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Vertical supervision is an important institutional arrangement for overcoming the principal-
agent problem between central and local governments within political decentralization. This
research employs panel data from Chinese A-share listed firms spanning 2012-2019, utilizing
the Central Environmental Protection Inspection (CEPI) as an exogenous shock. Through the
application of the staggered difference-in-difference approach, the study investigates the
effect of vertical supervision on labor productivity. Our findings indicate that CEPI sig-
nificantly promotes labor productivity. We identify three possible mechanisms driving this
positive effect: increasing local government environmental governance's willingness, inten-
sity, and effectiveness. The analysis of heterogeneity indicates that the enhancing effect of
vertical supervision on labor productivity is more pronounced within state-owned enterprises,
regions characterized by lower resource dependency, and regions equipped with more robust
environmental regulation. This study deepens our understanding of vertical supervision
effectiveness in environmental governance and provides valuable insights for policymakers to
improve regulatory frameworks.
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Introduction

olitical decentralization is typically regarded as an effective

means to improve the provision of public goods based on

local needs and conditions (Tiebout 1956). In the realm of
environmental governance, decentralized administrative frame-
works often exhibit reduced operational effectiveness (Zhang
et al. 2018). Local governments, in pursuit of economic benefits,
have an incentive to selectively enforce central policies and
potentially tolerate or conceal environmental violations, sig-
nificantly undermining the effectiveness of environmental gov-
ernance (McAusland 2003; Liu and Diamond 2005; Kunce and
Shogren 2005). The central government’s vertical supervision
plays a crucial role in tackling these issues (Zhang et al. 2018), as
it guarantees the uniform enforcement of environmental regula-
tions via administrative authority and alleviates the negative
impacts of local protectionism on environmental governance.

The central environmental protection inspection (CEPI)
exemplifies a vertical supervision policy in China (Zeng et al.
2023), transitioning the emphasis from “supervising firms” to
“supervising the government” (Li et al. 2023). Unlike other
environmental policies, CEPI is characterized by stringent
supervisory measures and a top-down enforcement mechanism
(Kopyrina et al. 2023). Its core objective is to address the
principal-agent issue in local government environmental gov-
ernance by enhancing direct central supervision, thereby ensuring
the thorough and efficient execution of environmental policies
(Wang et al. 2021). Based on this, existing research has exten-
sively examined the role of CEPI in enhancing environmental
quality (Jia and Chen 2019; Lin et al. 2021; Razzaq et al. 2023),
while studies focusing on its economic outcomes remain com-
paratively limited. Given that environmental protection can be
seen as an investment in human capital (Zivin and Neidell 2012),
our research explores the microeconomic implications of CEPI
through the lens of labor productivity.

Labor productivity serves as a critical measure of economic
performance, capturing the efficiency of labor inputs in gen-
erating goods and services (Chang et al. 2016). Prior research has
examined the determinants of labor productivity from multiple
perspectives, such as technological advancement (Solow 1956),
worker quality (Schultz 1961), and human resource management
(Datta et al. 2005), while recent research increasingly focusing on
the impact of environmental quality on worker labor perfor-
mance (Zivin and Neidell 2012; Chang et al. 2016; He et al. 2019).
At the local government level, the factors affecting labor pro-
ductivity mentioned above are constrained by poor local gov-
ernance, causing labor productivity to fall below its natural level.
In response, vertical supervision can mitigate these constraints
through multiple channels. First, the CEPI imposes a top-down
constraint, compelling local administrations to prioritize envir-
onmental concerns and enhancing their willingness to engage in
environmental governance. Second, through direct supervision,
CEPI alleviates local government interference with environmental
departments, thereby strengthening the intensity of environ-
mental governance. Third, by ensuring the comprehensive
implementation and effective enforcement of environmental
policies, the CEPI can enhance the quality of the local ecological
environment, thereby boosting the effectiveness of environmental
governance. Moreover, environmental improvements can
enhance workers’ health and job satisfaction, reduce absenteeism,
and increase work efficiency (Chang et al. 2019), consequently
boosting overall labor productivity.

Against the backdrop of CEPI, we examine the impact of
vertical supervision on labor productivity. The findings show that
CEPI significantly improves firm labor productivity, indicating
that vertical supervision can effectively promote labor pro-
ductivity. This finding is still valid after mitigating potential
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endogeneity problems. We also find that CEPI enhances labor
productivity by increasing local government environmental gov-
ernance’s willingness, intensity, and effectiveness. Additionally,
the impact of vertical supervision on labor productivity is more
pronounced in state-owned enterprises (SOEs), regions with
lower resource dependency, and regions with better environ-
mental legislation systems.

The contributions of this study are mainly manifested in the
following dimensions: First, our study confirms that vertical
supervision significantly alleviates the principal-agent issue
between central and local authorities in the context of environ-
mental management. Existing literature has recognized the lim-
itations of environmental governance in a decentralized
administration system (McAusland 2003; Kunce and Shogren
2005), but there is a lack of in-depth exploration on overcoming
these limitations through effective institutional design. We
empirically examine the positive role of vertical supervision in
improving the environment and enhancing labor productivity,
filling a gap in the existing research. Concurrently, this research
offers theoretical foundations and practical insights for develop-
ing a more effective environmental regulatory framework and
fostering alignment of environmental objectives between central
and local authorities.

Second, this research broadens the scope of existing literature
on the economic implications of CEPI. Prior studies have pre-
dominantly concentrated on investigating the environmental
impacts of CEPI (Jia and Chen 2019; Lin et al. 2021; Razzaq et al.
2023), while comparatively less emphasis has been placed on its
economic outcomes. A thorough evaluation of CEPI’s policy
impact necessitates a detailed exploration of its potential con-
tributions to economic development, along with an under-
standing of its actual effects on the ecological environment.
Consequently, this research investigates the economic con-
sequences of CEPI through the lens of labor productivity. This
approach assists policymakers in harmonizing environmental
conservation with economic development and offers significant
insights for refining regulatory structures in other regions and
nations globally.

Third, this study enriches the research related to environ-
mental protection and labor productivity. Current research has
primarily concentrated on examining the effects of environmental
protection on workers’ health (Ostro 1983; Chay and Greenstone
2003; Carson et al. 2011), but has paid less attention to its eco-
nomic implications and the effect on labor productivity. Indeed,
the influence of environmental protection on labor productivity
extends beyond direct health benefits, encompassing indirect
benefits such as better workplace conditions, improved employee
welfare, and heightened work efficiency. As such, we deeply
analyze the actual effects of CEPI in enhancing labor productivity,
revealing the potential mechanisms through which vertical
supervision affects labor productivity and providing empirical
evidence for how environmental protection can promote eco-
nomic development.

Institutional background

Over the past decade, China has adopted an environmental
governance model based on political decentralization. In this
framework, the central government maintains its political control
over environmental planning, whereas the main duties and
execution of policies have been delegated to local governments (Li
et al. 2020). However, local governments have exhibited a con-
spicuous lack of motivation to address environmental pollution
due to the prevailing reliance on economic growth as the prin-
cipal evaluation criterion for local officials (Li and Zhou 2005).

| (2025)12:637 | https://doi.org/10.1057/541599-025-04958-x



ARTICLE

Table 1 Basic information of CEPI.

The round of Duration Inspected provinces

CEPI

Pilot 2016.01.01-2016.01.31 Hebei

1st batch 2016.07.12-2016.08.19 Inner Mongolia, Heilongjiang, Jiangsu, Jiangxi, Henan, Ningxia, Yunnan, and Guangxi.

2nd batch 2016.11.24-2016.12.30 Beijing, Shanghai, Hubei, Guangdong, Chongging, Shanxi, and Gansu.

3rd batch 2017.04.24-2017.05.28 Tianjin, Shanxi, Anhui, Liaoning, Fujian, Hunan, and Guizhou.

4th batch 2017.08.07-2017.09.15 Jilin, Zhejiang, Shandong, Hainan, Sichuan, Qinghai, Xinjiang, and Tibet.

Look-back 2018.05.30-2018.06.07 Hebei, Henan, Inner Mongolia, Ningxia, Heilongjiang, Jiangsu, Jiangxi, Guangdong, Guangxi,

Yunnan, Shanxi, Liaoning, Jilin, Anhui, Shandong, Hubei, Hunan, Sichuan, Guizhou, and Shaanxi.

Consequently, it is often noted that the independence of envir-
onmental judiciary is compromised by local government inter-
vention, leading to the prioritization of economic development
over environmental protection (Zhang et al. 2019). To address the
governance inefficiencies stemming from local governments’
limited commitment to environmental governance under the
decentralized administrative structure, the Chinese government
has introduced the innovative CEPI policy. This initiative enables
the central government to directly oversee local governments’
environmental management efforts, thereby substantially pro-
pelling the reform of vertical supervision in China’s environ-
mental governance system (Zeng et al. 2023).

In 2015, the Central Committee of the Communist Party of
China (CCCPC) and the State Council initiated a central
inspection system to oversee and assess the enforcement of local
environmental policies. In July 2015, the General Office of the
CCCPC and the General Office of the State Council jointly issued
the “Ordinance on Environmental Protection Inspection
(Interim).” This regulation mandates the establishment of a
central leading group to conduct environmental protection
inspections across various provinces. Consequently, under the
coordination of the CCCPC and the State Council, inspection
teams led by ministerial-level officials were deployed to provincial
party committees and provincial governments in four phases
between 2016 and 2017. This policy is characterized by its
extensive reach and rigorous implementation. As illustrated in
Table 1, a pilot CEPI program commenced in January 2016, with
Hebei Province undergoing a month-long environmental pro-
tection inspection. Subsequently, the first batch of formal
inspections began in July-August 2016, with inspection teams
stationed in eight provinces, including Inner Mongolia and
Heilongjiang. In November 2016, the inspections expanded to
administrative regions such as Beijing and Shanghai. From April
to May 2017, the central inspection teams moved into seven
provinces and cities, including Tianjin and Shanxi. Finally, from
August to September 2017, the last batch of CEPI was completed
in eight provinces, including Jilin and Zhejiang. To prevent the
restart of polluting projects, the central inspectors conducted a
“look-back” review in selected areas in 2018 to supervise rectifi-
cation work, thereby establishing a long-term mechanism for
environmental protection inspections (Jia and Chen 2019).

Upon arrival in a province, the central inspection teams con-
duct thorough evaluations. This includes listening to reports on
environmental protection work, reviewing environmental mon-
itoring data, having formal discussions with government officials
and principals, conducting on-site inspections of cities, firms, and
polluted areas, interviewing residents, and collecting complaints
related to environmental issues (Ding et al. 2022). Following the
conclusion of the inspection, the teams are required to deliver a
detailed report on environmental concerns to the central autho-
rities, specifying rectification requirements, urging local govern-
ments to implement corrective measures, and reporting their
environmental governance actions to the public within a specified

period. Furthermore, the results of CEPI are a key basis for the
evaluation, political promotion, and rewards or punishments of
officials, and those responsible for causing severe environmental
damage may be handed over to national disciplinary and judicial
authorities for further investigation. According to statistics, dur-
ing the first batch of CEPI conducted from July to August 2016,
1140 government officials were severely penalized across the eight
inspected provinces, including 130 department-level officials and
504 division-level officials. Across multiple rounds of CEPI, more
than 212,000 public complaints have been promptly addressed,
more than 40,000 firms have been penalized, 509 cases have been
referred for investigation, and fines totaling over 40 million yuan
have been imposed (Li et al. 2023). As stated, CEPI, directly
supervised and managed by the central government, is a typical
example of a vertical supervision policy that has effectively
improved local governments’ environmental protection efforts
through rigorous inspection and feedback mechanisms.

CEPI significantly differs from conventional environmental
regulatory policies as a vertical supervision mechanism. On the
one hand, there is a difference in the inspection authorities: CEPI
inspection teams are equipped with senior officials from the
CCCPC, possessing the highest central administrative power. In
practice, conventional environmental inspections are conducted
by local departments under the Ministry of Environmental Pro-
tection. These agencies, often operating at the same adminis-
trative level as local government officials, lack the independence
to effectively oversee local governments’ environmental protec-
tion actions (Kopyrina et al. 2023). CEPI, however, through the
participation of senior officials and the support of central
administrative power, can more effectively supervise and rectify
local governments’” environmental violations. On the other hand,
there is a difference in inspection targets: CEPI shifts inspection
focus from “supervising firms” to “supervising the government.”
Specifically, the inspection process shifts its focus from merely
penalizing firms to emphasizing the accountability of local gov-
ernments. It aims to compel them to enforce environmental
policies and fulfill their obligations in environmental protection
(Yuan et al. 2022). This transformation enhances the effectiveness
of local environmental governance and boosts the commitment of
local officials to adhere to their legal responsibilities in safe-
guarding regional ecosystems (Zhang et al. 2018; Li et al. 2023).

In summary, CEPI is an innovative solution proposed by the
Chinese government to address environmental governance pro-
blems within its political decentralization. The top-down imple-
mentation approach of this policy, along with its continuous
multi-phase execution, provides an ideal quasi-natural experi-
mental setting for empirically examining the microeconomic
effects of vertical supervision.

Literature review
Research on the economic consequences of CEPI. Vertical
supervision is a direct oversight system by the central government
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over local governments, aimed at reducing deviations in imple-
menting national policies by local authorities and ensuring policy
consistency (Harris 1955). In recent years, as the drawbacks of
political decentralization have become increasingly apparent,
vertical supervision has gained attention and been promoted to
some extent, making its economic consequences a focal point in
academic research. Evidence shows that this supervision model
not only mitigates agency problems in policy implementation by
local governments and enhances the efficiency of public resource
allocation (Besley and Coate 2003) but also curtails rent-seeking
behaviors of local governments and promotes sustainable local
economic development (Zhang et al. 2018). Additionally, vertical
supervision has been extensively implemented across various
fields, such as energy efficiency (Zhao et al. 2009), coal mine
safety (Chen et al. 2015), financial services (Masciandaro and
Quintyn 2016), the quality of financial information (Pan et al.
2022), and land transactions (Kong et al. 2024). These imple-
mentations underscore its vital function in minimizing infor-
mation disparities between central and local authorities and
alleviating regional protectionist tendencies.

The CEPI signifies a novel initiative by China to implement
vertical supervision within the realm of environmental govern-
ance. Numerous prior studies have illustrated the beneficial
impacts of CEPI on environmental management. For instance, it
has been posited that CEPI is instrumental in advancing regional
air quality, acting as a critical institutional arrangement for
enhancing environmental regulatory compliance (Lin et al. 2021;
Wang et al. 2021). To be specific, by implementing top-down
oversight, the CEPI has enhanced environmental governance
efficiency and prompted local governments to improve local
legislation on environmental protection (Ding et al. 2022),
accelerate regional low-carbon transitions (Razzaq et al. 2023),
and increase regional total factor productivity (Zeng et al. 2023).
Moreover, when faced with pressure from CEPI, local govern-
ments often pass this pressure onto firms within their jurisdiction,
requiring them to adhere to stricter environmental protection
standards and reduce pollutant emissions. Therefore, to meet
local government environmental requirements, firms are com-
pelled to increase environmental investment (Zeng et al. 2023;
Kopyrina et al. 2023), improve production processes (Li et al.
2020), and adopt sustainable resource management practices
(Wang et al. 2021).

Nevertheless, some research indicates contrasting findings.
Although the enforcement of CEPI has demonstrated favorable
outcomes for environmental protection in the short term, these
impacts lack sustainability over extended periods (Kou et al.
2022). For instance, Yuan et al. (2022) observe that local officials
would inform high-pollution firms to reduce their pollutant
emissions 1 month before the CEPI but allow them to return to
historical levels after the central environmental inspection team
leaves. Besides concerns over the sustainability of CEPI’s impact,
some scholars argue that overly strict inspection regimes may
compromise economic growth. For example, Lin and Sun (2023)
find that local governments often respond to CEPI by directly
shutting down polluting firms, which can reduce pollution levels
but negatively impact local economies. Similarly, Wang et al.
(2023) indicate that the pressure to comply with CEPI affects firm
investment decisions, leading to decreased investment efficiency.

Research on the impact of environmental factors on labor
productivity. Considering the direct influence of environmental
conditions on physical health, enhancing measures for environ-
mental protection can be regarded as an investment in human
capital (Carson et al. 2011). As such, Zivin and Neidell (2012)
demonstrate that ozone pollution substantially diminishes the
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workforce efficiency of agricultural workers in the United States.
Similarly, Hanna and Oliva (2015) reveal that following the
shutdown of a major refinery in Mexico City, surrounding pol-
lution levels decreased by 19.7%, and local laborers increased
their weekly working hours by 3.5%, significantly boosting labor
supply. Furthermore, from the perspective of pollution duration,
short-term air pollution can affect the work efficiency of some
high-skilled laborers (Archsmith et al. 2018), while prolonged
exposure to atmospheric pollutants may result in significant
health complications, thereby impacting overall economic pro-
ductivity (He et al. 2019). Additionally, environmental pollution
can negatively affect employees’ motivation, leading to increased
“slacking off” or unproductive time (Chang et al. 2016).

From the preceding literature review, it is evident that while a
considerable amount of research addresses the economic
consequences of CEPI, there are no existing studies that
investigate the effects of CEPI on workforce efficiency. Moreover,
recent studies suggest that a good environment can enhance
employees’ health and productivity. However, these studies
presuppose that local authorities operate independently from
the environmental regulation framework, failing to account for
the possible connections between institutional arrangements and
environmental governance. Hence, we reexamine the economic
implications of CEPI through the lens of labor productivity,
aiming to uncover the complex relationships among vertical
supervision, local government environmental governance, and
labor productivity.

Hypothesis development
The impact of vertical supervision on labor productivity.
Nations characterized by multi-tiered governance structures fre-
quently encounter the issue of efficiently allocating responsi-
bilities between central and local governments (Besley and Coate
2003). According to the classic decentralization theory, repre-
sented by Tiebout (1956), local governments better understand
the populace’s needs, thus possessing a stronger informational
advantage than central governments. However, critical opinions
posit that political decentralization may lack efficiency in some
cases, which is detrimental to the provision of public goods (Fan
et al. 2009; Jia and Nie 2017). Particularly concerning environ-
mental governance, political decentralization is often inefficient
(Kunce and Shogren 2005). On the one hand, as the agents
responsible for environmental governance, local governments
inevitably exhibit opportunistic tendencies due to economic
development pressures. For example, Kostka et al. (2013) find
that in some economically backward or resource-dependent
regions, some local chiefs abuse their power of appointment and
dismissal to replace environmental officials who do not align with
the local economic development concept, thereby interfering with
implementing central environmental policies. On the other hand,
the disparity in information between central and local adminis-
trations hinders the central government’s ability to comprehen-
sively understand local environmental conditions and governance
effectiveness, leading to a disconnect in policy formulation and
implementation (Pan and Yao 2021). Additionally, in an effort to
evade punishment from the central government, local authorities
often obscure genuine environmental statistics or selectively dis-
close data, intensifying the level of information asymmetry.
Environmental decentralization in China represents a classic
principal-agent dilemma, and CEPI, as a vertical supervision
policy characterized by “supervising the government,” is an
effective means to alleviate this problem. In practice, local
governments primarily adopt two approaches to environmental
governance in reaction to the vertical supervision pressure
exerted by CEPL First, local governments increase environmental
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investment to address local pollution problems directly. This
includes allocating substantial funds to upgrade pollution control
infrastructure, accelerate the adoption of clean technologies, and
enhance public consciousness regarding environmental issues (Li
et al. 2020). Second, to accomplish goals in environmental
governance, local governments may pressure firms by imple-
menting stricter environmental standards, conducting regular
inspections, and intensifying environmental penalties (Ding et al.
2022). Observations show that CEPI prompts firms in inspected
cities to change their production methods, proactively disclose
environmental data (Pan and Yao 2021), carry out green
innovation (Kopyrina et al. 2023), and enhance their ESG
performance (Wang et al. 2021). Hence, it is evident that under
the pressure of legitimacy, local firms will actively respond to
government requirements, consequently accelerating regional
green transformation (Zeng et al. 2023). This is conducive to
improving air quality, reducing pollution emissions, and
optimizing the overall environmental condition (Lin et al. 2021;
Razzaq et al. 2023).

A substantial body of evidence suggests that environmental
pollution may impair worker performance by affecting respira-
tory, cardiovascular, and cognitive functions (Ostro 1983; Chay
and Greenstone 2003; Carson et al. 2011). Therefore, improving
the environment can positively impact employees’ physical
health, thereby enhancing labor productivity. For example, Zivin
and Neidell (2012) find that when local air and water quality
improves, the probability of workers being absent due to
respiratory or other health issues decreases, which boosts labor
supply levels. Moreover, “to be present but not working” is
another important factor affecting labor productivity. Chang et al.
(2019) conducted a study using data from customer service
hotline operators at the Ctrip Shanghai headquarters, indicating
that a better ecological environment helps increase employee job
motivation, leading to improved engagement and effort in
work tasks.

Furthermore, attracting talent and improving the human
capital structure are important ways of enhancing labor
productivity. On the one hand, high-quality talent increasingly
considers environmental quality in target cities when seeking jobs
(Chang et al. 2019), which suggests that urban areas with superior
ecological conditions possess a greater capacity to attract such
talent and consequently provide firms with higher-quality labor
resources. On the other hand, environmental management and
green production require firms to reshape their production
processes, necessitating professional training and capability
enhancement for employees and recruiting talent with relevant
skills. Therefore, under the influence of CEPI, environmental
improvement is more conducive for firms to attract talent and
optimize the human capital structure, thus enhancing overall
labor productivity.

It is noteworthy that the CEPI exhibits significant differences
from other environmental policies in terms of their impact on
labor productivity. First, as a top-down regulatory tool, the
enforcement intensity of CEPI far surpasses that of traditional
environmental policies (Kopyrina et al. 2023). Through cross-
regional and cross-departmental inspection actions, CEPI effec-
tively breaks down local protectionism, guaranteeing rigorous
enforcement of environmental policies, resulting in a notable
enhancement of environmental conditions in the short term
(Zeng et al. 2023). This enhancement in environmental quality
not only reduces the negative health impacts of environmental
pollution on workers but also directly increases labor productivity
by improving the working environment. In contrast, other
environmental policies, such as pollution discharge fees and
emission standards, often rely on the enforcement capabilities of
local governments, and their effectiveness varies greatly across

regions, resulting in a relatively limited boost to labor
productivity. Second, the regulatory mechanism of CEPI
demonstrates greater sustainability. Through regular inspections,
accountability mechanisms, and public exposure, CEPI exerts
long-term pressure on firms, prompting them to proactively
optimize production processes and adopt clean technologies,
thereby reducing pollution while enhancing production efficiency
(Li et al. 2020). In contrast, other environmental policies mostly
rely on economic incentives or technical standards, and firms
may choose to pay fees or comply in the short term rather than
fundamentally improving their production methods, thus having
a weaker long-term effect on labor productivity. Third, the
constraining effect of CEPI on corporate behavior is more
comprehensive. It not only focuses on pollution emissions but
also involves the overall environmental management capabilities
of firms, including energy use efficiency and resource recycling.
This comprehensive regulation can drive firms to achieve green
transformation, enhancing their competitiveness while improving
environmental performance, indirectly boosting labor productiv-
ity. In contrast, other environmental policies often focus on single
pollutants or specific segments, providing a more limited
promotion of overall production efficiency in firms. Therefore,
we propose:

H1: Vertical
productivity.

supervision significantly improves labor

The analysis of the mechanisms through which vertical
supervision affects labor productivity. Adequate willingness of
local governments to address environmental problems is a pre-
requisite for political decentralization to achieve its governance
advantages (Kunce and Shogren 2005). However, under the
pressure of promotion tournaments, local officials often prioritize
economic expansion and fiscal income, overlooking environ-
mental protection (Liu and Diamond 2005). For instance, aiming
to achieve rapid economic development, some local governments
might attract industries with high energy consumption and allow
these firms to use environmental subsidies for profit-making
activities instead of green investments (Zhang et al. 2018).

The results of CEPI are linked to the performance evaluations
and promotions of local officials, fundamentally alleviating the
issue of insufficient willingness of local governments to
participate in environmental management efforts. Specifically,
China’s personnel control system employs a top-down evaluation
mechanism, whereby higher-level governments assess and
appoint lower-level officials (Li and Zhou 2005). CEPI inspection
teams, which consist of officials from the central government, are
tasked with assessing the environmental performance of regional
administrations and the advancement of local officials (Zeng et al.
2023). Previous research indicates that when environmental
performance becomes a key criterion for official promotions,
these officials place greater emphasis on green development (Li
et al. 2022). Consequently, associating CEPI outcomes with the
advancement of local officials effectively motivates them to focus
on environmental protection, increases their commitment to
environmental management, and ultimately boosts the labor
productivity of local firms. Therefore, we propose:

H2: Vertical supervision improves labor productivity by
enhancing the willingness of local government environmental
governance.

In addition to the incentive mechanisms, the regulatory
influence imposed by CEPI on local officials is crucial for
strengthening the intensity of local government environmental
governance. Within the existing environmental governance
framework, local environmental protection agencies operate
under the dual oversight of regional administrations and superior
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Fig. 1 Conceptual framework. This figure shows the conceptual framework diagram of this study based on the theoretical analysis. Source: Author

construction.

departments. Furthermore, superior departments mainly provide
operational guidance, whereas local governments retain key
authorities, such as  personnel  appointments and
budget allocations (Mol and Carter 2006). In this context, local
governments focused on economic growth maintain substantial
intervention capabilities over actual environmental governance
practices, thereby weakening the autonomy of local environ-
mental protection agencies in implementing regulatory actions.
To address these issues, the vertical supervision mechanism of
CEPI enables it to bypass local government and directly evaluate
the performance of grassroots environmental protection depart-
ments (Li et al. 2023). This centralized oversight by the central
government reduces the political intervention of regional
administrations in environmental protection, strengthening
grassroots environmental departments’ enforcement efforts.
Consequently, the increased intensity of environmental govern-
ance compels firms to invest more in environmental protection,
improve production processes, and gradually optimize human
capital structure, thereby increasing labor productivity. Therefore,
we propose:

H3: Vertical supervision improves labor productivity by
strengthening the intensity of local government environmental
governance.

Although China has implemented a range of environmental
policies in recent years, the effectiveness of its environmental
governance has faced criticism. Some local governments exhibit
formalism in their governance practices, resulting in recurring
environmental issues and difficulty establishing long-term
effective governance mechanisms (Kou et al. 2022; Yuan et al.
2022). The adoption of CEPI has effectively mitigated this
limitation. On the one hand, CEPI generates powerful public
pressure by exposing environmental violations and local govern-
ment negligence. This exposure mechanism raises public aware-
ness of environmental protection and enhances local
governments’ focus on environmental concerns, gradually foster-
ing a long-term environmental protection atmosphere main-
tained by both government and citizens (Li et al. 2020). On the
other hand, the inspection team will generate rectification reports,
requiring local governments to formulate and implement
rectification plans within a specified period. For regions with
insufficient rectification efforts, CEPI conducts “look-back”
inspections to ensure that environmental issues are effectively
resolved (Ding et al. 2022). The continuous follow-up inspection
mechanism guarantees the effectiveness of environmental gov-
ernance measures, fostering a sustainable and resilient ecosystem
(Jia and Chen 2019). As the effectiveness of environmental
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governance improves, regional ecological environments are
significantly enhanced, reducing productivity losses due to sick
leave and contributing to an overall increase in labor productivity.
Therefore, we propose:

H4: Vertical supervision improves labor productivity by
enhancing the effectiveness of local government environmental
governance.

Drawing from the theoretical analysis presented earlier, Fig. 1
illustrates the conceptual framework diagram.

Model design

Sample and data. Following the existing literature (Li et al. 2023),
to minimize the COVID-19 pandemic-related distortions in the
labor market and commercial activities, our analysis designated
2019 as the final year, establishing a study window spanning 4
years prior to and following CEPI's implementation. Based on
this, our initial sample covered China’s A-share listed companies
over an 8-year period (2012-2019). Financial indicators were
obtained from the CSMAR database, while the employee data was
derived from the WIND database. We obtained regional eco-
nomic indicators from various provinces and cities from the
China Statistical Yearbook. In alignment with earlier research
(Kopyrina et al. 2023; Li et al. 2023), this study implemented the
following steps: excluding firms (1) operating in financial-related
sectors, (2) designated as special treatment (ST, *ST), and (3)
lacking complete financial data. Our final sample consisted of
3419 unique firms and 20,848 firm-year observations.

Variable definition

Dependent variable. Referring to Shi et al. (2020), labor pro-
ductivity was measured by dividing total operating revenue by the
number of employees. To mitigate heteroskedasticity effects in
our econometric analysis, we subsequently took the natural
logarithm of the ratio (LP).

Core independent variable. The inspection team conducted stag-
gered deployments across multiple provincial jurisdictions
throughout the evaluation period, ensuring comprehensive cov-
erage and effective monitoring. Consistent with Pan and Yao
(2021), Kopyrina et al. (2023), and Li et al. (2023), CEPI was
defined as a dummy variable indicating whether the inspection
team had entered the province of a listed firm’s location during
the year. It is the interaction term between the treatment group
visited by the inspection team during the sample period (Treat)
and year dummy variables for different times the inspection team
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Table 2 Descriptive statistics and correlation matrix.

Variables Mean S.D. Median 1 2 3 4 5

1. LP 13.790 0.851 13.700

2. CEPI 0.521 0.500 1.000 0.132***

3. Age 2.165 0.794 2.303 0.2271%** 0.030***

4. Size 7.685 1.244 7.610 —0.087*** 0.012* 0.249***

5. Roa 0.035 0.061 0.035 0.060*** —0.003 —0.197*** 0.057***

6. Lev 0.426 0.207 0.417 0.319*** —0.023*** 0.371** 0.351"** —0.360***
7. Growth 0172 0.422 0.100 0.mng*** 0.052*** —0.055** —0.002 0.196***
8. Capin 2.594 2.212 1.971 —0.158*** —0.004 0.130*** —0.331"** —0.179***
9. Dual 0.274 0.446 0.000 —0.094*** 0.050*** —0.230*** —0.129*** 0.032***
10. Board 2128 0.199 2197 0.055*** —0.083*** 0.157*** 0.259*** 0.013*
11. GDP 0.095 0.322 0.089 0.01 0.025*** 0.006 —0.013* 0.009
12. Structure 0.412 0.095 0.440 —0.172*** —0.322*** —0.061"** —0.002 0.010
13. ENV 0.030 0.010 0.028 0.063*** 0.254*** 0.015** 0.059*** —-0.017**
Variables 6 7 8 9 10 n 12

7. Growth 0.021***

8. Capin —-0.0Mm —-0.078***

9. Dual —0.128*** 0.030*** —-0.0Mm

10. Board 0.153*** —0.029*** —0.025** —0.179***

11. GDP —0.002 0.008 —0.004 0.022*** —0.003

12. Structure —0.01M —0.037*** —0.095*** 0.000 0.030*** 0.000

13. ENV 0.018*** 0.012* 0.038*** —0.001 —0.006 —0.008 —0.482***

This table presents descriptive statistics and the correlation matrix of the main variables used in the analysis. All the continuous variables are winsorized at the 1% and 99% levels.

*, **, and *** represent significance at the 10%, 5%, and 1% levels, respectively.

enters (Post). Specifically, Treat equals 1 if the province where a
firm is located has been visited by the inspection team during the
sample period. Post presents a time dummy variable that equals 1
from the year the inspection team is stationed in the province.
Opverall, CEPI equals 1 for the current and subsequent years when
the inspection team was stationed in the province where the firm
is located and 0 otherwise.

Control variables. Referring to Shi et al. (2020) and Li et al.
(2023), we controlled for several firm-level and region-level
characteristics. Specifically, we included firm size (Size), lever-
age (Lev), firm age (Age), capital intensity (Capin), operating
revenue growth rate (Growth), return on total assets (Roa), CEO
duality (Dual), board size (Board), economic growth (GDP),
industry structure (Structure) and environmental protection
intensity (ENV) in the model. For specific variable definitions,
see Table Al.

Research design. We constructed a staggered difference-in-
difference (DID) model to examine the impact of vertical
supervision on labor productivity.

LP;; = ay + o, CEPI;; + Z(xControli’t tui+vi+wt+z+ ey
1)

In Eq. (1), LP;; denotes the labor productivity of firm i at
year t. The core independent variable CEPI;; is a dummy variable
that equals 1 for province-year observations following the
inspections in a given year and 0 otherwise. It is the interaction
term between the treatment group (Treat;) and year dummy
variables (Post;). Due to multicollinearity, the coefficients of
Treat; and Post; are absorbed by the firm and year fixed effects,
respectively. Therefore, the individual terms Treat, and Post, are
omitted in the model.

Control;; denotes a set of control variables at both the firm and
regional levels. «, signifies a constant term. u; v, w; z,
correspond to firm, year, province, and industry fixed effects,
respectively. ¢;, represents random error. To mitigate potential
bias caused by outliers, all continuous variables were winsorized

at the Ist and 99th percentiles of their distributions. Furthermore,
robust standard errors were clustered at the firm level.

Research results

Descriptive statistics. Table 2 displays the descriptive statistics
and correlation matrix for the key variables. The mean of labor
productivity (LP) is 13.790, the median is 13.700, and the stan-
dard deviation is 0.851, indicating labor productivity varied
considerably among different firms in our sample. The mean
value of the core independent variable (CEPI) is 0.521, suggesting
that around 52.1% of the sample was supervised by the central
inspection team throughout the sample period.

Moreover, Table 2 reveals a significantly positive association
between CEPI implementation and labor productivity, prelimi-
narily suggesting that vertical supervision from the central
government can significantly promote labor productivity. The
correlation coefficients among other variables remain below the
0.5 threshold, alleviating potential multicollinearity issues in our
regression analyses.

Baseline results. Table 3 presents the baseline results. Both
Columns (1) and (3) incorporate year, industry, and province
fixed effects, with Column (3) extending to include control
variables. The coefficients of the CEPI are 0.040 and 0.031,
respectively, and are significant at the 5% level. Considering the
potential bias from unobservable factors varying across time at
the industry levels, Column (2) additionally controls for year x
industry fixed effects. The results show that the coefficient of
CEPI remains significantly positive at the 5% level. Column (4)
advances the analysis by incorporating firm fixed effects, revealing
a CEPI coefficient of 0.029, significant at the 1% level. These
regression results demonstrate that vertical supervision effectively
increases labor productivity, supporting Hypothesis 1.

Robustness tests

Parallel trend test. To ensure the validity of the DID model, it is
crucial to confirm that the control and treatment groups
demonstrate parallel trends in labor productivity prior to the
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Table 3 Benchmark regression results.
Variables m (2) (3) 4)

LP LP LP LP
CEPI 0.040** (2.40) 0.030** (2.29) 0.031** (2.30) 0.029*** (2.94)
Age 0.150*** (11.27) 0.150*** (11.27) 0.124** (5.78)
Size —0.232*** (-19.84) —0.232"** (-19.83) —0.424** (=20.52)
Roa 2.392*** (17.48) 2.392*** (17.48) 1.267*** (14.72)
Lev 1.193*** (18.77) 1.193*** (18.76) 0.706*** (11.49)
Growth 0.107*** (7.96) 0.107*** (7.94) 0.149*** (15.86)
Capin —0.123*** (=21.45) —0.123*** (-21.39) —0.137*** (-25.80)
Dual —0.066*** (-3.70) —0.065*** (—3.69) —0.005 (-0.35)
Board 0.208*** (4.38) 0.208*** (4.37) 0.196*** (4.61)
GDP 0.000 (0.03) 0.000 (0.03) 0.009 (1.09)
Structure —0.361 (-1.39) —0.357 (—1.38) —1.155*** (—=4.7)
ENV —0.172 (-0.29) —0.174 (-0.29) 0.959* (1.69)
Constant 13.760*** (76.26) 14.671*** (91.20) 14.590*** (69.80) 16.583*** (85.01)
Year FE Yes No Yes Yes
Industry FE Yes No Yes No
Province FE Yes Yes Yes No
Firm FE No No No Yes
Year x Industry FE No Yes No No
Observations 20,848 20,848 20,848 20,848
Adj R2 0.348 0.512 0.513 0.521
T values are reported in parentheses.
Coefficients marked with *, **, and *** are significant at 10%, 5%, and 1%, respectively.

Table 4 Robustness tests: parallel trend tests.

Variables Dependent variable: LP
Coefficients T-value

Pred -0.077 —1.46

Pre3 —0.047 —1.24

Pre2 —0.022 -1.06

Current 0.050** 2.20

Post1 0.148*** 3.21

Post2 0.224*** 317

Post3 0.307*** 3.18

Constant 16.473*** 85.14

Controls Yes

Year FE Yes

Firm FE Yes

Observations 20,848

Adj R? 0.470

Coefficients marked with **, and *** are significant at 5%, and 1%, respectively.

introduction of CEPI. We constructed Eq. (2) to conduct a par-
allel trend test.

LP;, = ay + &, Pred;, + a,Pre3;, + a;Pre2;, + a,Current;, + asAfterl;
+ agAfter2;, + a, After3;, + > aControl;, + u; + v, + ¢,

()

For the samples in the years before (after) the presence of the
inspection team, the values of Prel-Pre4 (Afterl-After3) are equal
to 1 and 0 otherwise. For the samples in the year the
environmental inspection teams were present, Current takes the
value of 1 and 0 otherwise. We remove Prel from the model to
avoid interference from multicollinearity. The results of the
parallel trend tests are detailed in Table 4, with the trend of
regression coefficients and their 95% confidence intervals
depicted in Fig. 2. The coefficients of Pre2-Pre4 are not
statistically significant before the CEPI implementation, affirming

8

the parallel trends assumption. Meanwhile, the coefficients of
Current and Afterl-After3 are significantly positive, with values
progressively increasing, indicating that the CEPI has maintained
its effectiveness over time.

Placebo test. Our study is subject to potential unobservable con-
founding variables and measurement errors. Therefore, we allo-
cated firms in the sample to the treatment group through random
assignment and performed the baseline regression. This proce-
dure was repeated 1000 times to enhance the robustness and
credibility of our examination. Figure 3 illustrates the density
distribution of the coefficients for the core independent variable
(CEPI). The findings demonstrate that the coefficients for the
randomly assigned treatment group concentrate near 0 and are
markedly distinct from the actual coefficients, confirming the
robustness of our results.

Robust staggered DID tests. In settings with staggered treatment
timing and varying intensities, traditional DID methods may
yield biased average treatment effect estimates (De Chaisemartin
and d’Haultfoeuille 2020; Callaway and Sant’Anna 2021). Fol-
lowing Bareille et al. (2023) and Gong et al. (2023), we employed
three approaches: the bias-corrected method (De Chaisemartin
and d'Haultfoeuille 2020), which uses stable treatment groups to
infer trends for dynamic treatment groups; the doubly robust
inverse probability-weighted DID method (Callaway and
Sant’Anna 2021), which calculates weighted estimating functions
using untreated units; and an imputation-based DID method,
leveraging pre-treatment data from untreated groups to estimate
potential outcomes. As shown in Table 5, the results align with
our primary findings, confirming the significant impact of vertical
supervision on labor productivity.

Propensity score matching method. If the pre-treatment char-
acteristics between the treatment and control groups are not
comparable, selection bias may exist, which could affect the
validity of the results (Kopyrina et al. 2023). Based on this, we
employed the propensity score matching (PSM) method to
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Labor productivity
2
1

T T T T T T T
Pre4 Pre3 Pre2 Current After1 After2 After3

Years relative to the CEPI

Fig. 2 Parallel trend tests for CEPI on labor productivity. This figure displays the results of parallel trend tests for the impact of CEPI on labor productivity
over time. The figure shows the estimated effects of CEPI on labor productivity before and after the implementation of the program, providing evidence of
parallel trends in the pre-treatment period. Source: Author construction.

100.000

80.000

60.000

Density

40.000

20.000

0.000
T T T T
-0.010 -0.005 0.000 0.005 0.010

Estimator

Fig. 3 Placebo tests for CEPI on labor productivity. This figure illustrates the results of placebo tests for examining the impact of CEPI on labor
productivity. The placebo tests involve analyzing the effects of CEPI at different time points, providing a basis for evaluating the causal impact of the
program on labor productivity. Source: Author construction.

examine the impact of vertical supervision on labor productivity.  0.034, statistically significant at the 5% level, indicating that our
We calculated propensity scores using a logit model and executed  regression results still hold after controlling for sample selection
a 1:1 nearest neighbor matching procedure with covariates, bias.

including all control variables from Eq. (1). Using the sample

after PSM, we performed the staggered DID regression, with the  Entropy balancing method. Due to the substantial loss of samples
results shown in Column (1) of Table 6. The coefficient of CEPIis  when using the PSM method, we referred to Hainmueller’s (2012)
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Table 5 Robust staggered DID estimates.

Panel A: De Chaisemartin and d'Haultfoeuille’s (2020) method

Dependent Variable LP

CEPI 0.026**
(2.36)

Controls Yes

Panel B: Callaway and Sant’Anna’s (2021) method

Dependent Variable LP

CEPI 0.340**
(2.05)

Controls Yes

Panel C: Borusyak's (2024) method

Dependent Variable LP

CEPI 0.059***
(4.55)

Controls Yes

T values are reported in parentheses.
Coefficients marked with **, and *** are significant at 5%, and 1%, respectively.

Table 6 Robustness tests: propensity score matching and
entropy balancing analysis.

Variables m )
PSM Entropy balancing
LP LP
CEPI 0.034** (2.57) 0.026** (2.53)
Constant 16.877*** (68.37) 16.752*** (86.07)
Controls Yes Yes
Year FE Yes Yes
Firm FE Yes Yes
Observations 1,454 20,848
Adj R? 0.541 0.422

T values are reported in parentheses.
Coefficients marked with **, and *** are significant at 5%, and 1%, respectively.

research and utilized entropy balancing to match the treatment
and control groups without losing samples. Entropy balancing
achieves a basic balance between the treatment and control
groups in terms of mean, variance, and skewness by assigning
different weights to the control group samples, mitigating the
impact of intergroup differences on the results. Column (2) of
Table 6 shows that the coefficient of CEPI remains significantly
positive, confirming that the main conclusion is robust.

Change the measurement of labor productivity. In the main
regression, labor productivity was measured as operating revenue
per employee. To mitigate the influence of non-operating rev-
enue, we alternatively defined the dependent variable (LP_Alter1)
as (total operating revenue minus non-operating revenue) divided
by the number of employees. Additionally, following Sanchez and
Benito-Herndndez (2015), we used total production per employee
(LP_Alter2), calculated as total sales plus inventory changes, as
another measure. As shown in Columns (1) and (2) of Table 7,
the positive effect of CEPI on labor productivity remains con-
sistent with the main findings.

Change the definition of the treatment group variable. The mag-
nitude of the treatment effect may vary depending on the timing
of environmental inspections conducted by the inspection group
throughout the year. Therefore, we redefined the treatment group
variable using the following two approaches. First, if the inspec-
tion teams were stationed in the provinces after June of the
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Table 8 Mechanism analysis.
Variables m ) 3) 4) (5) 6) @) 3)

ER LP Fines LP AQl LP PM LP
CEPI 0.092*** 0.026*** 0.192** 0.029*** —2.602*** 0.022** —2.540*** 0.022*

(16.08) (2.60) (2.37) (2.90) (—=10.14) (2.41) (=11.30) (2.37)
ER 0.044*

(2.36)
Fines 0.004**
(2.10)
AQI —0.001**
(=217
PM —0.001**
(—2.28)

Constant 0.947* 16.516** 0.086 16.622*** 97.289*** 16.761"* 67.729*** 16.746***

(14.88) (83.79) (0.35) (81.03) (19.98) (83.78) (16.65) (83.91)
Sobel Z 8.889*** 6.261"** 8.180*** 7.714**
Controls Yes Yes Yes Yes Yes Yes Yes Yes
Year FE Yes Yes Yes Yes Yes Yes Yes Yes
Firm FE Yes Yes Yes Yes Yes Yes Yes Yes
Observations 20,545 20,545 19,888 19,888 18,772 18,772 18,772 18,772
Adj R? 0.380 0.521 0.189 0.520 0.838 0.530 0.857 0.546
T values are reported in parentheses.
Coefficients marked with **, and *** are significant at 5%, and 1%, respectively.

current year, these samples are considered to be affected by the
CEPI starting from the following year. Table 7 Column (3) shows
that the coefficient of CEPI is 0.030, significant at the 1% level.
Second, the samples where environmental inspections were
implemented after November of the current year are considered
to be impacted by the CEPI starting from the following year.
From the results of Table 7 Column (4), our main conclusions
still hold.

Exclude the effects of contemporary policies. The impact of CEPI
on labor productivity can be influenced by policies implemented
during the same period. First, the policy implemented in 2016 to
reduce production capacity aims to eliminate inefficient and
unproductive firms, leading to a consolidation of resources and
increased productivity among the remaining firms. Second, the
newly enacted “Environmental Protection Law” in 2015 sig-
nificantly improved and updated China’s legal framework for
environmental protection, which may influence the effect of the
CEPL Third, the establishment of China’s environmental courts
has significantly limited firms’ pollution behaviors by enhancing
regional environmental enforcement capacity (Zhang et al. 2019),
which in turn affects labor productivity.

Therefore, we introduced dummy variables for different
policies to control for the potential interference of these policy
implementations on the impact of CEPI. Specifically, we set a
dummy variable, Reduce, based on the list of key industries for
capacity reduction released by the State Council of China in 2016.
Reduce equals 1 if the sample belongs to the six key industries of
steel, coal, cement, shipbuilding, electrolytic aluminum, and glass,
and 0 otherwise. Additionally, considering the enactment of the
new “Environmental Protection Law” in 2015, the Newlegal
equals 1 for samples from 2015 to 2019 and 0 for other years.
Furthermore, the Judiciary equals 1 for observations in the years
after the city established an environmental court and 0 otherwise.
As shown in Columns (5)-(7) of Table 7, we find that after
controlling for the policies above, the coefficient of CEPI remains
significantly positive. In Column (8) of Table 7, we simulta-
neously control these three policies in the regression model and
find that the relationship between CEPI and LP remains
consistent with baseline results.

Exclude the effects of other factors

Exclude the effects of “look-back” inspection: Starting in May
2018, the inspection teams conducted “look-back” inspections in
20 provinces. To avoid the cumulative impact of “look-back,” we
excluded the samples after 2018. In Column (9) of Table 7, the
coefficient of CEPI is still significantly positive. Additionally, we
excluded samples from provinces that experienced environmental
inspection “look-back” in 2018 for analysis in Column (10). We
continue to find a positive and statistically significant effect of
CEPI on labor productivity.

Exclude the effects of changes in firm location: The observed
variation in labor productivity between different samples could
potentially be attributed to changes in operating location. We
further excluded samples that experienced changes in their
operating locations during the sample period. As is shown in
Column (11) Table 7, the coefficient of CEPI remains statistically
significant, consistent with our main results.

Mechanism analysis. The above empirical results have confirmed
the promoting effect of CEPI on labor productivity. This section
systematically investigates the underlying mechanisms through
which CEPI influences productivity from three aspects.

Enhancing the willingness of local government environmental
governance. The frequency of environmental keywords in local
government annual work reports serves as a proxy for their
environmental protection commitment (Chen et al. 2018). Fol-
lowing Chen et al. (2018) and Tu et al. (2024), we extracted
environment-related text from provincial government work
reports, counted the frequency of environmental keywords, and
calculated the ratio of environment-related words (ER) to mea-
sure local governments’ environmental governance willingness.
An increased ER ratio reflects stronger municipal commitment to
environmental governance. Column (1) of Table 8 shows that the
coefficient of ER is 0.092, significant at the 1% level, indicating
that CEPI implementation has enhanced local governments’
environmental governance willingness. Column (2) reveals sig-
nificantly positive coefficients for both CEPI and ER, with a Sobel
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Table 9 Heterogeneity analysis.
Variables m (¢3] 3 4) (5) (6)
SOE Private firm Higher share of Lower share of More Less
secondary sector output secondary sector environmental environmental
output regulations regulations
LP LP LP LP LP LP
CEPI 0.044*** (2.82) 0.009 (0.70) —0.005 (-0.37) 0.093*** (5.05) 0.052*** (3.93) 0.015 (0.97)
Constant 16.602*** (41.21)  16.351*** (73.84) 16.034*** (61.60) 16.576*** (6117) 17.097*** (55.91) 15.967*** (73.46)
P value for the test of 0.036** 0.000*** 0.000***
the difference
Controls Yes Yes Yes Yes Yes Yes
Year FE Yes Yes Yes Yes Yes Yes
Firm FE Yes Yes Yes Yes Yes Yes
Observations 7625 1,576 9495 11,353 10,052 10,796
Adj R2 0.523 0.534 0.534 0.519 0.552 0.506
T values are reported in parentheses.
Coefficients marked with **, and *** are significant at 5%, and 1%, respectively.

test z value of 8.889 (significant at the 1% level). These results
suggest that CEPI boosts labor productivity by strengthening local
governments’ environmental governance commitment, support-
ing Hypothesis 2.

Strengthening the intensity of local government environmental
governance. Referring to Shimshack and Ward (2005), we
measured the intensity of local government environmental
governance through population-adjusted aggregate fines in
environmental penalty cases (Fines). An increase in the adjusted
amount of environmental fines signifies a more rigorous
enforcement effort by local governments. The results in Column
(3) of Table 8 demonstrate a substantial positive relationship
between CEPI and the total fines in environmental penalty cases.
In Column (4), the coefficients of CEPI and Fines are both
significantly positive, and the z value of the Sobel test is sig-
nificant at the 1% level. These findings indicate that imple-
menting CEPI promotes labor productivity by strengthening the
intensity of local government environmental governance.
Therefore, Hypothesis 3 is supported.

Increasing the effectiveness of local government environmental
governance. Regional air quality directly reflects environmental
governance effectiveness. Referring to Jia and Chen (2019), we
measured air quality using each province’s average annual AQI
index and PM2.5 concentration. Higher AQI and PM2.5 levels
indicate poorer regional air quality. Columns (5) and (7) of Table
8 show a significantly negative effect of CEPI on air quality. In
Columns (6) and (8), after incorporating the mediating variable,
the coefficient of CEPI becomes significantly positive at the 1%
level, while the coefficients of AQI and PM2.5 remain sig-
nificantly negative. The Sobel test z value is also significant at the
1% level. These findings suggest that CEPI enhances labor pro-
ductivity by improving the effectiveness of local government
environmental governance, thereby validating Hypothesis 4.

Heterogeneity analysis

The impact of property rights nature. SOEs function as dual roles
within regional economies, simultaneously acting as a primary
source of local government revenue while maintaining a key
provider of employment. Therefore, compared to private enter-
prises, local governments have strong incentives to protect SOEs
by relaxing environmental enforcement, delaying rectification
requirements, and offering policy incentives to reduce environ-
mental pressure on SOEs (Zhang et al. 2019). The implementa-
tion of CEPI has elevated environmental oversight from the local

12

to the central level, directly weakening local governments’ ability
to shield SOEs, thus making the impact of vertical supervision on
SOEs more significant compared to private enterprises.

We divided the sample into SOEs and private enterprises and
performed regressions for each subsample. The results in
Columns (1) and (2) of Table 9 indicate that for the SOE
sample, the coefficient of CEPI is 0.044 and is significant at the
1% level. However, for the private enterprise sample, the
coefficient of CEPI is not statistically significant. The intergroup
difference test reveals that the coefficients between these two
groups exhibit a statistically significant difference. These
regression results indicate that vertical supervision has a stronger
positive effect on the labor productivity of SOEs compared to
private enterprises.

The impact of regional resource dependency. Regions with low
resource dependence tend to focus on high-value-added indus-
tries, which consume fewer resources. Therefore, when facing
CEPI, their production models are more flexible and can be
quickly adjusted to meet environmental regulatory requirements.
In contrast, regions with high resource dependence face greater
challenges in adapting to vertical supervision due to their
economies’ heavy reliance on resource-based industries. For these
regions, the cost of adjusting production processes is higher
(Razzaq et al. 2023). Consequently, we predict that vertical
supervision will more effectively promote production improve-
ments in regions with lower resource dependence, thereby having
a more significant impact on labor productivity.

Following Yang et al. (2022), we measured the degree of
resource dependence in each region using the ratio of secondary
industry output to GDP. The higher the ratio, the more
dependent the area is on resources for its development. We
used the median level of this variable from the year prior to the
implementation of the CEPI (i.e., 2015) as the grouping
criterion. This approach ensures the exogeneity of group
classification and enhances the validity of causal inference (Xu
et al. 2021; Liu 2023). Utilizing the 2015 median value of this
indicator, we divided the sample into two groups characterized
by different degrees of resource dependence. The results in
Columns (3) and (4) of Table 9 show that the coefficient of CEPI
demonstrates statistical significance exclusively within the group
exhibiting a lower share of secondary sector output. The
intergroup difference test reveals that the coefficients between
these two groups exhibit a statistically significant difference.
These results indicate that the positive impact of vertical
supervision on labor productivity is more pronounced in
regions with lower resource dependence.
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The impact of environmental legislation systems. For vertical
supervision to play a role in environmental governance, it must
be based on a comprehensive environmental legislation system
(Ding et al. 2022). A comprehensive legislative system can pro-
vide a clear legal framework and enforcement standards for
vertical supervision, thereby increasing the pressure on firms to
comply with environmental regulations. Therefore, we predict
that the impact of vertical supervision on labor productivity will
be more significant in areas where the environmental legislation
system is more complete.

Following Zhang et al. (2019), we measured the completeness
of the environmental legislation system using the number of
effective environmental regulations in each province. The sample
was divided into two sub-samples based on the 2015 median of
this value, and separate regressions were conducted. As shown in
Columns (5) and (6) of Table 9, the coefficient of CEPI is
significant only in the group with more environmental regula-
tions, and the difference between the coefficients of the two
groups is statistically significant. These results indicate that the
positive effect of vertical supervision on labor productivity is
stronger in regions with a more comprehensive environmental
legislation system.

Discussion and conclusion

Concluding remarks. This study leverages the CEPI as an exo-
genous shock, applying a staggered DID approach to evaluate the
impact of vertical supervision on labor productivity. The con-
clusions obtained are as follows: First, labor productivity sig-
nificantly improved after the CEPI implementation, suggesting
that vertical supervision significantly enhances labor productivity.
The conclusion remains after conducting some robustness tests.
Second, mechanism analysis shows that the CEPI affects labor
productivity through three potential channels: enhancing local
governments’ willingness for environmental governance,
increasing their governance efforts, and improving the overall
effectiveness of environmental governance. Finally, the influence
of vertical supervision on labor productivity differs across firms
and regions. This positive impact is more evident in SOEs,
regions with lower resource reliance, and regions with stronger
environmental regulation.

Policy implications. First, our research indicates that the CEPI
significantly enhances labor productivity. The central government
should increase the frequency and scope of vertical supervision
while continuously innovating the vertical regulatory model to
organically combine authority and sustainability, thus achieving
both environmental protection and economic development. Sec-
ond, the impact of vertical supervision on labor productivity
differs by context, with a more positive effect observed in SOEs.
Therefore, the central government should increase financial
support and policy guidance for private firms while strengthening
environmental supervision. Furthermore, vertical supervision
proves more effective in regions with lower resource dependence
and better environmental legislation systems. Consequently, local
governments should innovate economic development models to
reduce their reliance on natural resources. Additionally, apart
from CEPI implementation, it is essential for relevant authorities
to further enhance the framework and completeness of environ-
mental legislation to create a conducive legal environment for
proactive vertical supervision.

Future research recommendations. Although our research helps
optimize vertical supervision policies and enhance economic
efficiency, some limitations remain. Due to data availability
constraints, this study focuses solely on listed Chinese firms.

Subsequent investigations may extend the scope of our empirical
evidence by incorporating comprehensive field studies and sys-
tematic survey methodologies to examine how vertical super-
vision affects the labor productivity of non-listed firms.

Data availability
Data generated during this analysis are provided as Supplemen-
tary Materials.

Received: 3 January 2024; Accepted: 28 April 2025;
Published online: 08 May 2025

References

Archsmith ], Heyes A, Saberian S (2018) Air quality and error quantity: pollution
and performance in a high-skilled, quality-focused occupation. ] Assoc
Environ Resour Econ 5(4):827-863. https://doi.org/10.1086/698728

Bareille F, Wolfersberger J, Zavalloni M (2023) Institutions and conservation: the
case of protected areas. ] Environ Econ Manag 118:102768. https://doi.org/10.
1016/j.jeem.2022.102768

Besley T, Coate S (2003) Centralized versus decentralized provision of local public
goods: a political economy approach. J Public Econ 87(12):2611-2637.
https://doi.org/10.1016/S0047-2727(02)00141-X

Borusyak K, Jaravel X, Spiess J (2024) Revisiting event-study designs: robust and
efficient estimation. Rev Econ Stud 91(6):3253-3285. https://doi.org/10.1093/
restud/rdae007

Callaway B, SantAnna PHC (2021) Difference-in-differences with multiple time
periods. ] Econ 225(2):200-230. https://doi.org/10.1016/j.jeconom.2020.12.001

Carson RT, Koundouri P, Nauges C (2011) Arsenic mitigation in Bangladesh: a
household labor market approach. Am J Agric Econ 93(2):407-414. https://
www.jstor.org/stable/41240302

Chang TY, Graff Zivin ], Gross T, Neidell M (2019) The effect of pollution on
worker productivity: evidence from call center workers in China. Am Econ J
Appl Econ 11(1):151-172. https://doi.org/10.1257/app.20160436

Chang T, Graff Zivin J, Gross T, Neidell M (2016) Particulate pollution and the
productivity of pear packers. Am Econ ] Econ Policy 8(3):141-169. https://
doi.org/10.1257/pol.20150085

Chay KY, Greenstone M (2003) The impact of air pollution on infant mortality:
evidence from geographic variation in pollution shocks induced by a reces-
sion. Q J Econ 118(3):1121-1167. https://doi.org/10.1162/0033553036
0698513

Chen SS, Xu JH, Fan Y (2015) Evaluating the effect of coal mine safety supervision
system policy in China’s coal mining industry: a two-phase analysis. Resour
Policy 46:12-21. https://doi.org/10.1016/j.resourpol.2015.07.004

Chen Z, Kahn ME, Liu Y, Wang Z (2018) The consequences of spatially differ-
entiated water pollution regulation in China. J Environ Econ Manag
88:468-485. https://doi.org/10.1016/j.jeem.2018.01.010

Datta DK, Guthrie JP, Wright PM (2005) Human resource management and labor
productivity: Does industry matter? Acad Manag J 48(1):135-145. https://doi.
org/10.5465/amj.2005.15993158

De Chaisemartin C, d’Haultfoeuille X (2020) Two-way fixed effects estimators with
heterogeneous treatment effects. Am Econ Rev 110(9):2964-2996. https://doi.
org/10.1257/aer.20181169

Ding Z, Gao X, Qian X, Wang H (2022) Governmental inspection and local leg-
islation on environmental protection: evidence from China. J Econ Surv
36(3):728-763. https://doi.org/10.1111/joes.12431

Fan CS, Lin C, Treisman D (2009) Political decentralization and corruption: evi-
dence from around the world. J Public Econ 93(1-2):14-34. https://doi.org/
10.1016/j.jpubeco.2008.09.001

Gong N, Guo L, Wang Z (2023) Shareholder litigation and workplace safety. ] Corp
Financ 82:102467. https://doi.org/10.1016/j.jcorpfin.2023.102467

Hainmueller ] (2012) Entropy balancing for causal effects: a multivariate
reweighting method to produce balanced samples in observational studies.
Political Anal 20(1):25-46. https://doi.org/10.1093/pan/mpr025

Hanna R, Oliva P (2015) The effect of pollution on labor supply: evidence from a
natural experiment in Mexico City. J Public Econ 122:68-79. https://doi.org/
10.1016/j.jpubeco.2014.10.004

Harris JS (1955) Central government inspection of local services in Britain. Public
Adm Rev 15(1):26-34. https://doi.org/10.2307/972564

He J, Liu H, Salvo A (2019) Severe air pollution and labor productivity: evidence
from industrial towns in China. Am Econ J Appl Econ 11(1):173-201. https://
doi.org/10.1257/app.20170286

Jia K, Chen S (2019) Could campaign-style enforcement improve environmental
performance? Evidence from China’s central environmental protection

| (2025)12:637 | https://doi.org/10.1057/s41599-025-04958-x 13


https://doi.org/10.1086/698728
https://doi.org/10.1016/j.jeem.2022.102768
https://doi.org/10.1016/j.jeem.2022.102768
https://doi.org/10.1016/S0047-2727(02)00141-X
https://doi.org/10.1093/restud/rdae007
https://doi.org/10.1093/restud/rdae007
https://doi.org/10.1016/j.jeconom.2020.12.001
https://www.jstor.org/stable/41240302
https://www.jstor.org/stable/41240302
https://doi.org/10.1257/app.20160436
https://doi.org/10.1257/pol.20150085
https://doi.org/10.1257/pol.20150085
https://doi.org/10.1162/00335530360698513
https://doi.org/10.1162/00335530360698513
https://doi.org/10.1016/j.resourpol.2015.07.004
https://doi.org/10.1016/j.jeem.2018.01.010
https://doi.org/10.5465/amj.2005.15993158
https://doi.org/10.5465/amj.2005.15993158
https://doi.org/10.1257/aer.20181169
https://doi.org/10.1257/aer.20181169
https://doi.org/10.1111/joes.12431
https://doi.org/10.1016/j.jpubeco.2008.09.001
https://doi.org/10.1016/j.jpubeco.2008.09.001
https://doi.org/10.1016/j.jcorpfin.2023.102467
https://doi.org/10.1093/pan/mpr025
https://doi.org/10.1016/j.jpubeco.2014.10.004
https://doi.org/10.1016/j.jpubeco.2014.10.004
https://doi.org/10.2307/972564
https://doi.org/10.1257/app.20170286
https://doi.org/10.1257/app.20170286

ARTICLE

inspection. ] Environ Manag 245:282-290. https://doi.org/10.1016/j.jenvman.
2019.05.114

Jia R, Nie H (2017) Decentralization, collusion, and coal mine deaths. Rev Econ
Stat 99(1):105-118. https://doi.org/10.1162/REST_a_00563

Kong D, Wang Y, Ye N (2024) Deregulating the input market by central inspec-
tion: lessons from China’s primary land market. ] Econ Behav Organ
220:732-755. https://doi.org/10.1016/j.jebo.2024.02.039

Kopyrina O, Wu K, Ying Z (2023) Greening through central inspection: the role of
legitimacy pressure and risk-taking. Pac Basin Financ ] 77:101894. https://doi.
org/10.1016/j.pacfin.2022.101894

Kostka G, Moslener U, Andreas J (2013) Barriers to increasing energy efficiency:
evidence from small-and medium-sized enterprises in China. J Clean Prod
57:59-68. https://doi.org/10.1016/j.jclepro.2013.06.025

Kou P, Han Y, Qi X (2022) The operational mechanism and effectiveness of
China’s central environmental protection inspection: evidence from air pol-
lution. Socio Econ Plan Sci 81:101215. https://doi.org/10.1016/j.seps.2021.
101215

Kunce M, Shogren JF (2005) On interjurisdictional competition and environmental
federalism ] Environ Econ Manag 50(1):212-224. https://doi.org/10.1016/j.
jeem.2004.11.004

Li H, Zhou LA (2005) Political turnover and economic performance: the incentive
role of personnel control in China. ] Public Econ 89(9-10):1743-1762. https://
doi.org/10.1016/j.jpubeco.2004.06.009

Li N, Feng C, Shi B, Kang R, Wei W (2022) Does the change of official promotion
assessment standards contribute to the improvement of urban environmental
quality? J Clean Prod 348:131254. https://doi.org/10.1016/j.jclepro.2022.
131254

Li Q, Chen Y, Wan M (2023) The impact of central environmental inspection on
institutional ownership: evidence from Chinese listed firms. Pac Basin Financ
J 77:101934. https://doi.org/10.1016/j.pacfin.2022.101934

Li R, Zhou Y, Bi J, Liu M, Li S (2020) Does the central environmental inspection
actually work? J Environ Manag 253:109602. https://doi.org/10.1016/].
jenvman.2019.109602

Lin C, Sun W (2023) Central environmental protection inspection, environmental
quality, and economic growth: evidence from China. Appl Econ 55(50):
5956-5974. https://doi.org/10.1080/00036846.2022.2140776

Lin J, Long C, Yi C (2021) Has central environmental protection inspection
improved air quality? Evidence from 291 Chinese cities. Environ Impact
Assess Rev 90:106621. https://doi.org/10.1016/j.eiar.2021.106621

Liu J, Diamond ] (2005) China’s environment in a globalizing world. Nature
435(7046):1179-1186. https://doi.org/10.1038/4351179a

Liu Y (2023) Judicial independence and crash risk: evidence from a natural
experiment in China. ] Corp Financ 83:102490. https://doi.org/10.1016/j.
jeorpfin.2023.102490

Masciandaro D, Quintyn M (2016) The governance of financial supervision: recent
developments. ] Econ Surv 30(5):982-1006. https://doi.org/10.1111/joes.12130

McAusland C (2003) Voting for pollution policy: the importance of income
inequality and openness to trade. J Int Econ 61(2):425-451. https://doi.org/
10.1016/S0022-1996(03)00005-9

Mol APJ, Carter NT (2006) China’s environmental governance in transition.
Environ Politics 15(02):149-170

Ostro BD (1983) The effects of air pollution on work loss and morbidity. ] Environ
Econ Manag 10(4):371-382. https://doi.org/10.1016/0095-0696(83)90006-2

Pan J, Weng R, Yin S, Fu X (2022) Central supervision and earnings management:
quasi-experimental evidence from China. Br Account Rev 54(3):101082.
https://doi.org/10.1016/j.bar.2022.101082

Pan L, Yao S (2021) Does central environmental protection inspection enhance
firms’ environmental disclosure? Evidence from China. Growth Change
52(3):1732-1760. https://doi.org/10.1111/grow.12517

Razzaq A, Sharif A, Ozturk I, Yang X (2023) Central inspections of environmental
protection and transition for low-carbon Chinese cities: policy intervention
and mechanism analysis. Energy Econ 124:106859. https://doi.org/10.1016/j.
eneco.2023.106859

Sénchez PE, Benito-Herndndez S (2015) CSR policies: effects on labour pro-
ductivity in Spanish micro and small manufacturing companies. ] Bus Ethics
128:705-724. https://doi.org/10.1007/s10551-013-1982-x

Schultz TW (1961) Investment in human capital. Am Econ Rev 51(1):1-17. https:/
www.jstor.org/stable/1818907

Shi J, Sadowski B, Li S, Nomaler O (2020) Joint effects of ownership and com-
petition on the relationship between innovation and productivity: application
of the CDM model to the Chinese manufacturing sector. Manag Organ Rev
16(4):769-789. https://doi.org/10.1007/s10551-013-1982-x

Shimshack JP, Ward MB (2005) Regulator reputation, enforcement, and envir-
onmental compliance. ] Environ Econ Manag 50(3):519-540. https://doi.org/
10.1016/j.jeem.2005.02.002

Solow RM (1956) A contribution to the theory of economic growth. Q J Econ
70(1):65-94. https://doi.org/10.2307/1884513

Tiebout CM (1956) A pure theory of local expenditures. J Political Econ
64(5):416-424. https://doi.org/10.1086/257839

Tu C, Liang Y, Fu Y (2024) How does the environmental attention of local gov-
ernments affect regional green development? Empirical evidence from local
governments in China. Humanit Soc Sci Commun 11(1):1-14. https://doi.
0rg/10.1057/541599-024-02887-9

Wang J, Zhang W, Zou G, Li Y (2023) Strengthened enforcement, weakened
efficiency: the effect of environmental inspection on corporate investment.
Econ Lett 232:111324. https://doi.org/10.1086/257839

Wang W, Sun X, Zhang M (2021) Does the central environmental inspection
effectively improve air pollution?—An empirical study of 290 prefecture-level
cities in China. J Environ Manag 286:112274. https://doi.org/10.1016/j.
jenvman.2021.112274

Xu Y, Xuan Y, Zheng G (2021) Internet searching and stock price crash risk:
evidence from a quasi-natural experiment. J Financ Econ 141(1):255-275.
https://doi.org/10.1016/j.jfineco.2021.03.003

Yang X, Wang W, Wu H, Wang ], Ran Q, Ren S (2022) The impact of the new
energy demonstration city policy on the green total factor productivity of
resource-based cities: empirical evidence from a quasi-natural experiment in
China. ] Environ Plan Manag 66(2):293-326. https://doi.org/10.1080/
09640568.2021.1988529

Yuan F, Zhai Y, Sun X, Dong Y (2022) Air pollution mitigation: evidence from
China’s central environmental inspection. Environ Impact Assess Rev
96:106835. https://doi.org/10.1016/j.eiar.2022.106835

Zeng M, Zheng L, Huang Z, Cheng X, Zeng H (2023) Does vertical supervision
promote regional green transformation? Evidence from Central Environ-
mental Protection Inspection. J Environ Manag 326:116681. https://doi.org/
10.1016/j.jenvman.2022.116681

Zhang B, Chen X, Guo H (2018) Does central supervision enhance local envir-
onmental enforcement? Quasi-experimental evidence from China. J Public
Econ 164:70-90. https://doi.org/10.1016/j.jpubeco.2018.05.009

Zhang Q, Yu Z, Kong D (2019) The real effect of legal institutions: environmental
courts and firm environmental protection expenditure. J Environ Econ
Manag 98:102254. https://doi.org/10.1016/j.jeem.2019.102254

Zhao ], Wu Y, Zhu N (2009) Implementing effect of energy efficiency supervision
system for government office buildings and large-scale public buildings in China.
Energy Policy 37(6):2079-2086. https://doi.org/10.1016/j.enpol.2008.11.041

Zivin JG, Neidell M (2012) The impact of pollution on worker productivity. Am
Econ Rev 102(7):3652-3673. https://doi.org/10.1257/aer.102.7.3652

Acknowledgements
This paper is supported by the Major Commissioned Program of Social Science Planning
Foundation of Liaoning Province, China (Project No. L24ZD003).

Author contributions

Weimin Xie contributed to the conceptualization, methodology, and formal analysis of
the research, as well as played a significant role in writing and revising the manuscript.
Jialu Guo was involved in the project design and development of the research framework
and provided critical insights during the data analysis and interpretation phase, con-
tributing to manuscript editing. Hengxin Zhang assisted in the data analysis and
visualization and contributed to the drafting, review, and editing of the manuscript.
Mingxiao Fang was primarily responsible for data collection, ensuring the integrity and
accuracy of the data, and also contributed to the initial data analysis.

Competing interests
The authors declare no competing interests.

Ethical approval
This article does not contain any studies with human participants performed by any of
the authors.

Informed consent
This article does not contain any studies with human participants performed by any of
the authors.

Additional information

Supplementary information The online version contains supplementary material
available at https://doi.org/10.1057/s41599-025-04958-x.

Correspondence and requests for materials should be addressed to Hengxin Zhang.

Reprints and permission information is available at http://www.nature.com/reprints

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

| (2025)12:637 | https://doi.org/10.1057/s41599-025-04958-x


https://doi.org/10.1016/j.jenvman.2019.05.114
https://doi.org/10.1016/j.jenvman.2019.05.114
https://doi.org/10.1162/REST_a_00563
https://doi.org/10.1016/j.jebo.2024.02.039
https://doi.org/10.1016/j.pacfin.2022.101894
https://doi.org/10.1016/j.pacfin.2022.101894
https://doi.org/10.1016/j.jclepro.2013.06.025
https://doi.org/10.1016/j.seps.2021.101215
https://doi.org/10.1016/j.seps.2021.101215
https://doi.org/10.1016/j.jeem.2004.11.004
https://doi.org/10.1016/j.jeem.2004.11.004
https://doi.org/10.1016/j.jpubeco.2004.06.009
https://doi.org/10.1016/j.jpubeco.2004.06.009
https://doi.org/10.1016/j.jclepro.2022.131254
https://doi.org/10.1016/j.jclepro.2022.131254
https://doi.org/10.1016/j.pacfin.2022.101934
https://doi.org/10.1016/j.jenvman.2019.109602
https://doi.org/10.1016/j.jenvman.2019.109602
https://doi.org/10.1080/00036846.2022.2140776
https://doi.org/10.1016/j.eiar.2021.106621
https://doi.org/10.1038/4351179a
https://doi.org/10.1016/j.jcorpfin.2023.102490
https://doi.org/10.1016/j.jcorpfin.2023.102490
https://doi.org/10.1111/joes.12130
https://doi.org/10.1016/S0022-1996(03)00005-9
https://doi.org/10.1016/S0022-1996(03)00005-9
https://doi.org/10.1016/0095-0696(83)90006-2
https://doi.org/10.1016/j.bar.2022.101082
https://doi.org/10.1111/grow.12517
https://doi.org/10.1016/j.eneco.2023.106859
https://doi.org/10.1016/j.eneco.2023.106859
https://doi.org/10.1007/s10551-013-1982-x
https://www.jstor.org/stable/1818907
https://www.jstor.org/stable/1818907
https://doi.org/10.1007/s10551-013-1982-x
https://doi.org/10.1016/j.jeem.2005.02.002
https://doi.org/10.1016/j.jeem.2005.02.002
https://doi.org/10.2307/1884513
https://doi.org/10.1086/257839
https://doi.org/10.1057/s41599-024-02887-9
https://doi.org/10.1057/s41599-024-02887-9
https://doi.org/10.1086/257839
https://doi.org/10.1016/j.jenvman.2021.112274
https://doi.org/10.1016/j.jenvman.2021.112274
https://doi.org/10.1016/j.jfineco.2021.03.003
https://doi.org/10.1080/09640568.2021.1988529
https://doi.org/10.1080/09640568.2021.1988529
https://doi.org/10.1016/j.eiar.2022.106835
https://doi.org/10.1016/j.jenvman.2022.116681
https://doi.org/10.1016/j.jenvman.2022.116681
https://doi.org/10.1016/j.jpubeco.2018.05.009
https://doi.org/10.1016/j.jeem.2019.102254
https://doi.org/10.1016/j.enpol.2008.11.041
https://doi.org/10.1257/aer.102.7.3652
https://doi.org/10.1057/s41599-025-04958-x
http://www.nature.com/reprints

ARTICLE

@@@@ Open Access This article is licensed under a Creative Commons
BY NC _ND

Attribution-NonCommercial-NoDerivatives 4.0 International License,
which permits any non-commercial use, sharing, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the original author(s) and
the source, provide a link to the Creative Commons licence, and indicate if you modified
the licensed material. You do not have permission under this licence to share adapted
material derived from this article or parts of it. The images or other third party material
in this article are included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in the article’s
Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this licence, visit http://creativecommons.org/
licenses/by-nc-nd/4.0/.

© The Author(s) 2025

| (2025)12:637 | https://doi.org/10.1057/s41599-025-04958-x 15


http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/

	Does vertical supervision enhance labor productivity? Evidence from China&#x02019;s central environmental protection inspection
	Introduction
	Institutional background
	Literature review
	Research on the economic consequences of CEPI
	Research on the impact of environmental factors on labor productivity

	Hypothesis development
	The impact of vertical supervision on labor productivity
	The analysis of the mechanisms through which vertical supervision affects labor productivity

	Model design
	Sample and data
	Variable definition
	Dependent variable
	Core independent variable
	Control variables

	Research design

	Research results
	Descriptive statistics
	Baseline results
	Robustness tests
	Parallel trend test
	Placebo test
	Robust staggered DID tests
	Propensity score matching method
	Entropy balancing method
	Change the measurement of labor productivity
	Change the definition of the treatment group variable
	Exclude the effects of contemporary policies
	Exclude the effects of other factors
	D1
	D2


	Mechanism analysis
	Enhancing the willingness of local government environmental governance
	Strengthening the intensity of local government environmental governance
	Increasing the effectiveness of local government environmental governance

	Heterogeneity analysis
	The impact of property rights nature
	The impact of regional resource dependency
	The impact of environmental legislation systems


	Discussion and conclusion
	Concluding remarks
	Policy implications
	Future research recommendations

	Data availability
	References
	Acknowledgements
	Author contributions
	Competing interests
	Additional information




