
already pre-determined work report (Wei et al., 2017), guaranteeing its
exogeneity. Meanwhile, we replaced the core explanatory variables and
explained variables to further ensure the accuracy of benchmark
regression results, which is shown in Appendix A.

Table 5 demonstrates the 2SLS regression results. According to
columns (1) (3), it can be found that the F-values of the first-stage
regressions are all greater than 10 and statistically significant at 1%,
which indicates that it is not a weak instrumental variable. The
estimation results of the second stage of columns (2) (4) show that
the reform presents a significant negative effect on air pollution. The
PM2.5 concentration in the jurisdiction will decrease by 0.3166 units
after the occurrence of the local environmental vertical reform.

7 Heterogeneity effects

7.1 Regional environmental governance
heterogeneity

Since 2002, the central environmental administration has set up six
regional inspection centers in north, east, south, northeast, and northwest
of China, aiming to focus on strengthening regional supervision. Hence,
we aim to explore differences in the environmental governance impacts
of EVM on regions with different environmental factor endowments.

The results given in Table 6 show that the environmental vertical
reformhas improved the air quality in north, east, and northwest ofChina
but did not improve air quality as expected in the northeast of China. The
possible reasons for this are related to the fact that the northeast region
was originally a typical heavy industrial area and a traditional energy-rich
area with high energy consumption, while continued climate change and
increased social activity disturbances exerted long-term systematic
pressure on its environmental management.

7.2 Urban heating heterogeneity

China’s current large-scale urban heating sources mainly use coal as
the rawmaterial. The burning of fossil fuels caused bywinter heating often
deteriorates air quality. The “Qinling–Huaihe” Line as China’s
north–south geographical boundary is actually still very different from
China’s real heating line. China’s primary consideration for heating is
temperature. The current heating standards are that the minimum
temperature is less than or equal to 5° for more than 90 days to take
centralized heating in the area. At present, there are stillmany cities located
south of the “Qinhuai” line that have collective heating or regional heating,
while there is no heating north of the “Qinhuai” line. In this paper, we
review the heating situation of each prefecture-level city and classify the
existing prefecture-level cities into three categories according to the heating
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situation, namely, all heating (ah), no collective heating (nh), and partial
heating (ph), to empirically examine the effect of heating on air quality.

Columns (1), (2), and (3) of Table 7 show that citieswith no collective
heating have no significant reform effect on their air improvement effect.
For both partially heated and unheated cities, the environmental vertical
reform significantly reduces PM2.5 concentrations. It can be inferred that
EVM has effectively improved air quality in heating cities and achieved
the policy implementation objectives.

7.3 Risk-aversion degree of local officials

Political incentives are a key factor influencing the decision-making
behavior of local government officials, and the political risk is crucial for
the policy supporters in evaluating policy insinuations (Zhang et al.,
2023). When the central government increases its monitoring efforts
during the change of officials, local officials will strengthen their risk
aversion and formulate more conservative and stable development
plans. We examine whether the degree of risk aversion of local
officials affects the air governance results. We collect the list of
municipal party secretaries in offices of each city in the past years.
The dummy variable (turnover) is used to measure the turnover of
officials, in which if the change in municipal party secretaries occurs in
the first-half year, it is considered that the turnover of officials occurs in
that year; if the change occurs in the latter half year, the next year will be
defined as the year of the change in officials to examine the moderating
effect of the degree of risk aversion of the local government on the air
pollution governance of the environmental protection reform.

As shown in column (4) of Table 7, the regression results show that
EVM during the official replacement period did not improve air quality
in the jurisdiction. Based on the pursuit of political status, the higher the
degree of risk aversion of local officials, in order to stabilize economic
development, the willingness of regional environmental governance
declines, exacerbating the increase in local air pollution. When local
environmental willingness conflicts with economic willingness, the local
environmental officials will prioritize economic development, and the
environmental protection hierarchical management blocks the
implementation of higher-level environmental protection and
alienates the environmental responsibility to solve the problem.

8 Underlying mechanisms

8.1 Green innovation effect

We use the micro-enterprise data to further explore EVM on the
behavior firms. Furthermore, it can make up for the selection bias that
may be caused by the city-level data. First, we examine the impact on the
green innovation behavior of incumbent firms, using patent application
data on listed companies in heavy pollution industries3 to measure the

impact of their green innovation behavior. We selected three major
categories (alternative energy production, energy conservation, and
waste management) to measure green patents, according to the
“Green List of the International Patent Classification” published by
the World Intellectual Property Organization (WIPO). Referring to
the study by Fleming and Sorenson (2004), substantive and strategic
innovations are further distinguished. The number of invention
patents is utilized to measure substantive innovations. Strategic
innovations are measured using the number of utility model and
design patents. To measure green innovation at the city level, the
firm-level data are aggregated to the city level, according to their
location.

The results in given columns (2) and (3) of Table 7 show that
the coefficients of both strategic and substantive green
innovation performance are significant at the 1% level.
Furthermore, it can be seen that the role of substantive green
innovation performance is more significant. We can conclude
that the reform induces the green innovation activities of listed
companies in the heavy pollution industry. It can indicate that
EVM has played a “push effect,” and more heavily polluted
cities in China were more responsive to the enforcement of
EVM, perhaps as the result of an emphasis on heavy industries
in those locations (Yuan., et al., 2022). The incumbent
enterprises have to face more stringent environmental
monitoring efforts and high sewage costs (Ding et al., 2022),
and have the motivation to take the initiative to promote
green innovation activities. The empirical result verifies
hypothesis 1.

8.2 Firm entry effect

The choice of city location by new entrants usually has the
ex-ante selection effect (Arimoto et al., 2014), reflecting a city’s
locational advantage. The productivity of entering firms in the
city is utilized to measure whether the city’s location advantage
has been enhanced after EVM. We define the new entrants as
firms that appear in the database for the first time and are
established within 2 years4. Referring to the study by Melitz and
Polanec (2015), the productivity growth of a city is decomposed
into the contributions of new firms, incumbent firms, and
exiting firms:

ΔTFPt � Δφp + Δcovp + SEt1 TFPEt1 − TFPPt0( )
+ Sxt0 TFPpt0 − TFPxt0( ). (19)

In Eq. 19, Δφp denotes the arithmetic mean difference in
productivity of incumbent firms; Δcovp denotes the change in
the market share and productivity covariance of incumbent
firms; SEt1(TFPEt1 − TFPPt0) denotes the contribution of entry
firms to urban productivity, expressed as the difference in the

3 According to “Listed Companies Environmental Verification Industry
Classification Management Directory” issued by the Ministry of Ecology
and Environment in 2008 for the identification of heavy polluting
industries, which contains 14 industry categories, namely, thermal
power, iron and steel, cement, electrolytic aluminum, coal, metallurgy,
building materials, mining, chemicals, petrochemicals, pharmaceuticals,
light industry, textiles, and tannery.

4 Considering that the criteria for database were adjusted in 2011 to a main
business revenue standard of 20 million yuan and above, the fact that an
enterprise did not appear in the database in previous years could be due to
the fact that its annual main business revenue did not meet the standard.
This means that enterprises appearing in the database for the first time are
not necessarily newly established.
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distribution of productivity between entry firms and existing
firms; SEt1 denotes the output share of new firm E at current
period t1; TFPEt1 denotes the productivity of the entering firm in
the current period t1; TFPPt0 denotes the productivity of the
incumbent firm at base period t0; Sxt0(TFPpt0 − TFPxt0) denotes
the effect of exiting firms on productivity, specified as the
difference in the distribution of productivity between
incumbent and exiting firms, where Sxt0 denotes the share of
output of exiting firm E in the current period t0 and TFPpt0

denotes the productivity of the incumbent firm at base period
t0; and TFPxt0 denotes the productivity of the exiting firm at
base period t0.

Furthermore, we use the database of Chinese industrial
enterprises from 2006 to 2015 to test this firm entry effect and
derive the methodology proposed by Brandt et al. (2012) to match
the data on industrial enterprises. Before matching, the caliber of the
national economic industry classification code is unified with
reference to the study by Brandt et al. (2012), and the regional
administrative code is unified with the latest GB/T2260-2007. We
follow Levinshohn and Petrin (2003) to measure the total factor
productivity of industrial firms using the LP method. Consistent
with most studies, the weighted average of total factor productivity
of industrial firms in the jurisdiction is used to measure the city-level
productivity.

As can be seen in column (4) of Table 7, the EVM enhances
the productivity of new entrants in the jurisdiction. Moreover,
the selection effect of the entrants reflects the improvement of the
city’s environmental infrastructure and the improvement of
urban location advantage, further attracting new entrants. The
empirical result verifies hypothesis 2.

8.3 Industrial upgrading effect

We further explore how EVM acts on the industrial structure.
The overall industrial structure upgrading index is constructed to
reflect the structural changes among industries. The index
follows the evolution rule of the industrial structure of the
Petty–Clark law. The specific formula is shown in Eq. 20,
where Snpt denotes the output value of the nth industry of city
p in year t.

structurept � ∑3

n�1
Snpt

GDPpt
*n, 1≤ structurept ≤ 3. (20)

The regression results are shown in column (1) of Table 8.
The coefficient is significantly positive, indicating that the
environmental system reform promotes the upgrading of the
industrial structure. This may be due to the fact that the
environmental protection reform has taken away the power of
environmental supervision from grassroot environmental
protection departments. The unification of regional
environmental regulatory standards has effectively prevented
local governments from forming the strategic behavior of
“race to the bottom" (Ascani et al., 2023), thus promoting the
whole industrial structure upgrade. The empirical result verifies
hypothesis 3.

9 Conclusion and policy implications

The implementation of the EVM has significantly strengthened
environmental supervision in China. Under the air pollution control
targets, it is crucial to seek pathways to promote the involvement of
both enterprises and governments in reducing emissions. Taking the
implementation of EVM as a typical case, exploring the impact of
strengthening environmental supervision driven by the government
on urban air quality can inform policy formulation. This study
systematically assesses the impact of EVM on urban air quality based
on panel data from 261 cities in China, combining the time-varying
DID method. Heterogeneities and impact mechanisms are further
investigated. Several main conclusions are drawn. First, after
implementing EVM, the PM2.5 concentration decreased by
2.07% per year, and this empirical result passed a series of
robustness tests. Second, the green innovation, firm entry, and
industrial upgrading effects are important mechanisms through
which EVM generates the air reduction effect. Third, the EVM
contributes more to air pollution reduction in stricter environmental
governance and cities with heating supply. Furthermore, the high
risk-aversion degree of local officials will inhibit the air pollution
reduction effect of EVM.

The following policy implications are proposed. First, empirical
evidence indicates that EVM has contributed to the air pollution
reduction effect. Therefore, in response to global warming,
governments should enhance the environmental supervision at
the grassroot level. The central government should actively
monitor the environmental enforcement efforts of local
governments and conduct proper inspection actions to ensure
that local governments will not interfere with the environmental
supervision behaviors of local environmental protection
departments. Second, compared with the short-term special
environmental pollution activities, the EVM is politically binding
and acts as a deterrent to local air pollution control. The
centralization of environmental governance should be further
strengthened, and the supervisory capacity of higher-level
environmental protection departments should be enhanced and
synchronized with that of grassroot EPBs. The independence of
EPBs in law enforcement should be further enhanced and break the
phenomenon of “environmental protection giving way to local
interests.” Finally, green innovation is an essential channel for
EVM to ameliorate air pollution. The government should take
the cost of innovation into consideration when planning to
implement the environmental centralizing reform.

The preliminary judgment of this paper is that EVM has already
significantly improved the air quality in China. There is still much
research that can be done in the future. On the theoretical shelf, we
discussed the principal–agent relationship between the central
government and local governments with the inconsistency of
social development goals, while the governance of environmental
pollution requires joint prevention and control among local
governments. Therefore, there is still much room for exploring
the gaming behaviors of air pollution governance among local
governments, especially the responsibility sharing of
environmental pollution governance among neighboring
governments. Furthermore, considering the resident level, the
cost-benefit analysis of individual health assessment brought by
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the environmental performance of EVM and the design of the
regional balanced health financial transfer system, which requires
more accurate data, is also a topic worthy of further research.
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Appendix A: Robustness test of
substitution variables

Adding the robustness check of benchmark results. We replace
the substitution of explanatory variables and explained variables to
ensure the accuracy of our empirical tests.

(1) Substitution of explanatory variables.

We measure the continuity indicators to replace the core
explanatory variables. Based on the list of national controlling
points5 published by China’s Ministry of Ecology and
Environment, Eq. 15 is used to measure the intensity of
environmental vertical monitoring in air governance of each city.
Mcp denotes the number of national controlling points for exhaust
gas in each city. Ncp denotes the number of air-polluting enterprises
in the city. Mp denotes the number of national controlling points in
the province where the city is located. Ncp denotes the number of air-
polluting enterprises in the province where the city is located. The
equation further measures whether the city’s air pollution regulation
intensity is higher than the average level of the province it is located
in (if EVM2pt >1, then the city’s regulatory intensity is higher than
the provincial average).

As shown in columns (1)–(3) of Table A, the environmental
protection reform from the pilot stage in a number of prefecture-
level cities to the full-scale implementation nationwide has played a
significant role in the improvement of air quality. This suggests that
the environmental protection reform, by centralizing the power of
environmental monitoring and making grassroot environmental

protection departments accountable to higher-level authorities,
has been effective in combating air pollution as a whole.

EVM2pt �
Mcp/Ncp

Mp/Nc

(A1)

(2) Substitution of explained variables.

Sulfur dioxide is also an important source of air pollution, and its
main source of emissions comes from industrial production, while
the final implementation of the environmental protection reform is
aimed at industrial enterprises. At the same time, sulfur dioxide
emissions as an environmental protection assessment index are
included in the performance assessment of officials. Therefore,
the article uses the unit sulfur dioxide emissions to measure the
degree of air pollution, from the perspective of industrial pollution
to examine the air pollution reduction effect of environmental
protection reform. A specific calculation method is to use the
sulfur dioxide emissions of the year municipalities divided by the
total GDP of the year municipalities to obtain the sulfur dioxide
emissions per unit of GDP.

As shown in columns (4)–(6) of Table A, the environmental
protection reform from the pilot stage in many prefecture-level cities
to the full-scale implementation nationwide has played a significant
role in the improvement of urban air quality. This suggests that the
environmental protection reform, by centralizing the power of
environmental monitoring and making grassroot environmental
protection departments accountable to higher-level authorities,
has been effective in combating air pollution as a whole.

5 The earliest list was published in 2007.
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TABLE A Substitution of variables.

Variable (1) (2) (3) (4) (5) (6)

Substitution of explanatory variables Substitution of explained variables

gkd −0.0053*** −0.0046** −0.0046**

(0.0023) (0.0021) (0.0021)

Evm −0.0392*** −0.0138*** −0.0147***

(0.0048) (0.0052) (0.0052)

dn −0.0014 −0.0013 0.0023*** 0.0013***

(0.0013) (0.0013) (0.0004) (0.0004)

lnpop −0.001 −0.001 0.0016 0.0032**

(0.0038) (0.0038) (0.0012) (0.0012)

innov 0.0002 0.0002 −0.0012*** −0.0009***

(0.0003) (0.0003) (0.0001) (0.0001)

sec −0.0049*** −0.0048*** 0.0008* 0.0003

(0.0009) (0.0009) ((0.0003) (0.0003)

fdi −0.0001 −0.0001 0.0015 0.0015

(0.0022) (0.0022) (0.0014) (0.0014)

tem −0.0006 −0.2838** −0.2838**

(0.0052) (0.0857) (0.0857)

hum 0.0009 0.0133* 0.0133*

(0.0056) (0.0067) (0.0067)

sundr −0.0136** −0.0188 −0.0188

(0.0055) (0.0138) (0.0138)

Constant term 3.801*** 4.036** 4.148*** 0.685*** 0.708*** 0.769***

(0.0015) (0.0326) (0.059) (0.0010) (0.0153) (0.0195)

Obs. 2088 2088 2088 4,437 3,915 3,915

City fixed effect YES YES YES YES YES YES

Year fixed effect YES YES YES YES YES YES

Adj. R2 0.9415 0.9438 0.9439 0.945 0.9476 0.9476
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