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Abstract

Under the background of the steady advancement of the dual-carbon goal and the in-
creasing improvement of the green financial system, green supply chain finance is like a
bridge that closely links the capital of the financial market and the low-carbon transforma-
tion of the real economy. The following article chooses A-shares traded enterprises from
2014 to 2024 as the study sample, adopts multi-dimensional empirical methods to study
the association in green supply chain finance along with corporate emission levels, and
analyzes its transmission mechanisms and heterogeneity. The findings demonstrate that
green supply chain finance has a substantial inhibitory impact with enterprise emission
levels, a finding that remains robust across a series of tests, including parallel trend tests,
placebo tests, and propensity score matching (PSM). Mechanism analysis demonstrates that
green supply chain finance can indirectly reduce carbon emission intensity by improving
both financing levels and supply chain stability. Looking at heterogeneity, we find that
the emission-reducing effect tends to be stronger among state-owned firms, non-heavy
polluters, enterprises with higher total factor productivity, and enterprises that are more
financially oriented. Our theoretical value lies in clarifying the direct relationship between
green supply chain finance and micro-enterprise carbon emissions, identifying two differ-
entiated intermediary transmission paths, and defining the boundary conditions of the
policy role across multiple dimensions, thereby better coordinating and promoting the
digital and low-carbon transformation of enterprises.

Keywords: green supply chain finance; enterprise carbon emissions; financing level; supply
chain stability; low carbon transformation

1. Introduction
In 2020, China officially announced a major strategic decision to achieve carbon

peak by 2030 and carbon neutrality by 2060. This commitment is of milestone historical
significance [1]. From an international perspective, the Environmental Performance Index
(EPI) released by Yale University shows that China’s performance on the index has been in
the medium range for a long time. According to data released in 2020, China scored 37.3
points, ranking 120th among the 180 countries and regions participating in the assessment,
far from the top countries [2]. At present, controlling carbon emissions is an important
issue for China’s high-quality economic development [3]. In the whole market system,
enterprises, as the main bodies of commodity production and supply, are not only the main
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consumers of natural resources but also the core force promoting low-carbon development
and green production. Therefore, reducing carbon emissions at the enterprise level has
become an urgent issue [4]. Against the backdrop of deep integration between green finance
and supply chain development, green supply chain finance, as an important link between
the financial market and the real economy, has become a key financial support for promoting
enterprises’ low-carbon transformation. As early as 2019, as the first “equator bank” in
China, Industrial Bank took the lead in formulating and issuing the business guidelines
for green supply chain finance, integrating green concepts into supply chain finance and
promoting green development [5]. Environmentally friendly source chain financing has
become a novel economic type, which combines sustainable supply chains by combining
sourcing network funding as well as environmentally friendly finance. From the standpoint
of environmentally friendly cooperative development of industrial clusters, it guides the
downstream as well as upstream businesses of the supply network to successfully carry
out sustainable design, sustainable purchasing, sustainable manufacturing, sustainable
transportation, and sustainable reuse, effectively controls carbon emissions and pollutant
emissions, and provides important support for China’s sustainable economic development
by optimizing resource allocation and reducing resource consumption in the whole chain [6].
Against this dual background, can enterprises achieve low-carbon development through
green supply chain finance? What is the specific impact mechanism? Answering these
questions goes beyond simply adding to the existing literature on green supply chain
finance and corporate emission reduction. It also uncovers a fresh channel: firms can build
stronger supply chain resilience while simultaneously lowering their emissions. Moreover,
the findings can offer tangible pathways and practical guidance for advancing the digital
transformation and carbon-neutral transition of enterprises, as well as for implementing
the nation’s hybrid climate change strategy.

This paper offers several key contributions. First, we employ a broad sample covering
many industries to empirically test how green supply chain finance helps cut carbon
emissions. This approach overcomes the limitations of earlier work, which was often
confined to a single sector or stayed at a purely theoretical level. Secondly, the existing
literature discusses the inherent logic and transmission mechanism between green supply
chain finance and enterprise carbon emissions, but this discussion is relatively shallow,
and the core action path and boundary conditions lack systematic analysis. This article
thoroughly expands and improves the correlation logic and transmission mechanism of the
two, clarifying their core mechanisms and applicable boundaries. Finally, the heterogeneity
analysis across ownership, pollution, productivity, and financialization reveals the effects
of differentiation, providing an empirical basis for the design of targeted green supply
chain financial policies and low-carbon transformation strategies.

2. Literature Review and Hypothesis Development
2.1. Literature Review

Prior studies on corporate carbon emissions have systematically looked into two pri-
mary aspects: influencing factors and accounting methods. In terms of influencing factors,
existing research is mainly conducted from four core perspectives: enterprise technical
capabilities [7,8], market-oriented environmental regulation [9,10], capital market open-
ing [11], and factor market distortion [12]. In terms of carbon-emission accounting methods,
existing results cover general quantitative indicators and industry-specific accounting sys-
tems. At the general indicator level, common methods include the accounting framework
based on fossil energy consumption and the 2006 IPCC National Greenhouse Gas Inventory
Guide [13], as well as the measurement method provided by the China Carbon Accounting
Database (CEADs) based on energy activity data [14]. At the industry-specific level, Fei et al.
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(2023) [15] recommend accounting methods and emission factors applicable to different
industries. Zhang et al. (2019) [16] combined the production and operation characteristics
and emission characteristics of enterprises and put forward the carbon emission accounting
method of construction enterprises.

The existing classical theoretical system of sustainable supply chain management takes
the coordinated development of the triple bottom line of economy, environment, and society
as the core logic. In the process of theoretical evolution, Carter and Jennings (2002) [17] led
the development of an integrated analysis framework from a logistics social responsibility
perspective, formally integrating the dimension of social responsibility into the research on
supply chain management. Carter and Rogers (2008) [18] further refined the theoretical
system, proposed a four-dimensional sustainable supply chain management framework
encompassing economic benefits, environmental governance, social responsibility, and
supply chain partnerships, and systematically defined the core components of sustainable
supply chain management. Based on multiple case studies of ten industry benchmark
enterprises, Pagell and Wu (2009) [19] further consolidated the theoretical core of the triple
bottom line and built a more complete theoretical system of sustainable supply chain
management. Based on the above literature, this article defines sustainable supply chain
management as a systematic operational and management model that integrates economic
performance, low-carbon emission reduction goals, and social responsibility as the core
of the entire supply chain. Green supply chain finance is an important financial support
tool for implementing sustainable supply chain management and promoting the green
transformation of the industrial chain.

Traditional supply chain finance serves as a key link between real supply chains and
capital markets. It uses authentic trade data to improve how capital is allocated across
the industrial chain. Huff and Rogers (2015) [20] carried out a long-term tracking study
and found that supply chain finance can effectively unlock liquid assets—such as accounts
receivable, accounts payable, and inventory—within firms. Doing so goes a long way
toward easing the financing constraints that typically trouble small- and medium-sized
enterprises both upstream and downstream. This, in turn, helps achieve a more efficient
flow of capital along the supply chain and enhances overall resource allocation.

Given this background, green supply chain finance has evolved into a novel business
model—one that weaves together green supply chain governance, conventional supply
chain finance, and green finance [21]. The global research on supply chain finance and green
finance has established a sound theoretical foundation, which provides solid theoretical
support for exploring the internal mechanism of green supply chain finance. Gelsomino
et al. (2016) [22] systematically reviewed global studies concerning supply chain finance
and constructed a dual theoretical framework for this field, which distinguishes between
finance-oriented and operation-oriented research paradigms. As a landmark empirical
study, Flammer (2021) [23] laid a solid empirical foundation for the facilitating effect of
green financing on corporate low-carbon transformation. Further extending the research
boundary of traditional supply chain finance, Kruger (2015) [24] explored its green ap-
plication value from an industrial chain perspective and compensated for the research
limitations of existing micro-level green finance studies that merely focus on individual
enterprises. Domestic research further combines the characteristics of local industries on the
basis of foreign theories and integrates key dimensions such as financing trust construction,
financing constraint mitigation [25,26], risk control [27], interest balance mechanisms [28],
policy governance effects [29], and digital technology empowerment [30] into green supply.
The chain finance research system has formed a multi-perspective and multi-level local
research framework.
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Although more and more studies are looking into green supply chain finance, one
question remains underexplored: how does it directly affect corporate carbon emissions?
Existing work on this topic tends to be somewhat scattered, and the analysis often lacks
sufficient depth. Thus, there is clear value in exploring how green supply chain finance
might affect the carbon emissions of firms.

2.2. Policy Background

Promoting the development of the green supply chain and finance is a key measure to
realize environmental regulation. In 2017, a key policy document was issued: the Guidance
on Building a Green Financial System. This release marked a historic moment—China
became the first nation globally to put in place a comprehensive policy framework for green
finance. Importantly, the guidance also highlighted the need to develop green supply chain
finance. It described this as a crucial instrument for encouraging the collaborative green
transformation of industrial chains [31]. In 2019, the relevant authorities published the
green industry guidance directory (2019 edition), which defined a clear industrial boundary
for the development of green finance business, provided a basic standard basis, and laid
a policy foundation for the definition of business scope and resource allocation of green
supply chain finance [32,33]. Around the world, developed economies and international
organizations have introduced a range of policies to support sustainable supply chain
finance, forming a global institutional framework for green supply chain finance. Centered
on the European Green Deal and the Corporate Sustainability Reporting Directive, the
EU mandates multinational enterprises to disclose environmental and carbon emission
information along supply chains and encourages financial institutions to innovate green
supply chain financial products. Relying on the Inflation Reduction Act, the United States
promotes low-carbon financing for domestic industrial chains through tax incentives. In
addition, the United Nations and the OECD have issued guidelines on sustainable supply
chain finance and ESG disclosure standards, establishing unified global evaluation criteria
for investment and financing and offering international references for countries to develop
green supply chain finance.

2.3. Theoretical Analysis and Research Hypotheses

From a theoretical perspective, we have developed a systematic framework based
on the theories of resource allocation, financing constraints, supply chain cooperative
governance, and stakeholders. The framework examines how green supply chain finance
affects enterprises’ carbon emissions (see Figure 1).

2.3.1. Direct Effects of Green Supply Chain Finance on Corporate Carbon Emissions

Green supply chain finance integrates the green development orientation with the
resource allocation function of supply chain finance. Based on green indicators such as
carbon emission level and environmental performance, it forms financing constraints on
enterprises with excessive carbon emissions, forcing them to actively adjust production
modes and optimize energy structure to decrease greenhouse gases [34]. In a comparable
period the situation provides differentiated financial support for enterprises practicing
low-carbon production in the supply chain, effectively alleviates the financing pressure of
enterprises in terms of low-carbon technology research and development, green equipment
update, clean production transformation, and helps enterprises improve resource utilization
efficiency and reduce energy consumption and carbon emissions from the production
side [35]. In addition, based on stakeholder theory, green finance exerts a dual driving
effect on the emission reductions of upstream and downstream enterprises through supply
chain transmission mechanisms [36]. Relying on the credit transmission effect of core
enterprises, green supply chain finance promotes upstream and downstream enterprises
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in the supply chain to establish a green collaborative development mechanism [6], guides
enterprises in the whole chain to jointly participate in low-carbon production practice,
realizes emission reduction linkage in all links of the supply chain, and reduces the total
carbon emissions in the whole process of enterprise production and operation as a whole.
As a result, total carbon emissions from a firm’s overall production and operation activities
are reduced. Given all of the above, it is reasonable to conclude that green supply chain
finance can substantially curb corporate carbon emissions. Based on this line of reasoning,
we propose our first hypothesis, H1.

 
Figure 1. Theoretical framework.

H1. Green supply chain finance can effectively restrain corporate carbon emissions.

2.3.2. The Effect of Supply Chain Finance Level

The reduction in financing constraints and the increase in the supply chain funding
level may successfully alleviate financing limitations and capital turnover pressure of
supply chain upstream and downstream enterprises, ensure the smooth flow of funds from
raw material procurement to manufacturing, logistics distribution, and product sales [37],
avoid the production stagnation, inventory backlog, and low operational efficiency caused
by capital shortage, and realize the efficient and coordinated operation of the whole supply
chain [38]. The rapid flow of information facilitates the movement of resource elements
along the chain. While enhancing enterprises’ access to credit resources and providing
financial support for efficient investment [39], it also enables participating parties, through
the platform established by supply chain finance, to access inter-enterprise transaction
information, logistics information, production information, and sales information, thereby
reducing transaction costs between upstream and downstream enterprises as well as
non-productive expenditures [40], lowering monitoring costs, and effectively supervising
enterprises to improve the efficiency of resource integration in production, sales, and
research and development [41]. The continuous improvement in the level of supply chain
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finance enhances efficiency, optimizes cost structures [42], reduces resource waste, and thus
lowers carbon emissions. Based on theoretical analysis, this paper proposes Hypothesis H2.

H2. Green supply chain finance can restrain the carbon emissions of enterprises by improving the
financing level.

2.3.3. The Effect of the Supply Chain Stability

The instability of the supply chain can easily lead to problems such as production
interruption and supply channel change. In order to deal with the risk of the supply
chain, enterprises often adopt strategies such as over stocking and emergency production
transfer [43], which will cause additional energy consumption and an abnormal increase in
carbon emissions. Relying on the overall credit system of the supply chain, green supply
chain finance provides stable financial support for upstream and downstream enterprises
and reduces the cooperation risk caused by the rupture of the capital chain [44]. At the
same time, it screens high-quality green partners through environmental performance,
optimizes the supply chain cooperation pattern, and improves the stickiness and supply
chain stability cooperation [45]. A stable supply chain enables enterprises to formulate
long-term and reasonable production plans [46], avoiding unnecessary carbon emissions
arising from risk response, thereby effectively curbing corporate carbon emissions. Stable
supply chain partnerships are crucial, as they can effectively reduce costs and improve
sustainability performance [47]. That is, green supply chain finance can curb enterprise
greenhouse gases by optimizing the intermediary impact associated with supply chain
stability. Based on theoretical analysis, this paper proposes Hypothesis H3.

H3. Green supply chain finance suppresses enterprise carbon emissions by optimizing the stability
of the supply chain.

3. Research Design
3.1. Data

Based on the available data, this study selects Chinese A-share-listed companies
from 2014 to 2024 as the research sample. The data mainly comes from the CSMAR
database [48], the China Industrial Economic Statistics Yearbook, and some company
annual reports. In order to reduce potential estimation biases, enterprises with abnormal
financial conditions (i.e., companies marked as ST or *ST) are excluded. At the same time,
to ensure data integrity and authenticity, all observation samples with missing values are
directly deleted [49]. Through this strict screening process, 4915 A-share-listed companies
were identified as research samples. During the research period from 2014 to 2024, some
enterprises failed to provide complete annual observations due to differences in listing
dates, delistings, or missing data, resulting in an unbalanced panel dataset with 28,671
company annual observations.

3.2. Variable Measurement
3.2.1. Explained Variable

Corporate carbon emission intensity (CEI) serves as the explained variable in this
research. This indicator is calculated by dividing each firm’s carbon dioxide emissions by
its operating revenue. Both corporate CO2 emission figures and operating revenue records
are extracted from the CSMAR database.

We adopt this ratio to quantify carbon intensity mainly to eliminate biases triggered
by disparities in business scale. Firms differ substantially in operating revenue scale; raw
total carbon emissions cannot support a valid cross-firm comparison of emission reduction
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performance. The constructed ratio captures carbon output per unit of revenue, conform-
ing to the evaluation logic of the low-carbon transition. It objectively reflects resource
utilization efficiency and emission reduction performance throughout firms’ production
and operational activities.

3.2.2. Core Explanatory Variable

Green supply chain finance (GSCF) serves as the core explanatory variable in this
paper. Two binary dummy indicators, namely the industry dummy Treat and the time
dummy Post, are defined with values restricted to either 0 or 1 [50]. The classification
standard for the treatment and control groups based on the dummy Treat hinges on the
environmental and social risk tiers of each firm’s operating industry. This indicator takes
the value of one for enterprises falling into Categories A and B—two industry groups
(industries classified as Category A and Category B for environmental and social risks
include: petroleum processing, chemical raw materials, coking and nuclear fuel processing,
chemical products manufacturing, non-ferrous metal smelting and rolling processing,
ferrous metal smelting and rolling processing, non-metallic mineral products, thermal
power generation, heat production and supply, and gas production and supply, among
others.) marked by elevated environmental and social risks. By contrast, firms operating
within industries with medium, low, or even lower risk exposure are coded as zero.

Regarding the time dummy Post, the official release of the Guidelines for Green
Supply Chain Finance Business in 2019 is set as the cutoff point for the policy shock,
marking the formal rollout of targeted regulatory rules on green supply chain finance.
This dummy equals one if the sample observation year is 2019 or later, indicating that
the corresponding firm is subject to the aforementioned policy regulation. Observations
dated prior to 2019 receive a value of zero, representing periods without policy constraints.
Finally, the interaction term of Treat multiplied by Post serves as the proxy for GSCF.

3.2.3. Intermediate Variables

We selected financial level [51] and supply chain stability [52] as the intermedi-
ary variables. Table 1 presents the variable names along with their corresponding
calculation formulas.

Table 1. Variable definitions.

Variable Type Variable Name Variable Symbol Calculation Formula

Explained variable Corporate carbon
emission intensity CEI Corporate CO2 emissions/(Listed company

operating revenue/10,000)

Core explanatory
variables

Is it the treatment group Treat

If the enterprise’s industry belongs to Category A
or B, which have high environmental and social

risks in the key evaluation indicators of the green
supply chain finance system, then the value is 1;

otherwise, it is 0.

Whether it is before or
after the policy Post Set the value to 1 for 2019 and all later years; set it

to 0 for any year before 2019.

Policy dummy variable
and time dummy

variable interaction term
GSCF

If an enterprise meets the following conditions at
the same time: 1. The enterprise’s industry

belongs to category A or B, which have high
environmental and social risks in the key

evaluation indicators of the green supply chain
financial system; 2. The year is 2019 or later, then

assign a value of 1, otherwise 0.
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Table 1. Cont.

Variable Type Variable Name Variable Symbol Calculation Formula

Intermediate variables

Supply chain finance
level SCF

Supply chain financial keyword frequency
statistics, including receivables, prepaid, inventory,

and comprehensive.

Supply chain stability SCS

It is expressed as the ratio of the sum of the
absolute percentage changes for the previous five
customers and the sum of the proportions of the

top five customers in the previous year.

Control variable

Enterprise size Size The natural logarithm of a firm’s total assets

Capital structure Lev The log of total liabilities divided by total assets

Asset turnover rate Ato Operating income divided by the average total
assets of the enterprise

Equity Top10 Aggregate holdings of the ten largest shareholders
divided by the company’s total share capital

Shareholding ratio of
institutional investors Inst Institutional investors’ total shareholding relative

to the firm’s total share capital

Inventory proportion Inv Net inventory scaled by total assets

Listing years Age Actual A-share listing year

3.2.4. Control Variables

Control variable definitions and their calculation formulas are provided in Table 1.

3.3. Model Construction

To test the relationship between green supply chain finance and enterprise carbon
emission intensity, the regression model (3) will be used.

CEIi,t = β0 + β1GSCF + ∑ Firm + ∑ year + ∑ controlsi,t + εi,t (1)

Among the above components, CEI represents the carbon emission intensity of enter-
prises, GSCF represents green supply chain finance, control represents the control variable,
the framework also adjusts for fixed influence of time (year) and fixed influence of firm
(firm), i and t represent the sample enterprises and time, respectively, and ε represents
the random interference term. If the empirical result β1 is negative, it indicates that green
supply chain finance can reduce corporate carbon emissions, and Hypothesis 1 is verified.

To test Hypotheses 2 and 3, the conduction mechanism model of Wen et al. [53] is used
for reference, and the formula is as follows.

CEIi,t = φA
0 + φA

1 GSCFi,t + φA
n controli,t + yeart + f irmi + εi,t (2)

M = φB
0 + φB

1 GSCFi,t + φB
n controli,t + yeart + f irmi + εi,t (3)

CEIi,t = φC
0 + φC

1 GSCFi,t + φC
2 M + φC

n controli,t + yeart + f irmi + εi,t (4)

Among the above components, M (as defined in Equations (3) and (4)) is the inter-
mediary variable, representing the supply chain financial level (SCF) and supply chain
stability (SCS) indicators, respectively. Other variables are defined in the same way as in (3).
If φC

1 (from Equation (4)) is negative, it indicates that the supply chain financial level (SCF)
and supply chain stability (SCS) can inhibit enterprise carbon emissions, and Hypotheses 2
and 3 are true. See Figure 1 for specific variable definitions and calculation formulas. All
regression models in this study are estimated via Stata (v19.0).
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4. Empirical Analysis
4.1. Descriptive Statistics

Table 2 presents the descriptive statistics for the core and control variables in this
study. The table shows that the sample enterprises’ overall carbon emission intensity is at a
medium level, and the differences between enterprises are moderate. The average value of
green supply chain finance is 0.117, indicating that 11.7% of the sample enterprises use it,
and the overall penetration rate is low.

Table 2. Baseline regression results.

Variable Sample
Size

Mean
Value

Standard
Deviation

Minimum
Value Maximum

Corporate carbon emission intensity (CEI) 28,671 2.743 1.009 0.341 4.799
Green Supply Chain Finance (GSCF) 28,671 0.117 0.322 0.000 1.000

Enterprise size (Size) 28,671 22.359 1.33 20.091 26.333
Capital structure (Lev) 28,671 0.414 0.201 0.061 0.892

Asset turnover rate (Ato) 28,671 0.604 0.356 0.086 2.113
Equity (Top10) 28,671 0.136 0.115 0.001 0.621

Shareholding ratio of institutional investors (Inst) 28,671 0.587 0.152 0.242 0.903
Inventory proportion (Inv) 28,671 0.440 0.254 0.000 0.909

Listing years (Age) 28,671 2.072 0.912 0.000 3.401

4.2. Benchmark Regression

All regressions in this paper employ robust standard errors clustered at the firm level
to account for serial correlation within each firm over time. Firm and year two-way fixed
effects are included to absorb unobserved heterogeneity. The clustering specification of
standard errors is clearly stated below every regression table.

Table 3 presents how GSCF affects CEI. In column (1), we report the baseline regression
result of GSCF on CEI. Column (2) shows that after adding control variables, GSCF still
exhibits a negative effect on CEI. Hypothesis 1 thus receives preliminary support. In
column (3), we further control for individual fixed effects, building on column (2). Column
(4) adds year fixed effects to the specification of column (2). Column (5) includes both
individual and year fixed effects along with all control variables. Looking across columns (1)
through (5), GSCF consistently exerts a statistically significant and direct negative influence
on CEI. Column (6) reports benchmark regression results augmented with industry-year
fixed terms to exclude aggregation bias, and the estimated negative coefficient still carries
statistical significance.

Table 3. Mean-reversion.

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

CEI CEI CEI CEI CEI CEI

GSCF −0.410 ***
(0.049)

−0.354 ***
(0.051)

−0.327 ***
(0.030)

−0.013 ***
(0.003)

−0.005 **
(0.002)

−0.031 ***
(0.004)

Size −0.073 ***
(0.014)

−0.508 ***
(0.018)

0.023 ***
0.002

0.028 ***
(0.004)

−0.034 **
(0.014)

Lev 0.209 **
(0.097)

0.104
(0.074)

−0.009
(0.011)

−0.162 ***
(0.015)

0.095
(0.096)

Ato −0.002
(0.044)

0.143 ***
(0.040)

0.086 ***
(0.005)

0.080 ***
(0.008)

−0.075 *
(0.044)
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Table 3. Cont.

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

CEI CEI CEI CEI CEI CEI

Top10 0.267 **
(0.108)

2.779 ***
(0.095)

−0.064 ***
(0.012)

0.097 ***
(0.021)

−0.183 *
(0.105)

Inst −0.017
(0.067)

0.005
(0.043)

−0.030 ***
(0.008)

0.004
(0.009)

−0.015
(0.063)

Inv 0.398 ***
(0.142)

−0.212
(0.138)

−0.337 ***
(0.016)

0.08 ***
(0.027)

0.328 **
(0.172)

Age −0.019
(0.019)

0.047 ***
(0.011)

zero
(0.002)

−0.001
(0.002)

−0.003
(0.018)

Constant term 2.842 ***
(0.017)

4.211 ***
(0.298)

14.763 ***
(0.562)

−0.406 ***
(0.036)

−0.815 ***
(0.121)

4.156 ***
(0.628)

Enterprise No No Yes No Yes
Year No No No Yes Yes Yes

Industry Yes
Sample Size 28,671 28,671 28,671 28,671 28,671 28,671

F value 70.400 12.970 1.832 184.44 15.038 120.36
R2 value 0.002 0.004 0.224 0.104 0.704 0.143

Note: * p < 0.10, ** p < 0.05, *** p < 0.01.

4.3. Robustness Test
4.3.1. Parallel Trend Test

Existing staggered DID studies have pointed out the potential bias of traditional
two-way fixed effects estimators under heterogeneous treatment effects. However, early
related research rarely incorporates modern DID frameworks. To address this concern, we
introduce three landmark papers, Callaway and Sant’Anna (2021) [54], Goodman-Bacon
(2021) [55], and Sun and Abraham (2021) [56], to explain estimation bias and conduct
supplementary robust checks.

We took 2019 as the policy’s baseline year and performed a parallel trends test. Figure 2
reports the results. For all periods prior to the introduction of the green supply chain finance
policy in 2019, the estimated coefficients do not differ significantly from zero. Following
the policy’s rollout, the emission-reducing effect on corporate carbon intensity exhibits a
pattern of delay and gradual build-up, which supports the existence of parallel trends.

Figure 2. Parallel trend chart.

We also conducted a joint test focusing on the coefficients from the five intervals that
came right before the policy. The test yields an F-statistic of 1.36, with a corresponding
p-value of 0.2352. This result means we cannot reject the null hypothesis—namely, that the
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combined sum of all pre-policy coefficients is zero. Therefore, the treatment and control
groups exhibited similar trajectories prior to the policy intervention. This confirms that the
parallel trend assumption required for the DID model is satisfied.

In order to further test whether enterprises will anticipate policies in advance and
take emission reduction actions in advance, this article analyzes the potential expected
effect. According to the findings in Table 4, the estimated coefficients for the five periods
leading up to the policy (from the fifth period before implementation down to the first)
are all statistically insignificant. This shows that enterprises did not reduce emissions in
advance before the policy was officially implemented.

Table 4. Potential anticipation effects.

Variable CEI p-Value

New pre-policy period 5 0.031
(0.034) 0.362

New pre-policy period 4 −0.015
(0.034) 0.665

New pre-policy period 3 0.038
(0.031) 0.226

New pre-policy period 1 −0.024
(0.029) 0.396

Sample size 28,350
F value 3.63

R2 value 0.778

To mitigate potential biases from time-varying industry-level policy heterogeneity in
two-way fixed effects estimation, we apply a difference-in-differences approach to examine
parallel trends and dynamic effects. Table 5 reports the results. The coefficients estimated
for the periods before treatment are statistically insignificant, which lends support to the
parallel trend assumption. Turning to the post-treatment coefficients, those for T_2018_2021,
T_2018_2023, and T_2018_2024 are all significantly negative. This indicates that GSCF
substantially lowers CEI, and the magnitude of this reduction tends to grow over time.
These findings align well with the conclusions drawn from our benchmark model. The
period of 2018–2020 represents the initial rollout stage of the policy, coinciding with the
COVID-19 pandemic. During this phase, firms scaled back green investment, resulting in
weak short-term emission reduction effects. As supporting policies were gradually refined
in later years, the emission-reduction effect became sustained and prominent. Such phased
fluctuations align with real-world economic conditions and do not undermine the overall
policy effect.

Table 5. Heterogeneity-robust DID.

Time Window Coefficient p-Value

Pre-treatment periods

T_2014_2015 −0.065 0.067
T_2015_2016 0.061 0.071
T_2016_2017 −0.044 0.144
T_2017_2018 −0.024 0.391
T_2018_2019 0.033 0.192

Post-treatment periods

T_2018_2020 −0.023 0.339
T_2018_2021 −0.053 0.022
T_2018_2022 0.012 0.582
T_2018_2023 −0.079 0.011
T_2018_2024 −0.197 0.001
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4.3.2. Placebo Test

We perform a placebo test by randomly reassigning which firms are treated. The
outcome is shown in Figure 3. After this random shuffling, the estimated coefficients
cluster near zero. In contrast, our actual estimated value (−0.0061) falls in the right tail of
the distribution, making it highly unlikely to arise from pure chance. This suggests that
our benchmark regression findings are not driven by omitted variables or random noise,
further confirming the robustness of our main conclusion.

 

Figure 3. Test of placebo.

4.3.3. PSM

To address the estimated deviation caused by sample selection bias, this paper uses
the 1:1 near-neighbor matching method with propensity score matching for testing. Table 6
is the result of the covariate equilibrium test of the tendency score matching. Prior to
matching, the treatment and control groups differ substantially across several variables.
After performing standard matching, however, column (2) reveals that every covariate’s
standardized bias falls below 5%, and the associated t-tests become statistically insignificant.
This suggests that the matching process successfully reduces systematic differences between
the two groups and broadly satisfies the balance assumption. The robustness results in
Column (1) of Table 7 indicate that GSCF significantly reduces CEI by 1%.

Table 6. Covariate balance table.

Variable Unmatched Matched

Size %bias = 22.900, p = 0.000 %bias = −2.800, p = 0.163
Lev %bias = 12.300, p = 0.000 %bias = −5.600, p = 0.003
Ato %bias = 26.300, p = 0.000 %bias = 5.100, p = 0.012

Top10 %bias = −3.400, p = 0.023 %bias = −0.100, p = 0.960
Inst %bias = −4.000, p = 0.008 %bias = 4.100, p = 0.033
Inv %bias = −45.000, p = 0.000 %bias = 0.900, p = 0.499
Age %bias = 2.800, p = 0.056 %bias = −1.200, p = 0.527

Table 7. Robustness regression results.

Variable

PSM
Replace

Explained
Variable

Add the Lag Term
of the Explained

Variable

Add Control
Variable

Change
Research

Model

Replace the Core
Explanatory

Variables

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

CEI CCE CEIi,t−1 CEI CEI CEI

GSCF −0.343 ***
(0.032)

−0.046 ***
(0.017)

−0.175 ***
(0.031)

−0.039 **
(0.017)

−0.377 ***
(0.049)

−0.039 ***
(0.008)

Control variable Yes Yes Yes Yes Yes Yes

Constant term 13.864 ***
(0.870)

−9.926 ***
(0.241)

14.034 ***
(0.464)

2.057 ***
(0.258)

4.275 ***
(0.296)

6.336 ***
(0.241)
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Table 7. Cont.

Variable

PSM
Replace

Explained
Variable

Add the Lag Term
of the Explained

Variable

Add Control
Variable

Change
Research

Model

Replace the Core
Explanatory

Variables

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

CEI CCE CEIi,t−1 CEI CEI CEI

Year/enterprise Yes Yes Yes Yes Yes Yes
sample size 8856 28,671 24,822 28,671 28,671 28,628

F value 144.650 1346.790 565.500 3854.440 129.668 364.32
R2 value 0.752 0.841 0.177 0.748 0.309 0.106

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

4.3.4. Replace the Explained Variable

Given that a single indicator cannot comprehensively and accurately reflect enterprises’
actual carbon emissions, we substitute enterprise carbon emissions (CCEs) for the earlier
intensity measure (CEI). CCEs data are available from the CSMAR database. The findings
reported in column (2) of Table 7 indicate that GSCF still exerts a significantly negative
influence on CCEs.

4.3.5. Add the Lag Term of the Explained Variable

The lagged value of the dependent variable might strongly affect its current-period
performance. As reported in column (3) of Table 7, GSCF has a notable effect on CEI. This
suggests that our findings are robust.

4.3.6. Add Control Variable

To effectively mitigate bias from missing variables and ensure the robustness and
reliability of the regression results, we have further increased the asset loss rate, operating
income growth rate, and net asset rate of return control variables relative to the original
control variables. As reported in column (4) of Table 7, GSCF still has a clear dampening
effect on CEI.

4.3.7. Change the Research Model

To alleviate the error caused by too many data dimensions and reduce the deviation
in results due to the mutual interference of variables, this study uses machine learning to
test robustness. This paper adopts the random forest machine learning algorithm based on
Python (v 3.10) for supplementary robustness tests. Looking at column (5) of Table 7, we
find a negative regression coefficient, and the overall result remains consistent.

4.3.8. Replace the Core Explanatory Variables

We conduct an additional check to further confirm the robustness of our results.
Because GSCF essentially merges traditional supply chain finance with green finance, we
construct the corresponding composite indicators via the entropy weight approach [57].
Looking at column (6) of Table 7, we find a negative regression coefficient.

4.4. Mechanism Analysis
4.4.1. Improve the Financing Level

According to Formulas (2)–(4), the regression results are shown in Table 8. In column
(2), the coefficient of GSCF and SCF is significantly positive, and in column (3), GSCF is
significantly negative for CEI. Hypothesis 2 verification is successful. This shows that
GSCF can improve the financial level of enterprises’ supply chain by optimizing the flow
of funds in the supply chain, and the financial level of the supply chain provides more
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sufficient financial support for enterprises, so that they can invest in low-carbon technology
upgrading, thus effectively suppressing carbon emissions. This constructs a complete
transmission logic: green supply chain finance optimizes capital allocation within supply
chains, eases corporate financing constraints, stimulates more investment in low-carbon
technologies, and ultimately reduces carbon emission intensity.

Table 8. Mechanism analysis (I).

Variable
CEI SCF CEI

(1) (2) (3)

GSCF −0.005 **
(0.002)

0.023 ***
(0.002)

−0.040 ***
(0.017)

SCF −0.003 *
(0.006)

Control variable Yes Yes Yes

Constant term −0.815 ***
(0.121)

−2.527 ***
(0.087)

2.364 ***
(0.248)

Year/enterprise Yes Yes Yes
sample size 28,671 28,671 28,671

F value 15.038 255.880 3850.270
R2 value 0.704 0.762 0.747

Note: * p < 0.10, ** p < 0.05, *** p < 0.01.

4.4.2. Optimize Supply Chain Stability

Estimation outcomes derived from Equations (2)–(4) are laid out in Table 9. The inter-
action term between GSCF and SCS bears a statistically positive coefficient in Specification
(2), while the standalone GSCF index presents a marked negative correlation with CEI in
Column (3). The number of observations in Column (2) is 16,211 owing to missing values of
relevant variables. Hypothesis 3 is successful. GSCF reduces cooperation risk and financing
costs for upstream and downstream enterprises. It integrates supply chain information
and optimizes credit assessment. Through these mechanisms, GSCF ultimately improves
SCS. A stable supply chain relationship enables enterprises to plan low-carbon technol-
ogy upgrades and emission-reduction investments more accurately, thereby effectively
reducing low-carbon emissions. This forms a complete transmission path: green supply
chain finance cuts supply chain cooperation risks and financing costs, boosts supply chain
stability, encourages firms to make long-term investments in low-carbon technological
transformation, and ultimately lowers carbon emission intensity.

Table 9. Mechanism analysis (II).

Variable
CEI SCS CEI

(1) (2) (3)

GSCF −0.005 **
(0.002)

0.017 **
(0.009)

−0.367 ***
(0.025)

SCS −0.062 **
(0.029)

Control variable Yes Yes Yes

Constant term −0.815 ***
(0.121)

−0.466 ***
(0.048)

3.000 ***
(0.159)

Year/enterprise Yes Yes Yes
sample size 28,671 16,211 16,211

F value 15.038 104.120 40.660
R2 value 0.704 0.104 0.022

Note: ** p < 0.05, *** p < 0.01.
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4.5. Heterogeneity Analysis
4.5.1. Nature of Enterprise

State-owned and non-state-owned enterprises differ considerably when it comes to
accessing resources, their internal management systems, and how decisions get made.
Based on the nature of property rights, we split our sample into SOEs and non-SOEs,
following [7]. Looking at columns (1) and (2) in Table 10, we see that GSCF produces a
noticeably stronger carbon-reduction effect in state-owned firms. Why might this be? SOEs
serve as key vehicles for the country’s green transition strategy. They enjoy inherent advan-
tages in securing resources, responding to policy directives, and facing ESG assessment
pressures. As a result, green supply chain finance can translate more smoothly into tangible
environmental outcomes for them. Non-state-owned enterprises, in contrast, are more
driven by profit goals and often struggle with financing constraints. Their investment in
green transformation tends to be relatively limited. Consequently, the impact of GSCF on
their CEI remains modest.

Table 10. Heterogeneity test (I).

Variable

State-Owned
Enterprise

Non-State Owned
Enterprises

Heavy Pollution
Enterprises

Non-Heavy Pollution
Enterprises

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

CEI CEI CEI CEI

GSCF −0.325 ***
(0.046)

−0.044 **
(0.023)

−0.026 *
(0.014)

−0.633 ***
(0.075)

Control variable Yes Yes Yes Yes

Constant term 21.870 ***
(0.788)

1.782 ***
(0.298)

3.851 ***
(0.226)

12.772 ***
(0.988)

Year/enterprise Yes Yes Yes Yes
sample size 7862 20,809 18,810 9861

F value 148.930 2779.840 149.250 73.420
R2 value 0.151 0.745 0.151 0.185

Note: * p < 0.10, ** p < 0.05, *** p < 0.01.

4.5.2. Pollution Attribute

We use average carbon intensity as the standard and divide enterprises into heavily
polluted and non-heavily polluted groups. The results of (3) and (4) in Table 10 show that
the impact of GSCF on the CEI is significantly stronger than that of non-heavy pollution
enterprises. This is because non-heavy pollution enterprises have a good environmental
foundation, and the financial support and technical empowerment brought by GSCF can
efficiently reduce CEI, while heavily polluting enterprises rely on high-energy-consuming
and high-emission production methods for a long time, and the transformation cost is high,
so their marginal impact is relatively limited.

4.5.3. Enterprise Total Factor Level

This paper uses the GMM method to measure enterprise total factor productivity
and divides the sample into strong and weak total factor productivity groups based on
the middle digits of the regression [58]. As displayed within Specifications (1) and (2)
of Table 11, GSCF policies deliver stronger carbon abatement effects among high-TFP
enterprises compared with low-productivity peers. This is because enterprises with strong
total factor productivity usually have higher technical levels and greater management
efficiency. Emission reduction mainly depends on internal improvements within the
enterprise and relies less on external financial instruments, whereas enterprises with weak
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total factor productivity are constrained by technical and management shortcomings, so
their impact is not significant.

Table 11. Heterogeneity test (II).

Variable

Total Factor Production Total Factor Production Financialization Level Financialization Level

Strong Weak Strong Weak

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

CEI CEI CEI CEI

GSCF −0.045 *
(0.027)

−0.011
(0.016)

−0.507 ***
(0.179)

−0.039 **
(0.018)

Control variable Yes Yes Yes Yes

Constant term 3.509 ***
(0.455)

−0.032 ***
(0.227)

17.538 ***
(1.831)

2.372 ***
(0.264)

Year/enterprise Yes Yes Yes Yes
Sample size 11,792 14,820 4796 23,782

F value 1725.600 1957.640 35.410 3366.380
R2 value 0.765 0.748 0.181 0.751

Note: * p < 0.10, ** p < 0.05, *** p < 0.01.

4.5.4. Financial Level

Enterprise financialization level refers to how firms allocate and use financial resources,
which shows up in their ability to flexibly employ different financial instruments [59]. To
construct this measure, we aggregate several components: trading financial assets, deriva-
tive financing, net loans and advances, net financial assets classified as available for sale,
net investments held to maturity, and net investment property. We then divide that sum
by total assets. Following, we split the sample into high and low financialization groups
according to the median value of this ratio [60]. Looking at columns (3) and (4) in Table 11,
we find that GSCF policies produce a stronger carbon-reduction effect in firms with a high
level of financialization compared to those with a low level. Why? Firms that are highly
financialized have a greater capacity to allocate and utilize financial resources. They can
quickly translate the support from GSCF into low-carbon technology upgrades and concrete
emission cuts [61]. In contrast, enterprises with weak financialization are constrained by
their limited command over financial instruments and lower resource allocation efficiency.
As a result, the dampening effect on their carbon emissions is relatively modest.

5. Conclusions
5.1. Theoretical Innovations

The research in this article makes a theoretical contribution. First, it broadens the
research boundaries of green supply chain finance and improves the theoretical system
of green finance and micro-enterprise emission reduction. This article breaks through
the limitations of traditional single-industry research and clarifies the core value of green
supply chain finance as an important financial tool for the low-carbon transformation of the
industrial chain. It effectively fills the empirical gap in the micro-emission-reduction effect
of green supply chain finance, enriches the theoretical connotation of green supply chain
finance to empower enterprises’ low-carbon development and help implement the dual-
carbon target, and improves the universality and theoretical persuasiveness of relevant
research conclusions.

Second, it refines and improves the intermediary conduction theory system. Studies
indicate that the discussion of the emission-reduction logic of green supply chain finance
is relatively one-sided and fragmented. The complete causal transmission chain has not
been cleared, and the identification and interpretation of the core role path are insufficient.
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Drawing on perspectives on supply chain capital flows and collaborative governance, this
article identifies two core paths to improve the supply chain’s financial health and enhance
its stability. This refines the mechanism for emission-reduction transmission in green
supply chain finance, addresses the vague and one-sided problems of existing research
mechanisms, and provides a more systematic and rigorous theoretical explanation of the
low-carbon transformation enabled by green finance along the industrial chain.

Third, we map out the boundary conditions under which green supply chain finance ac-
tually reduces emissions. This helps extend the theories on heterogeneous governance and
how policies adapt to different contexts. Looking across four dimensions—ownership type,
pollution level of the industry, total factor productivity, and the degree of financialization—
we see that the emission-cutting benefits of green supply chain finance show up more
strongly in state-owned firms, non-heavy polluters, enterprises with high productivity, and
those that are more financially oriented. These findings challenge the older, more homoge-
neous way of thinking about such effects. They also offer a solid theoretical grounding for
the careful rollout of green finance policies: enabling targeted, categorized measures that
can better support firms’ low-carbon transition. In doing so, our work contributes to and
enriches the theoretical framework centered on green finance governance.

5.2. Practical and Policy Implications

Our research has a certain enlightenment. First of all, it improves the financial system
of the green supply chain and improves the accuracy and coverage of financial services. It
enhances the financial product system for the green supply chain and encourages financial
institutions to develop new, exclusive products. It designs differentiated financing plans
to meet the low-carbon needs of enterprises across industries and sizes and focuses on
alleviating financing constraints for the green transformation of small- and medium-sized
enterprises. In addition, we should expand the scope of application of green supply chain
finance, overcome limitations specific to the manufacturing industry, develop a customized
green supply chain financial service model applicable to agricultural, construction, ser-
vice, and other industrial chains, and promote coordinated emission reduction across the
whole industry.

Secondly, this research strengthens the enterprise’s main body’s capacity-building and
promotes the deep integration of green supply chain finance and low-carbon transformation.
It guides enterprises to establish the concept of green development, integrates carbon
emission control into supply chain cooperation agreements, and encourages upstream and
downstream enterprises to participate in the construction of a green supply chain through
green supplier screening and low-carbon technical guidance.

Finally, this research implements differentiated policy support, increases policy sup-
port for green supply chain finance for state-owned enterprises, non-heavy-pollution
enterprises, and other subjects with significant emission-reduction effects, and reduces the
cost of green financing through financial discounts, tax incentives, etc. For heavily polluted
enterprises and enterprises with weak total factor productivity, this research introduces
special policies. Such policies promote the combination of green supply chain finance and
low-carbon technology transformation, break the high-carbon locking effect, and help them
gradually achieve low-carbon transformation.

6. Suggestions
6.1. Research Discussion

This study explores how GSCF relates to CEI. It also provides actionable pathways
and practical examples to support firms in their digital and low-carbon transitions, thereby
aiding the realization of China’s dual-carbon goals. We draw on data from A-share-listed
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companies spanning 2014 to 2024 to investigate how GSCF affects CEI and the mechanisms
behind this effect. Our findings reveal a significant negative association between GSCF and
CEI. Looking at transmission channels, we find that GSCF can lower CEI by enhancing firms’
financing capacity and improving supply chain stability. Additionally, we observe that the
emission-reducing effect is strengthened in state-owned enterprises, non-heavy polluters,
firms with high production efficiency, and enterprises with a high degree of financialization.

6.2. Research Limitations and Future Research Directions

Limitations: Firstly, our sample is restricted to A-share-listed companies, so data
availability and the sample size are both constrained. Future work could ask whether
the findings extend to unlisted small- and medium-sized enterprises or take a closer look
at how differences across city types affect outcomes to better understand any gaps and
what causes them. Secondly, the time dimension is relatively narrow, and the empirical
analysis is based solely on the overall sample interval from 2014 to 2024. In the future,
the scope of data will be expanded, and the dynamic response characteristics, repair
capacity, and phased differences in enterprise carbon emissions across different external
environments will be identified. Finally, the subdivision dimension of heterogeneity needs
to be expanded. In the future, it will be refined and classified by industrial chain position,
and more adaptive explanatory variables will be introduced to analyze the heterogeneous
roles of different enterprises.
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