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Abstract

Amid the global energy transition, whether city-level energy policies can improve firm-level
sustainability remains insufficiently understood. Using panel data on Chinese A-share
listed firms from 2009 to 2023, this study examines the relationship between China’s New
Energy Demonstration City (NEDC) Pilot Policy and corporate environmental, social, and
governance (ESG) performance within a difference-in-differences framework. The results
show that firms registered in pilot cities experienced greater post-designation improve-
ments in ESG performance than firms in non-pilot cities, and this finding remains robust
across a range of identification and sensitivity analyses. Channel analyses provide evidence
consistent with green technological innovation and improved external financing conditions
as two potential firm-level channels associated with the NEDC–ESG relationship. The
estimated relationship is more pronounced among firms with greater analyst coverage,
non-state-owned enterprises, and high-tech firms, as well as among firms located in the
eastern and central regions and in areas with stronger pre-existing environmental regula-
tion. Dimension-specific analyses yield positive and statistically significant estimates for
environmental and governance performance, but not for social performance. Distance-band
estimates further suggest localized spillovers to nearby non-pilot firms. These findings
extend the evidence on the firm-level consequences of city-level energy-transition policies
and highlight the roles of firm characteristics, local institutional conditions, and external
information environments in shaping corporate sustainability responses.

Keywords: new energy policy; ESG performance; corporate sustainability; green technological
innovation; financing constraints; analyst coverage; difference-in-differences (DID)

1. Introduction
Against the backdrop of escalating environmental and climate risks and growing

concerns over energy security [1,2], new energy policies have become an important policy
instrument for governments worldwide to optimize energy structures, facilitate the green
and low-carbon transition, and promote sustainable development [3,4]. However, the
effectiveness of these policies depends not only on their ability to drive energy substitution
and industrial restructuring at the macro level, but also, more importantly, on whether
they can be effectively transmitted to the firm level, thereby encouraging firms to adjust
production practices, optimize resource allocation, enhance technological innovation, and
improve corporate governance. As the primary agents of energy consumption, technologi-
cal innovation, and value creation, firms play a pivotal role in determining whether the
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objectives of new energy policies can be translated into tangible environmental, social, and
governance outcomes. Therefore, understanding whether and how new energy policies
affect corporate sustainability is important for evaluating their firm-level consequences.

As sustainable development has gained increasing prominence, environmental, social,
and governance (ESG) has become a widely used framework for evaluating corporate
sustainability. ESG performance provides a multidimensional measure of firms’ environ-
mental, social, and governance outcomes [5]. According to institutional theory, corporate
behavior is shaped not only by economic incentives and efficiency considerations but also
by regulatory requirements, policy expectations, and legitimacy pressures arising from
the external institutional environment [6]. As a place-based policy package integrating
regulatory coordination, resource support, and infrastructure development, new energy
policies may generate competing enabling and constraining effects on corporate ESG per-
formance. On the enabling side, environmental targets and monitoring requirements
increase firms’ incentives to reduce pollutant emissions [7], while fiscal and financial sup-
port, technology promotion, and renewable-energy infrastructure can lower the costs of
green transformation and encourage green technological innovation [8]. Related evidence
also suggests that decentralized energy transition policies can facilitate the sustainable
green transformation of high-energy-consuming firms [9]. On the constraining side, the
compliance and adjustment costs associated with energy transition may intensify firms’
financial pressures, especially among firms with limited access to external finance, thereby
crowding out long-term ESG investment [10]. The net effect of new energy policy on
corporate ESG performance is therefore theoretically ambiguous and requires systematic
firm-level empirical examination.

China’s New Energy Demonstration City Pilot Policy provides a useful institutional
setting for examining this research question. As one of the world’s largest energy con-
sumers, China has long relied heavily on fossil fuels, resulting in substantial environmental
pressures and resource constraints [11]. In response, the Chinese government has elevated
new energy development to a national strategic priority and progressively expanded its
policy framework for promoting the energy transition [12]. Within this broader frame-
work, the New Energy Demonstration City (NEDC) Pilot Policy, with pilot cities formally
designated in 2014, constitutes a major place-based policy package aimed at accelerating
renewable-energy development and transforming urban energy systems. The policy des-
ignated 81 prefecture-level and above cities and combined target setting, administrative
coordination, financial support, technology promotion, renewable-energy infrastructure
development, and implementation monitoring. Its clearly defined formal designation
date and geographic coverage provide transparent temporal and spatial boundaries for a
difference-in-differences design. Because pilot designation was not random, however, the
empirical analysis explicitly considers pre-existing differences between pilot and non-pilot
cities through a series of identification and sensitivity analyses.

Existing research relevant to this study can be broadly divided into two streams.
The first examines the consequences of new-energy policies, with prior studies focusing
mainly on regional and city-level outcomes. These studies show that such policies im-
prove carbon emission efficiency [13], reduce carbon emissions [14] and air pollution [15],
promote industrial restructuring [16], improve energy efficiency [17] and urban green
economic performance [18], and generate broader but potentially heterogeneous effects
on regional sustainable development [19]. At the firm level, recent research has examined
outcomes such as green innovation, energy consumption intensity, and green mergers
and acquisitions [20–22]. The second stream investigates the determinants of corporate
ESG performance, including executive characteristics, ownership structures, board at-
tributes, environmental regulation, green finance, social trust, and public environmental
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concern [23–30]. Although these studies identify a wide range of firm-level and institu-
tional drivers of ESG performance, direct evidence on how a place-based new energy policy
package affects firms’ overall ESG performance remains relatively limited.

Recent studies have begun to directly examine the relationship between energy tran-
sition policies and corporate ESG performance, but findings are mixed. Tu et al. [10]
report that energy transition policies may reduce corporate ESG performance by increasing
bankruptcy risk and tightening financing constraints. By contrast, Zheng et al. [31] find
that the NEDC Pilot Policy improves the ESG performance of energy-intensive firms. These
differences may reflect variation in policy measurement, sample composition, industry cov-
erage, and sample period, as well as the relative importance of transition costs and policy
support. Importantly, whether the positive ESG response to the NEDC Pilot Policy docu-
mented among energy-intensive firms extends to a broader multi-industry sample remains
unclear. Further evidence is needed on the potential roles of green technological innovation
and external financing conditions in linking the policy to corporate ESG performance, as
well as on whether the external information environment moderates this relationship.

Motivated by these gaps, this study examines whether the NEDC Pilot Policy is as-
sociated with improvements in corporate ESG performance, explores green technological
innovation and external financing conditions as potential firm-response channels and the
moderating role of the external information environment, and investigates how the esti-
mated relationship varies across ESG dimensions, firm characteristics, regional contexts,
and geographic proximity to pilot cities. Specifically, this study uses panel data on Chinese
A-share non-financial listed firms from 2009 to 2023 and a difference-in-differences frame-
work to examine the firm-level ESG consequences of China’s New Energy Demonstration
City Pilot Policy. It further investigates green technological innovation and external financ-
ing conditions, proxied by financing constraints, as potential firm-response channels, and
examines analyst coverage as an external information and monitoring condition. We also
examine differences across ESG dimensions, firm characteristics, and regional contexts, as
well as the geographic reach of potential policy spillovers.

A central contribution of this study is the development of a policy-specific analytical
framework for understanding how a place-based energy-transition policy may translate
into firm-level sustainability outcomes. Rather than treating the NEDC program as a single
regulatory intervention, the framework distinguishes direct regulatory and administrative
coordination instruments from incentive and resource-support instruments, and separates
policy instruments, firm-response channels, and external conditions. Linking this policy
mix to firms’ transition motivation and transition capacity clarifies the distinct roles of
green technological innovation as a behavioral response, external financing conditions
as a resource condition, and analyst coverage as an external information and monitoring
condition that may shape policy transmission.

A second contribution lies in extending the literature on the corporate ESG conse-
quences of energy-transition policies, where existing evidence remains limited and mixed.
Whereas prior research on the relationship between NEDC and ESG has largely focused
on energy-intensive firms, this study uses a multi-industry sample to examine whether
the estimated relationship extends to a broader range of listed firms. Dimension-specific
analyses further show that the estimated response is concentrated in environmental and
governance performance rather than being uniform across ESG components.

Finally, this study contributes to the literature on the heterogeneous and spatial
consequences of place-based energy-transition policies by moving beyond the average
policy estimate. The analysis identifies important boundary conditions associated with
ownership structure, industry technology intensity, and regional institutional environments,
and further examines localized spillovers to nearby non-pilot firms. Although the NEDC
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program is embedded in China’s institutional setting, the findings offer qualified insights
for other emerging economies considering similar place-based energy-transition policies,
subject to differences in governance capacity, financial systems, and regulatory institutions.

The remainder of this paper is organized as follows. Section 2 introduces the insti-
tutional background of the NEDC Pilot Policy, develops the theoretical framework, and
presents the research hypotheses. Section 3 describes the research design, including model
specification, variable construction, and data sources. Section 4 presents the baseline results
and robustness tests. Section 5 conducts the channel analyses and examines the moderating
role of analyst coverage. Section 6 presents further analyses, including the effects of the
NEDC Pilot Policy across different ESG dimensions, heterogeneity in the policy effects,
and the spatial spillover effects and their geographic reach. Section 7 summarizes the
main findings and discusses the policy implications, research limitations, and directions for
future research.

2. Policy Background and Hypothesis Development
2.1. Policy Background

The New Energy Demonstration City (NEDC) Pilot Policy is a place-based policy
initiative through which China promotes the large-scale development and utilization
of new energy and the transformation of urban energy systems. In January 2014, the
National Energy Administration officially announced the first batch of NEDC pilot cities,
designating 81 cities as pilot areas. Following the official announcement, the selected
cities began implementing the NEDC program under a common national framework for
policy planning, progress reporting, monitoring, and evaluation. We therefore use 2014 as
the policy treatment year and classify cities included in the official NEDC list as treated
cities. Their geographic distribution is presented in Figure 1. The common formal policy
announcement and clearly defined geographic coverage provide transparent temporal
and spatial boundaries for examining changes in corporate ESG performance in pilot and
non-pilot cities before and after the formal designation of pilot cities.

Figure 1. Geographic distribution of the pilot cities.

Before the official pilot list was finalized, cities were selected through a process in-
volving local applications, review by provincial energy authorities, and comprehensive
evaluation by the National Energy Administration. Applicant cities were required to
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prepare NEDC development plans specifying new-energy development objectives, major
projects, implementation arrangements, and supporting measures. The evaluation focused
primarily on cities’ existing foundations in energy conservation and new-energy utiliza-
tion, conditions for new-energy development and utilization, development planning and
implementation capacity, local policy support, and supporting infrastructure. Final pilot
status was determined through national-level administrative evaluation and formal desig-
nation. For empirical purposes, firm-level treatment status is therefore defined according
to whether the city in which a firm was registered was included in the official pilot list. The
NEDC program thus generated a clearly defined change in the local policy environment
faced by firms in designated cities, with a formal designation date and geographic bound-
ary, providing an institutional basis for comparing firms located in pilot cities with those
located in non-pilot cities before and after formal designation.

At the same time, the selection process indicates that pilot status was not randomly
assigned across cities. Designation was related to pre-existing conditions such as the local
foundation for new-energy development, energy conservation and environmental perfor-
mance, planning and implementation capacity, and supporting policy arrangements. Pilot
and non-pilot cities may therefore have differed systematically before formal pilot designa-
tion. The common policy announcement and clearly defined pilot areas provide transparent
temporal and geographic boundaries for constructing the difference-in-differences design,
but these features do not eliminate concerns arising from non-random policy assignment.
To address these concerns, this study explicitly considers pre-existing characteristics and
differential development patterns between pilot and non-pilot cities and conducts a series
of robustness and sensitivity analyses to address potential selection-related bias.

The institutional selection process also helps clarify the scope of potential reverse-
causality concerns. NEDC evaluation and designation were based primarily on city-level
conditions for new-energy development, energy utilization, planning, and policy implemen-
tation, whereas corporate ESG performance was not a formal criterion for pilot selection.
This reduces concerns that pilot status was assigned directly in response to firm-level
ESG performance. It does not, however, rule out the possibility that pilot selection was
correlated with pre-existing city characteristics that also affected subsequent corporate
ESG trajectories. Overall, the NEDC program represents a city-level policy intervention
that altered the local policy environment faced by firms, while its non-random geographic
assignment requires careful empirical treatment. In terms of policy content, the NEDC pro-
gram does not rely on a single environmental regulatory instrument. Rather, it represents a
comprehensive policy arrangement centered on the transformation of urban energy sys-
tems and combines multiple instruments, including new-energy development targets, local
planning and administrative coordination, information monitoring and policy evaluation,
fiscal and financial support, technology promotion and demonstration applications, and
new-energy infrastructure development. Based on their mode of intervention and principal
functions, these instruments can be grouped into two broad categories.

The first category consists of direct regulatory and administrative coordination instru-
ments, including binding new-energy development targets, integration of demonstration-
city objectives into local development plans and annual plans, implementation responsibili-
ties, information monitoring and statistical reporting, project supervision, and performance
assessment. By incorporating new-energy development objectives into local economic
and social development plans and annual implementation plans, establishing binding
development targets, and supporting their implementation through monitoring, report-
ing, supervision, and assessment mechanisms, these instruments strengthen institutional
requirements, policy expectations, and administrative coordination for the energy transi-
tion. The second category consists of indirect incentive and resource-support instruments,
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including fiscal and financial support, technical services and technology promotion, appli-
cation demonstrations, new-energy infrastructure development, and related public services.
These instruments are designed to improve the financial, technological, market, and in-
frastructural conditions required for new-energy deployment and to alleviate resource
constraints and implementation costs associated with green transformation.

Although the two categories differ in their immediate functions, both are intended to
support the transformation of urban energy systems.

2.2. Theoretical Framework and Hypothesis Development

Figure 2 presents the theoretical framework linking the NEDC Pilot Policy to corpo-
rate ESG performance. The framework conceptualizes policy transmission as a sequence
from policy instruments to firm-level transition drivers, potential firm-level channels, and
ESG outcomes, while treating the external information environment as a condition that
may shape the strength of policy transmission. Specifically, the NEDC program combines
direct regulatory and administrative coordination instruments with indirect incentive and
resource-support instruments. These instruments may jointly strengthen firms’ transition
motivation and transition capacity by increasing institutional and economic incentives for
energy transition and improving the resources and implementation conditions available for
adjustment. Transition motivation and transition capacity, in turn, provide the conceptual
basis for examining green technological innovation and external financing conditions as
two potential firm-level channels associated with the NEDC–ESG relationship. Analyst cov-
erage is conceptually distinct from these channels and is treated as an external information
and monitoring condition that may strengthen firms’ responsiveness to policy signals. The
framework also recognizes other theoretically relevant pathways that are not directly exam-
ined in the empirical analysis. Transition motivation and transition capacity are therefore
used as organizing concepts rather than as separately identified empirical mediators.

Figure 2. Theoretical framework.

The theoretical logic underlying this framework follows the same sequence. From
a policy-mix perspective, the NEDC program combines regulatory and administrative
requirements with incentive and resource support, allowing different policy instruments to
generate complementary effects [32]. Related research on the coordination of ecological
and economic resilience further emphasizes that sustainable development depends on
complementarities among ecological protection, economic development, infrastructure, and
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governance conditions [33]. This broader perspective is consistent with viewing the NEDC
program as a coordinated policy mix whose implications may extend beyond environmental
outcomes alone. Institutional theory further suggests that stronger policy requirements,
expectations, and signals can increase firms’ motivation to align their activities with local
energy-transition objectives [6]. The Porter Hypothesis and induced-innovation theory
provide a basis for understanding why changes in regulatory and incentive conditions
may encourage technological adjustment and green innovation [34,35]. At the same time,
resource dependence theory highlights the importance of access to external resources in
shaping firms’ capacity to undertake sustainability-related investment and adjustment [36].
These technological and resource-related changes may be reflected in broader ESG outcomes
as firms respond to environmental requirements and stakeholder expectations, consistent
with stakeholder theory [37]. Taken together, these perspectives explain how the NEDC
policy mix may reshape firms’ motivation and capacity to adjust and provide the theoretical
basis for the firm-level relationships examined below.

2.2.1. NEDC Pilot Policy and Corporate ESG Performance

Corporate ESG performance encompasses environmental, social, and governance
dimensions, which may respond differently to a place-based energy-transition policy.
From an institutional perspective, the NEDC program may alter the policy requirements,
expectations, and resource conditions surrounding local energy transition. By combining
direct regulatory and administrative coordination instruments with indirect incentive
and resource-support instruments, the policy may influence firms’ sustainability-related
decisions and practices. Because the objectives and instruments of the NEDC program are
more directly connected with some ESG dimensions than with others, its potential effects
are likely to differ across environmental, social, and governance dimensions.

From the environmental perspective, the relationship between the NEDC Pilot Policy
and corporate environmental performance is relatively more direct. New-energy devel-
opment targets, energy-structure adjustment objectives, local planning, monitoring, and
evaluation strengthen policy signals and adjustment pressures associated with continued
reliance on conventional energy. During pilot implementation, stronger local policy at-
tention to energy transition may encourage firms to improve energy efficiency, increase
clean-energy use, and adopt cleaner production practices [7,38]. At the same time, fiscal
and financial support, technical services, demonstration applications, and new-energy
infrastructure may reduce the financial, technological, and implementation barriers as-
sociated with adopting clean energy, energy-saving equipment, and green production
technologies [39]. The combination of stronger transition incentives and improved imple-
mentation conditions may therefore promote energy substitution, energy conservation,
emissions reduction, and greener production, thereby contributing to improved corporate
environmental performance.

From the social perspective, the link is less direct because the NEDC program does
not explicitly target employee welfare, consumer rights, supply-chain responsibility, or
community engagement. Potential social effects may arise indirectly as cleaner produc-
tion improves environmental conditions for employees and surrounding communities,
while the adoption of new technologies may increase demand for employee training and
skills upgrading. More broadly, firms may also face stronger stakeholder expectations
regarding the social implications of their transition activities [30,40]. However, these out-
comes depend on how firms translate energy-transition activities into broader employment,
stakeholder, and community practices, many of which require sustained organizational
adjustment. The social-performance response is therefore theoretically less direct than the
environmental response.
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From the governance perspective, the effect is also indirect. The monitoring, statistical
reporting, and policy-evaluation arrangements associated with the NEDC program increase
the demand for and visibility of energy-related information. Firms whose operations and
investment decisions are increasingly affected by the energy transition may therefore have
stronger incentives to improve energy-data collection, internal information systems, and
related management processes. In addition, the long investment horizons, substantial
capital requirements, and technological uncertainty associated with energy-transition
investments [41] may encourage firms to strengthen strategic planning, capital budgeting,
internal controls, and long-term risk management to better manage transition-related
opportunities and risks. Where firms undertake policy-supported or green investment
projects, requirements concerning fund use, project performance, and implementation
may further strengthen incentives for managerial oversight and accountability. Thus,
although the NEDC Pilot Policy does not directly prescribe firms’ governance structures or
impose uniform ESG disclosure requirements, it may indirectly contribute to governance
performance by increasing the organizational importance of information management, risk
control, project oversight, and accountability.

Overall, the NEDC Pilot Policy may affect the three ESG dimensions through different
pathways. Its connection with environmental performance is the most direct, while its
implications for governance and social performance may arise through broader organiza-
tional and stakeholder-related responses. By strengthening firms’ incentives to engage in
the energy transition and providing resources and implementation support, the policy may
encourage improvements in overall corporate sustainability, although the strength of the
response may vary across ESG dimensions. We therefore propose:

Hypothesis 1. The NEDC Pilot Policy improves corporate ESG performance.

2.2.2. Green Technological Innovation as a Potential Channel

Green technological innovation represents an important way in which firms may re-
spond to the NEDC policy. Consistent with the Porter Hypothesis and induced-innovation
theory, changes in regulatory pressures, relative technology costs, and expected returns
may redirect firms’ technological choices and R&D investment toward cleaner technolo-
gies [34,35]. Within the NEDC framework, regulatory and administrative coordina-
tion may strengthen firms’ incentives for technological upgrading, while incentive and
resource-support measures may improve the conditions under which green innovation can
be undertaken.

More specifically, regulatory and administrative coordination under the NEDC pro-
gram establishes new-energy development targets, incorporates these objectives into local
planning, and introduces monitoring and evaluation arrangements. Clearer and more per-
sistent policy signals may increase the expected costs of delaying technological upgrading,
particularly for firms that rely more heavily on conventional energy or emission-intensive
production processes. At the same time, clearer policy priorities may strengthen expec-
tations of future demand for new-energy equipment, energy-saving technologies, and
cleaner-production solutions, thereby increasing the expected returns to green R&D. Ex-
isting studies suggest that the NEDC program and related energy-transition policies can
promote green innovation at the firm and regional levels [20,42].

In addition to strengthening incentives for green innovation, the NEDC program may
provide resources that facilitate such investment. Green R&D typically requires substantial
upfront investment, involves long development cycles, and entails considerable techno-
logical uncertainty [41]. Fiscal and financial support, technical services, demonstration
applications, and new-energy infrastructure may reduce some of the financial and imple-
mentation barriers to green R&D and technology adoption. Demonstration activities and
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supporting services may also facilitate technology application, knowledge exchange, and
diffusion [43,44]. These measures may therefore improve the conditions under which firms
develop and adopt green technologies.

Greater green technological innovation may, in turn, be associated with better corpo-
rate ESG performance. Cleaner technologies can reduce energy consumption and pollutant
emissions and improve resource-use efficiency [45]. Green innovation may also strengthen
firms’ sustainability capabilities and signal their commitment to the green transition to
investors and other stakeholders [46]. Consistent with these arguments, prior studies
document a positive relationship between corporate green innovation and ESG perfor-
mance [47]. Overall, the NEDC policy may encourage green technological innovation by
strengthening firms’ incentives to innovate and improving the resources and conditions
available to support innovation. Green technological innovation may, in turn, contribute to
improved corporate ESG performance. We therefore propose:

Hypothesis 2. Green technological innovation is a potential channel through which the NEDC
Pilot Policy is associated with improved corporate ESG performance.

2.2.3. External Financing Conditions as a Potential Channel

External financing conditions constitute an important resource basis for firms’ green
transformation. From a resource-dependence perspective, firms’ ability to undertake
and sustain sustainability-related investments depends partly on their access to external
financial resources [36]. Many transition- and sustainability-related investments require
substantial upfront expenditure, while their returns are often long-term and uncertain.
Firms facing tighter financing constraints may therefore prioritize short-term operating
and liquidity needs, leaving fewer resources available for green investment and other
sustainability-related activities [48].

The NEDC policy may improve firms’ external financing conditions through both
categories of policy instruments. Direct regulatory and administrative coordination in-
struments clarify development objectives, strengthen planning coordination, and reinforce
implementation monitoring, thereby increasing the stability and predictability of the lo-
cal policy environment regarding new-energy development. These arrangements may
reduce uncertainty surrounding transition-related projects and investment opportunities
and facilitate financial institutions’ assessment of relevant firms and projects [49,50]. At the
same time, incentive and resource-support measures, including fiscal and financial support,
infrastructure development, technical services, and support for demonstration projects,
may reduce the costs and risks associated with transition-related investment [51,52]. These
measures may therefore improve firms’ access to external financial resources and ease
financing constraints associated with long-term sustainability investment.

Improved financing conditions may, in turn, strengthen firms’ capacity to pursue
ESG-related activities. Greater access to external resources may allow firms to sustain
long-term investment in clean-energy adoption, green R&D, environmental management,
and other sustainability-related activities whose returns may take time to materialize.
Consistent with this argument, existing studies suggest that tighter financing constraints
are associated with weaker ESG performance, whereas greater access to financial resources
supports firms’ sustainability investment [53–55]. In this study, the external financing
conditions considered refer to firms’ overall ability to access external financial resources
rather than to any particular source of green finance. The relevant theoretical question is
therefore whether access to external financing supports firms’ transition capacity, rather
than whether the financing originates from green credit, conventional bank lending, bonds,
or other specific sources.
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Overall, the NEDC policy may improve firms’ external financing conditions by reduc-
ing policy uncertainty, lowering transition-related costs and risks, and providing resource
support. More favorable financing conditions may, in turn, enable firms to sustain longer-
term sustainability investments and improve ESG performance. We therefore propose:

Hypothesis 3. Improved external financing conditions are a potential channel through which the
NEDC Pilot Policy is associated with improved corporate ESG performance.

2.2.4. The Moderating Role of Analyst Coverage

Analyst coverage represents the external information and monitoring condition in
the theoretical framework and may shape the strength of the NEDC–ESG relationship.
Analysts can facilitate policy transmission by improving the information available to capital-
market participants. As important information intermediaries, analysts collect, process, and
interpret firm- and policy-related information, helping investors assess firms’ responses
to changing energy-transition priorities [56,57]. Greater analyst coverage may reduce
information asymmetry and make firms’ green investments and sustainability-related
activities more visible to the market. When investors are better able to evaluate the long-
term value and risks of these activities, firms may have stronger incentives to undertake
substantive sustainability investments in response to NEDC-related policy signals.

Analyst coverage may also strengthen external monitoring. Greater analyst scrutiny
increases the visibility of corporate decisions and disclosures and makes inconsistencies
between firms’ stated sustainability commitments and actual practices more likely to be
detected [58]. This scrutiny may raise the reputational costs of symbolic compliance or
selective disclosure and strengthen managerial incentives to respond substantively to policy
pressures and opportunities [59]. Firms receiving greater analyst coverage may therefore
be more likely to translate the incentives and support associated with the NEDC program
into sustainability-related actions.

Through its information-intermediation and external-monitoring functions, analyst
coverage may strengthen firms’ responsiveness to NEDC-related policy signals and thereby
amplify the positive NEDC–ESG relationship. We therefore propose:

Hypothesis 4. The positive relationship between the NEDC Pilot Policy and corporate ESG
performance is stronger among firms with greater analyst coverage.

3. Research Design
3.1. Variable Selection
3.1.1. Dependent Variable

Following prior studies [60,61], we measure corporate ESG performance using the
Huazheng ESG Rating. The Huazheng rating system evaluates Chinese listed firms across
the environmental, social, and governance dimensions and reports both an overall ESG
rating and separate ratings for each dimension. Its broad coverage of Chinese A-share
listed firms throughout the sample period makes it suitable for the present analysis. We
use the overall ESG rating as the baseline dependent variable, while the dimension-specific
ratings are examined separately in the additional analyses.

The Huazheng ESG Rating classifies firms into nine ordered categories: C, CC, CCC, B,
BB, BBB, A, AA, and AAA, with higher ratings indicating better overall ESG performance.
Following the existing corporate ESG literature [60,61], we assign numerical scores from
1 to 9 to these categories in ascending order and use the resulting score as the baseline
dependent variable. Although assigning scores from 1 to 9 imposes a numerical spacing
on the ordered categories, we do not interpret one-point differences across all adjacent
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rating categories as representing identical economic changes. Rather, the transformed score
is used as an approximately continuous representation of movements along the ordered
ESG scale.

To assess the robustness of our ESG measurement, we further use an alternative
construction of the Huazheng measure and an ESG measure from a different rating provider
in the robustness analysis.

3.1.2. Key Independent Variable

The key independent variable is the treatment indicator for the New Energy Demon-
stration City (NEDC) Pilot Policy, denoted by NEDCit. Following the standard difference-
in-differences (DID) framework, we first construct a treatment-group indicator, Treati.
Specifically, Treati equals one if firm i is registered in a city officially designated by the
National Energy Administration as an NEDC pilot city, and zero otherwise. We then con-
struct a post-policy indicator, Postt. Because the National Energy Administration officially
announced the first batch of NEDC pilot cities in January 2014, Postt equals one for 2014
and subsequent years and zero otherwise.

The policy treatment variable is defined as the interaction between the treatment-
group and post-policy indicators: NEDCit = Treati × Postt. Accordingly, NEDCit equals
one for firms registered in NEDC pilot cities from 2014 onward and zero otherwise.

3.1.3. Channel and Moderating Variables

Consistent with the theoretical framework developed in Section 2.2, we examine
green technological innovation and external financing conditions as two potential channels
underlying the NEDC–ESG relationship. Green technological innovation captures firms’
technological response and behavioral adjustments to the policy, while external financing
conditions reflect the availability of financial resources to support sustainability-related
investment. Analyst coverage is further introduced as a moderating variable capturing the
external information and monitoring environment surrounding firms.

Green technological innovation. Following prior studies [62,63], we measure corporate
green technological innovation using green patent applications and grants. Specifically,
GTI1 is defined as the natural logarithm of one plus the annual number of green patent
applications filed by firm i, while GTI2 is defined as the natural logarithm of one plus the
annual number of green patents granted to the firm. Green patent applications provide
a relatively timely measure of firms’ green innovation and patenting activities, although
they may also be affected by strategic patenting behavior. By contrast, granted green
patents have passed the relevant examination and authorization procedures and therefore
more directly reflect recognized green innovation outputs, although patents granted in a
given year may originate from applications filed in earlier periods. Thus, we employ both
patent applications and grants to capture corporate green technological innovation from
the perspectives of ongoing innovation activity and realized innovation output.

External financing conditions. We use financing constraints as an inverse measure of
firms’ external financing conditions. Following the SA index proposed by Hadlock and
Pierce [64], the index is calculated as follows:

SAit = −0.737 × Sizeit + 0.043 × Size2
it − 0.040 × Ageit (1)

where Sizeit is the natural logarithm of total assets of firm i in year t, and Ageit denotes the
number of years since the firm’s establishment. We then define the financing-constraint
measure as: FCit =| SAit |. A higher value of FCit indicates more severe financing
constraints and, correspondingly, less favorable external financing conditions. The SA
index is constructed solely from firm size and age and does not directly incorporate
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contemporaneous cash flow, leverage, investment, or financing decisions, thereby reducing
the potential mechanical influence of firms’ current operating and financing activities on
the financing-constraint measure. FC captures firms’ general external financing constraints
rather than access to a particular financing source or green-finance instrument. It therefore
reflects the broader financing environment facing firms rather than the specific terms or
characteristics of green financing.

Analyst coverage. To capture firms’ external information and monitoring environment,
we use analyst coverage as the moderating variable. Following Zhang and He [65], we use
two proxies for analyst coverage: the number of financial analysts following firm i in year t,
denoted by Analystit, and the number of analyst research reports issued for the firm during
the year, denoted by Reportit. Higher values of either measure indicate greater analyst
coverage. Both measures are used separately in the analysis to examine the moderating
role of analyst coverage in the relationship between the NEDC Pilot Policy and corporate
ESG performance.

3.1.4. Control Variables

To account for observable time-varying characteristics, we include two groups of
controls: general firm characteristics and corporate governance characteristics. The general
firm characteristics include firm size (Size), leverage (Lev), return on assets (Roa), operating
cash flow scaled by total assets (Cash), revenue growth (Growth), firm age (Age), and fixed-
asset intensity (Fixed). The corporate governance characteristics include the ownership
share of the largest shareholder (Top), the proportion of independent directors (Indep), CEO
duality (Dual), and board size (Board). Detailed definitions and measurement methods for
all variables are reported in Table 1.

Table 1. Variable definitions and measurements.

Variable Category Variables Symbol Operational Definition

Dependent variable Corporate ESG performance ESG Huazheng ESG ratings data

Independent variable New energy demonstration city pilot NEDC

DID treatment indicator defined as Treati × Postt. Treati equals
1 for a firm registered in an NEDC pilot city and 0 otherwise;
Postt equals 1 for 2014 and subsequent years and 0 for earlier
years.

Channel variable
Green Technology Innovation GTI1 ln(1 + annual green patent applications).

GTI2 ln(1 + annual green patent grants).
Financing constraints FC Absolute value of the SA index.

Moderator variable Analyst coverage Analyst Number of financial analysts following the firm.
Report Number of analyst research reports issued for the firm.

Control variable

Firm size Size Natural logarithm of total assets.
Leverage Lev Total liabilities divided by total assets.
Return on assets Roa Net profit divided by total assets.
Operating cash flow Cash Net cash flow from operating activities divided by total assets.
Largest shareholder’s ownership share Top Percentage of the firm’s shares held by its largest shareholder.

Firm age Age Natural logarithm of the number of years since establishment,
calculated as ln(current year − establishment year + 1).

Revenue growth rate Growth
Annual growth rate of operating revenue, calculated as
operating revenue in year t divided by operating revenue in
year t − 1, minus 1.

Independent-director ratio Indep Number of independent directors divided by the total number
of directors.

Fixed-asset intensity Fixed Net fixed assets divided by total assets.

CEO duality Dual Indicator equal to 1 when the board chair concurrently serves
as the chief executive officer, and 0 otherwise.

Board size Board Natural logarithm of the total number of directors on the board.
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3.2. Model Specification

We exploit the 2014 NEDC designation and variation between pilot and non-pilot cities
in a difference-in-differences (DID) framework to estimate the policy effect on corporate
ESG performance. Following Liu et al. [21], we specify the baseline model as follows:

ESGit = α + β1NEDCit + γControlsit + φi + µt + εit (2)

where ESGit denotes the ESG performance of firm i in year t; NEDCit is the treatment
indicator for the NEDC Pilot Policy; Controlsit denotes a vector of firm-level financial and
corporate governance characteristics described in Section 3.1.4; φi and µt represent firm
and year fixed effects, respectively; and εit is the error term. The coefficient of interest is β1,
which captures the average change in ESG performance of firms in pilot cities following
policy implementation, relative to firms in non-pilot cities.

Building on the baseline specification, we further examine green technological inno-
vation and external financing conditions as two potential channels associated with the
NEDC–ESG relationship. Following the analytical framework of Wen et al. [66], we first
examine whether the NEDC Pilot Policy is associated with systematic changes in these
proposed channel variables using the following model:

Channelit = α + β2NEDCit + γControlsit + φi + µt + εit (3)

where Channelit denotes the channel variable for firm i in year t, including green patent
applications (GTI1), green patent grants (GTI2), and financing constraints (FC). When
GTI1 or GTI2 is used as the dependent variable, a positive and statistically significant
estimate of β2 indicates that the NEDC Pilot Policy promotes corporate green technological
innovation. When FC is used as the dependent variable, because a higher value of FC
represents more severe financing constraints, a negative and statistically significant estimate
of β2 indicates that the policy alleviates financing constraints and improves firms’ external
financing conditions.

We then estimate the relationship between the proposed channel variables and corpo-
rate ESG performance using the model as follows:

ESGit = α + β3NEDCit + δ1Channelit + γControlsit + φi + µt + εit (4)

Equations (3) and (4) examine, respectively, the effect of the NEDC Pilot Policy on
the proposed channel variables and the relationship between these channel variables
and corporate ESG performance. For the green technological innovation channel, both
β2 and δ1 are expected to be positive. For the external financing conditions channel,
both coefficients are expected to be negative because higher values of FC indicate tighter
financing constraints. We further calculate the coefficient product β2 × δ1 and construct
confidence intervals using bootstrap resampling to provide an overall statistical assessment
of the corresponding transmission relationship.

Finally, we use the following model to examine the moderating role of analyst coverage
in the relationship between the NEDC Pilot Policy and corporate ESG performance:

ESGit = α + β4NEDCit + δ2Modit + ρModit × NEDCit + γControlsit + φi + µt + εit (5)

where Modit denotes analyst coverage for firm i in year t, measured alternatively by
the number of financial analysts following the firm (Analyst) and the number of analyst
research reports issued for the firm (Report). All other variables are defined as in the baseline
specification. The coefficient of primary interest is ρ. A positive and statistically significant

https://doi.org/10.3390/su18168580

https://doi.org/10.3390/su18168580


Sustainability 2026, 18, 8580 14 of 40

estimate of ρ indicates that greater analyst coverage is associated with a stronger positive
NEDC–ESG relationship, suggesting that a stronger external information and monitoring
environment may enhance the policy effect.

3.3. Data Sources and Descriptive Statistics

This study uses a panel of Chinese A-share listed firms over the period 2009–2023.
The sample begins in 2009 because the Huazheng ESG Ratings provide relatively compre-
hensive coverage of listed firms from that year onward. The sample period ends in 2023
because data for several key variables remain incomplete for 2024, thereby ensuring greater
consistency and comparability across variables over the study period. The list of NEDC
pilot cities is obtained from official documents issued by the National Energy Adminis-
tration of China. Corporate ESG ratings, financial information, and corporate governance
data are mainly collected from the Wind database, the CSMAR database, and firms’ annual
reports. Green patent data are obtained from the China National Intellectual Property
Administration, while analyst coverage data are collected from the CSMAR database.

Following prior studies [48,67], we apply the following sample selection procedures.
First, we exclude firms in the financial industry because of their distinctive balance-sheet
structures, regulatory regimes, and financial reporting practices. Then, firms designated
as ST, *ST, or PT are removed due to their abnormal financial conditions or substantial
going-concern risks. We further exclude observations with missing key variables, indeter-
minate policy treatment status, or non-positive values for variables requiring logarithmic
transformations, such as total assets and operating revenue. Finally, all continuous financial
variables are winsorized at the 1st and 99th percentiles to reduce the effect of extreme values.
After these procedures, the final sample contains 4764 listed firms and 42,102 firm-year
observations. Based on firms’ registered-city status at the time of formal pilot designation,
the treatment group comprises 1551 firms and the control group comprises 3213 firms.

Table 2 presents descriptive statistics for the main variables. The ESG score has a
mean of 4.163 and a standard deviation of 0.994, with observed values ranging from 1 to 8,
indicating substantial cross-firm variation in ESG performance. Although the transformed
Huazheng ESG scale theoretically ranges from 1 to 9, no firm-year observation in the sample
receives the highest AAA rating; consequently, the observed maximum is 8. The mean value
of NEDC is 0.248, indicating that approximately 24.8% of the firm-year observations are in
the treatment state, that is, firms registered in pilot cities during 2014 and subsequent years.

Table 2. Descriptive statistics.

Variables N Mean SD Min Max

ESG 42,102 4.163 0.994 1.000 8.000

NEDC 42,102 0.248 0.432 0.000 1.000

Size 42,102 22.162 1.287 19.865 26.181
Lev 42,102 0.416 0.206 0.051 0.886

Cash 42,102 0.047 0.069 −0.158 0.244
Roa 42,102 0.037 0.060 −0.225 0.195
Top 42,102 0.344 0.147 0.090 0.743
Age 42,102 2.927 0.338 1.946 3.611

Indep 42,102 0.376 0.053 0.333 0.571
Growth 42,102 0.351 0.938 −0.685 6.561

Dual 42,102 0.298 0.457 0.000 1.000
Board 42,102 2.119 0.199 1.609 2.708
Fixed 42,102 0.207 0.156 0.002 0.685
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4. Empirical Results
4.1. Baseline Results

Table 3 reports the baseline regression results for the effect of the NEDC Pilot Policy
on corporate ESG performance. All specifications include firm and year fixed effects.
Column (1) presents the estimates without time-varying firm-level controls. The estimated
coefficient on NEDC is 0.0819 and is statistically significant at the 1% level, indicating that
firms registered in pilot cities experienced a greater improvement in ESG performance
post-policy implementation relative to firms in non-pilot cities.

Table 3. Baseline regression results.

(1) (2) (3)

ESG ESG ESG

NEDC 0.0819 *** 0.0917 *** 0.0958 ***
(0.0314) (0.0297) (0.0295)

Size 0.2247 *** 0.2237 ***
(0.0157) (0.0157)

Lev −0.8984 *** −0.8966 ***
(0.0604) (0.0600)

Cash −0.3211 *** −0.3152 ***
(0.0809) (0.0803)

Roa 0.7164 *** 0.6757 ***
(0.1221) (0.1211)

Age −0.2583 ** −0.2072 *
(0.1123) (0.1129)

Growth −0.0061 −0.0063
(0.0062) (0.0062)

Fixed −0.2143 *** −0.2214 ***
(0.0774) (0.0772)

Top 0.2999 ***
(0.1029)

Indep 1.4923 ***
(0.1928)

Dual −0.0144
(0.0189)

Board 0.1133 *
(0.0643)

Constant 4.1431 *** 0.3248 −0.7001
(0.0078) (0.4575) (0.4946)

FirmFE Yes Yes Yes
YearFE Yes Yes Yes

N 42,102 42,102 42,102
R2 adj 0.3983 0.4158 0.4181

Notes: ***, ** and * denote statistical significance at the 1%, 5%, and 10% levels, respectively. Paren-
theses are standard errors clustered at the firm level. Unless otherwise specified, the same applies to
the tables below.

Column (2) further controls for firms’ financial and operating characteristics. The esti-
mated coefficient on NEDC increases slightly to 0.0917 and remains statistically significant
at the 1% level. Column (3) additionally incorporates corporate governance characteristics,
yielding an estimated NEDC coefficient of 0.0958, again significant at the 1% level. Overall,
the coefficient on NEDC remains positive and relatively stable as additional controls are
introduced, indicating a consistent positive relationship between the NEDC Pilot Policy
and corporate ESG performance across alternative baseline specifications.
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In terms of economic magnitude, the estimate in Column (3) implies that the NEDC
Pilot Policy is associated with an average increase of approximately 0.096 points in the
transformed Huazheng ESG score. Given a sample standard deviation of 0.994 for ESG
performance, this estimated effect corresponds to approximately 10% of one standard
deviation, suggesting that the policy effect is not only statistically significant but also
economically meaningful. Overall, the baseline estimates provide initial evidence consistent
with Hypothesis 1.

4.2. Parallel Trends and Dynamic Effects

The DID estimation relies on the parallel-trends assumption, which requires that,
in the absence of the NEDC Pilot Policy, firms in pilot and non-pilot cities would have
followed comparable trends in ESG performance. Following Beck et al. [68], we employ an
event-study approach to assess pre-policy trends and further examine the dynamic effects
of the NEDC Pilot Policy using the following model.

ESGit = α +
k=9

∑
k=−5, k ̸=−1

βk NEDCk
it + γControlsit + φi + µt + εit (6)

where NEDCk
it = Treati × 1(t − 2014 = k), and k denotes event time relative to the formal

designation year of 2014. Values of k < 0 correspond to the pre-policy period, whereas
k ≥ 0 represents the year of implementation and subsequent years. Following the related
event-study specification [69], we omit 2013 (k = −1), the year immediately preceding
policy implementation, as the reference period. Thus, each coefficient βk captures the
change in the difference in ESG performance between firms in pilot and non-pilot cities in
event year k, relative to the corresponding difference in 2013. All other controls and fixed
effects are identical to those in the baseline specification.

Figure 3 reports the estimated event-time coefficients and their 95% confidence in-
tervals. The event window extends from five years before to nine years after formal
designation, with the post-policy period covering the full 2014–2023 period. None of the
individually estimated pre-policy coefficients is statistically significant at conventional
levels, indicating no significant differential trend in ESG performance between firms in
pilot and non-pilot cities before the implementation of the NEDC Pilot Policy. In addition,
a joint test of all pre-policy coefficients yields a p-value of 0.189, and the null hypothesis
that the pre-policy coefficients are jointly equal to zero cannot be rejected. The individual
and joint tests provide evidence consistent with the parallel-trends assumption.

Figure 3. Parallel trends and dynamic effects of the NEDC Pilot Policy.
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Following formal pilot designation, the estimated event-time coefficients are predomi-
nantly positive, with several post-designation estimates reaching conventional levels of
statistical significance. Although the magnitude and statistical significance of the estimates
vary across post-policy years, the overall dynamic pattern indicates that the positive effect
of the NEDC Pilot Policy on corporate ESG performance emerges after implementation
and persists over multiple subsequent periods. This dynamic pattern is consistent with the
positive policy effect documented in the baseline regressions.

4.3. Placebo Test

To further assess the reliability of the baseline results, we conduct a placebo test
based on city-level randomization. Because treatment under the NEDC Pilot Policy is
assigned at the city level, the placebo treatment is correspondingly randomized across
cities. Specifically, in each simulation, we randomly select the same number of cities as in
the actual treatment group and assign all firms located in these cities to a fictitious treatment
group, while retaining 2014 as the formal designation year to construct a placebo NEDC
indicator. We then re-estimate the baseline model using the same model specifications.
This random assignment and estimation procedure is repeated 500 times to generate the
empirical distributions of the placebo coefficients and their corresponding p-values. The
results are presented in Figure 4.

Figure 4. Placebo test.

As shown in Figure 4, the placebo coefficients are concentrated around zero, and
most of the corresponding estimates are not statistically significant at conventional levels.
By contrast, the actual baseline estimate of 0.0958 lies in the right tail of the empirical
placebo distribution and exceeds the vast majority of the coefficients generated by the
randomized assignments. The clear separation between the actual policy estimate and the
placebo estimates indicates that an effect comparable to the baseline result is unlikely to
arise simply from randomly assigning treatment across cities. Taken together, these results
suggest that the positive effect of the NEDC Pilot Policy on corporate ESG performance is
unlikely to be driven by random policy shocks or other chance factors, providing additional
support for the baseline results.
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4.4. Matching and Reweighting Methods

To further examine whether the estimated effect of the NEDC Pilot Policy on corporate
ESG performance remains robust after improving comparability in observable characteris-
tics between the treatment and control groups, we employ two complementary approaches:
propensity score matching difference-in-differences (PSM-DID) and entropy balancing.
PSM constructs treatment and control samples with more similar observed characteristics,
whereas entropy balancing directly reweights observations to improve covariate balance.
These approaches assess whether the baseline findings remain robust to alternative methods
of adjusting for observable differences between the two groups.

4.4.1. PSM-DID

We first employ the PSM-DID approach to improve comparability in observable
characteristics between the treatment and control groups. Using all control variables
included in the baseline specification, we estimate propensity scores with a Logit model
and implement 1:1 nearest-neighbor matching within the region of common support.
Control observations are allowed to be used repeatedly, and tied matches are retained when
multiple control observations have the same nearest propensity-score distance. We then
assess covariate balance for the 1:1 matched sample using standardized differences and the
kernel density distributions of propensity scores.

Figure 5 reports the standardized differences in covariates before and after 1:1 nearest-
neighbor matching. The standardized differences of the main covariates decline markedly
after matching, indicating a substantial improvement in the balance of observed firm char-
acteristics between the treatment and control groups. Figure 6 further presents the kernel
density distributions of propensity scores before and after 1:1 matching. The distributions
of the two groups overlap much more closely after matching, further indicating that the
matching procedure improves sample comparability.

Figure 5. Standardized bias before and after 1:1 propensity-score matching.

We then re-estimate the baseline DID model using the matched sample. To examine
whether the estimates are sensitive to the choice of matching ratio, we additionally employ
1:2 nearest-neighbor matching as an alternative specification and report the regression
results from both the 1:1 and 1:2 matched samples in Table 4, columns (1) and (2). The
estimated coefficients on NEDC remain positive and statistically significant under both
matching ratios and are comparable to the baseline estimate in terms of direction and
magnitude, indicating that the main finding is not sensitive to the specific nearest-neighbor
matching ratio employed.
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Figure 6. Kernel density of propensity scores before and after 1:1 matching.

Table 4. PSM-DID and entropy-balancing results with alternative covariate sets.

Firm-Level Covariates Firm- and City-Level Covariates

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

1:1 Match 1:2 Match Entropy Balancing 1:1 Match 1:2 Match Entropy Balancing

NEDC 0.0893 ** 0.0922 *** 0.0870 *** 0.0834 ** 0.0964 *** 0.0665 ***
(0.0368) (0.0323) (0.0302) (0.0389) (0.0334) (0.0247)

Constant −0.7117 −0.8252 −1.2040 ** −1.2045 * −1.1260 * −1.5548 ***
(0.6803) (0.5782) (0.5349) (0.7191) (0.5945) (0.4210)

Controls Yes Yes Yes Yes Yes Yes
FirmFE Yes Yes Yes Yes Yes Yes
YearFE Yes Yes Yes Yes Yes Yes

N 18,884 27,925 42,102 17,139 25,521 41,459
R2 adj 0.4222 0.4206 0.4225 0.4108 0.4129 0.4293

Notes: ***, ** and * denote statistical significance at the 1%, 5%, and 10% levels, respectively.

Given that the NEDC Pilot Policy is designated at the city level, we further incorporate
city-level characteristics measured in 2013 into the propensity-score estimation, including
population size, economic development, and local government involvement. These char-
acteristics are measured by the natural logarithm of the resident population, the natural
logarithm of GDP per capita, and the ratio of local general public budget expenditure to
regional GDP, respectively. After incorporating both firm- and city-level characteristics, we
again estimate the DID model using 1:1 and 1:2 nearest-neighbor matched samples, with
the results reported in columns (4) and (5) of Table 4. The NEDC coefficients remain positive
and statistically significant under both specifications. Overall, these results indicate that
the positive effect of the NEDC Pilot Policy on corporate ESG performance is not primarily
driven by systematic observable differences between firms in pilot and non-pilot cities,
thereby further supporting our baseline findings.

4.4.2. Entropy Balancing

To further assess whether the results depend on a particular matching procedure,
we employ the entropy-balancing method proposed by Hainmueller [70]. Unlike nearest-
neighbor matching, which identifies comparable control observations individually, entropy
balancing assigns observation-specific weights to the control group so that selected mo-
ments of the weighted covariate distributions more closely match those of the treatment
group. This approach improves balance in observed characteristics without mechanically
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discarding observations simply because they are not selected as matches and therefore
provides a valuable complement to the PSM-DID analysis.

We first implement entropy balancing using firm-level financial and corporate gover-
nance characteristics and re-estimate the baseline DID model with the resulting weights.
Column (3) of Table 4 shows that the estimated coefficient on NEDC is 0.0870 and remains
positive and statistically significant at the 1% level. We then incorporate population size,
economic development, and local government involvement into the balancing procedure
together with the firm-level covariates. As reported in Column (6) of Table 4, the esti-
mated coefficient on NEDC is 0.0665 and remains positive and statistically significant at
the 1% level.

Overall, the estimated coefficient on NEDC remains positive and statistically signifi-
cant across alternative matching ratios and covariate-balancing specifications, suggesting
that the baseline findings are robust to the choice of matching and reweighting procedures.

4.5. More Demanding Specifications and Sensitivity Analysis

To further assess the robustness of the baseline findings under alternative model
specifications and statistical inference, we re-estimate the policy effect using additional city-
level covariates, more demanding fixed-effect and trend specifications, and an alternative
clustering level for standard errors. We then complement these analyses with an Oster
sensitivity analysis to examine the sensitivity of the estimated NEDC effect to selection on
unobserved factors.

4.5.1. More Demanding Specifications and Alternative Statistical Inference

We begin by adding time-varying city-level characteristics to the baseline specification,
including population size, economic development, and local government involvement.
These variables are measured by the natural logarithm of the resident population, the
natural logarithm of GDP per capita, and the ratio of local general public budget expen-
diture to regional GDP, respectively. As reported in Column (1) of Table 5, the estimated
coefficient on NEDC is 0.0860 and remains positive and statistically significant at the 1%
level, indicating that the estimated policy effect remains stable after further accounting for
observable city-level characteristics.

Table 5. More demanding specifications and alternative statistical inference.

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

ESG ESG ESG ESG ESG ESG

NEDC 0.0860 *** 0.0896 *** 0.0899 *** 0.0869 *** 0.0823 *** 0.0958 ***
(0.0298) (0.0292) (0.0311) (0.0291) (0.0308) (0.0360)

Constant −1.8370 ** −0.0998 −0.6247 −0.6674 −0.6115 −0.7001
(0.8025) (0.4914) (0.5055) (0.4972) (0.5030) (0.5121)

Firm Controls Yes Yes Yes Yes Yes Yes
City Controls Yes No No No No No

FirmFE Yes Yes Yes Yes Yes Yes
YearFE Yes Yes Yes Yes Yes Yes

Industry × Year FE No Yes No No No No
City-specific linear trends No No Yes No Yes No

Industry-specific linear trends No No No Yes Yes No
N 41,461 42,102 42,096 42,102 42,096 42,102

R2 adj 0.4177 0.4323 0.4225 0.4210 0.4257 0.4181

Notes: ***, ** and * denote statistical significance at the 1%, 5%, and 10% levels, respectively. Col-
umn (6) reports standard errors clustered at the city level.
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To account for industry-specific annual shocks, we next incorporate industry-by-year
fixed effects. Corporate ESG performance may be influenced by technological change,
industrial upgrading, environmental regulation, and other sectoral developments that
vary across industries over time. Industry-by-year fixed effects absorb such common
shocks experienced by firms within the same industry in a given year. Column (2) reports
an estimated NEDC coefficient of 0.0896, which remains positive and statistically signif-
icant, indicating that the baseline finding persists after accounting for industry-specific
annual heterogeneity.

We further introduce city-specific and industry-specific linear time trends, allowing
cities and industries to follow their own long-term linear trajectories. City-specific trends
capture persistent changes in local economic development, industrial restructuring, and
environmental governance, whereas industry-specific trends account for long-term differ-
ences in technological progress and structural transformation across industries. Columns (3)
and (4) show that the estimated coefficients on NEDC are 0.0899 and 0.0869, respectively,
both positive and statistically significant at the 1% level. Column (5) simultaneously incor-
porates city- and industry-specific linear trends. Under this more demanding specification,
the estimated NEDC coefficient is 0.0823 and remains statistically significant at the 1%
level. Although the coefficient is somewhat smaller than the baseline estimate of 0.0958,
its sign, order of magnitude, and statistical significance remain robust, indicating that
the positive effect of the NEDC Pilot Policy is not primarily attributable to differential
long-term trajectories across cities or industries.

Finally, while the baseline regressions cluster standard errors at the firm level, the
NEDC Pilot Policy is implemented at the city level, and firms within the same city may
share common local economic conditions and policy implementation environments. We
therefore additionally calculate standard errors clustered at the city level while keeping the
baseline specification unchanged. As reported in Column (6), the point estimate on NEDC
remains 0.0958, with a city-clustered standard error of 0.0360, and the coefficient remains
statistically significant at the 1% level.

Overall, the positive effect of the NEDC Pilot Policy on corporate ESG performance
remains robust across more demanding specifications and alternative inference procedures,
providing further support for the baseline findings and Hypothesis 1.

4.5.2. Oster Sensitivity Analysis for Omitted Variables

Although the preceding analyses yield consistent results across alternative specifi-
cations, potential unobserved factors may still affect the estimated policy coefficient. We
therefore apply the coefficient-stability approach proposed by Oster to further assess the sen-
sitivity of the baseline results to omitted variables [71]. This method jointly exploits changes
in the coefficient of interest and model fit following the inclusion of observed controls
and evaluates the potential influence of unobserved factors under a proportional-selection
framework. Specifically, δ captures the degree of selection on unobserved factors relative to
observed factors, while Rmax denotes the maximum model fit that could be attained if both
observed and unobserved factors were accounted for. Following Oster [71], we set Rmax to

1.3 times the R2 from the fully controlled specification, i.e., Rmax = min
{

1.3
∼
R, 1

}
, where

∼
R denotes the R2 of the fully controlled model.

We conduct two complementary sensitivity exercises. First, we set the proportional-
selection parameter to δ = 1, which assumes that selection on unobserved factors is equal in
magnitude to selection on observed factors, and calculate the corresponding bias-adjusted
coefficient, β∗. As reported in Table 6, the bias-adjusted coefficient on NEDC is 0.1526. The
estimated NEDC coefficient in the fully controlled baseline specification is 0.0958, with a
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95% confidence interval of [0.0392, 0.1528], and the bias-adjusted estimate remains within
this interval. Moreover, the Oster coefficient range bounded by the fully controlled estimate
and the bias-adjusted estimate is [0.0958, 0.1526], which also excludes zero. These results
indicate that, even when selection on unobserved factors is assumed to be as strong as
selection on observed factors, the adjusted policy effect remains positive and consistent
with the baseline estimate.

Table 6. Oster sensitivity analysis for omitted variables.

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

Sensitivity Metric Parameter
Setting

Robustness
Criterion

Estimated
Result Inference

NEDC

Bias-adjusted
coefficient β∗

δ = 1
Rmax = 1.3

∼
R

Within 95% CI
[0.0392, 0.1528] β∗

1 = 0.1526 Supports
robustness

Relative degree of
selection δ

β∗
1 = 0

Rmax = 1.3
∼
R

δ > 1 or δ < 0 δ = −2.4203 Supports
robustness

Second, holding the same Rmax fixed, we calculate the value of δ required to reduce
the bias-adjusted policy effect to zero, i.e., β∗ = 0. The value of δ required to reduce the
estimated NEDC coefficient to zero is −2.4203. The negative sign indicates that, within
the proportional-selection framework, unobserved selection would need to operate in the
opposite direction from the selection associated with the observed controls. Its absolute
magnitude further indicates that such opposite-direction selection would need to be approx-
imately 2.42 times as strong as selection on the observed controls to eliminate the estimated
relationship. This result suggests that the baseline estimate is relatively insensitive to
omitted-variable selection within the range considered by the Oster framework.

Overall, the two sensitivity exercises provide mutually reinforcing evidence that
the positive estimated relationship between the NEDC Pilot Policy and corporate ESG
performance is relatively insensitive to potential omitted-variable selection under the
proportional-selection assumptions considered here. These results further strengthen
confidence in the baseline findings and provide additional support for Hypothesis 1.

4.6. Additional Robustness Analyses

In this subsection, we conduct additional robustness tests focusing on concurrent
policy interventions, alternative measures of ESG performance, and sample composition.
We first account for major policies implemented during the sample period that may also
affect corporate ESG performance. We then employ alternative ESG measures and adjust
the sample period, geographic coverage, and firms’ registered locations.

4.6.1. Controlling for Concurrent Policy Effects

During the sample period, China implemented a range of policies related to low-
carbon transition, digital infrastructure, green finance, circular economy, and environmental
taxation. These initiatives may affect corporate ESG performance through firms’ environ-
mental practices, financing conditions, digital transformation, and green investment. We
therefore further control for five major concurrent policy initiatives: the Low-Carbon City
Pilot Program, the Broadband China Pilot Program, the Green Finance Reform and Inno-
vation Pilot Zones, the Zero-Waste City Pilot Program, and the Environmental Protection
Tax Law.

These policies operate through distinct but potentially relevant channels. The Low-
Carbon City Pilot Program promotes low-carbon development, industrial restructuring,
and carbon-emission governance [72]; the Broadband China Pilot Program improves digital
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infrastructure and facilitates firms’ digital transformation [73]; the Green Finance Reform
and Innovation Pilot Zones promote the allocation of financial resources toward green
projects through instruments such as green credit and green bonds [28]; the Zero-Waste City
Pilot Program strengthens requirements for waste reduction, resource utilization, and envi-
ronmental management [74]; and the Environmental Protection Tax Law increases the costs
associated with pollutant emissions and strengthens incentives for cleaner production [27].

We construct separate policy indicators based on the official geographic coverage and
implementation timing of each initiative and incorporate them into the baseline specifi-
cation. Columns (1) through (5) of Table 7 control for the five policies separately, while
Column (6) includes all five policy indicators simultaneously. All other controls and fixed
effects are the same as those in the baseline model.

Table 7. Controlling for concurrent policies.

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

ESG ESG ESG ESG ESG ESG

NEDC 0.0924 *** 0.0830 *** 0.0959 *** 0.0954 *** 0.0957 *** 0.0802 ***
(0.0294) (0.0296) (0.0295) (0.0295) (0.0295) (0.0296)

LCCP 0.0267 0.0105
(0.0248) (0.0259)

Broadband
China 0.0590 * 0.0618 *

(0.0305) (0.0319)
Green finance 0.0391 0.0298

(0.0690) (0.0689)
Zero-Waste

city 0.0048 0.0099

(0.0210) (0.0211)
Environmental

tax 0.0625 ** 0.0681 **

(0.0289) (0.0289)
Constant −0.7301 −0.7554 −0.7005 −0.7001 −0.6842 −0.7529

(0.4950) (0.4944) (0.4946) (0.4946) (0.4952) (0.4951)
Controls Yes Yes Yes Yes Yes Yes
FirmFE Yes Yes Yes Yes Yes Yes
YearFE Yes Yes Yes Yes Yes Yes

N 42,102 42,102 42,102 42,102 42,102 42,102
R2 adj 0.4181 0.4182 0.4181 0.4181 0.4182 0.4183

Notes: ***, ** and * denote statistical significance at the 1%, 5%, and 10% levels, respectively. En-
vironmental Tax is defined as the interaction between an indicator for provinces that raised their
environmental protection tax rates relative to the previous pollution-discharge-fee standards and a
post-2018 indicator.

The estimated coefficients on NEDC in Columns (1) through (5) are 0.0924, 0.0830,
0.0959, 0.0954, and 0.0957, respectively, and all are statistically significant at the 1% level.
When all five concurrent policies are controlled for simultaneously in Column (6), the
estimated coefficient on NEDC is 0.0802 and remains statistically significant at the 1%
level. These results indicate that the positive effect of the NEDC Pilot Policy on corporate
ESG performance is not primarily attributable to the concurrent policies considered in the
analysis, further confirming the robustness of the baseline findings and Hypothesis 1.

4.6.2. Alternative ESG Measures and Sample Restrictions

We further examine the robustness of the baseline results with alternative outcome
measures and sample adjustments. The results are reported in Table 8.
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Table 8. Alternative ESG specifications and sample restrictions.

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

f.ESG ESG_M CNRDS_ESG ESG ESG ESG

NEDC 0.1002 *** 0.0836 *** 0.4725 * 0.0906 *** 0.0782 ** 0.0858 ***
(0.0304) (0.0283) (0.2688) (0.0328) (0.0335) (0.0309)

Constant −0.0801 −0.1320 −1.7854 0.3673 −0.5723 −0.9136 *
(0.5497) (0.4713) (4.3746) (0.7257) (0.5599) (0.5106)

Controls Yes Yes Yes Yes Yes Yes
FirmFE Yes Yes Yes Yes Yes Yes
YearFE Yes Yes Yes Yes Yes Yes

N 35,826 42,102 42,102 24,255 33,856 40,190
R2 adj 0.4424 0.4974 0.6275 0.4954 0.4156 0.4133

Notes: ***, ** and * denote statistical significance at the 1%, 5%, and 10% levels, respectively.

First, we replace contemporaneous ESG performance with the firm’s ESG performance
measured one year ahead, recognizing that policy-induced changes in environmental
practices, organizational processes, and sustainability investment may take time to be
reflected in ESG ratings. Column (1) reports an estimated NEDC coefficient of 0.1002,
which is positive and statistically significant at the 1% level. Thus, the positive policy effect
remains evident when ESG performance is measured one year ahead, indicating that the
baseline finding is not specific to contemporaneous ESG measurement.

We then employ two alternative measures of corporate ESG performance. We first
replace the baseline annual Huazheng ESG rating with the annual average of the firm’s
quarterly Huazheng ESG ratings (ESG_M). Column (2) reports an estimated NEDC coeffi-
cient of 0.0836, which remains positive and statistically significant at the 1% level. Next, we
use the ESG measure provided by the Chinese Research Data Services Platform (CNRDS).
As shown in Column (3), the estimated coefficient on NEDC is 0.4725 and is statistically
significant at the 10% level. Because the CNRDS measure is constructed on a different
rating scale from the Huazheng measure, the magnitude of this coefficient is not directly
comparable to the baseline estimate. Nevertheless, its positive sign and statistical signifi-
cance provide supporting evidence from an alternative ESG rating system. These findings
suggest that our argument is not dependent on a specific construction of the ESG measure
or a single rating provider.

Moreover, we restrict the sample period to 2009–2019, thereby excluding observations
from 2020 onward, when the COVID-19 pandemic substantially altered macroeconomic
conditions and corporate operations. As reported in Column (4), the estimated coefficient
on NEDC is 0.0906 and remains positive and statistically significant at the 1% level. The
baseline finding therefore remains unchanged in the pre-COVID sample.

Next, we exclude firms registered in Beijing, Shanghai, Tianjin, and Chongqing. These
municipalities directly under the central government differ from other cities in admin-
istrative status, economic development, resource allocation, and policy implementation
environments. Column (5) reports an estimated NEDC coefficient of 0.0782, which remains
positive and statistically significant at the 5% level, indicating that the baseline finding is
not dependent on firms located in these municipalities.

Finally, we exclude firms that relocated across cities after formal pilot designation.
Based on firms’ annual registered-city information, 141 firms changed their registered city
after 2014, accounting for 2.96% of the firms in the sample. After excluding these firms, the
estimated coefficient on NEDC in Column (6) is 0.0858 and remains positive and statistically
significant at the 1% level, closely consistent with the baseline estimate.
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These results suggest that the positive effect of the NEDC Pilot Policy on corporate
ESG performance is robust across alternative outcome measures and sample definitions,
further supporting our baseline findings and Hypothesis 1.

5. Potential Channels and Moderation Analysis
5.1. Evidence on Potential Channels

Building on the theoretical framework, we examine green technological innovation
and external financing conditions as two potential channels that may link the NEDC policy
to ESG performance in this subsection. We first assess whether the NEDC Pilot Policy is
associated with changes in the proposed channel variables and then examine their relation-
ship with corporate ESG performance after controlling for NEDC, firm characteristics, and
firm and year fixed effects. The results are reported in Table 9.

Table 9. Evidence on firm-response channels.

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

GTI1 ESG GTI2 ESG FC ESG

NEDC 0.0995 *** 0.0904 *** 0.1020 *** 0.0908 *** −0.0117 ** 0.0850 ***
(0.0325) (0.0292) (0.0304) (0.0292) (0.0046) (0.0291)

GTI1 0.0539 ***
(0.0079)

GTI2 0.0495 ***
(0.0089)

FC −0.9260 ***
(0.1116)

Constant −7.2749 *** −0.3081 −6.0408 *** −0.4010 3.3064 *** 2.3615 ***
(0.5492) (0.4944) (0.4973) (0.4922) (0.0924) (0.6034)

Controls Yes Yes Yes Yes Yes Yes
FirmFE Yes Yes Yes Yes Yes Yes
YearFE Yes Yes Yes Yes Yes Yes

Bootstrap
95% CI [0.003, 0.008] [0.003, 0.007] [0.007, 0.015]

N 42,102 42,102 42,102 42,102 42,102 42,102
R2 adj 0.6981 0.4193 0.6917 0.4189 0.9537 0.4209

Note: ***, ** and * denote statistical significance at the 1%, 5%, and 10% levels, respectively. Bootstrap
95% confidence intervals correspond to the product-of-coefficients estimates for the GTI1, GTI2, and
FC channels, respectively.

Columns (1) and (3) of Table 9 examine the green technological innovation channel by
using green patent applications (GTI1) and green patents granted (GTI2), respectively, as
the dependent variables. The estimated coefficients on NEDC are 0.0995 and 0.1020, and
both are positive and statistically significant at the 1% level. These estimates indicate that
treated firms experienced larger post-policy implementation increases in both green patent
applications and granted green patents relative to control firms.

Columns (2) and (4) further examine the relationship between green technological
innovation and corporate ESG performance. The estimated coefficients on GTI1 and GTI2
are 0.0539 and 0.0495, respectively, and both are positive and statistically significant at
the 1% level. Thus, after controlling for NEDC, firm characteristics, and firm and year
fixed effects, higher levels of green technological innovation are associated with better ESG
performance. These results provide evidence consistent with Hypothesis 2, suggesting that
green technological innovation may serve as a potential channel underlying the NEDC–
ESG relationship.

We next examine the external financing conditions channel. Because FC is an inverse
proxy for external financing conditions, a higher value indicates more severe financing
constraints and less favorable financing conditions. In Column (5), the estimated coefficient
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on NEDC is −0.0117 and is statistically significant at the 5% level, indicating that treated
firms experienced a relative reduction in financing constraints following formal pilot
designation. In Column (6), the estimated coefficient on FC is −0.9260 and is statistically
significant at the 1% level, indicating that more severe financing constraints are associated
with weaker ESG performance, or equivalently, that more favorable external financing
conditions are associated with better ESG performance. These findings provide evidence
consistent with Hypothesis 3 that external financing conditions are a potential resource-
related channel associated with the NEDC–ESG relationship.

To further quantify the coefficient products associated with these channels, we con-
struct bootstrap 95% confidence intervals. The product-of-coefficients estimates for green
patent applications and green patents granted are 0.0054 and 0.0050, with bootstrap 95%
confidence intervals of [0.003, 0.008] and [0.003, 0.007], respectively. The corresponding
estimate for the financing-constraint channel is 0.0108, with a 95% confidence interval of
[0.007, 0.015]. All three confidence intervals exclude zero, indicating that the corresponding
coefficient products are statistically significant. These results provide further evidence
that the empirical relationships involving green technological innovation and financing
conditions are consistent with the channels proposed in the theoretical framework.

Moreover, we assess whether the channel results are robust to alternative timing
and measurement choices. Table 10 reports the results. In Columns (1)–(3), we lag the
channel variables by one year. The coefficients on GTI1 and GTI2 are 0.0446 and 0.0422,
respectively, while the coefficient on FC is −0.6125; all three are statistically significant at
the 1% level. These findings are consistent with the baseline channel results and suggest
that the associations between the proposed channels and ESG performance persist when
the channel variables are measured one year earlier.

Table 10. Supplementary tests for firm-response channels.

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

ESG ESG ESG FC ESG

NEDC 0.0947 *** 0.0950 *** 0.0913 *** −0.0104 ** 0.0964 ***
(0.0313) (0.0313) (0.0313) (0.0047) (0.0301)

L_GTI1 0.0446 ***
(0.0084)

L_GTI2 0.0422 ***
(0.0098)

L_FC −0.6125 ***
(0.1217)

FC −0.8802 ***
(0.1114)

Constant −0.9653 * −1.0533 * 0.7137 3.8112 *** 6.6105 ***
(0.5652) (0.5652) (0.6825) (0.0256) (0.4692)

Controls Yes Yes Yes Yes Yes
FirmFE Yes Yes Yes Yes Yes
YearFE Yes Yes Yes Yes Yes

N 35,826 35,826 35,826 42,102 42,102
R2 adj 0.4373 0.4370 0.4376 0.9528 0.4129

Note: ***, ** and * denote statistical significance at the 1%, 5%, and 10% levels, respectively.
Columns (4) and (5) exclude Size and Age from the control set.

We also address potential concerns arising from the construction of the SA index,
which is based on firm size and age. Specifically, we re-estimate the financing-constraint
regressions after excluding Size and Age from the control set. The coefficient on NEDC in
the FC regression is −0.0104, while the coefficient on FC in the ESG regression is −0.8802;
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both remain statistically significant at the 5% level. These results suggest that the financing-
channel evidence is robust to excluding the variables used to construct the SA index.
Overall, the NEDC Pilot Policy is associated with greater green technological innovation
and lower financing constraints, both of which are, in turn, associated with better ESG
performance. The results remain consistent across bootstrap coefficient-product estimates,
lagged channel variables, and alternative specifications of the financing-constraint mea-
sure. Thus, the evidence supports green technological innovation and external financing
conditions as two potential channels underlying the positive NEDC–ESG relationship.

5.2. The Moderating Role of Analyst Coverage

In this subsection, we examine whether the positive relationship between the NEDC
Pilot Policy and corporate ESG performance varies with the level of analyst coverage. We
estimate Equation (5) using two proxies for analyst coverage: the number of financial
analysts following the firm (Analyst) and the number of analyst research reports issued
during the year (Report). Each measure is interacted with NEDC, and the results are
reported in Table 11.

Table 11. The moderating role of analyst coverage.

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

ESG ESG ESG ESG

NEDC 0.0526 * 0.0654 ** 0.0741 ** 0.0831 ***
(0.0318) (0.0311) (0.0339) (0.0248)

NEDC × Analyst 0.0062 ***
(0.0018)

Analyst 0.0055 ***
(0.0011)

NEDC × Report 0.0020 ***
(0.0007)

Report 0.0018 ***
(0.0004)

NEDC × L_Analyst 0.0035 *
(0.0018)

L_Analyst 0.0073 ***
(0.0011)

NEDC × L_Report 0.0010 *
(0.0005)

L_Report 0.0032 ***
(0.0004)

Constant −0.1693 −0.2903 −0.5736 −0.5454
(0.4937) (0.4949) (0.5637) (0.4027)

Controls Yes Yes Yes Yes
FirmFE Yes Yes Yes Yes
YearFE Yes Yes Yes Yes

N 42,102 42,102 35,826 35,826
R2 adj 0.4200 0.4193 0.4388 0.4390

Notes: ***, ** and * denote statistical significance at the 1%, 5%, and 10% levels, respectively.

Column (1) measures analyst coverage by the number of analysts following the firm.
The estimated coefficient on NEDC × Analyst is 0.0062 and is positive and statistically
significant at the 1% level, indicating that the positive NEDC–ESG relationship is stronger
at higher levels of analyst coverage. This pattern is consistent with the proposed role of
analyst coverage as an external information and monitoring condition.
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Column (2) uses the number of analyst research reports as an alternative measure of
analyst coverage. The estimated coefficient on NEDC × Report is 0.0020 and is also positive
and statistically significant at the 1% level, indicating a stronger positive NEDC–ESG
relationship among firms receiving greater analyst research coverage. The consistent signs
and statistical significance across the two proxies provide evidence of a positive moderating
pattern associated with analyst coverage.

We further reconstruct the interaction terms using one-period-lagged analyst coverage
to examine whether the moderating pattern remains evident when the information envi-
ronment is measured prior to current ESG performance. Columns (3) and (4) show that the
estimated coefficients on NEDC × L_Analyst and NEDC × L_Report are 0.0035 and 0.0010,
respectively. Both coefficients remain positive and are statistically significant at the 10%
level. Although the statistical significance is weaker than in the contemporaneous specifica-
tions, the direction of the interaction effects remains unchanged, indicating that the positive
moderating relationship persists when analyst coverage is measured one year earlier.

Overall, the interaction estimates indicate that the positive relationship between the
NEDC Pilot Policy and corporate ESG performance is stronger among firms with greater
analyst coverage. These findings are consistent with the proposed role of analyst coverage
as an external information and monitoring condition and provide evidence consistent with
Hypothesis 4.

6. Additional Analyses
6.1. Effects Across ESG Dimensions

The aggregate ESG score may conceal differences in the estimated policy relationship
across the environmental, social, and governance dimensions. To examine which dimen-
sions of ESG performance are associated with the NEDC Pilot Policy, we re-estimate the
baseline specification using the environmental (E), social (S), and governance (G) scores
from the Huazheng ESG Ratings as separate dependent variables. The results are reported
in Table 12. This analysis represents a decomposition of the ESG outcome rather than a
subgroup heterogeneity analysis: all three specifications use the same firm-year sample,
controls, and fixed effects, with only the dependent variable changing across models.

Table 12. Effects of the NEDC Pilot Policy across ESG dimensions.

(1) (2) (3)

Environmental Social Governance

NEDC 0.0857 *** −0.0159 0.1116 ***
(0.0323) (0.0480) (0.0361)

Constant −0.6269 −4.4081 *** 3.9250 ***
(0.5630) (0.7734) (0.6074)

Controls Yes Yes Yes
FirmFE Yes Yes Yes
YearFE Yes Yes Yes

N 42,102 42,102 42,102
R2 adj 0.4810 0.5716 0.4922

Notes: ***, ** and * denote statistical significance at the 1%, 5%, and 10% levels, respectively.

Specifically, the estimated coefficient on NEDC is 0.0857 for the environmental dimen-
sion (Column (1)) and 0.1116 for the governance dimension (Column (3)), both positive
and statistically significant at the 1% level. By contrast, the coefficient for the social dimen-
sion is −0.0159 and is not statistically significant. These results suggest that the positive
NEDC–ESG relationship is more evident in the environmental and governance dimensions,
whereas the evidence for the social dimension is limited.
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This pattern is closely aligned with the institutional content of the NEDC Pilot Pol-
icy. First, the NEDC program directly targets energy substitution, energy conservation,
emissions reduction, green technology application, and related investment. These policy
objectives are closely connected to firms’ energy use, pollution control, and green invest-
ment, providing a straightforward explanation for the positive environmental estimate.
Second, implementation of the NEDC program involves planning, project coordination,
information monitoring, performance assessment, and longer-term implementation respon-
sibilities. These requirements may increase the organizational importance of information
management, project oversight, risk control, and strategic coordination. Such organiza-
tional adjustments provide a plausible explanation for the positive governance estimate,
although the present analysis does not separately identify these specific governance mecha-
nisms. In contrast, social outcomes such as employee welfare, workplace practices, and
community engagement are less directly connected to an energy-transition policy and
depend more heavily on firms’ broader organizational and stakeholder decisions.

Overall, the dimension-level results show that the effects of the NEDC Pilot Policy are
not uniform across the components of corporate sustainability performance. The positive
estimates are concentrated in environmental and governance outcomes, a pattern consistent
with the policy’s dual emphasis on green transition and organizational implementation.
These findings provide a more precise interpretation of the aggregate ESG effect.

6.2. Heterogeneous Effects of the NEDC Pilot Policy

The estimated relationship between the NEDC Pilot Policy and corporate ESG per-
formance may vary across firms and local contexts because firms differ in their ability to
respond to policy incentives and resource support, while implementation environments
also vary across regions. We therefore examine heterogeneity along four dimensions: cor-
porate ownership, industry technology intensity, geographic region, and pre-designation
local environmental regulation intensity. All subgroup regressions retain the same controls
and fixed effects used in the baseline specification. Differences in the estimated NEDC
coefficients across subgroups are formally evaluated using coefficient-equality tests.

6.2.1. Heterogeneity by Firm Ownership

To examine whether the effect of the NEDC Pilot Policy varies with corporate own-
ership, we divide the sample into state-owned enterprises (SOEs) and non-state-owned
enterprises (non-SOEs) and re-estimate the baseline specification for each subsample.
Columns (1) and (2) of Table 13 report the corresponding results. For SOEs, the estimated
coefficient on NEDC is 0.0694 but is not statistically significant at conventional levels. For
non-SOEs, the coefficient is 0.0894 and is positive and statistically significant at the 5%
level. We further conduct a coefficient-equality test using 500 bootstrap replications. The
resulting p-value is 0.075, indicating a statistically significant difference between the two
groups and showing that the positive effect of the NEDC Pilot Policy on corporate ESG
performance is significantly stronger among non-SOEs.

This difference may reflect variation in firms’ pre-existing policy responsibilities, orga-
nizational responsiveness, and resource conditions. SOEs generally operate under more
sustained government oversight and policy obligations and may have incorporated en-
vironmental responsibilities and long-term development objectives into their business
decisions earlier or more extensively before the implementation of the NEDC Pilot Policy.
The scope for additional policy-induced improvement may therefore be relatively limited.
At the same time, the more hierarchical governance structures and relatively complex inter-
nal approval and coordination processes of SOEs may lengthen the process through which
external policy signals are translated into investment decisions, operational adjustments,
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and observable ESG outcomes, causing policy effects to materialize more gradually. In
addition, SOEs typically enjoy more stable access to financing and policy resources, which
may reduce the marginal improvement in financing conditions and resource availability
generated by the NEDC Pilot Policy. By contrast, non-SOEs generally face tighter financing
constraints and stronger market pressures and are therefore more responsive to policy
support, project opportunities, and external market signals. They may consequently have
stronger incentives to translate additional policy resources into green investment, oper-
ational adjustment, and ESG improvements. This interpretation is consistent with the
evidence on the external financing conditions channel reported in Section 5.1.

Table 13. Heterogeneity by firm ownership and industry technology intensity.

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

SOEs Non-SOEs High-Tech Industry Non-High-Tech Industry

NEDC 0.0694 0.0894 ** 0.1577 *** 0.0431
(0.0442) (0.0398) (0.0458) (0.0397)

Constant −2.9285 *** −0.6016 −0.5164 −0.6911
(0.8642) (0.6415) (0.7852) (0.6690)

Controls Yes Yes Yes Yes
FirmFE Yes Yes Yes Yes
YearFE Yes Yes Yes Yes

N 14,372 27,730 18,146 23,956
R2 adj 0.4614 0.4120 0.4116 0.4355

Bootstrap p-value 0.075 0.004

Notes: ***, ** and * denote statistical significance at the 1%, 5%, and 10% levels, respectively.

Overall, corporate ownership significantly conditions the strength of the NEDC policy
effect, with non-SOEs exhibiting a stronger improvement in ESG performance. The results
indicate that the incremental gains from the policy are particularly pronounced among firms
with relatively limited pre-existing access to policy resources, stronger market constraints,
and greater sensitivity to additional policy support.

6.2.2. Heterogeneity by Industry Technology Intensity

Following Zhao et al. [57], we classify firms into high-tech and non-high-tech indus-
tries based on industry classification codes. Columns (3) and (4) of Table 13 show that
the estimated coefficient on NEDC is 0.1577 for firms in high-tech industries and is posi-
tive and statistically significant at the 1% level, whereas the corresponding coefficient for
firms in non-high-tech industries is 0.0431 and is not statistically significant. The boot-
strap coefficient-equality test yields a p-value of 0.004, confirming that the policy effect is
significantly stronger among firms in high-tech industries.

This pattern highlights the importance of firms’ technological capabilities in convert-
ing policy support into corporate outcomes. Firms in high-tech industries generally possess
stronger R&D capabilities, greater absorptive capacity, and more extensive innovation
resources, enabling them to translate technological support, market opportunities, and
resource advantages associated with the NEDC Pilot Policy into green innovation and
stronger ESG performance. The finding is consistent with the green technological innova-
tion channel discussed in Section 5.1 and suggests that pre-existing innovative capacity
amplifies the firm-level benefits of new energy policy.

These results suggest that the positive NEDC–ESG relationship is more pronounced
among firms with stronger technological capabilities, consistent with the view that existing
innovation capacity may facilitate firms’ responses to the policy.
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6.2.3. Heterogeneity Across Regions

We next divide the sample into firms located in western, eastern, and central China. As
reported in Columns (1) through (3) of Table 14, the estimated coefficient on NEDC is 0.0088
for the western region and is not statistically significant. The corresponding coefficients are
0.0875 for the eastern region and 0.1659 for the central region, both positive and statistically
significant at the 5% level. Further pairwise bootstrap coefficient-equality tests yield p-
values of 0.026 for western versus eastern China, 0.080 for eastern versus central China,
and 0.016 for central versus western China, indicating statistically significant coefficient
differences across all three regional comparisons at the 10% level or better. Overall, the
estimates suggest some regional variation in the NEDC–ESG relationship, with a larger
estimated effect in central China, followed by eastern and western China.

Table 14. Heterogeneity by region and pre-policy environmental regulation intensity.

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

West Region East Region Central Region
High

Environmental
Regulation

Low
Environmental

Regulation

NEDC 0.0088 0.0875 ** 0.1659 ** 0.1260 *** 0.0666
(0.0748) (0.0360) (0.0758) (0.0359) (0.0588)

Constant −0.1830 −0.4092 −2.0364 * −0.8332 −0.7525
(1.4260) (0.6040) (1.2240) (0.6276) (0.8729)

Controls Yes Yes Yes Yes Yes
FirmFE Yes Yes Yes Yes Yes
YearFE Yes Yes Yes Yes Yes

N 5251 29,965 6678 27,455 14,628
R2 adj 0.4394 0.4110 0.4132 0.4197 0.4168

Bootstrap p-value 0.026 0.080 0.016 0.060

Notes: ***, ** and * denote statistical significance at the 1%, 5%, and 10% levels, respectively.

One possible explanation for this regional variation lies in differences in market
development, industrial structure, and supporting resources. In eastern China, more
developed market institutions, financial systems, and information infrastructure may
facilitate firms’ responses to the policy. In central China, greater pressures for industrial
upgrading, energy restructuring, and green transition, combined with sufficient supporting
capacity, may create greater scope for policy-induced improvements in ESG performance.
In contrast, relatively limited industrial and institutional resources in western China may
constrain firms’ ability to respond to the policy.

These findings suggest that the NEDC–ESG relationship may depend not only on
the level of regional economic development but also on the interaction between local
supporting capacity and green-transition needs. This may help explain why the estimated
effect is particularly pronounced in central China.

6.2.4. Heterogeneity by Local Environmental Regulation Intensity

Finally, we examine whether the local policy environment conditions the effectiveness
of the NEDC Pilot Policy. Local governments play a central role in coordinating imple-
mentation, enforcing policy requirements, and allocating supporting resources. Existing
environmental governance conditions may therefore influence how firms respond to na-
tional policy initiatives. We measure local environmental regulation intensity using the
frequency of environment-related terms in local government work reports and classify
observations into high- and low-regulation groups according to the median value of the
index in 2013, one year before the implementation of the NEDC Pilot Policy.
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Columns (4) and (5) of Table 14 show that the estimated coefficient on NEDC is 0.1260
for the high-environmental-regulation group and is positive and statistically significant at
the 1% level. For the low-environmental-regulation group, the coefficient is 0.0666 and is
not statistically significant. The bootstrap coefficient-equality test yields a p-value of 0.060,
indicating a statistically significant difference between the two groups at the 10% level.
The policy therefore generates a stronger ESG response in regions with more intensive
pre-policy environmental regulation.

This result suggests that the local institutional environment may shape the effec-
tiveness of the NEDC Pilot Policy. The larger estimate for the high-regulation group is
consistent with potential complementarity between pre-existing environmental policy at-
tention and the NEDC program, as greater emphasis on environmental issues may facilitate
policy coordination, monitoring, and alignment with energy-transition objectives. Overall,
the evidence suggests that local institutional conditions may contribute to heterogeneity in
the NEDC–ESG relationship.

Overall, the heterogeneity results suggest that the NEDC–ESG relationship varies
across firm and regional characteristics. The estimated effect is more pronounced among
non-SOEs, firms in high-tech industries, firms located in eastern and central China, and
firms in regions with stronger pre-existing environmental regulation. These patterns are
consistent with the view that firms’ technological capabilities, resource availability, and the
local institutional environment may influence their responses to the NEDC Pilot Policy. In
particular, stronger pre-existing environmental governance may provide a more supportive
environment for policy implementation and firm-level adjustment. The findings thus
highlight the importance of considering both firm characteristics and local institutional
conditions when evaluating the effectiveness of the NEDC Pilot Policy.

6.3. Spatial Spillover Effects and Geographic Reach

Although the NEDC Pilot Policy is implemented in designated cities, its influence
may extend beyond the administrative boundaries of pilot areas. Changes in renewable-
energy infrastructure, green technology adoption, financial support, and environmental
governance within pilot cities may affect firms in surrounding areas through technol-
ogy and information diffusion, supply-chain linkages, market competition, and policy
demonstration. Previous research also suggests that the NEDC Pilot Policy may generate
cross-regional spatial spillover effects [13]. We therefore further examine whether the policy
affects neighboring non-pilot firms and whether such effects vary with geographic distance.

Building on the baseline specification, we introduce a set of spatial neighborhood
variables as follows:

ESGit = α + β5NEDCit +
s=300

∑
s=100

δsNs
it + γControlsit + φi + µt + εit (7)

We identify firms’ geographic locations using the latitude and longitude of their
registered addresses and calculate the great-circle distance between firms and NEDC pilot
cities. Here, s denotes geographic distance in kilometers, and Ns

it indicates whether an
NEDC pilot city is located within the corresponding distance range around firm i in year
t. Specifically, Ns

it equals one if an NEDC pilot city is located within the (s − 100, s] km
range around firm i, and zero otherwise. For example, N100

it indicates whether an NEDC
pilot city is located within 0–100 km of firm i in year t. Thus, the coefficient δs captures the
spatial spillover effect of the NEDC Pilot Policy on the ESG performance of firms located
within the corresponding distance range. The remaining variables are defined as in the
baseline specification. We focus on the policy effects within 300 km and report estimates
for three distance bands at 100 km intervals: 0–100 km, 100–200 km, and 200–300 km. By
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comparing the magnitude and statistical significance of δs across these distance bands, we
further characterize the geographic reach of the spatial effects of the NEDC Pilot Policy and
how they vary with distance.

Figure 7 reports the estimated spatial spillover effects. The coefficients for the 0–100 km
and 100–200 km distance bands are positive and statistically significant, indicating that
the influence of the NEDC Pilot Policy is not confined to firms within pilot cities but also
generates positive spatial spillovers to geographically proximate firms. In contrast, the
coefficient for the 200–300 km band is no longer statistically significant. Overall, the results
suggest evidence of localized spatial spillovers, with the estimated positive association more
pronounced in areas closer to pilot cities and diminishing as geographic distance increases.

Figure 7. Spatial spillover effects of the NEDC Pilot Policy.

One possible explanation for this pattern is the geographic diffusion of technology,
information, and policy practices through industrial linkages and demonstration effects.
Firms located closer to pilot cities may have stronger information exchanges, supply-chain
connections, and factor flows, facilitating the diffusion of green technologies, managerial
practices, and policy information. Competitive and demonstration effects may also encour-
age nearby firms to adjust their environmental and sustainability practices. As distance
increases, these interactions are likely to weaken, which may help explain the observed
decline in the estimated spillover effect.

The spatial analysis also has implications for the interpretation of the baseline DID
estimates. To the extent that firms in nearby non-pilot areas are indirectly exposed to the
policy, the treatment–control contrast may be attenuated, potentially leading to a more
conservative estimate of the policy effect. Importantly, the spatial results remain consistent
with the main finding of a positive association between the NEDC Pilot Policy and corporate
ESG performance.

7. Conclusions and Discussion
7.1. Conclusions

Using panel data on Chinese A-share listed firms from 2009 to 2023, this study ex-
amines the relationship between the NEDC Pilot Policy and corporate ESG performance
within a difference-in-differences framework. The results show that firms registered in
pilot cities experienced greater improvements in ESG performance following formal pilot
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designation than firms in non-pilot cities. This finding remains robust across a range of
identification and sensitivity tests.

The channel analyses provide evidence consistent with green technological innovation
and external financing conditions as two potential channels associated with the NEDC–
ESG relationship. The moderation analysis further shows that the positive estimated
relationship between the policy and ESG performance is stronger among firms receiving
greater analyst coverage.

Additional analyses show that the positive NEDC–ESG relationship is evident in the
environmental and governance dimensions, but not in the social dimension. The estimated
relationship is also more pronounced among non-state-owned enterprises and firms in high-
tech industries, as well as among firms located in eastern and central China and in regions
with stronger pre-policy environmental regulation. Finally, the distance-band analysis
provides evidence consistent with localized spatial spillovers to nearby non-pilot firms.

Overall, the findings suggest that the NEDC Pilot Policy is associated with improved
corporate ESG performance, with the strength of this relationship varying across firms
and regional contexts. The study provides new evidence on the firm-level sustainability
implications of city-level energy-transition policies and highlights the importance of firm
characteristics and local institutional conditions in shaping policy outcomes.

7.2. Discussion and International Relevance

The findings extend the literature on place-based green-transition policies and cor-
porate sustainability. Previous studies show that low-carbon city initiatives and digital
infrastructure programs can affect corporate ESG performance [72,73], while research on
new-energy policies and the NEDC program has largely focused on specific firm-level
outcomes, such as green technological innovation, energy consumption intensity, and green
mergers and acquisitions [20–22]. This study complements this literature by examining
the NEDC–ESG relationship in a broader multi-industry setting and by documenting vari-
ation across ESG dimensions, firm characteristics, regional conditions, and geographic
proximity to pilot cities. The positive relationship is evident in the environmental and gov-
ernance dimensions but not in the social dimension, while the estimated relationship also
varies across ownership structures, industry technology intensity, and regional institutional
environments. The spatial analysis further provides evidence consistent with localized
spillovers to nearby non-pilot firms. Taken together, these findings suggest that the corpo-
rate sustainability consequences of place-based energy-transition policies cannot be fully
characterized by an average ESG estimate, but may depend on both firm characteristics
and the institutional and geographic environments in which such policies operate.

The results also provide a possible interpretation of the mixed evidence on energy-
transition policies and corporate ESG performance. Tu et al. [10] find that energy-
transition policies may weaken corporate ESG performance by increasing adjustment
costs, bankruptcy risk, and financing pressures, whereas Zheng et al. [31] document a
positive effect of the NEDC program among energy-intensive firms. Our findings are more
consistent with the latter, but the divergent results need not be viewed as contradictory.
The theoretical framework developed in this study suggests that energy-transition policies
may simultaneously impose transition costs and provide policy support. Compliance
requirements, technological replacement, and additional capital needs can increase firms’
adjustment costs, whereas more stable policy expectations, technological and infrastructural
support, and favorable financing and resource conditions may facilitate green transforma-
tion. The resulting ESG response may therefore depend on the relative strength of these
forces and firms’ capacity to respond to the policy. The evidence on green technological
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innovation, external financing conditions, and heterogeneous policy responses is broadly
consistent with this interpretation.

From an international perspective, the relevance of the Chinese experience lies less
in the specific NEDC model or the magnitude of the estimated relationship than in the
conditions under which place-based energy-transition policies may influence corporate
sustainability. The NEDC program combines regulatory and administrative coordination
with incentive and resource-support instruments in an institutional setting characterized
by relatively strong local planning and implementation capacity. Our findings suggest
that the effectiveness of such policies may depend on the alignment between policy in-
struments, firms’ technological capabilities and access to external financial resources, and
local institutional conditions. The moderating evidence on analyst coverage further points
to a potential role for the external information and monitoring environment in shaping
firms’ responsiveness to policy signals. These conditions may differ substantially across
countries, particularly where local implementation capacity, access to external financial
resources, or firm-level technological capabilities are more limited. Accordingly, similar
policy arrangements need not generate comparable firm-level sustainability outcomes
across institutional settings. The spatial results add another dimension to this international
relevance. Evidence consistent with localized spillovers suggests that the influence of place-
based energy-transition policies may extend beyond formal administrative boundaries
through cross-city economic and industrial linkages. This possibility may be particularly
relevant for emerging economies characterized by urban agglomerations and geograph-
ically concentrated industrial networks, where policies implemented in one jurisdiction
may also affect firms in neighboring areas. Cross-jurisdictional coordination may therefore
warrant attention in the design of place-based energy-transition policies. More broadly,
the international relevance of the NEDC experience lies not in replicating a particular
policy model, but in recognizing the importance of aligning policy design with firm-level
transition capacity, local institutional conditions, and cross-regional economic linkages.

7.3. Policy Implications

The findings offer several policy implications. At the policy-design level, place-based
energy-transition policies may benefit from stable policy objectives, coordinated policy
instruments, and implementation strategies that account for local conditions. The het-
erogeneity results suggest that firms’ responses vary with technological capabilities and
regional institutional environments, highlighting the potential importance of complemen-
tary technical, institutional, and infrastructural support where such conditions are less
developed. The evidence consistent with localized spatial spillovers also suggests that
coordination across neighboring jurisdictions, particularly in infrastructure development
and policy implementation, may warrant greater attention in the design of place-based
energy-transition policies.

From the perspective of firm-level adjustment, the channel evidence is consistent
with the potential importance of green technological innovation and external financing
conditions in supporting firms’ sustainability responses. Policies that facilitate green
innovation, including R&D support, technical assistance, and project-based incentives, may
help firms undertake the technological investments required for the green transition. At
the same time, reducing financing barriers to long-term sustainability investment may
strengthen firms’ capacity to respond to energy-transition policies. Because our measure
captures firms’ overall financing constraints rather than access to green credit specifically,
these implications apply more broadly to external financing conditions and should not be
interpreted as supporting any particular form of green finance.
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The external information environment also warrants attention. The stronger NEDC–
ESG relationship among firms with greater analyst coverage suggests that information
intermediaries may play a role in shaping firms’ responsiveness to energy-transition poli-
cies. Measures that improve the reliability, comparability, and transparency of corporate
sustainability information may help analysts, investors, and other market participants
evaluate firms’ sustainability responses more effectively. A more transparent informa-
tion environment may therefore facilitate the transmission of policy signals to firm-level
sustainability responses.

7.4. Limitations and Future Research

This study has several limitations that also provide directions for future research. A
primary limitation concerns policy assignment and causal identification. NEDC pilot cities
were not randomly selected but emerged through local applications, provincial review,
and national evaluation. Although the empirical analysis accounts for observable firm-
and city-level characteristics and employs matching, reweighting, alternative fixed effects,
trend controls, and sensitivity analyses, these approaches cannot fully rule out unobserved
time-varying factors that may be correlated with both pilot selection and corporate ESG
performance. The interpretation of the estimates therefore remains conditional on the
identifying assumptions underlying the difference-in-differences design. Future research
could use detailed application records, pilot evaluation scores, and measures of local
implementation intensity to examine the policy assignment process and variation in policy
implementation more directly.

A related limitation concerns the measurement of ESG performance and policy ex-
posure. The Huazheng ESG ratings provide broad coverage of Chinese listed firms but
necessarily reflect provider-specific methodologies and indicator weights. Although the
results are robust to alternative ESG measures, future studies could combine multiple
rating systems with corporate disclosures, emissions data, and other objective measures
of environmental performance. In our empirical design, treatment status is defined ac-
cording to whether a firm’s registered city was included in the NEDC program, which
serves to characterize the firm’s policy exposure. Future research could further incorporate
information on firms’ production facilities, subsidiaries, cross-regional operations, and
supply-chain relationships to construct more granular measures of policy exposure.

The channel and moderation analyses are also subject to identification limitations. The
results are consistent with green technological innovation and external financing conditions
as potential channels associated with the NEDC–ESG relationship, but they should not be
interpreted as establishing causal mediation. In addition, the SA-based measure captures
firms’ overall financing constraints rather than access to green credit specifically. Future
research using bank–firm lending relationships, green credit disclosures, and detailed
information on financing costs and maturities could more directly distinguish general
external financing conditions from access to green financing. Similarly, more granular
information on analysts and other information intermediaries could help clarify how
external information and monitoring conditions shape firms’ responsiveness to energy-
transition policy signals.

Finally, the external validity and spatial interpretation of the findings warrant further
consideration. The analysis focuses on Chinese A-share listed firms operating within the
institutional setting of the NEDC program, and the findings may not generalize directly
to non-listed firms, other countries, or other forms of energy-transition policy. More-
over, while the distance-band analysis provides evidence consistent with localized spatial
spillovers, it does not identify the specific transmission mechanisms involved. Future
research combining geographic information with interfirm networks, supply-chain relation-
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ships, and cross-city policy linkages could help distinguish among potential pathways such
as technology diffusion, industrial linkages, market competition, and policy demonstration.
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