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Abstract: Green supply chain management (GSCM) is an important management means for en-
terprises to achieve sustainable development and green transformation. However, the intrinsic
mechanism by which GSCM impacts the sustainable development performance (SDP) of enterprises
remains a theoretical “black box”. Based on the Porter’s hypothesis, this study constructs a moder-
ated mediation model from the theoretical perspective of green innovation and signal transmission
to explore this intrinsic mechanism. Then, this study analyzes data from China’s Shanghai and
Shenzhen A-share listed companies from 2015 to 2020 to conduct an empirical analysis to test the
model. The results show that GSCM has a significantly positive effect on SDP. The mediating effect
of green innovation and the moderating effect of green subsidies are significant. The results remain
valid after a series of endogeneity and robustness tests.

Keywords: green supply chain management (GSCM); green innovation (GI); sustainable develop-
ment performance (SDP); green subsidy (GS)

1. Introduction

Increasingly serious ecological and environmental problems and natural resource
depletion have led people to become increasingly concerned with sustainable development.
Manufacturing enterprises are a main source of energy consumption and environmen-
tal pollution, and receive significant pressure from the government, society, customers,
and other stakeholders. To protect the environment, manufacturing enterprises must im-
plement sustainable development and green transformation. The practice of green supply
chain management (GSCM) is an effective means for enterprises to achieve sustainable
development and green transformation. An increasing number of Chinese enterprises have
begun to construct green supply chains.

GSCM is a supply chain management model where products are produced in a fully
enclosed process from suppliers to producers and consumers; it also integrates reverse
logistics, with the goal of comprehensively considering economic and environmental
benefits [1]. The goal of GSCM is to integrate environmentalism into the entire supply
chain process to reduce environmental consumption and optimize resource allocation,
improving social welfare and promoting the sustainable and stable development of the
social economy [2]. This highlights the research needed to explore the efficacy of GSCM
and green innovation to improve the sustainable performance of enterprises.

Most studies on GSCM have adopted the classical theoretical logic of “external
pressure—green supply chain—enterprise performance”. These studies apply institutional
theory and stakeholder theory to identify the driving effects of government, shareholders,
and consumers on the green supply chain of enterprises [3,4]. Other studies have applied a
resource-based view (RBV) to deeply analyze the role of the green supply chain on financial
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performance [5] or environmental performance [6,7]. Some research results report a virtu-
ous circle between corporate environmental and financial performance, while others report
that improvements in environmental performance do not lead to improvements in the
financial condition [8]. This study applies both financial performance and environmental
performance to comprehensively evaluate the sustainable development performance (SDP)
of enterprises.

Past research has found that GSCM significantly impacts the financial and environmen-
tal performance of enterprises; however, the internal mechanism driving how GSCM affects
enterprise SDP is unclear. The Porter’s hypothesis argues that strict environmental regula-
tions can stimulate innovation, balance the cost of regulatory compliance, and positively
impact the operational performance of these enterprises [9]. Using Porter’s hypothesis,
this study explores the internal connection between GSCM and sustainable development
from the perspective of green innovation theory.

Most empirical studies on GSCM have used cross-sectional data collected using ques-
tionnaires [10]. These studies have two key shortcomings. First, the conclusions may be
biased due to the subjectivity of the questionnaire. Second, few studies have used longi-
tudinal data to assess the mechanism by which green supply chain management impacts
sustainable development performance. It takes time for GSCM implementation to generate
performance outcomes. As such, longitudinal studies are critical for understanding changes
over time, and performance outcomes from the implementation of GSCM practices [10].

The main contribution in the research is to construct a moderated mediation model to
explore the internal mechanism by which GSCM impacts corporate SDP, based on green
innovation and signaling theory. Further, this study adopts objective research methods
using a time series database. Using data for A-share listed companies in Shanghai and
Shenzhen of China from 2015 to 2020, this study applies a non-equilibrium panel model
to conduct a longitudinal study with large data sets. This approach is more objective
compared with studies using questionnaire-based cross-section data.

The rest of this paper is organized as follows. Section 2 provides a theoretical analysis
on the relationship between GSCM and SDP, the mediating effect of green innovation (GI),
and the moderating effect of government green subsidies. Section 3 introduces the research
design in detail. Section 4 reports the application of the negative binomial fixed effect
model to test and analyze the intrinsic relationship between GSCM and SDP. Section 5
reports the outcomes of tests on the endogeneity and robustness of the research model
used in this study. Section 6 is the conclusion of the study.

2. Theoretical Background and Hypothesis Development
2.1. GSCM and SDP

GSCM practice refers to the environmental management activities implemented in an
enterprise’s supply chain. These activities can be further divided into internal practices
and external practices [11]. Internal practices encompass green management [12], green
design [13], and corporate social responsibility [14]; external practices include green pur-
chasing and green marketing. Research on the relationship between GSCM practice and
performance has attracted significant attention. However, researchers have not reached
a consensus on the relationship between GSCM and financial performance. Vachon and
Klassen (2008) pointed out that GSCM advances environmental friendliness throughout
the life cycle of a product, leading to changes in environmental awareness, management
systems, and environmental technologies. These, in turn, play a positive role in operational
performance such as enhancing productivity and product quality [15]. However, Zhu and
Sarkis (2004) noted that, in the face of increasing stringency with respect to environmental
regulations and other factors, enterprises in developing countries with weak environmental
technologies and equipment are making large investments to implement GSCM, resulting
in higher costs and having a negative impact on the financial performance [16].

Based on “signaling theory”, this study hypothesizes that enterprises implementing
GSCM will convey their willingness to actively comply with environmental regulations and
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meet the green needs of stakeholders, and convey the signals of social responsibility to win
recognition and trust from the government, consumers, and other stakeholders. This en-
ables enterprises to obtain key resources needed for their own development, improving
their financial performance.

GSCM studies have shown that both internal practices and external practices have
positive effects on environmental performance [10]. For example, Arimura et al. (2011)
and Zsidisin and Hendrick (1998) examined the positive effects of green management,
green design, green procurement, and green marketing on environmental performance [17].
Vachon (2007) found that environmental cooperation between enterprises and suppliers
is positively related to investment in pollution control technologies [18]. Therefore, green
purchasing ensures product quality, effectively reduces costs, and encourages enterprises to
constantly launch new environment-friendly products or improve the production process.
This improves environmental performance.

The analysis above leads to the following hypotheses:

Hypothesis 1a (H1a). GSCM contributes to the improvement of corporate financial performance.

Hypothesis 1b (H1b). GSCM contributes to the improvement of corporate environmental perfor-
mance.

2.2. Mediating Effects of Green Innovation (GI)
2.2.1. GSCM and GI

By researching, developing, and applying green products and green technology, GI
makes the life cycle of a product more “green” to achieve a “win-win” balance of economic
and environmental benefits. Green innovation originates from product innovation, process
innovation, and other aspects. As such, manufacturing enterprises should consider both
product and process design when pursuing sustainable development [19].

From the perspective of external practices, green purchasing is at the front end of
the supply chain. By choosing appropriate suppliers and cooperating closely with them,
enterprises can ensure the supply of raw materials, and ensure that the purchased products
satisfy the needs of green management. In GSCM, enterprises can introduce management
strategies like quality management and just-in-time production to improve production
processes, by establishing close ties with suppliers. Geffen et al. (2000) found that a good
cooperative relationship between enterprises and suppliers, coupled with appropriate
incentive measures, can effectively promote green innovation [10].

The collaboration between enterprises and consumers is at the back end of the supply
chain, and their mutual cooperation on environmental issues is an important factor in
promoting enterprise environmental management and environmental performance. Envi-
ronmental pressure from consumers or foreign companies prompts Chinese enterprises
to self-regulate with respect to environmental management [20]. Consumers raise certain
environmental requirements for products, and specific standards for product design and
the production process. In response to these requirements, enterprises improve their tech-
nology and update their products and production processes. An interactive enterprise and
consumer collaborative process, which can promote mutual understanding and knowledge
sharing, helps enterprises to understand consumers’ environmental requirements, guides
them to green product innovation, and improves their green innovation capabilities.

From the perspective of internal practice, senior management commitment and sup-
port within an enterprise to GSCM strengthens the organization’s understanding of the
importance of environmental management [8]. Collaboration among all departments in-
creases the effectiveness of internal environmental management, environmental protection
consciousness, and the smooth delivery of environmental protection technology among the
departments, which will promote GI. The GI process considers environmental demands
from stakeholders like suppliers, consumers, and governments. To minimize pollution,
enterprises will choose alternative products or materials that are environmentally friendly,
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reengineer production to reduce energy loss and resource inputs, and improve the recy-
clability of products. This background indicates that the internal and external practices of
GSCM potentially trigger green innovation, leading to the following hypothesis.

Hypothesis 2 (H2). GSCM has a positive effect on the GI.

2.2.2. GI and SDP

The goal of GI is to develop processes that reduce energy consumption in production,
reduce emissions and waste, and use renewable energy that can be reused and recycled
in closed-loop systems. Business managers have recognized that green innovation plays
an important role in achieving their sustainable development goals [21]. GI includes new
or modified products, processes, and services, and management, which adds value to
customers and businesses. This significantly reduces the adverse impacts on the environ-
ment [22]. In contrast to traditional innovation, GI places more emphasis on the use of new
technologies and ideas to achieve efficient resource utilization and pollution reduction,
while also achieving economic performance. Furthermore, the purpose of GI is to produce
environmental benefits, rather than just reducing environmental pressure [23].

El-Kassar and Singh (2019) noted that green innovation can be divided into green
product innovation and green technology innovation [24]. Green product innovation can
develop enterprises with more differentiated products and capital portfolios. When done
in response to market demand, it can meet consumers’ pursuit of product quality and envi-
ronmental awareness, strengthen green differentiation advantages, enhance the financial
performance of enterprises, and create more environmental premiums [25]. Green invest-
ments in the capital market are also being increasingly more directed towards enterprises
that are more likely to produce differentiated green products.

In contrast, green technology innovation focuses on adopting clean energy and the
introduction of production technologies, like energy-saving equipment, to alleviate non-
renewable energy constraints. This helps the enterprise more effectively meet government
environmental regulation requirements. Meanwhile, this also effectively treats pollution,
reducing pollutants emissions and generating a good green image of the enterprise [26].
In addition, green technology innovation is devoted to streamlining the process, reducing
production time, improving productivity, and avoiding excessive energy consumption [27].
Green product innovation and green technology innovation work in different ways on
corporate SDP; however, both have a positive impact.

Therefore, in implementing GI, enterprises can reduce resource costs, improve the
technology, and achieve environmental protection through green technology innovation.
Furthermore, enterprises generate competitive environmental premiums through green
product innovation, and can establish a good business image to further improve their
environmental performance. GI is increasingly seen as an important strategy for enter-
prises to gain a sustainable competitive advantage [28]. This background leads to the
following hypotheses:

Hypothesis 3a (H3a). GI contributes to the improvement of corporate financial performance.

Hypothesis 3b (H3b). GI contributes to the improvement of corporate environmental performance.

2.2.3. Moderating Effect of Green Subsidy (GS)

From an institutional and governance perspective, government environmental subsi-
dies play an important role in the production and operation of enterprises [29]. To strengthen
environmental control within a region, the local government implements measures, such as
raising taxes, reducing subsidies, and suspending the water supply and electricity to over-
see and encourage enterprises to implement green innovation and pollution abatement.
Local governments also support GSCM and GI by adopting fiscal taxation policies to
alleviate the constraints faced by enterprises implementing GSCM and financing green in-
novation.
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Based on the leverage effect hypothesis and certification effect hypothesis, GS and
the evaluation mechanism, developed by the government, help enterprises improve their
GSCM and GI input performance [30]. GS provides enterprises with resources needed for
GSCM and GI, triggering a sense of moral identity, and motivating them to demonstrate a
stronger accountability for environmental protection. The green innovation resulting from
the efforts mentioned above are posited to lead to a more efficient use of resources and speed
the transformation of resource inputs into green innovation outputs [31]. Moreover, based
on the signaling mechanism [22], GS conveys the willingness of enterprises to actively
fulfill their social responsibilities, helps them to establish high-quality social network
relationships, improves their financing ability in the capital market, and accelerates the
promotion of green products, thereby strengthening the positive relationship between
GSCM and GI.

This analysis leads to the following hypothesis.

Hypothesis 4a (H4a). GS plays a positive moderating role in the relationship between GSCM
and GI.

In summary, GSCM can improve the SDP of an enterprise by enhancing the GI. GS
provides enterprise-level GSCM and GI with required resources and plays a role in influ-
encing an enterprise’s reputation. In other words, enterprises convey an important signal
to other stakeholders, such as the government and customers, that they are trustworthy.
Therefore, this study proposes that GS affects the mediating effect of GI on the relationship
between GSCM and SDP (as shown in Figure 1). Specifically, when an enterprise receives
GS, the marginal effect of GSCM on GI is projected to increase, intensifying the indirect
effects of GI on SDP. Based on H4a, this study further proposes the following hypothesis.
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between GSCM and SDP.

Figure 1 shows the theoretical model designed for this study.

3. Methodology
3.1. Samples Selection and Data Source

To obtain reliable data, this study used the following steps to filter research samples:
(1) data about A-share listed companies in Shanghai and Shenzhen, China, from 2015 to
2020 in the list of the Green Supply Chain-Corporate Information Transparency Index
(CITI) Annual Evaluation Report, published by the Institute of Public and Environmental
Affairs and Natural Resources Defense Council in China (IPEA/NRDC) were collected
for a detailed analysis. (2) All of the ST and PT corporations and the listed companies
that have not announced their corporate social responsibility (CSR) reports during the
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given period were eliminated. (3) Companies with incomplete data and with negative
social responsibility value were removed from the sample. (4) A non-equilibrium panel
database consisting of 815 research samples from 146 listed companies from 2015 to 2020
was established.

To eliminate the effect of extreme values, continuous variables with outliers were
winsorized based on 1% quantile tailing. The patent data of the listed companies were
collected from the State Intellectual Property Office (SIPO) and incoPat Global Patent
Database. The data about CSR fulfillment were collected from the CSR report of the Hexun
Network, and other data from the China Stock Market and Accounting Research Database
(CSMAR).

3.2. Variable Measurement
3.2.1. Green Supply Chain Management (GSCM)

The IPEA/NRDC report has released CITI each year since 2015 to advance green
supply chain management in China. This report collects environmental monitoring in-
formation on enterprises to dynamically evaluate their GSCM. This makes the GSCM
evaluation index both objective and accurate.

The CITI evaluation system includes five dimensions: engagement and responsiveness,
compliance and corrective action, extended green supply chain behavior, data disclosure
and transparency, and responsible recycling. Each dimension is allocated a specific score
totaling up to 100 points [32]. Engagement and responsiveness represent the company’s
response to environmental pollution caused by upstream suppliers. Compliance and correc-
tive actions indicate whether companies communicate with their upstream suppliers and
require them to correct environmental violations. Extended green supply chain behaviors
reflect whether companies recommend that upstream suppliers conduct GSCM to reduce
environmental pollution. Data disclosure indicates whether companies require suppliers
to reveal environmental information. Responsible recycling shows whether the company
recycles its products and reduces possible environmental pollution.

3.2.2. Green Innovation (GI)

Past studies have used three main methods to measure GI. The first method is that the
volumes of SO2, CO2, and industrial waste emissions are placed into a stochastic frontier
function or data envelopment analysis model. GI is then characterized by measuring green
total factor productivity [25]. The second method is that GI is divided into process innova-
tion, product innovation, and end-of-line governance [33]. The third method measures GI
using the number of green patents [33].

Considering the study focus and data availability, this study adopts the third method
to measure GI. To define the green patents used, the International Green List of Patent
Classification, launched by the World Intellectual Property Organization (WIPO) in 2010,
was used to screen patent information related to environmentally friendly technologies.
Additional searches were conducted in the National Intellectual Property Office. Based on
these criteria, the number of green patent applications for listed companies in Shanghai
and Shenzhen stock markets was identified [33].

3.2.3. Sustainability Development Performance (SDP)

Based on Ilias et al. (2018), SDP is divided into two dimensions: financial performance
and environmental performance [8]. Based on Xie et al. (2019), a return on equity (ROE) is
adopted to assess financial performance [26]. Based on Huang and Li (2017), a total CSR
rating score issued by a third party is used to measure the environmental performance of
enterprises [21].

3.2.4. Green Subsidy (GS)

The green subsidy refers to the amount of government subsidy provided to the sample
companies for green production, green manufacturing, and green innovation during the
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specific time period [34,35]. Its values are manually determined using accounting items
labeled non-business income or expenditures in the CSMAR database. Specifically, this vari-
able includes green tax incentives, local green subsidies, green innovation incentives, green
innovation funds, and supporting funds. For enterprises of different scales, the same
amounts of government subsidies produce different effects. Therefore, this study adopts
the government green subsidy intensity, or the ratio of the government green subsidy to
total assets at the end of each fiscal year, to eliminate the impact of enterprise scale.

3.2.5. Control Variables

Five key control variables are used in this study, based on Ilias et al. (2018) [8], Li et al.
(2019) [25], Sorensen and Stuart (2000) [35], Suphi (2015) [36], and Dong et al. (2021) [33].

(1) Enterprise Scale. This variable is measured using the net assets and the number of
employees of an enterprise. The basic production function indicates that capital and
labor are considered as input elements and performance is considered as output.
Generally, a larger enterprise scale is associated with a stronger innovation ability and
higher innovation success rate. To eliminate the impact of dimensional differences
and extreme values, capital and labor are expressed as lnCapital and lnLabor after
the logarithm of the values are calculated [7,37].

(2) Enterprise Maturity. Scholars have found that enterprises established for a longer
period of time have a stronger sense of innovation and innovation ability. The longer
an enterprise has been established, the more knowledge and technologies it accu-
mulates, and the more likely it is to be successful in technological innovation [35,37].
Therefore, the age of the listed enterprises is set as a control variable to measure
enterprise maturity, which is also logarithmically processed and expressed as lnAge.

(3) Financial Leverage. Financial leverage plays an important role in the environmental
investment behavior shown by enterprises. Appropriate debt operations can mitigate
any lack of funds for operation and development. More funds are thus available
for improving technical equipment, reengineering technologies, and conducting
innovation activities. Financial leverage in this study is measured by the ratio of debt
to total assets and is expressed as lnLev after the logarithm is applied [35].

(4) ISO Certification Status. ISO14001 certification indicates that an enterprise’s green
environmental protection has met the standards set by a broader international social
system, which plays an important role in enterprise performance [25]. This study
determines whether the companies in the sample held ISO14001 certification during
the given period from 2015 to 2020. If a company had this certification, the variable is
assigned a value of 1, otherwise it is assigned a 0.

(5) Board Governance. Governance of the board shapes the development strategy and
execution of enterprise decisions. The level of this governance directly affects the
decision-making and behavior of the enterprise, which affects its performance and
stakeholder interests. Governance is a pivotal indicator for measuring corporate
governance. In this study, it is measured by the ratio of the number of independent
directors to the total number of the board and is expressed as Dire [36]. An indepen-
dent director is a director who is independent of the company’s shareholders, does
not serve within the company, and has no significant business ties or professional
affiliations with the company or the company’s management, and makes independent
judgments about the company’s affairs.

Tables A1–A3 in Appendix A provide a detailed definition of each variable, their
descriptive statistics, and Pearson correlation coefficients, respectively. The Pearson corre-
lation coefficients among all variables are less than 0.6, and the variance inflation factor
(VIF) of all variables is less than 10. This indicates there is no serious multicollinearity
interference among variables.
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3.3. Models and Methods

There was a lack of available data for some listed companies from 2015 to 2020, result-
ing in some missing observed values. As such, the study adopts a non-equilibrium panel
data regression model. The interpreted variables of green innovation and environmental
performance are non-negative counted variables; as such, they are analyzed using a count
model. The Poisson model and negative binomial model are two nonlinear panel regression
models that are commonly used for this purpose. In this study, the standard deviation of
environmental performance in this study is significantly larger than its mean (standard
deviation = 127.74, mean = 38.21) (see Table A2), with excessive discretization. Given this,
the panel Poisson model would lead to an unreal high level of significance.

To avoid this problem, the samples are assumed to obey a negative binomial distribu-
tion and then MLE is applied. This study uses panel data, where there are 146 individuals
(N = 146), 6 periods (t = 6), t smaller, and N larger short panels. Therefore, the study
adopts a negative binomial model based on the panel data. Because of the presence of
unobservable heterogeneity in each enterprise, there may be missing variables that do not
vary with time. This highlights the need to control the individual effects using a fixed
effect model or random effect model. This research adopts the Hausman test (Chi = 196.42,
p value = 0.0000); the fixed effect model is selected based on the results. Therefore, a nega-
tive binomial fixed-effect model is used to investigate the relationship between GSCM and
SDP.

To test Hypothesis 1 and 2, a mediation effect test [38] is adopted to construct the
following regression model, which gradually assesses whether the regression coefficients
in Models (1)–(3) are significant and non-zero. If at least one of coefficients of GSCM in
Model (2) and the coefficient of GI γ2 in Model (3) is insignificant, a test on H0 : β1γ2 = 0
is needed using the bootstrap method. The study adopts a non-parametric percentile
bootstrap method based on a deviation correction. If the confidence interval does not
contain 0, the product of the coefficients is demonstrated to be significant.

E(SDPit) = exp(α0 + α1GSCMit + ∑ λicontrolsit + εit) (1)

E(GIit) = exp(β0 + β1GSCMit + ∑ φicontrolsit + εit) (2)

(SDPit) = exp(γ0 + γ1GSCMit + γ2GIit + ∑ γicontrolsit + εit) (3)

To test Hypothesis 4, this study considers the interaction between the GSCM and GS.
This leads to the extended model in Equation (4). Variables need to be centralized before
placing them into models to reduce the impact of multicollinearity. With respect to the
potential endogeneity in the estimates, this study addresses this challenge using both an
instrumental variable approach and SYS-GMM. Moreover, this study applies an alternative
variable method and the unconditional negative binomial model proposed by Allison and
Waterman (2002) to investigate the robustness of the findings.

E(GIit) = exp(η0 + η1GSCMit + η2GSCMit ∗ GS + ∑ τicontrolsit + εit) (4)

4. Empirical Results
4.1. Benchmark Regression

Table 1 shows the regression results of GSCM to SDP. Columns (1)–(3) report results
using financial performance as the dependent variable, while columns (4)–(6) report results
using environmental performance. In the basic models, columns (2) and (5) report the
impact of GSCM on sustainable development performance. The regression coefficient
of GSCM is significantly positive at the level of 1%, indicating that GSCM significantly
encourages the financial and environmental performance of enterprises. These regression
results support H1a and H1b.
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Table 1. Mediation and moderation analyses.

Dependent
Variable

(1) (2) (3) (4) (5) (6) (7) (8)

Fina Fina Fina Envi Envi Envi GI GI

Explanatory Var.

GSCM 0.552 ***
(0.91)

0.216 *
(0.16)

2.516 ***
(1.78)

1.191 *
(1.52)

0.387 **
(0.34)

0.261 **
(0.28)

Mediator

GI 0.362
(0.12)

4.282 ***
(1.40)

Moderator

GS 0.033
(0.03)

GSCM*GS 0.376 **
(0.24)

Controls

lncapital 0.928 ***
(0.28)

0.578 ***
(0.21)

0.536 ***
(0.36)

9.188 ***
(3.63)

7.581 ***
(3.17)

5.557 ***
(2.63)

0.483 ***
(0.19)

0.396 **
(0.15)

lnlabor −0.028
(0.33)

0.021
(0.32)

0.011
(0.29)

1.986
(0.69)

1.260
(1.84)

2.494
(1.58)

0.017
(0.26)

0.013
(0.21)

lnage 0.789 ***
(0.26)

0.522 ***
(0.19)

0.311 ***
(0.47)

3.759 ***
(1.12)

3.877 ***
(1.96)

3.698 ***
(1.48)

0.251 **
(0.26)

0.273 **
(0.21)

lnlev −1.209 ***
(0.74)

−0.848 ***
(0.62)

−0.663 ***
(0.57)

−2.984 *
(1.34)

−2.523 *
(0.93)

−2.489 *
(0.86)

−0.912 **
(0.69)

−0.871 **
(0.56)

ISO −0.221
(0. 33)

−0.209
(0.24)

−0.201
(0.35)

−1.421*
(0.89)

−1.337 *
(0.79)

−1.362 *
(0.76)

−0.095
(0.16)

−0.085
(0.12)

Dire 1.382 ***
(0.73)

1.211 ***
(1.09)

1.347 ***
(0.63)

8.142 ***
(6.82)

8.179 ***
(6.13)

7.915 ***
(5.87)

1.189 ***
(0.95)

1.065 ***
(0.86)

Constant 0.012
(6.41)

1.623
(6.25)

−0.321
(6.15)

−2.637
(3.07)

−6.760
(7.26)

−2.256
(2.97)

−0.521
(5.64)

−0.602
(5.17)

Year dummies Included Included Included Included Included Included Included Included
Industry dummies Included Included Included Included Included Included Included Included
Province dummies Included Included Included Included Included Included Included Included

R2 0.068 0.082 0.116
log likelihood −1629.36 −1788.26 −1469.81 −1989.36 −1604.76

Wald Chi2 312.09 *** 120.63 *** 967.74 65.38 *** 105.39 ***

Note: *** p < 0.01, ** p < 0.05, * p < 0.1; Cluster-robust standard error in brackets. The model includes dummy variables such as year,
industry, and province. Every model has year, industry, and province fixed effects.

With respect to the control variables, the coefficients of the control variables included
in the models are mostly statistically significant, and the results tend to be consistent with
previous study findings. Table 1 indicates that the financial performance and environmen-
tal performance of Chinese firms is largely driven by different internal factors. In general,
larger firms with a longer history, more employees, and a higher ratio of independent
directors on the board are more likely to have better financial and environmental perfor-
mances. The coefficients for these variables are positive and highly significant. However,
financial leverage has negatively significant effects on sustainable development perfor-
mance. The data indicate that enterprises with ISO14001 certification tend to have better
environmental performance but may be less likely to have strong financial performance.

4.2. Mediation Test of GI

A three-procedure regression analysis proposed by Baron and Kenny (1986) [38] is
used to examine the mediating effect of GI. First, this approach tests the impact of GSCM
on financial performance and environmental performance. In Table 1, columns (2) and (5)
show the direct effect of GSCM on financial and environmental performance. Results show
that the regression coefficients of GSCM are significantly positive at the level of 1%.

Second, this study tests the impact of GSCM on GI. In Table 1, column (7) shows that
GSCM significantly positively impacts GI. H2 is supported by the positive coefficient of
GSCM (β = 0.387, p < 0.001).

Third, this study tests the mediating effect of GI. Column (3) presents the regression
result of GSCM and GI when simultaneously assessed with financial performance. The oef-
ficient of GSCM is positive at the 1% significance level and the coefficient of GI is positive
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but not significant. This leads to the need for a Bootstrap test [39]. The non-parametric
percentile bootstrap method of deviation correction is applied for verification; the sample
size is set at 5000 with a 95% confidence level. Table 2 shows the results of the bootstrap test,
which indicate that the lower and upper limits of the confidence interval of the mediating
effect are 0.025 and 0.237, respectively, where 0 is excluded.

Table 2. Bootstrap test results.

Bootstrap Test Effect Size Boot SE Boot CI
Lower Limit

Boot CI
Upper Limit

Relative
Effect Size

Direct effect 0.812 0.339 0.157 1.462 88.36%
Mediating effect 0.132 0.041 0.025 0.237 11.64%

Total effect 0.873 0.315 0.016 0.169

These results indicate that GI partially mediates the GSCM and financial perfor-
mance relationship, which accounts for 11.64% of the total effect. This means that 11.64%
of GSCM’s impact on financial performance can be explained by GI, supporting H3a.
Meanwhile, in Table 1, column (6) presents the regression results of GSCM and GI on
environmental performance. The coefficient of GSCM is positive at a 5% significance level,
which is smaller than the coefficient of the GSCM in column (5). The coefficient of GI is
positive at a 1% significance level. Therefore, GI plays a mediating role in the relationship
between GSCM and environmental performance. H3b is also supported.

4.3. Moderation Effect Test of GS

A hierarchical moderated regression analysis is conducted to test the moderating
effect of GS in the relationship between GSCM and GI. The interaction item GSCM*GS is
added to column (7) of Table 1 to generate column (8). The results in column (8) indicate
that the interaction item GSCM*GS has significantly positive effects on GI (β1 = 0.376,
p < 0.5). Therefore, GS plays a positive moderating role in the relationship between GSCM
and GI. In other words, when an enterprise obtains more GS, it is better able to enhance
the positive effect of GSCM on GI. These results support H4a.

This study further examines the moderated mediation effect by applying the Monte
Carlo method [37]. The full sample is first split into two sub-samples: a high green subsidy
sample and a low green subsidy sample. The Monte Carlo method is used to compute
confidence intervals (CI) for the conditional mediation effect of GI on the GSCM and
financial and environmental performance for both the low and high GS. Table 3 presents
the results of a 20,000-replication sample with a 90% bias-corrected CI. Table 3 shows that
the mediating effect of GI between GSCM and financial performance is not significant in
either the low or high GS sub-samples. The inter-group difference is also not significant
(β1 = 0.008, CI1 = [−0.088, 0.166], including 0). However, the mediating effect of GI
between GSCM and environmental performance is significant in both the low and high GS
sub-samples (β2 = 0.071, CI2 = [0.025, 0.189], excluding 0; β3 = 0.071, CI2 = [0.135, 0.821],
excluding 0), and the inter-group difference is also significant (β4 = 0.124, CI2 = [0.212, 1.930],
excluding 0). These results indicate that GS positively moderates the mediating effect of GI
between GSCM and environmental performance. This result partially supports H4b.

These regression results are shown in Figure 2.
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Table 3. GS moderating effect on front-end of mediation path.

B S.E. 90% Confidence Interval

Mediating effect(GSCM→ GI→ Fina): 0.032 0.042 [0.002, 0.182]
Moderated mediating effect:

Low GS(−1 SD) 0.034 0.036 [−0.007, 0.082]
High GS(+1 SD) 0.042 0.019 [−0.098, 0.248]

Inter-group differences 0.008 0.025 [−0.088, 0.166]

Mediating effect(GSCM→ GI→ Envi): 0.583 0.089 [0.010, 0.326]
Moderated mediating effect:

Low GS(−1 SD) 0.071 0.046 [0.025, 0.189]
High GS(+1 SD) 0.195 0.023 [0.135, 0.821]

Inter-group differences 0.124 0.031 [0.212, 1.390]
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5. Endogeneity and Robustness Test
5.1. Endogeneity Test

The endogeneity problem resulting from two-way causality is a significant issue to
address in this study: GSCM improves the enterprise-level GI, while GI may contribute
to improving the enterprise-level GSCM. To alleviate the endogeneity problem, the direct
effects of GSCM and GI are further tested using the two-stage instrumental variable model.
This study selects the average level of GSCM in different industries as an instrumental
variable (GSCM-I) [40]. Table 4 shows that GSCM has significantly positive effects on GI,
after accounting for the endogeneity problems (β1 = 2.387, p < 0.01). Moreover, the Cragg–
Donald Wald F value is higher than the 10% error tolerance threshold, and the instrumental
variable coefficients in the first stage are all significant. Therefore, the instrumental variable
selected for this study is valid.

In addition, missing variables may also lead to an endogeneity problem, even though
many control variables have been included in the research models. To further address the
potential endogeneity problems in the models, a one-year lag with respect to financial per-
formance and environmental performance is adopted to estimate the dynamic model and
SYS-GMM is applied. The regression results are consistent with the research conclusions
discussed above. Moreover, the Hansen test results demonstrate that the systematic GMM
estimation is valid. Therefore, the estimated results are robust, which further support the
study’s conclusions.
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Table 4. Endogeneity test results.

Dependent
Variables

OLS Model 2SLS Model

(1) (2) (3) (4) (5) (6) (7) (8)
GSCM GI GSCM GI GSCM GI GSCM GI

Explanatory Variable

GSCM-I 1 ***
(0.01)

0.986 **
(0.08)

0.969 *
(0.02) 2.387 *** 0.978 **

(0.07) 2.387 ***

GSCM 1.231 ***
(0.42)

0.258 **
(0.22)

1. 163 ***
(0.36)

0.219 **
(0.21)

Controls

lncapital 0.293 ***
(0.12)

0.246 **
(0.08)

0.307 ***
(0.11)

0.249 ***
(0.08)

0.281 ***
(0.15)

0.239 **
(0.12)

lnlabor 0.015
(0.24)

0.013
(0.19)

0.054
(0.07)

0.032
(0.27)

0.025
(0.21)

0.043
(0.17)

lnage 0.595 ***
(0.15)

0.618 ***
(0.16)

0.799 ***
(0.14)

0.685 ***
(0.04)

0.625 ***
(0.02)

0.673 ***
(0.01)

lnlev −0.608 **
(0.29)

−0.726 **
(0.32)

−0.424 ***
(0.22)

−0. 613 *
(0.26)

−0.438 **
(0.21)

−0. 572 **
(0.24)

ISO −0.037
(0.02)

−0.049
(0.03)

−0.081
(0.10)

−0.069
(0.06)

−0.074
(0.09)

−0.083
(0.12)

Dire 1.014 **
(0.72)

1.005 **
(0.64)

0.675 ***
(0.27)

0.725 ***
(0.29)

0.669 ***
(0.24)

0.692 ***
(0.34)

Constant 2.854
(2.21)

3.291
(2.85)

2.382
(1.92)

3.313
(2.28) - - - -

Year dummies Included Included Included Included Included Included Included Included
Industry dummies Included Included Included Included Included Included Included Included
Province dummies Included Included Included Included Included Included Included Included

R2 0.067 0.0.082 0.105 0.136 0.067 0.0.082 0.105 0.136
Cragg–Donald Wald F 867.22 769.86 867.22 769.86

Note: *** p < 0.01, ** p < 0.05, * p < 0.1; Numbers within brackets are standard errors. The model includes dummy variables such as year,
industry, and province.

5.2. Robustness Check

Two checks are conducted to test the robustness of our main findings. First, ambidex-
trous performance is selected as an alternative variable to assess enterprise-level financial
and environmental performance [40]. Based on the organization ambidexterity theory,
the ambidexterity performance here indicates that enterprises simultaneously achieve an ef-
fective balance and the joint value of financial and environmental performance with limited
resources. Specific measurement procedures are as follows. First, the enterprise-level finan-
cial performance and environmental performance are standardized from 0 to 1; the formula
is y∗ = (y−min)/(max−min). Based on Zang and Li (2017), the standardized financial
performance and environmental performance are transformed into ambidextrous per-
formance (AMP), with the formula: AMP = [(1−

∣∣∣Fina− Envi
∣∣∣)×√Fina× Envi]/1 [40].

As shown in the results in Table 5, robustness check 1 indicates that both GSCM and GI
have significantly positively effects on AMP. Columns (1)–(4) show that the mediating
effect of GI on the impact of GSCM on AMP is also supported.

Second, the unconditional negative binominal model proposed by Allison and Water-
man (2002) is compared with the traditional model to test the study’s model robustness [41].
By using robust standard deviation, this new model can effectively control the data het-
eroscedasticity problem. as seen in the results in Table 5, robustness check 2 and the results
shown in Table 1 are similar in coefficient and significance, indicating the high stability of
the model.

Results of the robustness test show that ambidexterity performance as a substitute
variable for SDP, and the application of the unconditional negative binominal model, do
not change the research findings. This demonstrates that the conclusions are reliable.
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Table 5. Robustness test results.

Variables
Robustness Check 1 Robustness Check 2

(1) (2) (3) (4) (5) (6) (7) (8)
AMP AMP GI GI Fina Envi GI GI

Explanatory Var

GSCM 0.482 ***
(0.79)

0.205 *
(0.11)

0.316 **
(0.30)

0.258 **
(0.22)

0.169 *
(0.10)

1.172 *
(1.26)

0.259 **
(0.29)

0.196 **
(0.21)

Mediator

GI 2.266 ***
(0.21)

0.287
(0.27)

3.894 ***
(1.34)

Moderator

GS 0.028
(0.03)

0.024
(0.03)

CITI*GS 0.264 **
(0.27)

0.289 **
(0.22)

Controls

lncapital 0.502 ***
(0.16)

0.536 ***
(0.36)

0.462 ***
(0.17)

0.314 **
(0.15)

0.519 ***
(0.31)

5.327 ***
(2.35)

0.389 ***
(0.16)

0.367 **
(0.13)

lnlabor 0.020
(0.28)

0.011
(0.29)

0.015
(0.24)

0.010
(0.21)

0.009
(0.20)

2.009
(1.37)

0.015
(0.21)

0.009
(0.17)

lnage 0.139
(0.08)

0.111
(0.07)

0.095
(0.05)

0.086
(0.05)

0.103
(0.04)

0.069
(0.04)

0.025
(0.02)

0.073
(0.01)

lnlev −0.721 ***
(0.58)

−0.564 ***
(0.50)

−0.612 **
(0.65)

−0.718 **
(0.68)

−0.624 ***
(0.50)

−2.163 *
(0.68)

−0.861 **
(0.62)

−0.857 **
(0.48)

ISO −0.194 *
(0.20)

−0.182 *
(0.29)

−0.056
(0.03)

−0.049
(0.03)

−0.105
(0.05)

−0.069
(0.06)

−0.076
(0.06)

−0.061
(0.12)

Dire 1.057 ***
(0.95)

1.301 ***
(0.49)

1.016 **
(0.81)

1.005 **
(0.64)

1.281 ***
(0.56)

6.519 ***
(5.29)

0.969 ***
(0.87)

0.892 ***
(0.79)

Constant 1.563
(5.78)

−0.291
(5.85)

−0.382
(5.12)

−0.313
(4.28)

−0.294
(5.65)

−2.173
(2.07)

−0.509
(5.43)

−0.581
(4.98)

Year dummies Included Included Included Included Included Included Included Included
Industry
dummies Included Included Included Included Included Included Included Included

Province
dummies Included Included Included Included Included Included Included Included

R2 0.075 0.102 0.109
Log likelihood −1854.26 −1480.43 −1507.32 −1637.20 −1328.46

Wald Chi2 63.17 *** 95.81 *** 173.25 *** 61.74 *** 99.26 ***

Note: *** p < 0.01, ** p < 0.05, * p < 0.1.

6. Conclusions and Discussion
6.1. Conclusions and Theoretical Implications

Recent corporate sustainability studies have emphasized the important role of GSCM [5–7],
while the internal mechanism of GSCM affecting SDP remains a black box. This study
opens this black box by developing a moderated mediation model. The empirical results
confirm the impact of GSCM on SDP, the mediating effect of GI, and the moderating effect
of GS by using a negative binominal model of the non-equilibrium panel. This study
further verifies a moderated meditation model, such that the indirect impact of GSCM
on environmental performance is stronger when enterprises obtain more green subsidies.
These results are consistent across a typical regression model, an instrumental variable
model, the two-stage least squares method, and an unconditional negative binominal
model. As such, the study’s findings are reliable, and are unlikely to be affected by reverse
causality or other endogeneity and robustness problems.

The study makes important theoretical contributions to the field. First, from the
perspective of SDP, this study expands the research on the effects of GSCM on enterprise-
level performance. Previous studies have focused on a single enterprise’s performance,
such as financial performance or environmental performance [5–7,10]. The study also
systematically explains the impact of GSCM on comprehensive sustainable development
performance [42,43].

Second, this study proposes a moderated mediation model to investigate the intrinsic
mechanism between GSCM and SDP. Studies have shown that GSCM can improve resource
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efficiency, reduce environmental costs, and provide companies with greater competitive
advantages [4–7], thus encouraging enterprises to address sustainability. Despite the in-
creasing importance of GSCM, few studies have explored how GSCM affects enterprises’
sustainable development [9]. Past studies showed the separate mediating effect of GI
and the moderating effect of GS; however, this study focuses on how the complicated
relationship between GSCM and SDP is associated with different determinants, showing
the possibility of using different variables to explain the mechanisms of GSCM. The study
results suggest that green innovation theory [21], and a combination of Porter’s hypothe-
sis [9] and signaling theory [22], both shape and substantiate our theoretical framework.
The study’s tests of our conditional process model add value to the GSCM literature by
exploring the moderated mediating effect of GS on the mediating effect of GI on GSCM and
SDP using the conditional process analysis method suggested by Preacher and Zyphur [38].
In this way, this study opens the black box between GSCM and SDP. Our findings align
well with those of GI studies [21,23,35], indicating that GSCM is a driving force of GI and
promotes sustainable development.

Third, with respect to the research method, the study adopts objective research meth-
ods with time series data. Previous studies have acknowledged the importance of GSCM
and have indicated that GSCM may play an important role in GI and SDP [10,19]; however,
there remains a lack of convincing empirical analyses [10]. Instead of using a survey
research design, this study draws on GSCM data from the IPEA/NRDC report. Objective
data from 2015 to 2020 for selected listed companies were collected from the enterprises’
annual reports or other public databases, making the evaluation index for the variables
highly objective and accurate. Moreover, a non-equilibrium panel model is applied to
support a longitudinal research on GCSM and SDP. Compared with studies using cross-
sectional data based on questionnaires [9], the conclusions drawn in this study are more
objective and are consistent with the actual reality that GSCM is a dynamic process.

6.2. Managerial Implications

A number of practical implications flow from the findings above. First, enterprises
should promote the practice of GSCM to simultaneously achieve high-quality develop-
ment and environmental protection [42,43]. Enterprises successfully implementing GSCM
can obtain unique resources, which can significantly improve their green innovation abil-
ity. GSCM practice has a positive effect on enterprise-level financial and environmental
performance. Enterprises should learn from advanced enterprises about the GSCM expe-
rience, and actively participate in the communication among organizations to promote
GSCM practices.

Second, enterprises should maximize green innovation, which can positively impact
sustainable performance and strengthen the effect of GSCM on sustainable performance.
Under significant environmental pressure, a series of green innovation activities can signif-
icantly improve enterprises’ environmental performance, enhance their business image as
“green,” and increase their core competencies.

Third, enterprises should increase their interactions with the supply chain partners
and strengthen their cooperation with customers. GSCM practices are more likely to
succeed with a frequent information exchange and organizational coordination with supply
chain partners and customers, and as a result, enterprises are more likely to achieve
sustainable development.

6.3. Limitations and Future Directions

This study achieves important research results but could be further extended in the
following aspects. First, this study only analyzes the intrinsic relationship between GSCM
and SDP from the perspective of green innovation and green subsidy. In practice, there
are other contingency factors that affect the relationship. Future research could build
on our findings and focus on other contingency factors moderating or mediating the
relation between GSCM and SDP, such as external factors, namely, green certification [44],
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green user participation [45,46] and internal factors, namely, green image [26], and green
training [47]. Future studies should provide more theoretical and empirical explanations
about this relationship.

Second, GSCM is a relatively complex concept. This study uses the CITI index to
evaluate the GSCM; however, future research could further expand data sources and
measure GSCM from multiple angles. Third, this study uses a sample of China’s listed
enterprises for research and focuses on GSCM, due to its prevalence and importance in
China. As discussed earlier, GSCM may be influenced by external environmental factors,
such as legal settings, government policy, and technological environment. Due to these
factors, the impact of GSCM may differ across countries. Future research should examine
and compare the relationship between GSCM and SDP in other developing or developed
countries for more universal findings.
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Appendix A

Table A1. Variable definition.

Variables Name Definition Data Source

Dependent Variables: Sustainable Development Performance (SDP)

Financial performance Fina Return on equity (ROE) of each enterprise at the end of each
fiscal year (%) WIND database

Environmental
performance Envi Environmental and social responsibility rating score of each

enterprise every year
Corporate social responsibility

report of HEXUN network

Explanatory variables

Green supply chain
management GSCM

The CITI system encompasses five dimensions for evaluation,
namely engagement and responsiveness, compliance and

corrective action, extended green supply chain behavior, data
disclosure and transparency, and responsible recycling

IPEA/NRDC report

Green innovation GI The number of green patents applications of each enterprise at
the end of each fiscal year

The State Intellectual Property
Office and IncoPat Global Patent

database

Green subsidy intensity GS The ratio of the government green subsidy to total assets at the
end of each fiscal year (%) × 100 CSMAR database

Control variables
Firm size lncapi Annual total assets of each enterprise

WIND database
Number of employees lnlabor Natural logarithm of permanent, full-time individuals working

in this enterprise at the end of each fiscal year
Enterprise maturity lnage Years since the company was established
Financial leverage lnlev The ratio of debt to total assets at the end of each fiscal year (%)

ISO ISO Has the company passed ISO14001? 1 = Yes, 0 = No

Board governance Dire The ratio of the number of independent directors to the total
number of the board at the end of each fiscal year (%) CSMAR database
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Table A2. Descriptive statistics for the variables.

Variable Obs Mean Std.Dev. VIF Max Min

GSCM 815 2.59 1.42 5 0
GI 815 4.81 1.35 2.56 0 593

Fina 815 0.08 0.16 1.32 −0.18 0.29
Envi 815 38.21 127.74 5.63 0 78.34
GS 815 0.014 0.049 1.02 0 0.362

lncapi 815 16.58 1.12 2.09 7.35 22.56
lnage 815 2.32 0.46 1.55 3.83 1.39

lnlabor 815 8.52 0.27 1.43 4.61 10.82
lev 815 0.47 0.93 2.16 0 1.42
ISO 815 0.75 0.45 1.51 0 1
Dire 815 0.38 0.08 1.05 0.34 0.48

Table A3. Correlation coefficient of variables.

Var. 1 2 3 4 5 6 7 8 9 10 11

GSCM 1
GI 0.37 **** 1

Fina 0.34 *** −0.21 ** 1
Envi 0.46 *** 0.16 *** 0.06 1
GS 0.28 *** 0.15 ** −0.04 0.03 1

lncapi 0.26 *** 0.32 *** 0.27 *** 0.13 *** 0.16 *** 1
lnage 0.05 * 0.12 *** 0.05 0.35 *** 0.24 *** 0.23 *** 1

lnlabor −0.07 *** −0.02 −0.01 0.22 *** 0.26 *** −0.20 *** −0.21 *** 1
lnlev −0.06 0.11 ** 0.04 −0.17 ** 0.13 *** 0.26 *** 0.24 *** 0.32 *** 1
ISO 0.34 *** 0.17 *** −0.05 0.12 ** 0.23 *** 0.37 *** 0.06 * −0.18 *** −0.12 ** 1
Dire 0.16 ** 0.08 * 0.07* 0.19 ** 0.09 * 0.03 −0.03 0.07 * −0.03 0.07 * 1

Note: *** p < 0.01, ** p < 0.05, * p < 0.1.
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