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Abstract

Against the backdrop of rising environmental pressure and increasing reliance on supply-
chain-based governance, this study examines the environmental impact of China’s Green
Supply Chain Management Demonstration Program. Using a panel of Chinese listed
firms from 2012 to 2024, I exploit the inclusion of firms in the government-designated
demonstration list as an exogenous policy shock and estimate its effects within a difference-
in-differences framework. The results show that participation in the program significantly
improves corporate environmental performance. Treated firms are more likely to adopt
environmentally friendly practices, including renewable energy use, circular economy
initiatives, and energy-saving technologies, and are more likely to receive environmental
awards and other forms of positive environmental recognition. Mechanism analyses
suggest that these effects operate through increased green patenting activity and enhanced
environmental information disclosure quality. Heterogeneity analyses indicate that the
effects are stronger for firms with higher supply chain efficiency, more limited access to
external resources, and lower pre-existing green innovation, as well as for state-owned
enterprises, firms located in eastern China, and those benefiting from greater government
green support. Overall, the findings provide causal evidence that supply-chain-oriented
environmental policies can effectively enhance corporate environmental performance in
emerging economies

Keywords: green supply chain management; environmental performance; difference-
in-differences

1. Introduction

Improving corporate environmental performance has become a central policy objective
for governments seeking to reconcile economic growth with environmental sustainability.
In both developed and emerging economies, firms are increasingly expected to internalize
environmental externalities by adopting cleaner production processes, reducing emissions,
and engaging in environmentally responsible practices [1]. A growing body of literature
examines how environmental regulations, market-based instruments, and voluntary ini-
tiatives affect firms’ environmental behavior [2-6]. Despite this progress, relatively little
is known about whether supply-chain-oriented environmental policies can effectively
promote corporate environmental performance, particularly in emerging markets where
institutional constraints and financing frictions remain salient.

A related and rapidly expanding literature on green supply chain management (GSCM)
emphasizes the importance of incorporating environmental considerations into supply
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chain activities, including green procurement, cleaner production, eco-design, and re-
verse logistics [1,7,8]. Prior studies suggest that adopting GSCM practices can improve
firms” environmental performance and, in some cases, enhance operational efficiency
and competitiveness [9-11]. However, most of this literature focuses on voluntary firm-
level adoption of GSCM practices, survey-based evidence, or case studies, which limits
causal identification [12-14]. Moreover, existing studies typically examine internal supply
chain coordination or buyer—supplier relationships, paying less attention to the role of
government-led supply chain governance in shaping firms’ environmental behavior.

From a policy perspective, supply chains represent a critical leverage point for envi-
ronmental governance. Environmental impacts often extend beyond firm boundaries and
are transmitted through complex production networks. As a result, policymakers have
increasingly shifted attention from firm-level environmental regulation toward supply-
chain-based approaches that encourage firms to internalize environmental responsibilities
across upstream and downstream partners. Nevertheless, empirical evidence on whether
such supply-chain-oriented policies can generate broad and measurable improvements in
corporate environmental performance remains scarce, especially in emerging economies.

China provides a unique and informative setting to study this question. As the world’s
largest manufacturing economy and carbon emitter, China faces substantial environmental
challenges. In response, the Chinese government has actively experimented with innova-
tive environmental governance tools that complement traditional command-and-control
regulation. One prominent example is the Green Supply Chain Management Demonstra-
tion Program, which was initiated under the Guidelines for the Implementation of the
Green Manufacturing Engineering Program issued by the Ministry of Industry and Infor-
mation Technology (MIIT). Rather than imposing mandatory requirements, the program
encourages firms to voluntarily participate in green supply chain initiatives. Firms enter
the program through a multi-stage process involving self-application, recommendation
by local authorities, third-party evaluation, and expert review. Selected firms are publicly
designated as green supply chain management demonstration enterprises. Following
inclusion, firms are expected to fulfill specific environmental and supply chain-related
obligations, while also becoming eligible for policy support and preferential treatment. This
institutional design combines voluntary participation with government endorsement and
post-selection incentives, making the program a representative example of an incentive-
based green supply chain policy. Recent studies suggest that such policies can reshape
firms’ innovation incentives, supply chain relationships, and financing conditions [15,16],
yet direct evidence on their environmental consequences remains limited.

This study examines whether China’s Green Supply Chain Management Demonstra-
tion Program improves corporate environmental performance. Exploiting firms’ inclusion
in the government-designated demonstration list as a plausibly exogenous policy event, I
employ a difference-in-differences research design using a panel of Chinese listed firms
from 2012 to 2024. This empirical setting allows me to compare changes in environmental
performance between participating firms and a carefully constructed control group before
and after policy adoption, while controlling for time-invariant firm characteristics and
common macroeconomic trends.

My baseline results show that firms included in the demonstration program experience
a significant improvement in environmental performance relative to non-participating firms.
Further analyses reveal that, as commonly emphasized in the GSCM literature, treated firms
are more likely to adopt concrete environmental strategies such as renewable energy usage,
circular economy practices, and energy-saving technologies. In addition, treated firms
are more likely to receive environmental awards or other forms of positive environmental
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recognition, suggesting that the observed improvements are externally validated rather
than merely symbolic.

I further explore the mechanisms through which the demonstration program affects
environmental outcomes. The evidence indicates that participation in the program is
associated with increased green patenting activity and enhanced environmental information
disclosure. These channels are consistent with the theoretical mechanisms proposed in
the GSCM literature, which emphasize the role of innovation incentives and information
transparency in facilitating environmentally responsible supply chain practices [13,17-19].

In addition, I document substantial heterogeneity in the program’s environmental
effects. The estimated impacts are stronger among firms with higher supply chain efficiency,
more limited access to external resources, and lower pre-existing levels of green innovation.
I also find that the effects are more pronounced for state-owned enterprises, firms located
in China’s eastern regions, and those benefiting from greater government green support.
These patterns highlight how firm characteristics and supply chain structures condition the
effectiveness of green supply chain management policies.

This study contributes to the literature in several ways. First, I extend the GSCM
literature by providing large-sample, causal evidence on the environmental effects of a
government-led green supply chain policy, complementing prior studies that focus on
firm-initiated practices. Second, by identifying supply chain finance, green innovation, and
information disclosure as key mechanisms, I shed light on how green supply chain poli-
cies translate into real environmental outcomes. Third, my findings offer policy-relevant
insights for emerging economies, suggesting that supply-chain-based environmental gov-
ernance can serve as an effective complement to traditional environmental regulation.

The remainder of the paper is organized as follows. Section 2 provides the insti-
tutional background of China’s Green Supply Chain Management Demonstration Pro-
gram. Section 3 reviews the related literature and develops the research hypotheses.
Section 4 describes the research design and data. Section 5 presents the empirical results.
Section 6 concludes.

2. Institutional Background

To advance the national strategy of building a manufacturing powerhouse and facili-
tate the transition toward an ecological civilization, China has progressively established
a green manufacturing policy framework that integrates environmental objectives into
industrial development. In June 2016, the State Council issued the Industrial Green De-
velopment Plan (2016-2020), formally articulating green development as a core principle
of industrial transformation. Shortly thereafter, in September 2016, the MIIT released the
Notice on the Construction of a Green Manufacturing System, marking the official launch
of green manufacturing pilot and demonstration initiatives.

The green manufacturing system emphasizes four key components: green factories,
green industrial parks, green products, and green supply chains. Among these, GSCM
holds a central position by extending environmental governance beyond individual firms
and promoting coordination and collaboration across upstream and downstream enter-
prises. Conceptually, GSCM integrates green manufacturing principles with supply chain
management techniques, embedding environmental considerations throughout the entire
product lifecycle—from raw material procurement and production to distribution, use,
recycling, and disposal. By incentivizing supply chain partners to adopt environmentally
responsible practices, green supply chains are designed to generate synergistic effects that
enhance systemic sustainability.

In line with this framework, MIIT issued the Guidelines for the Implementation of
the Green Manufacturing Engineering Program (2016-2020) in September 2016, explicitly
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calling for the establishment of green supply chain management systems and the active
promotion of national green supply chain pilot projects. In 2017, MIIT announced the first
batch of green supply chain management demonstration enterprises. The selection process
involved multiple stages: voluntary application by enterprises, preliminary screening and
recommendation by local industrial authorities, evaluation by third-party institutions, and
final expert review. The program aims to encourage firms to build sustainable green supply
chain management systems and play a leading role in promoting green development within
their industries.

Although firms voluntarily apply to participate in the Green Supply Chain Manage-
ment (GSCM) Demonstration Program, the program can still be interpreted as a quasi-
exogenous policy shock. The selection process is organized by the Ministry of Industry and
Information Technology (MIIT) and involves multiple stages of evaluation. Specifically,
candidate firms are assessed according to a comprehensive evaluation framework that
includes six primary dimensions—GSCM strategy, green supplier management, green pro-
duction, green recycling, green information platform construction, and green information
disclosure—and twenty-two secondary indicators. The evaluation process further involves
review and recommendation by local authorities, assessment by third-party experts, and
final approval by the central government.

This multi-layered and government-led selection process implies that firms cannot
fully determine whether or when they are ultimately designated as GSCM demonstration
enterprises. In particular, while firms may influence the decision to apply for the program,
the timing of approval largely depends on the government’s evaluation procedures and
batch allocation. As a result, conditional on firm fixed effects and year fixed effects, the
timing of firm inclusion can be reasonably treated as quasi-exogenous.

Furthermore, the green supply chain management demonstration program has ex-
panded steadily. By 2024, nine batches of the national green manufacturing list had been
published, each including green supply chain demonstration firms. The green supply chain
management demonstration program represents a government-initiated, incentive-based
policy that combines voluntary participation with post-selection obligations and policy
support. Its staggered implementation across firms and over time, along with the public
disclosure of demonstration lists, provides a suitable institutional setting for identifying
the causal effects of green supply chain policies on corporate environmental performance.

3. Literature Review and Hypothesis Development
3.1. Literature Review on Green Supply Chain Management

Green supply chain management (GSCM) integrates environmental objectives into
supply chain operations to balance ecological and economic goals. The concept has evolved
from initial emphasis on strategic alignment [7] toward lifecycle-oriented approaches and
multidimensional frameworks [8,20]. Research in this field has expanded rapidly, driven by
regulatory and market pressures, with a notable increase in studies focusing on emerging
economies like China [10,19,21-23].

Methodologically, studies have progressed from survey-based scales to predic-
tive modeling and multidimensional frameworks [13,20,24]. Empirical studies show
that GSCM adoption generally enhances operational efficiency, environmental perfor-
mance, and financial outcomes [9-11], though effects may vary across different sup-
ply chain roles. Industry-specific studies reveal both benefits and implementation
barriers [25,26]. Organizational and institutional factors, such as stakeholder pressure,
collaboration capability, and governance integration, significantly influence GSCM imple-
mentation and effectiveness [23,27-30]. Digital transformation further enables innovation
and optimization [31,32].
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Recent literature highlights mediating mechanisms like green innovation and repu-
tational enhancement through which GSCM contributes to sustainability and corporate
value [16,17,33-35]. Evidence also points to financial benefits, including eased financing
constraints and improved productivity [18,36]. Despite these insights, significant gaps per-
sist, particularly regarding causal identification—much existing research relies on survey
data [12,13]—and the need to clarify the specific channels through which policy-driven
GSCM programs affect performance outcomes [15]. This study aims to address these gaps
by examining a quasi-natural experiment in China’s green supply chain pilot program.

3.2. Hypothesis Development

GSCM represents a strategic evolution in environmental governance, extending be-
yond firm-level efforts to encompass the coordinated environmental optimization of entire
production networks [7]. By integrating ecological considerations into supply chain co-
ordination, GSCM facilitates joint improvements in both environmental and operational
performance across upstream and downstream partners. A body of evidence from emerg-
ing economies, including China, suggests that GSCM adoption is associated with improved
environmental outcomes, such as lower emissions and enhanced resource efficiency [10,21].
Building on this literature, I propose that participation in China’s GSCM Demonstration
Program enhances corporate environmental performance through a combination of internal
operational channels and external market-oriented channels.

The program’s requirements are expected to drive internal transformation. First, by
standardizing green management systems and improving coordination across supply chain
nodes, the program can enhance overall supply chain efficiency. More efficient logistics,
procurement, and production processes are intrinsically linked to lower resource intensity
and waste generation, directly improving environmental performance. Second, to meet the
program’s evaluation standards and maintain reputational status, participating firms face
heightened incentives to invest in green innovation, including energy-saving technologies
and eco-friendly product designs. Green innovation is a well-established mediator through
which GSCM practices translate into sustained environmental gains [17,33]. Third, the
program mandates enhanced environmental information disclosure, reducing internal
information asymmetry and facilitating stronger external monitoring. Improved trans-
parency and information sharing are critical for converting formal GSCM commitments
into measurable performance improvements.

Externally, program participation serves as a credible signal of a firm’s environmental
commitment and governance quality to financial institutions and supply chain partners.
This signaling effect can be particularly powerful in environments with high information
asymmetry. A key manifestation is improved access to supply chain finance. Designated
firms may be perceived as lower-risk and more sustainable partners, thereby securing more
favorable financing terms [18,28]. Relaxed financing constraints enable firms to channel
more resources into green technologies and cleaner production processes, thus amplifying
the environmental benefits initiated by the program.

Integrating these internal and external pathways, I posit that the GSCM demonstration
program provides both the operational impetus and the resource capacity for firms to
achieve superior environmental performance. The internal channels of efficiency, inno-
vation, and disclosure drive direct improvements, while the external signaling effect and
improved access to finance provide critical resources to sustain and scale these efforts.
Accordingly, I propose the following hypothesis:

Hypothesis 1. Firms participating in the Green Supply Chain Management Demonstration
Program experience a significant improvement in environmental performance relative to non-
participating firms.
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4. Research Design
4.1. Sample Selection and Data Sources

In this study, I select Chinese A-share listed companies from 2012 to 2024 as the initial
sample and process the data as follows: (1) firms in the financial and utility industries are
excluded; (2) firms designated as ST or *ST are removed; (3) observations with missing
environmental performance or environmental strategy data are excluded; (4) samples with
other missing key variables are also excluded. All continuous variables are winsorized at
the 1st and 99th percentiles.

Based on the Green Manufacturing System Construction Demonstration List issued
by China’s Ministry of Industry and Information Technology, I manually identify listed
companies from the green supply chain pilot list. Data on environmental performance,
environmental strategy, green patents, and supply chain finance are sourced from the
Chinese Research Data Services (CNRDS) database. All other financial and firm-level data
are obtained from the China Stock Market & Accounting Research (CSMAR) Database.

4.2. Empirical Model

To examine the impact of the China’s Green Supply Chain Management Demonstration
Program on corporate environmental performance, I employ a staggered difference-in-
differences (DID) model. Specifically, the baseline regression is specified as follows:

EYlU_PEI”fi/t = Bo + B1 x TREAT; x POST; + ZCONTROLS;; +v; + 1 +¢€;; (@)

where Env_Perf; , denotes the environmental performance score of firm i in year t; TREAT;
is a dummy variable that equals 1 if firm i is ever included in the Green Supply Chain
Management Demonstration Program during the sample period, and 0 otherwise; POST} is
a time-varying indicator that equals 1 starting from the year when firm i enters the program
and in all subsequent years, and 0 otherwise. My focus is on the coefficient of the interaction
term. According to the previous analysis, B is predicted to be positive, indicating that
compared with control group, the treatment group participating in the program has better
environmental performance.

I follow previous studies to construct the following control variables: firm size (Size),
financial leverage (Lev), profitability (ROA), cash flow (Cash) and book-to-market ratio
(BTM). I also add following variables to control the effect of corporate governance: number
of board members (Board), the percentage of top shareholding (Top 1), and the ratio of
institutional investors (Inst Own). In addition, the paper controls for firm fixed effects
(Firm) and year fixed effects (Year). Detailed definitions of variables are presented in
Appendix A. All continuous variables are winsorized at the 1% and 99% levels to eliminate
the impact of extreme values.

4.3. Descriptive Statistics

Panel A of Table 1 reports the summary statistics for the main variables. The mean
value of environmental performance (Env_Perf) is 24.26, with a standard deviation of
21.52, indicating considerable variation across firms. For the key explanatory variable, the
interaction term Treat x Post has a mean of 0.021, confirming that only a small fraction
(2.1%) of the firm-year observations represent firms participating in the Green Supply
Chain Management Demonstration Program in the post-treatment period.

Regarding firm characteristics, the average firm size (Size) is 23.18 (in natural logarithm
of total assets). Firms have a mean leverage (Lev) of 0.463 and an average return on assets
(ROA) of 0.038. The mean operating cash flow ratio (Cash) is 0.056. The book-to-market
ratio (BTM) averages 0.695. Corporate governance variables show that the average board
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size (Board) is approximately 2.26 (log-transformed), the largest shareholder holds about
35.76% of shares (Top 1), and institutional ownership (Inst Own) averages 51.57%. The
standard deviations for these control variables suggest substantial heterogeneity in the
sample, supporting the inclusion of these factors to mitigate omitted variable bias.

Table 1. Descriptive Statistics.

Panel A
Variable Mean SD P5 P25 Median P75 P95
Env_Perf 24.2591 21.5243 1.587 5.3513 16.7467 40.424 67.8524
Treat x Post 0.0214 0.1448 0 0 0 0 0
Size 23.1774 1.3763 21.1222 22.1507 23.0484 24.0938 25.8361
Lev 0.4627 0.1973 0.1403 0.3112 0.4678 0.6118 0.7797
ROA 0.0375 0.0595 —0.0557 0.0126 0.0347 0.0658 0.1329
Cash 0.0555 0.0654 —0.0468 0.0169 0.0525 0.0926 0.1692
BTM 0.6946 0.2703 0.2348 0.4888 0.7028 0.9071 1.1282
Board 2.2612 0.1731 1.9459 2.0794 2.3026 2.3026 2.5649
Top 1 35.7607 15.6786 12.6089 23.344 34.2367 47.1236 63.4891
Inst Own 51.5656 23.3695 7.5395 35.8542 54.8576 69.3005 86.2253
Panel B
<2017 >2017

Variabl Treat Control Treat Control

anable post=0 post=1
Env_Perf 10.2782 10.3271 25.7867 39.4111 28.5262
Size 23.3189 23.0597 23.5081 23.8696 23.1809
Top 1 36.3332 38.8192 33.8623 28.0952 35.0572
Inst Own 50.6434 55.1778 49.9312 46.0306 50.6437
SOE 0.4412 0.6418 0.3185 0.2641 0.4917

Note: Panel A presents the descriptive statistics of the variables included in the tests. Panel B presents univariate
comparisons of key firm characteristics between the treated and control groups before and after the program’s
first implementation. All variables are defined in Appendix A.

In Panel B, I present univariate comparisons of key firm characteristics between
the treated and control groups before and after the program’s implementation. Given the
staggered rollout of the GSCM Program, I designate 2017—the first year of implementation—
as the benchmark policy onset. Prior to the policy (<2017), treated and control firms exhibit
highly comparable environmental performance, with mean values of 10.28 and 10.33,
respectively, indicating no systematic pre-treatment differences. Following implementation,
treated firms demonstrate a marked improvement in environmental performance relative
to controls. Firm size is also broadly similar across groups, though some differences emerge
in ownership-related variables. To address concerns related to pre-existing heterogeneity
in ownership structure and other firm characteristics, the baseline difference-in-differences
specification includes firm and year fixed effects, which absorb time-invariant heterogeneity
and common shocks. Additionally, I implement a propensity score matching difference-
in-differences (PSM-DID) approach in later robustness tests to ensure treated and control
firms are comparable along observable dimensions prior to treatment. Overall, while some
cross-sectional differences persist, they are adequately accounted for in the empirical design.
The similarity in pre-treatment environmental performance further supports the validity of
the identification strategy.
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5. Empirical Results
5.1. Baseline Results

Table 2 presents the baseline difference-in-differences estimation results. Columns (1)
to (3) report the estimates with progressively expanded sets of control variables and
firm-level characteristics. In all specifications, firm and year fixed effects are in-
cluded. Column (1) shows the parsimonious specification with only the interaction term
Treat x Post. The coefficient is 3.8453 and statistically significant at the 5% level, indicating
that participation in the Green Supply Chain Management Demonstration Program leads
to an increase in corporate environmental performance scores. Column (2) introduces
fundamental financial controls, including Size, Lev, ROA, Cash, and BTM. The coefficient
on Treat x Post remains positive and statistically significant at the 5% level (3 = 3.5004). The
magnitudes of the control variables are generally intuitive: firm size is positively associated
with environmental performance, while leverage exhibits a significant negative association.
Column (3) further incorporates corporate governance variables (Board, Top 1, Inst Own).
The estimated treatment effect is 3.5783 and remains significant at the 5% level, confirming
the robustness of the main result to a richer set of firm-level controls.

Table 2. Baseline Analysis.

1) 2) (3)
Env_Perf Env_Perf Env_Perf
Treat x Post 3.8453 ** 3.5004 ** 3.5783 **
(2.43) (2.20) (2.26)
Size 2.0640 *** 2.225] ***
(3.04) (3.20)
Lev —6.0635 *** —6.5094 ***
(—2.68) (—2.87)
ROA 6.0895 * 5.9518
(1.65) (1.60)
Cash —2.7561 —2.8295
(—1.06) (—=1.09)
BTM —2.4339 —2.7203
(—1.37) (—1.52)
Board —0.9941
(—0.52)
Top 1 0.0457
(1.18)
Inst Own —0.0204
(—0.72)
Constant 23.3511 *** —19.5504 —21.2316
(735.10) (—1.28) (—1.31)
Firm Yes Yes Yes
Year Yes Yes Yes
Obs. 10858 10858 10858
R? 0.7528 0.7541 0.7542

Notes: This table presents the impact on corporate environmental performance after being included in China’s
Green Supply Chain Management Demonstration Program. The dependent variable is environmental performance.
Treat is an indicator variable equal to one if a firm is included in the GSCM Program, and zero otherwise. Post
is an indicator variable equal to one for the year in which a firm enters the program and all subsequent years,
and zero otherwise. All other variables are defined in Appendix A. Firm and year fixed effects are included in
the regression. Standard errors are clustered at the firm level, with t-value reported in parentheses. Levels of
significance are presented as follows: * p < 0.1; ** p < 0.05; *** p < 0.01.

Across all three columns, the coefficient of Treat x Post is consistently positive and
statistically significant at conventional levels. This provides robust preliminary evidence
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that the Green Supply Chain Management Demonstration Program has a positive causal
effect on firms’ environmental performance.

5.2. The Effect of GSCM Demonstration Program on Environmental Strategies

I then investigate the impact of the GSCM Demonstration Program on corporate envi-
ronmental strategies. Table 3 reports the regression results for eight distinct environmental
strategies using a fixed-effects logistic model. I find that the effect of the program varies
considerably across different dimensions.

Table 3. Environmental Strategies.

@ () 3) @) (5) (6) ) 8)
Env_Str A Env_Str B Env_Str C  Env_Str D Env_Str E Env_Str F Env_Str G Env_Str H
Treat x Post —0.1812 —0.7597 0.6796 *** 0.5344 ** 0.2545 —0.0415 0.4843 ** 0.4924 **
(—0.83) (—0.99) (2.90) (2.14) (1.04) (—=0.19) (2.20) (2.13)
Size 0.3793 *** 0.5650 *** 0.9721 *** 0.5444 *** 0.4582 *** 0.6949 *** 0.7752 *** 1.4313 ***
(5.56) (5.73) (12.79) (7.56) (6.05) (9.36) (9.56) (17.68)
Lev —0.5807 * 0.1708 —1.4343 *** 0.6964 ** —1.2810 ***  —1.2557 *** —0.7009 * —1.3361 ***
(=1.79) (0.47) (—3.96) (2.08) (—3.38) (—3.48) (—=1.76) (—3.84)
ROA —0.8506 —0.2631 —0.8565 —0.7376 —0.0806 —1.5389 ** —0.3295 —1.7239 ***
(—1.33) (—0.36) (—1.24) (—1.13) (—0.11) (—2.16) (—0.42) (=2.71)
Cash 0.3649 0.5214 0.7665 —0.5332 —0.4934 1.3753 ** 0.4565 1.0669 **
(0.74) (0.95) (1.43) (—1.05) (—0.89) (2.52) (0.80) (2.12)
BTM —0.3801 —0.0196 0.4068 —0.5769 ** 0.4580 0.7931 *** 0.5729 ** 2.1006 ***
(—1.52) (—=0.07) (1.52) (—2.24) (1.60) (2.90) (1.98) (8.05)
Board —0.1801 0.3352 —0.6118 ** —0.1630 —0.8857 *** —0.1340 —0.7601 **  —1.2271 ***
(—0.66) (1.07) (-2.12) (—0.57) (—2.87) (—0.46) (—2.48) (—4.40)
Top 1 0.0022 —0.0079 —0.0093 0.0192 *** 0.0131 ** —0.0102 * —0.0110 * —0.0283 ***
0.41) (—1.32) (—1.58) (3.39) (2.13) (-1.72) (—1.76) (—4.61)
Inst Own 0.0055 —0.0049 —0.0034 —0.0098 **  —0.0120 *** 0.0001 —0.0067 —0.0063
(1.40) (—1.14) (—0.81) (—2.45) (—2.69) (0.02) (—1.47) (—1.49)
Obs. 9023 7768 8676 8781 7599 8234 7972 9771
Pseudo R? 0.0057 0.0038 0.0434 0.0147 0.0125 0.0272 0.0308 0.0974

Notes: This table presents the results of environmental strategy choices after being included in China’s Green
Supply Chain Management Demonstration Program, using a fixed-effects logistic model, with t-values reported
in parentheses. The dependent variables include Eco-friendly Products (Env_Str_A), Pollution Reduction Mea-
sures (Env_Str_B), Circular Economy (Env_Str_C), Energy Conservation (Env_Str_D), Green Office Practices
(Env_Str_E), Environmental Certification (Env_Str_F), Environmental Awards (Env_Str_G) and Other Envi-
ronmental Advantages (Env_Str_H). All other variables are defined in Appendix A. Levels of significance are
presented as follows: * p < 0.1; ** p < 0.05; *** p < 0.01.

First, from the perspective of corporate strategies, I find that the coefficient on
Treat x Post is positive and statistically significant for Env_5Str_C (Circular Economy) and
Env_Str_D (Energy Conservation). This indicates the GSCM program primarily enhances
circular economy practices and energy conservation, which represent operational adjust-
ments closely related to resource efficiency and supply-chain coordination. In contrast,
other environmental strategies, such as providing eco-friendly products (Env_Str_A), pol-
lution reduction measures (Env_Str_B), and green office practices (Env_Str_E), are not the
main targets, and their coefficients are not statistically significant.

On the other hand, treated firm in the program are more likely to receive environ-
mental awards and other forms of positive environmental recognition. The coefficients on
Treat x Post is positive and statistically significant for Env_Str_G (Environmental Awards),
and Env_Str_H (Other Environmental Advantages), but not significant for Env_Str_F (Envi-
ronmental Certification). This suggests that the program not only encourages firms to adopt
environmentally friendly practices but also increases the likelihood that their efforts are
recognized externally. However, these results may also be partially explained by potential
signaling effects, as firms participating in the demonstration program become more visible
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to regulators, industry associations, and evaluators. The findings may suggest not only
improvements in environmental practices but also enhanced environmental visibility and
reputational signaling.

Overall, these findings suggest that the GSCM program primarily promotes corporate
environmental strategies in domains closely aligned with supply chain resource optimiza-
tion and efficiency gains, rather than uniformly enhancing all forms of environmental
engagement.

5.3. Robustness Tests

To ensure the reliability of the main findings, I conduct a series of robustness checks, in-
cluding the parallel trend test, matched sample analysis, placebo test, and several additional
tests based on alternative specifications and samples.

5.3.1. Parallel Trend Test

While the difference-in-differences (DID) framework controls for time-invariant firm
heterogeneity and common shocks, the validity of causal interpretation relies on the parallel
trend assumption. That is, conditional on firm fixed effects and year fixed effects, treated
and control firms are assumed to follow similar trends in environmental performance in
the absence of the policy. To test this assumption, I replace the policy dummy with a series
of year-by-year dummies for the periods before and after the program’s implementation.
Figure 1 plots the estimated coefficients along with their 95% confidence intervals. The
results show that in the pre-treatment periods, the coefficients are statistically insignificant
and their confidence intervals include zero, indicating no systematic differences in environ-
mental performance between the treatment and control groups before the policy. After the
implementation, the coefficients become positive and statistically significant, with an in-
creasing trend over time. This pattern supports the parallel trend assumption and confirms
a dynamic treatment effect of the program. This observed pattern is consistent with the
notion that green supply chain management requires time to materialize—implementing
circular economy practices, improving energy efficiency, and coordinating environmen-
tal standards across suppliers involve gradual operational adjustments and technology
adoption, leading to environmental benefits that emerge progressively rather than as an
immediate policy shock.
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Figure 1. Parallel Trend Tests. This figure presents event-study estimates with 95% confidence
intervals.
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5.3.2. Matched Sub-Sample Analysis

To address potential sample selection bias due to ex-ante differences between treated
and control firms, I employ propensity score matching (PSM). As the program is predomi-
nantly composed of manufacturing firms, I restrict the matching process to manufacturing
firms only. I estimate a Probit model with Treat as the dependent variable and all baseline
control variables as predictors, including firm and year fixed effects. Based on the esti-
mated propensity scores, I construct a matched sample and re-run my baseline regression.
As shown in Table 4, the coefficient on Treat x Post remains positive and statistically
significant, consistent with my main results.

Table 4. PSM-DID Tests.

D
PSM-DID
Env_Perf
Treat x Post 2.9924 *
(1.84)
Size 3.4715 ***
(2.64)
Lev —9.8397 **
(—2.01)
ROA —14.6114
(—1.39)
Cash 2.9236
(0.53)
BTM —6.8081 *
(—1.78)
Board 1.2499
(0.31)
Top 1 0.1270 *
(1.73)
Inst Own 0.0075
(0.16)
Constant —50.5368 *
(—1.66)
Firm Yes
Year Yes
Obs. 2562
R? 0.7718

Notes: This table presents the results of PSM-DID tests. The dependent variable is environmental performance.
Treat is an indicator variable equal to one if a firm is included in the GSCM Program, and zero otherwise. Post
is an indicator variable equal to one for the year in which a firm enters the program and all subsequent years,
and zero otherwise. All other variables are defined in Appendix A. Firm and year fixed effects are included in
the regression. Standard errors are clustered at the firm level, with t-value reported in parentheses. Levels of
significance are presented as follows: * p < 0.1; ** p < 0.05; *** p < 0.01.

5.3.3. Placebo Test

To mitigate concerns about omitted variables, I perform a placebo test by randomly
assigning the treatment status among firms within each program batch. This process is
repeated 500 times to generate a distribution of placebo coefficients. Figure 2 displays the re-
sulting distribution, which is centered around zero and statistically insignificant, confirming
that my baseline estimates are unlikely to be driven by unobserved confounding factors.
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Figure 2. Placebo Tests.

5.3.4. Synthetic Control Approach

In this section, I employ a synthetic control method to further test the robustness of the
main findings. This approach constructs a counterfactual for each treated unit by weighting
a pool of untreated units to best match the pre-treatment characteristics and outcomes of
the treated firm. I select two representative treated firms from the first batch of the pilot
program in 2017: Weichai Power (000338), a leading Chinese company in the automotive
and equipment manufacturing industry, primarily engaged in engines, powertrains, com-
mercial vehicles, construction machinery, and related components; and Goldwind (002202),
a global leader in wind power generation and integrated clean energy solutions. As shown
in Figure 3, Weichai Power’s environmental performance improved substantially after 2017
compared to its synthetic control. Goldwind also shows improvement, though with a delay,
suggesting that environmental performance in the wind power sector may exhibit a lagged
response. Overall, these results corroborate the main findings.
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Figure 3. Synthetic Control Tests.

5.3.5. Excluding Concurrent Policy Interference

The sample period covers multiple environmental policy initiatives beyond the GSCM
demonstration program. To mitigate concerns that the estimates might be confounded by
concurrent regulations, I control for firm participation in the Green Factory Pilot Program,
the Supply Chain Innovation and Application Demonstration Program, and the Low-
Carbon City Pilot. As shown in Table 5, the estimated effect of the GSCM demonstration
program remains significant across all specifications. This suggests that the GSCM program
has an independent effect on environmental performance, and the results are unlikely to be
confounded by other concurrent policies.
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Table 5. Other Policy Effects.
@ 2 3
Env_Perf Env_Perf Env_Perf
Treat x Post 2.8874 * 3.3860 ** 3.5758 **
(1.78) (2.14) (2.26)
Treat x Post 2.0226 *
(Green Factory Pilot) (1.86)
Treat x Post 1.8979
(Innovative SC Pilot) (1.09)
Treat x Post 0.3364
(Low Carbon City Pilot) (0.27)
Controls Yes Yes Yes
Constant —19.9554 —21.0909 —21.3748
(—1.23) (—1.30) (—1.32)
Firm Yes Yes Yes
Year Yes Yes Yes
Obs. 10,858 10,858 10,858
R? 0.7544 0.7542 0.7542

Note: This table reports the results after accounting for the effects of other concurrent policies. Specifically, I
control for firms’ participation in the Green Factory Pilot Program, the Supply Chain Innovation and Application
Demonstration Program, and the Low-Carbon City Pilot. The dependent variable is environmental performance.
Treat is an indicator variable equal to one if a firm is included in the GSCM Program, and zero otherwise. Post
is an indicator variable equal to one for the year in which a firm enters the program and all subsequent years,
and zero otherwise. All other variables are defined in Appendix A. Firm and year fixed effects are included in
the regression. Standard errors are clustered at the firm level, with t-value reported in parentheses. Levels of
significance are presented as follows: * p < 0.1; ** p < 0.05.

5.3.6. Additional Robustness Checks

I further conduct several supplementary tests, the results of which are summarized
in Table 6: (1) Replace the environmental performance measurement with the Huazheng
Environmental Scores (Column 1). These scores are constructed by an independent rating
agency with no conflicts of interest, ensuring their objectivity and reliability. (2) Replace the
environmental performance score with environmental rankings (Column 2). (3) To examine
potential lagged effects, regress environmental performance on the one-year lagged Treat
x Post variable (Column 3). (4) Expand the sample by retaining observations with missing
environmental strategy data, yielding 39,729 observations (Column 4). (5) Exclude the year
2024 from the sample to avoid potential truncation bias (Column 5). (6) Drop the year 2020
to eliminate confounding effects from the COVID-19 pandemic (Column 6).

Across all these alternative specifications and samples, the coefficient on Treat x Post
remains positive and statistically significant at conventional levels. These consistent find-
ings reinforce the robustness of my main conclusion that the Green Supply Chain Manage-
ment Demonstration Program improves corporate environmental performance.

Table 6. Other Robustness Tests.

(1) (2) 3) 4) (5) (6)
Alternative Measures Alternative Samples
Extended Excluding 2024  Excluding 2020
HuaZheng_Score Env_Rank EEnv_Perf Env_Perf Env_Perf Env_Perf
Treat x Post 2.5387 ** 216.88 * 4.5110 ** 3.0903 ** 3.5496 ** 3.9708 **
(2.49) (1.94) (2.39) (2.50) (1.98) (2.48)
Controls Yes Yes Yes Yes Yes Yes
Constant 22.3298 ** —4780 *** —16.1883 —24.2912 *** —13.2170 —23.7505
(2.56) (—4.36) (—0.91) (—3.45) (—0.79) (—1.44)
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Table 6. Cont.

el

(2) (3) @) (5) (6)
Alternative Measures Alternative Samples
Extended Excluding 2024  Excluding 2020

HuaZheng_Score Env_Rank FEEnv_Perf Env_Perf Env_Perf Env_Perf

Firm
Year
Obs.

Yes
Yes
10,777
0.4813

Yes Yes Yes Yes Yes
Yes Yes Yes Yes Yes
10,858 8988 39,729 9480 9966
0.6811 0.7648 0.6994 0.7459 0.7579

Notes: This table reports the results of robustness tests. Columns (1)—(3) present results using alternative measures
of environmental performance, including Huazheng Environmental Scores, environmental rankings, and forward-
looking environmental indicators. Columns (4)—(6) report results based on alternative sample specifications:
retaining observations with missing environmental strategy data, excluding the year 2024, and dropping the year
2020. All other variables are defined in Appendix A. Firm and year fixed effects are included in the regression.
Standard errors are clustered at the firm level, with t-value reported in parentheses. Levels of significance are
presented as follows: * p < 0.1; ** p < 0.05; *** p < 0.01.

5.4. Mechanism Analysis

The baseline results document a significantly positive effect of the Green Supply
Chain Management Demonstration Program on corporate environmental performance. To
further investigate the underlying channels through which this effect operates, this section
examines two key mechanisms: the stimulation of green innovation and the improvement
of environmental information disclosure.

To formally test these mechanisms, the following models are estimated:

Mediator;, = B + By x TREAT; x POST; + SCONTROLS;; + v+ T +¢i;  (2)

Env_Perf,, = Bo + 1 x TREAT; x POST + By x Mediator;, + XCONTROLS;; +v; + T + & 3)

where Mediator;, represents the channel variables, including green innovation (G_Patent)
and environmental information disclosure (Env_Disc). Specifically, G_Patent is measured
as the natural logarithm of one plus the number of green patent applications. Env_Disc
captures the overall level of corporate environmental disclosure, which is constructed by
scoring both monetary information (e.g., environmental liabilities and governance) and
non-monetary information (e.g., environmental management and certifications). All other
variables are defined consistently with Equation (1).

The results are reported in Table 7. I first examine the green innovation channel. As
shown in Column (1), the coefficient on Treat x Post is positive and statistically significant
for green patent applications (G_Patent, 3 = 0.2405, t = 2.18), indicating that participation in
the program significantly promotes firms’ green innovation activities. Column (2) further
shows that G_Patent is positively associated with environmental performance (3 = 0.8133,
t = 2.71) after controlling for the policy effect, while the coefficient on Treat x Post re-
mains positive and significant. Taken together, these results suggest that green innovation
serves as an important channel through which the program enhances environmental per-
formance, although the persistence of the policy coefficient also indicates the presence of
additional mechanisms.

I next turn to the environmental information disclosure channel. As reported in
Column (3), the program significantly improves the level of environmental disclosure
(Env_Disc, B =1.6614, t = 1.73). In Column (4), Env_Disc is strongly positively associated
with environmental performance (3 = 0.2760, t = 9.58), and the coefficient on Treat x Post
remains positive and marginally significant. These findings indicate that enhanced dis-
closure is another key pathway through which the program contributes to environmental
improvements. Improved transparency likely strengthens both internal governance and ex-
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ternal stakeholder monitoring, thereby incentivizing firms to adopt more environmentally
responsible practices.

Table 7. Mechanism Analysis.

1) (2) 3) 4)
G_Patent Env_Perf Env_Disc Env_Perf
Treat x Post 0.2405 ** 3.3825 ** 1.6614 * 3.1196 *
(2.18) (2.15) (1.73) (1.94)
G_Patent 0.8133 ***
(2.71)
Env_Disc 0.2760 ***
(9.58)
Size 0.0843 *** 2.1561 *** 1.9505 *** 1.6864 **
(2.72) (3.10) (5.32) (2.51)
Lev —0.0843 —6.4372 *** —3.7691 *** —5.4656 **
(—0.95) (—2.83) (—3.16) (—2.48)
ROA —0.0361 6.0268 0.5767 5.8383
(—0.27) (1.63) (0.32) (1.60)
Cash —0.1160 —2.7155 1.1076 —3.1155
(-1.13) (—1.05) (0.86) (=1.23)
BTM —0.0828 —2.6469 —2.3203 *** —2.0740
(—1.15) (—1.48) (—2.67) (—1.18)
Board —0.1298 —0.8890 0.2314 —1.0584
(—1.61) (—0.46) (0.26) (—=0.57)
Top 1 0.0002 0.0455 0.0248 0.0388
(0.13) (1.18) (1.18) (1.04)
Inst Own —0.0007 —0.0198 —0.0226 —0.0142
(—=0.71) (—0.70) (—1.62) (—=0.51)
Constant —1.1317 * —20.3102 —20.6842 ** —15.5226
(—1.67) (—1.26) (—2.48) (—1.00)
Firm Yes Yes Yes Yes
Year Yes Yes Yes Yes
Obs. 10,857 10,857 10,857 10,857
R? 0.7903 0.7543 0.7809 0.7583

Notes: This table presents the results of the mechanism analysis, focusing on green innovation (G_Patent) and
environmental information disclosure (Env_Disc). In Columns (1) and (3), the mediator variables are regressed
on the interaction term Treat x Post. Columns (2) and (4) include both the mediator and the interaction term,
with environmental performance as the dependent variable. All other variables are defined in Appendix A.
Columns (1)—(4) use OLS model while column (5) uses logistic model. Firm and year fixed effects are included
in the regression. Standard errors are clustered at the firm level, with t-value reported in parentheses. Levels of
significance are presented as follows: * p < 0.1; ** p < 0.05; *** p < 0.01.

Overall, the evidence provides consistent support for the proposed mechanisms: the
Green Supply Chain Management Demonstration Program promotes corporate environ-
mental performance in part by stimulating green innovation and improving environmental
information disclosure. However, given that the estimated policy effects remain significant
after controlling for the mediators, the results also suggest that these channels capture only
part of the total effect.

5.5. Moderating Effects

The baseline analysis confirms the overall positive effect of the Green Supply Chain
Management Demonstration Program on corporate environmental performance. To further
understand the contextual boundaries and conditional effectiveness of this policy, I examine
several moderating factors that may influence the strength of its impact. Specifically, I
investigate heterogeneity related to supply chain efficiency, external resource constraints,
and pre-existing green innovation capabilities.

https://doi.org/10.3390/su18073282


https://doi.org/10.3390/su18073282

Sustainability 2026, 18, 3282

16 of 25

5.5.1. Moderating Role of Supply Chain Efficiency

I first explore whether a firm’s operational efficiency within its supply chain moder-
ates the program’s environmental impact. Specifically, by maintaining lower inventory
levels, fostering inter-organizational coordination, and wielding greater influence over
supply chain partners, a firm can amplify its ability to implement and benefit from green
management practices. I employ three complementary measures of efficiency: Inven-
tory Turnover, Synergistic Ability (proxied by the inverse of inventory movement) and
Supply Chain Power which reflects managerial flexibility (proxied by the inverse of supply-
chain concentration). For each measure, the sample is split at the median into high- and
low-efficiency subgroups.

The results are presented in Table 8. Columns (1) and (2) show the treatment effect for
firms with high and low inventory turnover, respectively. The coefficient on Treat x Post is
positive and statistically significant at the 1% level only for the high-efficiency subgroup
(B = 6.6201, t = 2.62), while it is insignificant for low-efficiency firms. A similar pattern
emerges in Columns (3) and (4), which are based on synergistic ability. The treatment effect
is significant at the 5% level for firms with high synergistic ability (3 = 6.4155, t = 2.29)
but remains insignificant for those with low ability. Columns (5) and (6) examine the role
of supply chain power, a source of greater flexibility. The results show that the treatment
effect on environmental performance is positive and significant only for firms with high
supply chain power (3 = 3.8481, t = 2.05), but is negligible and insignificant for firms with
low supply chain power.

Table 8. Moderating Effects of Supply Chain Efficiency.

(1) (2) (3) @) (5) (6)

Inventory Turnover Synergistic Ability Supply Chain Power
High Low High Low High Low
Env_Perf Env_Perf Env_Perf Env_Perf Env_Perf Env_Perf
Treat x Post 6.6201 *** 1.6453 6.4155 ** 2.2061 3.8481 ** 0.1583
(2.62) (0.67) (2.29) (1.22) (2.05) (0.05)
Size 0.3934 3.9913 *** 2.2745 ** 1.8253 * 3.0273 *** 0.8048
(0.37) (4.25) (2.04) (1.75) (2.72) (0.85)
Lev 2.1793 —10.8861 *** —4.8218 —11.4447 ***  —13.4536 *** —2.6198
(0.66) (—3.55) (—1.46) (—3.00) (—3.84) (—0.85)
ROA 14.7797 *** 0.1713 3.1596 6.5067 —5.5382 13.8568 ***
(2.73) (0.03) (0.59) (0.83) (—0.97) (2.86)
Cash —4.0407 —2.6488 2.0150 —5.8433 —4.9410 —1.5222
(—0.95) (—=0.77) (0.44) (—1.36) (—1.04) (—0.48)
BTM —1.5285 —2.8746 0.5020 —5.6081 ** —4.6468 * —0.3994
(—0.58) (—=1.16) (0.19) (—-1.97) (—1.74) (—0.15)
Board 2.6268 —2.3608 —3.1726 —0.7548 —1.2868 —0.0022
(1.01) (—0.86) (-1.19) (—0.26) (—0.48) (—0.00)
Top 1 —0.0013 0.0596 0.0574 0.0161 0.0522 0.0386
(—0.02) (1.03) (0.95) (0.27) (0.88) (0.66)
Inst Own —0.0113 —0.0377 —0.0612 —0.0260 —0.0151 —0.0129
(—0.29) (—0.92) (—1.45) (—0.58) (—0.39) (—0.29)
Constant 10.6439 —57.6006 *** —20.1705 —6.2363 —34.9047 6.4514
(0.43) (—2.58) (—0.80) (—0.25) (—1.33) (0.30)
Firm Yes Yes Yes Yes Yes Yes
Year Yes Yes Yes Yes Yes Yes
Obs. 5345 5331 4271 4238 5170 5054
R? 0.7646 0.7670 0.7900 0.7868 0.7676 0.7689

Notes: This table presents the moderating effects of supply chain efficiency. I partition the full sample according
to three measures of supply chain efficiency: Inventory Turnover is calculated as the ratio of cost of sales to the
ending balance of inventory; Synergistic Ability is measured as a negative magnitude of inventory change, and
Supply Chain Power which is measured by the inverse of supply-chain concentration). All variables other are
defined in Appendix A. Firm and year fixed effects are included in the regression. Standard errors are clustered
at the firm level, with t-value reported in parentheses. Levels of significance are presented as follows: * p < 0.1;
**p <0.05; *** p <0.01.
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These findings suggest that the environmental benefits of the program are significantly
stronger for firms with more efficient supply chain operations. Efficient firms likely pos-
sess superior internal coordination, leaner processes, and greater managerial flexibility,
enabling them to more effectively integrate the program’s requirements and translate them
into tangible environmental improvements. For firms with lower operational efficiency,
structural and coordination frictions may dilute the policy’s effectiveness.

5.5.2. Moderating Role of External Resource Constraints

I further examine whether a firm’s access to external resources conditions the effec-
tiveness of the GSCM demonstration program. Firms facing greater external resource
constraints may have stronger incentives to leverage policy-driven signals to obtain finan-
cial and reputational support, thereby amplifying the program’s environmental impact.
Conversely, firms already endowed with ample resources may experience less marginal
benefit. I proxy external resource constraints using two measures: government subsidy
intensity and disclosure quality.

Government Subsidy captures the extent of direct financial support a firm receives
from the government, with firms below the sample median classified as facing high resource
constraints. Disclosure Quality is measured by the firm’s information disclosure rating,
where firms with an “A” rating are considered to have high-quality disclosure, reflecting
better access to reputational and market-based resources.

The results in Table 9 reveal a striking pattern. Columns (1) and (2) show that
the treatment effect is statistically significant only for firms with low government sub-
sidies (high constraints), with a large and significant coefficient (f = 12.0747, t = 3.81).
For firms with high subsidies, the coefficient is small and insignificant. Similarly;,
Columns (3) and (4) indicate that the program’s effect is concentrated in firms with low
disclosure quality (3 = 4.6848, t = 1.73), while it is insignificant for firms with “A”-rated
high disclosure quality.

These findings strongly support the view that the GSCM demonstration program
serves as a particularly valuable external signal for resource-constrained firms. For firms
lacking substantial government support or established market credibility, participation
in the program provides a credible endorsement that can significantly improve access
to finance, supply chain partnerships, and stakeholder trust. This enhanced access to
external resources enables them to undertake environmental investments that were pre-
viously infeasible. In contrast, firms already well-supported by subsidies or possessing
strong reputational capital exhibit a weaker marginal response to the policy. This hetero-
geneity underscores the role of the program in mitigating resource barriers to corporate
environmental improvement.

Table 9. Moderating Effects of external resource.

® () 3) )
Governance Subsidy Disclosure Quality
High Low High Low
Env_Perf Env_Perf Env_Perf Env_Perf
Treat x Post 0.3117 12.0747 *** 0.8608 4.6848 *
(0.16) (3.81) (0.44) (1.73)
Size 1.6201 2.1103 ** 0.3631 2.7331 ***
(1.61) (1.97) (0.22) (3.44)
Lev —7.8357 ** —3.8860 —3.5123 —7.8042 ***
(—2.31) (—1.22) (—0.63) (—3.03)
ROA 2.6437 7.9339 3.3022 3.8410
(0.44) (1.61) (0.27) (1.01)
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Table 9. Cont.

1) (2) 3 4)
Governance Subsidy Disclosure Quality
High Low High Low
Env_Perf Env_Perf Env_Perf Env_Perf
Cash —1.4288 —2.9240 —1.4319 —3.5037
(—0.34) (—0.84) (—=0.27) (—=1.16)
BTM —3.9208 —0.4182 —5.4181 —2.9974
(—1.53) (—0.16) (—1.52) (—1.48)
Board —0.3371 —1.0009 1.9814 —1.7178
(—0.13) (—0.32) (0.64) (—0.75)
Top 1 0.0246 0.0425 0.0318 0.0231
(0.48) (0.72) (0.32) (0.53)
Inst Own 0.0021 —0.0350 0.0585 —0.0509
(0.06) (—0.85) (0.95) (—1.55)
Constant —7.4457 —19.7426 13.4682 —28.0151
(—0.31) (—0.82) (0.34) (—1.55)
Firm Yes Yes Yes Yes
Year Yes Yes Yes Yes
Obs. 5003 4840 2967 7586
R? 0.7768 0.7791 0.7827 0.7687

Notes: This table presents the moderating effects of external resource. I partition the full sample according to
two types of external resource: Government Subsidy and Disclosure quality (with “A” rating as High). All other
variables are defined in Appendix A. Firm and year fixed effects are included in the regression. Standard errors
are clustered at the firm level, with t-value reported in parentheses. Levels of significance are presented as follows:
*p <0.1;* p <0.05*** p <0.01.

5.5.3. Moderating Role of Pre-Existing Green Innovation Capability

Finally, I investigate how a firm’s green innovation level shapes the environmental
returns to the GSCM demonstration program. Green innovation capability reflects a firm’s
prior experience, technological absorption capacity, and commitment to environmental
R&D, which may influence its ability to leverage the program’s incentives and translate
them into performance gains. I measure pre-existing green innovation using two indicators:
whether the firm had filed any green patent applications prior to the program year, and
whether it had been granted any green patents. Firms are correspondingly categorized as
having either high (>1 patent) or low (0 patents) pre-existing innovation levels.

As shown in Table 10, the moderating effect reveals an interesting pattern. For firms
with no prior green patent applications (Column 2), the treatment effect is positive and
statistically significant at the 5% level (p = 5.5724, t = 2.11). In contrast, the effect is
statistically insignificant for firms that had already applied for green patents (Column 1). A
similar tendency is observed when using the green patent grant criterion: the treatment
effect remains positive and significant at the 10% level for firms with no prior green patents
granted (3 = 3.6620, t = 1.81, Column 4), while it is statistically insignificant for firms that
already possessed granted green patents (Column 3).

These results suggest that the GSCM demonstration program is most effective in
improving the environmental performance of firms with lower pre-existing levels of green
innovation. For firms that have not previously engaged in formal green innovation, the
program provides critical institutional incentives, learning opportunities, and resource sup-
port that catalyze initial steps toward environmental improvement. In contrast, firms that
already possess established green innovation capabilities may have previously undertaken
many of the viable environmental upgrades, leaving less room for marginal improvement
driven by the program. This implies that the GSCM demonstration program plays a partic-
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ularly important role in broadening the base of firms engaging in environmental upgrading,
rather than merely reinforcing the performance of already “green” leaders.

Table 10. Moderating Effects of Innovation Level.

1 2 3 (C))]
Green Patent Applications Green Patent Granted
>1 0 >1 0
E_Score E_Score E_Score E_Score
Treat x Post 2.3554 5.5724 ** 3.1727 3.6620 *
(1.33) (2.11) (1.37) (1.81)
Size 21326 * 2.4430 *** 0.3640 2.4936 ***
(1.74) (3.07) (0.20) (3.37)
Lev —6.0158 —6.7069 *** —9.3098 —6.4959 ***
(—1.21) (—2.67) (—1.53) (—2.73)
ROA 15.7154 * 3.3655 6.7241 4.5915
(1.88) (0.83) (0.65) (1.16)
Cash —2.7736 —2.8941 5.7906 —3.3610
(—0.49) (—0.97) (0.76) (—1.20)
BTM —3.3846 —2.7128 —2.8690 —2.5848
(—0.96) (—1.32) (—0.61) (—1.35)
Board 0.7477 —0.8174 —1.3918 —0.9371
(0.21) (—0.36) (—0.34) (—0.44)
Top 1 0.0374 0.0493 0.2337 ** 0.0261
(0.44) (1.14) (2.41) (0.63)
Inst Own —0.1384 ** —0.0020 —0.1343 * —0.0050
(—2.35) (—0.06) (—1.78) (—0.17)
Constant —17.3209 —27.8131 24.0392 —27.7429
(—0.58) (—1.51) (0.57) (—1.62)
Firm Yes Yes Yes Yes
Year Yes Yes Yes Yes
Obs. 2413 8131 1570 9048
R? 0.7914 0.7562 0.7864 0.7577

Notes: This table presents the moderating effects of innovation level. I partition the full sample based on whether
firms have filed green patent applications or have been granted green patents. All other variables are defined in
Appendix A. Firm and year fixed effects are included in the regression. Standard errors are clustered at the firm
level, with t-value reported in parentheses. Levels of significance are presented as follows: * p < 0.1; ** p < 0.05;
***p <0.01.

5.6. Further Heterogeneity Tests

To provide a more comprehensive picture of the differential impacts of the program,
I examine additional sources of heterogeneity based on ownership structure, geographic
location and government green support level. These dimensions reflect important insti-
tutional and market conditions that may shape a firm’s responsiveness to policy-driven
environmental initiatives.

The results, presented in Table 11, indicate considerable variation in program effec-
tiveness across these subgroups. First, when comparing state-owned enterprises (SOEs)
with non-SOEs, the treatment effect is positive and statistically significant only for SOEs
(Column 1: $ =7.7700, t = 2.39). This may reflect SOEs’ stronger alignment with national
policy objectives, greater access to administrative resources, and higher visibility, which
collectively enhance their capacity to implement and benefit from the program. Although
the specific mechanisms behind this ownership heterogeneity are not the focus of this study;,
these potential channels are acknowledged, and future research could explore them in
more detail.
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Table 11. Heterogeneity Tests.
1) 2) 3) 4) (5) (6)
Ownership Region Green Support
SOE Non-SOE East Others High Low
Env_Perf Env_Perf Env_Perf Env_Perf Env_Perf Env_Perf
Treat x Post 7.7700 ** 1.4823 4.3227 * 1.3585 4.6712* 3.3394
(2.39) (0.82) (1.92) (0.69) (1.80) (1.58)
Size 0.6327 3.9794 *** 2.4355 *** 1.3843 1.7491 * 1.5488
(0.63) (3.95) (3.06) (1.04) (1.86) (1.48)
Lev —4.4702 —7.0409 *  —8.6830 *** 0.8899 —3.6401 —6.3706 *
(=1.39) (=2.11) (—3.34) (0.21) (—1.25) (—1.87)
ROA 10.7296 * 0.3522 5.2246 5.5360 5.2922 3.8815
(1.86) (0.07) (1.21) (0.76) (1.21) (0.63)
Cash —4.6901 0.5227 —5.5202 * 3.9111 0.9217 —6.4801
(—1.41) (0.13) (—1.82) (0.79) (0.27) (—1.59)
BTM —2.5741 —3.3267 —2.6753 —1.4143 —2.4851 —2.1982
(—1.02) (—1.25) (—1.27) (—0.41) (—1.05) (—0.80)
Board —1.2922 —0.2597 —2.7702 4.0924 —1.7687 —1.2489
(—0.56) (—0.08) (-1.32) (0.97) (—0.65) (—0.45)
Top 1 0.0030 0.0445 0.0602 —0.0350 —0.0134 0.0782
(0.06) (0.68) (1.39) (—0.43) (—0.30) (1.27)
Inst Own 0.0075 —0.0410 —0.0336 0.0097 0.0056 —0.0430
(0.19) (—0.99) (—1.02) (0.18) (0.17) (—1.00)
Constant 14.3025 —59.0278 ** —22.2647 —13.2311 —15.7181 —4.7888
(0.62) (—2.50) (—1.20) (—0.43) (—0.70) (—0.20)
Firm Yes Yes Yes Yes Yes Yes
Year Yes Yes Yes Yes Yes Yes
Obs. 5551 5011 7890 2968 4496 4685
R? 0.7519 0.7620 0.7612 0.7360 0.7559 0.7732

Notes: This table presents the results of additional heterogeneity tests based on ownership structure, geographic
location, and government green support. I divide the full sample according to whether firms are state-owned
enterprises (SOEs), located in China’s eastern regions, or benefit from local green support—measured as fiscal
environmental protection expenditure relative to general budget expenditure. All other variables are defined in
Appendix A. Firm and year fixed effects are included in the regression. Standard errors are clustered at the firm
level, with t-value reported in parentheses. Levels of significance are presented as follows: * p < 0.1; ** p < 0.05;
***p <0.01.

Second, the analysis of regional heterogeneity shows that the treatment effect is statis-
tically significant only for firms located in China’s eastern regions (Column 3: 3 = 4.3227,
t = 1.92), which are typically characterized by more developed markets, stricter environ-
mental regulations, and greater availability of green technologies and financing. This
pattern aligns with evidence from adaptive policy studies, where local institutional ca-
pacity and policy support shape the responsiveness to environmental interventions [37].
Third, considering local green support, which is measured as fiscal environmental pro-
tection expenditure relative to general budget expenditure, the results show that firms in
regions with higher green support experience stronger program effects (Columns 5: High
B =4.6712, t = 1.80). This finding suggests that the program’s effectiveness depends on
institutional and fiscal conditions that facilitate firms’ ability to translate policy signals into
environmental improvements. It is also consistent with studies highlighting how green
image, digital capabilities, and technology transfer networks can enhance firms’ ability
to use environmental policies [38,39]. In summary, the results highlight that the GSCM
demonstration program is most effective for SOEs, firms in the economically advanced
eastern region, or those operating in areas with substantial government green support.

6. Discussion and Conclusions

This study examines whether green supply chain management policies can effectively
enhance corporate environmental performance, using China’s Green Supply Chain Manage-
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ment Demonstration Program as a quasi-natural experiment. Consistent with the working
hypothesis that supply-chain-based environmental governance can induce substantive
firm-level responses, the empirical results show that firms included in the demonstration
program experience a significant and economically meaningful improvement in environ-
mental performance relative to non-participating firms. Importantly, the observed effects
reflect real environmental actions—such as the adoption of energy-saving technologies and
circular economy practices—rather than merely symbolic compliance, lending support to
arguments in the GSCM literature that supply chain initiatives can translate into tangible
environmental outcomes.

Interpreted in the context of prior studies, these findings extend existing evidence
that largely relies on voluntary adoption, surveys, or case-based analyses. While earlier
research emphasizes the role of internal coordination and buyer-supplier relationships,
this study demonstrates that a government-initiated yet non-mandatory policy can shape
corporate environmental behavior through incentive-based supply chain governance. The
mechanism analyses further align with theoretical expectations by showing that GSCM
operates through both internal channels—improving supply chain efficiency, stimulating
green innovation, and enhancing disclosure quality—and external channels, particularly
by generating signaling effects that ease access to supply chain finance. These results are
consistent with the view that financial constraints and information asymmetry are critical
barriers to environmental investment in emerging economies.

The heterogeneity patterns provide additional insights into the boundary conditions
of green supply chain policies. Stronger effects among firms with higher supply chain
efficiency, limited external resources, and lower initial green innovation suggest that GSCM
policies are particularly effective where marginal returns to policy support are high. The
more pronounced impacts observed for state-owned enterprises and firms in eastern
regions further indicate that institutional environments and regional development levels
condition policy effectiveness.

Unlike traditional command-and-control regulation, the demonstration program oper-
ates partly through supply chain relationships and reputational incentives. Public desig-
nation increases the visibility of participating firms, while post-selection evaluation and
policy support create incentives for firms to maintain environmental standards. As a result,
environmental performance becomes linked not only to regulatory compliance but also to
firms’ position and credibility within supply chains.

From a broader policy perspective, these findings highlight the role of supply chains as
an institutional channel through which environmental policies can influence firm behavior.
In many emerging economies, environmental regulation often faces constraints related
to monitoring capacity and enforcement resources. Supply-chain-based governance may
partially alleviate these constraints by shifting part of the pressure for environmental
improvement from regulators to market relationships among firms. In this sense, policies
that mobilize supply chain coordination and reputational mechanisms may complement
conventional regulatory approaches.

At the same time, the external validity of the findings depends on certain institutional
conditions. In emerging economies where supply chain integration is increasing but
regulatory capacity remains limited, similar policy instruments may provide a pragmatic
approach to encouraging greener production practices. However, the effectiveness of such
policies may vary depending on the strength of market institutions and the transparency of
corporate environmental information.

Several limitations warrant caution. Although the empirical strategy mitigates con-
cerns related to selection, unobservable firm characteristics may still influence participation
and outcomes. Although firms voluntarily apply for the program, the timing of approval is
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largely determined by a government-led evaluation process and batch allocation, which
provides a source of plausibly exogenous variation in treatment timing. Nevertheless,
unobserved factors may still be correlated with both the likelihood of selection and subse-
quent environmental outcomes. Moreover, data constraints limit the analysis of detailed
upstream and downstream supply chain interactions. Future research could explore richer
network-level supply chain data, alternative policy designs, or cross-country settings to
assess the generalizability of these findings and to further unpack the dynamic effects of
green supply chain governance.

Overall, this study highlights the potential of green supply chain management poli-
cies to promote corporate environmental performance and sustainable development in
emerging economies. Many emerging economies face similar challenges, including limited
regulatory capacity, fragmented supply chains, and the need to balance environmental
objectives with continued industrial development. The results suggest that integrating
supply chain mechanisms into environmental policymaking may represent a promising
direction not only for China but also for other emerging economies seeking cost-effective
and scalable approaches to improving environmental outcomes.
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Abbreviations

The following abbreviations are used in this manuscript:

GSCM Green Supply Chain Management

MIIT Ministry of Industry and Information Technology
DID Difference-in-difference

CSMAR  China Stock Market & Accounting Research
CNRDS  Chinese Research Data Services

Appendix A

Table A1. Definitions of variables.

Variable Definition Data Source
Env_Perf Environmental performance measured as environmental scores. CNRDS
A dummy variable that equals 1 if a firm is included into the
Treat China’s Green Supply Chain Management Demonstration Hand collect
Program, and 0 otherwise
A dummy variable that equals 1 during the current year and
Post subsequent periods when a firm is included into the China’s Hand collect
Green Supply Chain Management Demonstration Program,
and 0 otherwise
Eco-friendly Products—The company has developed or
Env_Str_A adopted innovative products, equipment, or technologies that CNRDS

are beneficial to the environment. Coded as 1 if yes, 0 otherwise.
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Table Al. Cont.

Variable Definition Data Source
Pollution Reduction Measures—The company has implemented
policies, measures, or technologies to reduce emissions of waste
Env_Str_B gas, wastewater, solid waste, and greenhouse gases. CNRDS
Coded as 1 if yes, 0 otherwise.
Circular Economy—The company utilizes renewable energy or
Env_Str C has adopted circular economy policies and measures. CNRDS
Coded as 1 if yes, 0 otherwise.
Energy Conservation—The company has policies, measures, or
Env_Str_D technologies for saving energy. Coded as 1 if yes, 0 otherwise. CNRDS
Env Str E Green Office Pract.lces—The company has green Offlce.pOhCIGS CNRDS
or measures in place. Coded as 1 if yes, 0 otherwise.
Environmental Certification—The company’s environmental
management system is certified to ISO 14001 (International
Env_Str _F Organization for Standardization 2015) [40]. CNRDS
Coded as 1 if yes, 0 otherwise.
Environmental Awards—The company has received
Env_Str G environmental awards or other forms of positive recognition. CNRDS
Coded as 1 if yes, 0 otherwise.
Other Environmental Advantages—Other environmental
Env_Str H strengths of the company not covered by the above indicators. CNRDS
Coded as 1 if yes, 0 otherwise.
HuaZheng_Score Huazheng Environmental Scores WIND
Env_Rank Environmental performance rankings CNRDS
G_ Patent The natural logarlthm of one Plus the number of green patent CNRDS
applications filed by the firm.
Environmental Disclosure Index. Constructed by scoring firms’
environmental disclosures across non-monetary information
Env_Disc (environmental management, disclosure carriers, and CSMAR
certification) and monetary information (environmental
liabilities, performance, and governance) and then aggregated.
Supply Chain Power The inverse of supply-chain concentration CSMAR
Control Variables
Size The nature logarithm of total assets CSMAR
Lev Total liability scaled by total assets CSMAR
ROA Net income scaled by total assets CSMAR
Cash The ratio of cash flow from operating activities to total assets CSMAR
BTM Book value divided by market value CSMAR
Board The natural logarithm of one plus the number of board members CSMAR
Top 1 The percentage of shares held by the largest shareholder CSMAR
Inst Own The ratio of shares held by institutional investors CSMAR
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