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Can supply chain digital innovation policy improve
the sustainable development performance of
manufacturing companies?
Ming Chen1, Xin Tan1, Jianhua Zhu 2✉ & Rebecca Kechen Dong 3

As societal concerns around environmental protection, and corporate governance are

increasing, entities like consumers, investors, and others are raising their expectations of

companies’ corporate social responsibility. Companies that pursue sustainable development

goals will receive more attention and support from these stakeholders. The pilot policy for

supply chain innovation and application (SCIA) is a systemic experiment launched by the

Chinese government that aims to facilitate the digitalization of supply chains and encourage

companies to adopt innovative technological methods to optimize traditional supply chain

management practices. Based on data from 508 manufacturing companies from 2013 to

2022, this research utilizes SCIA in the framework of a quasi-natural experiment, employing

research methods DID, EM, PSM-DID, and SDID to evaluate the effect of the SCIA on SDP.

Through empirical evidence, it concludes that the rollout or enforcement of the SCIA pilot

policy significantly promotes SDP. SCIA impacts corporate sustainable development by

increasing their intention to invest in innovation, ensuring the sustainability of corporate

innovation, and reducing company cost expenditures. There is significant heterogeneity in the

effectiveness of establishing pilot cities for the digitization and application of supply chain

innovations: the pilot policy can significantly promote the SDP of state-owned enterprises;

compared to small-scale companies, the SDP of large companies has been significantly

improved due to the pilot policy; SCIA pilot policies have a greater impact on SDP of low

agency cost companies than high agency cost companies; and companies located in cities

with a high degree of digitalization are more favorable impacts from the pilot policy. Com-

panies with weak monopoly power have a more significant improvement in SDP. The study

enriches the research on the effectiveness of SCIA pilot policies and provides insights into

how local governments can facilitate the enhancement of the SDP of manufacturing

companies.
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Introduction

The uncertainties stemming from global economic fluctua-
tions, natural disasters, and health crises necessitate the
development of more resilient and reliable supply chains to

effectively mitigate potential risks (Kulinich et al. 2023). Globa-
lization has significantly increased supply chain complexity,
engaging multiple countries and regions. However, inefficient
information flow within supply chains hampers companies’
adaptability to demand fluctuations, escalates operational costs,
and reduces overall responsiveness. Limited supply chain visibi-
lity exacerbates vulnerability to disruptions, while inadequate
communication mechanisms and misaligned objectives among
stakeholders further hinder collaborative efficiency. To navigate
these challenges and align with rapidly evolving market dynamics,
companies must implement real-time supply chain monitoring
and optimization strategies.

The digital transformation of supply chains offers a strategic
avenue to reduce costs, enhance efficiency, and improve risk
management, thereby strengthening companies’ competitiveness
(Helo and Hao, 2022; Wamba and Queiroz, 2022). The World
Trade Organization (WTO) highlights in its World Trade Report
that digitalization is reshaping global trade patterns, with supply
chain digitization serving as a catalyst for trade expansion (WTO,
2023). Similarly, the International Monetary Fund (IMF)
underscores in its Global Economic Outlook that digital trans-
formation lowers trade costs, enhances supply chain efficiency,
and fosters global economic growth (IMF, 2024). The United
Nations Industrial Development Organization identifies supply
chain digitalization as a key driver of future industrial progress
(UNIDO, 2021). Within the framework of the digital economy,
the evolution of supply chains demands greater flexibility and
security, which are essential for fostering industrial resilience,
integrating development with security, and advancing a new
economic paradigm (Hou, 2023).

China, as one of the most populous nations, faces limited per
capita resource availability. Rapid industrialization and urbani-
zation have exerted immense environmental pressure, resulting in
air, water, and soil pollution, as well as ecosystem degradation—
challenges that significantly hinder the country’s transition
toward high-quality development (Hao et al. 2020). Given their
substantial contributions to environmental degradation, compa-
nies bear a critical responsibility for ecological sustainability (Li
et al. 2024). As an integral component of corporate strategy,
supply chains encompass the entire lifecycle from raw material
procurement to final product distribution. Efficient supply chain
management is pivotal to corporate success (Chen and Paulraj,
2004). In recognition of this, the General Office of the State
Council introduced the “Guiding Opinions on Actively Advan-
cing Supply Chain Innovation and Implementation” (GOST,
2017), advocating for the deep integration of supply chains with
the Internet of Things (IoT) and digital technologies to enhance
efficiency and global competitiveness. Following this, in April
2018, the Ministry of Commerce, along with seven other gov-
ernmental departments, initiated the Pilot Program for Supply
Chain Innovation and Application (MCPRC, 2024), selecting
qualified enterprises to conduct a 2-year trial. This study exam-
ines the effectiveness of this policy in enabling companies to
leverage the digital economy while contributing to national sus-
tainable development, thereby offering a strategic pathway for
refining supply chain digitalization practices.

Accordingly, this study focuses on the Supply Chain Innova-
tion and Application (SCIA) initiative launched in April 2018. It
selects a sample of 508 manufacturing companies from 2013 to
2022 and employs a difference-in-differences model to investigate
the impact of supply chain digital innovation on companies’
sustainable development performance (SDP). The study explores

the mechanisms through which SCIA influences corporate SDP
and assesses whether variations exist across different firm types,
considering their internal characteristics and external environ-
mental factors. Specifically, companies are categorized based on
ownership structure (private vs. state-owned enterprises), cor-
porate governance quality, firm size, and the degree of market-
ization in their operating regions. This classification enables a
comprehensive analysis of SDP disparities among different
firm types.

While extensive research has examined corporate sustainable
development and supply chain digital innovation at the macro-
level, relatively few studies have investigated the micro-level
impact of supply chain digital innovation on firm SDP (Cen-
tobelli et al. 2020; Cai and Choi, 2020; Khan et al. 2021). This
study addresses this gap by focusing on manufacturing companies
and evaluating the implications of supply chain digital innovation
for their SDP. The key contributions of this study are as follows:
(1) It shifts the research focus to the micro-level, assessing how
supply chain digital innovation differentially affects the SDP of
small and medium-sized enterprises (SMEs). (2) From an SDP
perspective, it provides a novel lens to assess the economic impact
of the SCIA policy, supplementing existing literature that pri-
marily focuses on firm productivity and valuation (Chen et al.
2023; Li, 2024; Nayal et al. 2022). By employing the entropy value
method, this study systematically evaluates SCIA’s impact on
production, financial, and environmental performance, thereby
enriching the discourse on supply chain digital innovation and
sustainability. (3) It examines whether companies’ willingness to
invest in innovation, their innovation sustainability, and cost
expenditure function as effective transmission mechanisms
through which supply chain digital innovation enhances SDP. (4)
By incorporating both internal and external determinants of SDP,
this study deepens the understanding of how firm-specific and
environmental factors shape the economic outcomes of supply
chain digitalization. Specifically, it explores the roles of property
rights, regional digitalization levels, firm size, and agency costs in
mediating the relationship between supply chain digitalization
and firm SDP, offering novel insights into the broader economic
implications of supply chain digitalization at the firm level.

Literature review
Economic consequences of supply chain innovation and
application. Supply chain digital innovation refers to the appli-
cation of digital technologies to reform, optimize, and innovate
supply chain processes, enhancing efficiency, transparency, cost
reduction, and adaptability to market dynamics (Evtodieva et al.
2020; Tripathi and Gupta, 2020). The implementation of SCIA
policies encourages companies to engage in supply chain trans-
formation, promoting competitiveness and sustainable growth.

Microeconomic Impact of SCIA on companies. From a micro-
economic perspective, existing research primarily focuses on how
SCIA influences firm competitiveness and high-quality develop-
ment. According to Endogenous Growth Theory, innovation is
central to enhancing productivity (Griffith et al. 2004). Supply
chain innovation facilitates improvements in product quality,
operational efficiency, and cost reduction by incorporating new
technologies and process optimizations (Fiala, 2016). Policy
incentives also drive companies to seek high-quality suppliers
(Wu et al. 2016), fostering R&D investment and the adoption of
innovative supply chain strategies.

Through collaboration with suppliers and partners, companies
can accelerate innovation and develop high-value-added products
that enhance market competitiveness (Chavez et al. 2017; Cong
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et al. 2021). Supply chain digitalization enhances decision-making
speed and accuracy, improving data acquisition, processing, and
integration (Gupta et al. 2019; Stank et al. 2019; Zimmermann
et al. 2016). Optimized supply chains contribute to carbon
footprint reduction, waste minimization, and green supply chain
development, fostering environmental sustainability (Bechtsis
et al. 2018; Benner and Waldfogel, 2023).

Additionally, supply chain innovation enhances production
efficiency by integrating new technologies, process improvements,
and network optimizations (Balakrishnan and Ramanathan,
2021). It also strengthens market responsiveness, enabling
companies to deliver high-quality products that meet consumer
demands while maximizing profitability (Batista et al. 2018).
Close collaboration within the supply chain improves product
and service quality, ultimately enhancing customer satisfaction
(Ishfaq et al. 2022).

A critical advantage of supply chain digitalization is its ability
to mitigate risks associated with production disruptions and
supply shortages. By developing resilient supply networks,
diversifying suppliers, and leveraging advanced technologies,
companies can minimize operational risks and enhance overall
productivity (Li et al. 2024; Ivanov et al. 2019).

Macroeconomic impact of SCIA on industrial development. At the
macroeconomic level, SCIA fosters industrial collaboration, eco-
nomic efficiency, and competitive advantage, driving industrial
upgrading and transformation (Hahn, 2020). One key benefit is
employment growth, as optimized supply chains and improved
production efficiency increase labor demand (Ambrogio et al.
2022). SCIA also influences structural shifts in employment. On
one hand, automation and mechanization reduce labor demand
in traditional industries, decreasing reliance on manual labor. On
the other hand, the rise of logistics, e-commerce, and digital
services expands opportunities for skilled, innovative, and pro-
fessionally trained workers (Liu et al. 2021).

By enhancing supply chain management, adopting new
technologies, and refining production processes, companies boost
market competitiveness, improve product quality, and lower
costs, strengthening their position in the industrial value chain
(Zouari et al. 2021). This contributes to increased industry value-
added and accelerated industrial evolution. Moreover, the
“substitution effect” optimizes human capital structures, ensuring
a more skilled workforce (Acemoglu and Restrepo, 2018, 2020).

The integration of IoT, AI, big data, and digital technologies
fuels intelligent monitoring, advanced data analytics, and
automated production controls, accelerating the digitalization
and automation of manufacturing. These advancements enhance
productivity and quality, enabling companies to expand into new
markets, refine service offerings, and improve financial perfor-
mance. Policy-driven R&D investments and industrial skill
development further promote high-value-added, sustainable,
and smart industrial growth (Doh and Kim, 2014).

Factors affecting sustainable development performance. To
achieve sustainable development, companies must balance eco-
nomic, social, and environmental objectives, reinforcing green
growth and corporate social responsibility. The triple-bottom-line
framework evaluates SDP across these three dimensions (Henry
et al. 2019). Economic performance is typically measured through
financial indicators (Hao et al. 2023), while environmental out-
comes are assessed based on production efficiency, administrative
effectiveness, and community contributions (Kitsikopoulos et al.
2018). Social performance focuses on companies’ compliance
with policies, regulations, and stakeholder interests (Zhu et al.

2019). As economic systems evolve, extensive research continues
to explore the determinants of corporate sustainability.

Internal determinants of SDP. Corporate SDP is significantly
influenced by internal factors. Leadership diversity and an
innovation-driven culture foster sustainability, while large com-
panies benefit from stronger financial capacity, enabling sustained
improvements in sustainable performance (Perera Aldama et al.
2009). Efficient environmental management helps reduce
resource consumption and emissions, facilitating a low-carbon
transition in production processes and ensuring the harmonious
development of economic and environmental objectives (Li et al.
2024).

Additionally, resource recycling strategies optimize economic
and social resource utilization, reducing costs and enhancing
profitability (Kruse et al. 2019). By intensifying R&D efforts,
reducing emissions, improving energy conservation, and lever-
aging innovative supply chain technologies, companies can
maximize economic benefits while minimizing environmental
and social impacts. These efforts reinforce long-term sustain-
ability. Moreover, corporate social responsibility (CSR) initiatives
—such as stakeholder engagement and alignment with societal
needs—strengthen corporate reputation and sustainable develop-
ment (Lombart and Louis, 2012; Porter and Linde, 1995).
Engaging with stakeholders also mitigates risks, anticipates social
challenges, and enhances resilience (Jones, 1995; Flammer and
Kacperczyk, 2016).

External determinants of SDP. Industry characteristics, economic
conditions, and regulatory policies also shape corporate sustain-
ability. Resource consumption and environmental impact vary by
industry, with sectors like heavy industry and energy facing
greater sustainability challenges (Zhang and Huang, 2012).
Market demand fluctuations, tied to economic cycles, further
influence SDP. Economic expansion fuels production growth,
often increasing resource consumption and environmental pol-
lution, whereas downturns prompt reductions in both (Azevedo
and Leshno, 2016). Additionally, corporate profitability and
financing costs, shaped by economic conditions, affect SDP out-
comes (Xu and Li, 2020).

Regulations and policies impact SDP through environmental
regulations, market competition, and financing constraints.
Stricter environmental policies drive innovation, compelling
companies to adopt low-carbon production processes while
enhancing competitiveness (Porter and Linde, 1995; Yu et al.
2017; Zhang et al. 2021). Well-designed regulations stimulate
technological advancements and encourage sustainable business
practices.

SDP is a multidimensional and interdependent process
requiring continuous refinement across environmental, social,
and economic dimensions. Achieving sustainability necessitates a
holistic approach, integrating internal and external factors to
drive long-term, resilient corporate development.

Mechanisms of SCIA on SDP. Supply chain digital innovation is
pivotal in enhancing companies’ sustainable development per-
formance (SDP). The implementation of SCIA policies sets new
benchmarks for green development, prompting firms to adopt
sustainable practices such as waste reduction, optimized resource
use, and improved energy efficiency (Costantini et al. 2017). It
also stimulates green technology innovation (Seman et al. 2019),
strengthens external governance mechanisms, and promotes the
integration of sustainable supply chains, leading to greater
environmental efficiency.
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From a financial standpoint, SCIA enhances ESG performance
by improving corporate governance (Zhu and Zhang, 2024),
boosting total factor productivity, and alleviating financial
constraints. These benefits are particularly evident in state-
owned enterprises, firms with lower supply chain concentration,
and industries characterized by intense competition. Moreover,
SCIA positively affects operating expenses, inventory turnover,
and return on assets (Wong et al. 2020).

Digital innovation within supply chains also strengthens
industrial networks, accelerating digitization and intelligence in
supply chain modernization (Zhao et al. 2023). Under robust
corporate governance and state-backed supply chain operations,
digital transformation alleviates production constraints, improves
corporate cash flow, and fosters technological breakthroughs (Lee
et al. 2022). Enhanced collaboration further drives operational
efficiency.

Additionally, digitalization improves risk management cap-
abilities, enabling firms to prevent, mitigate, and recover from
crises, ensuring stable performance despite external disruptions
(Gupta et al. 2021). Based on these observations, we propose the
following hypothesis:

H1: SCIA contributes to the improvement of company SDP.
The advancement of the digital marketplace has driven

profound transformations in corporate operations (Büyüköz-
kan and Göçer, 2018; Seyedghorban et al. 2020). In an evolving
market environment, establishing digital platforms allows
companies to respond swiftly to shifting market demands,
adjust innovation strategies, and maintain competitive advan-
tage (Rialti et al. 2018). This adaptability provides a strong
foundation for strategic decision-making regarding innovation
investments. By gaining deeper insights into customer needs,
companies can allocate innovation resources more effectively,
ensuring that limited financial, human, and material resources
are directed toward high-potential projects. This accelerates
the transformation of ideas into market-ready products,
facilitating the commercialization of innovation (Menon and
Ravi, 2021).

Moreover, companies’ willingness to invest in innovation is
consistently reinforced, driving the development of new products,
technologies, and service improvements, all of which enhance
market competitiveness—a critical element of sustainable devel-
opment (Tsou and Chen, 2023). Increased innovation investment
also ensures that companies’ production activities remain
compliant with legal and environmental standards, thereby
reducing costs associated with pollution control and regulatory
compliance (Xie et al. 2015; Yu et al. 2017).

Thus, we propose:
H2: SCIA improves SDP by increasing companies’ will-

ingness to invest in innovation.
Digital transformation strengthens dynamic capabilities, allow-

ing companies to adapt swiftly to market changes, develop new
products and services, and sustain competitive advantage through
continuous innovation (Warner and Wäger, 2019; Liu et al.
2023). By leveraging digital management systems, companies can
enhance supply chain monitoring and resource control, optimiz-
ing the allocation of raw materials, inventory, and logistics. This
efficiency reduces waste and fosters a more sustainable innovation
environment (Cong et al. 2021).

Collaboration is essential for corporate growth, and supply
chain digital innovation facilitates synergy across stakeholders,
including customers, manufacturers, suppliers, and distributors
(Alexy et al. 2013). This interconnectedness not only enhances
supply chain performance but also accelerates knowledge and
technology sharing, expanding access to innovation resources
(Griffith et al. 2004) and driving companies’ innovation activities
(Bharadwaj et al. 2013).

Innovation is a long-term, accumulative process, where
technical expertise and experience play a crucial role in
strengthening SDP. companies with sustained innovation efforts
develop robust risk assessment and management systems,
enabling them to navigate uncertainties, identify opportunities,
and mitigate risks. Additionally, continuous innovation fosters a
strong market reputation, attracting consumers and collaborators,
thereby promoting long-term growth and competitiveness
(Zhang et al. 2018).

Thus, we propose:
H3: SCIA improves company SDP by enhancing company

innovation sustainability.
Through real-time data analytics, digital supply chains enhance

demand forecasting, enabling optimized inventory management.
Efficient inventory control minimizes excess stock and related
costs while enhancing supply chain adaptability and responsive-
ness (Delic and Eyers, 2020). In logistics, digital supply chain
management streamlines route planning, reducing unnecessary
transportation and idling, which lowers logistics costs. Addition-
ally, real-time tracking and scheduling allow companies to adjust
swiftly to demand fluctuations, further optimizing transportation
expenses.

By leveraging live tracking and predictive analytics, companies
can proactively identify and mitigate supply chain risks,
preventing disruptions that may lead to emergency procurement
and temporary logistics costs (Ivanov et al. 2019; Kim and
Wemmerlöv, 2015). Reduced expenditures contribute to higher
profit margins and financial stability, freeing up internal
resources for R&D, market expansion, and equipment upgrades,
which drive innovation and long-term growth (Benfratello et al.
2008). From a market perspective, cost efficiency enables
companies to offer competitive prices while maintaining product
quality, strengthening market position and profitability (Benner
and Waldfogel, 2023).

Thus, we propose:
H4: SCIA improves company SDP by reducing cost

expenditures.
A market economy thrives on the diversity and distinctiveness

of its participants, with companies varying in historical back-
ground, financial strength, resource allocation, and geographical
distribution, leading to differentiated responses to policy inter-
ventions. Large corporations, equipped with greater financial and
operational flexibility, can adapt more efficiently to policy
changes, whereas smaller companies often face resource con-
straints that hinder their responsiveness. Similarly, companies
with strong financial standing are better positioned to absorb the
costs of policy transitions, while those with weaker financials are
more vulnerable. Additionally, technologically advanced compa-
nies are more adept at aligning with digital and innovation-driven
policies, whereas less technologically developed companies may
require significant investment to meet policy requirements. Given
these disparities, this study proposes the following hypothesis:

H5: SCIA has heterogeneous impacts on the SDP of
companies based on property rights, firm size, agency costs,
regional digitalization levels, and monopolistic power.

Following these theoretical arguments, this study constructs a
supply chain digital innovation mechanism framework that
contains three components: company innovation investment
willingness, company innovation sustainability, and company
cost expenditure, as shown in Fig. 1.

Description of data and variables
Sample selection and data sources. This study examines Chinese
A-share manufacturing companies listed on the Shanghai and
Shenzhen stock exchanges from 2013 to 2022. Companies are
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categorized into two groups: the experimental group, comprising
companies in SCIA pilot cities, and the control group, consisting
of companies in non-pilot cities. The cut-off period (2022) is
determined based on two factors: (1) SCIA policy implementation
began in 2018, and using 2022 as the endpoint ensures sufficient
time to capture its full impact. (2) Environmental performance is
measured using the E-score from ESG ratings, with the most
recent data available up to 2022.

To ensure data completeness and consistency, companies
labeled as *S, ST, and ST, as well as those listed after 2013, are
excluded. This results in a final dataset of 5080 firm-year
observations, including 236 companies in the experimental group
and 272 in the control group. To mitigate the influence of
outliers, continuous variables are winsorized at the 1st and 99th
percentiles.

Data sources include CSMAR (microdata), WIND (macro-
data), and the National Bureau of Statistics (NBS).

Definition of variables
Explained variable. The explanatory variable in this study is
sustainable development performance (SDP), a key indicator of a
firm’s long-term sustainability, reflecting its role in green devel-
opment and social responsibility (Lamichhane et al. 2021). Unlike
ESG performance, which primarily serves external communica-
tion purposes, SDP focuses on a firm’s strategic direction and
operational model, encompassing sustainability in products, ser-
vices, supply chains, and production processes, as well as the
long-term viability of its business model.

SDP measurement follows the Triple Performance Theory,
which evaluates sustainability across three dimensions: social,
environmental, and economic performance (López et al. 2007;
Martínez‐Ferrero and Frias‐Aceituno, 2015). In this study, SDP is
categorized into financial, environmental, and production

dimensions. Specifically, production performance is assessed
through total factor productivity (TFP), detailed in Table 1.

To ensure objectivity, the entropy weighting method is applied,
offering a data-driven approach that minimizes subjective bias
common in structured ESG evaluation systems (Isik, 2010; Masca
and Genç, 2024), such as the Huazheng Rating Index.

Key explanatory variable. In this paper, SCIA is the core expla-
natory variable (Treat × Post), and a double-difference approach
is employed to examine the influence of the establishment of pilot
cities for SCIA on the SDP of manufacturing companies. The
article constructs spatial and temporal dummy variables and their
interaction terms, respectively, specifically: the spatial dummy
variable (Treat) is assigned the value of 1 if the company is part of
the pilot region, indicating the treatment group, alternatively, it
receives a value of 0; the temporal dummy variable (Post) is set to
1 for the year of the policy impact and the year after, and it is
assigned a value of 0 for all other years. The interaction term
(Treat × Post) is the cross-multiplication term between the spatial
and temporal dummy variables.

Control variables. This paper selects gearing ratio (Lev), capital
intensity (Tang), company age (Age), cashflow (Cashflow),
company growth (Growth), equity concentration (Coo), integra-
tion of two positions (Dual), management expense ratio (Mer),
and company value (Q) as control variables.

Mediating variables. The mediating variables selected are the
companies’ willingness to invest in innovation (Iiw), companies’
innovation sustainability (Eis), and companies’ cost expenditures
(Cost). Detailed descriptions of the variables are displayed in Table 1.

Model settings. The establishment of SCIA is an exogenous
policy disruption for local companies, producing varied effects

Fig. 1 Mechanism diagram of digital supply chain management. This figure illustrates how innovation investment and digital management enhance supply
chain efficiency, competitiveness, and sustainability, driving financial stability, knowledge sharing, and brand image development.
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based on varying attributes of the company’s environment,
aligning with the basic assumptions of DID. The paper employs
DID to assess the impact of SCIA on the SDP of manufacturing
companies. The model used is outlined as follows:

SDPit ¼ αþ β1Treatit ´Postit þ β2Xit þ γi þ μt þ εit ð1Þ
where the subscript i indicates the company, t indicates the year,
SDP indicates sustainable development performance of the
company, Treat represents whether the company is affected by
the establishment of the pilot city of SCIA, if the company is in
the pilot city, then it is the treatment group, accordingly
Treat ¼ 1; if the company is the control group, then Treat ¼ 0.
Post indicates whether the SCIA city is established or not, if the
time is the policy implementation period and after, then Post ¼ 1;
otherwise Post ¼ 0. Variable X encompasses a set of control
factors. The paper also considers the following individual effects:
γ denotes industry-specific constants, μ denotes year-specific
constants, and ε is a random disturbance term.

Empirical analysis
Descriptive statistics. Table 2 presents the findings from the
descriptive statistical analysis of the main variables. This result
shows that the number of companies between the experimental
and control cohorts is comparable, thereby more effectively
capturing the impact of policy. The value of the company SDP is
1.84, the standard deviation is 0.216, with the lowest value
recorded at 0.851 and the highest at 2.573, indicating a con-
siderable variation in SDP across various companies.

Benchmark regression analysis. The regression results presented
in Table 3 provide robust empirical evidence on the impact of
SCIA pilot policies on SDP across different model specifications.
In the baseline model without control variables or fixed effects
(Column 1), SCIA implementation is associated with a significant
increase in SDP. When city and year fixed effects are introduced
(Column 2), the regression coefficient remains positive at 0.011.
Incorporating control variables while omitting industry and year-
fixed effects (Column 3) maintains SCIA’s significant influence
on SDP at the 1% level. The fully specified model (Column 4),
which includes both control variables and fixed effects, reports a
regression coefficient of 0.02 (p < 0.01), further corroborating the
policy’s positive impact. These results consistently validate H1,
underscoring the critical role of SCIA pilot policies in enhancing
companies’ sustainable development performance.

Robustness test
Parallel trend test. The foundation for employing DID analysis
lies in meeting the parallel trend hypothesis, this means that
before affected by SCIA, the test and control group samples are
equally comparable. We employ the event study method for
examination (Degras et al. 2011), introduce the interaction term
of the experimental group dummy variable and the annual
dummy variable in the regression, and again carry out the two-

Table 1 The definitions of the variables in the study.

Variable properties Variable name Variable meaning Variable indicator

Input K Capital investment Net fixed assets/10,000
I Investment Cash paid for the purchase and construction of fixed assets, intangible assets,

and other long-term assets/10,000
M Intermediate investment (Operating costs+ sales expenses+management expenses+ financial

expenses−depreciation and amortization−cash paid to and on behalf of
employees)/10,000

Output O Total output Operating income/10,000
Explained variable SDP Sustainable development

performance
Calculated by the entropy method, it consists of financial performance,
environmental performance, and production performance.

Explanatory variables Treat Dummy variable The experimental group is a company located in a pilot city for SCIA, defined as
1; the control group is in a non-pilot city, defined as 0.

Post Dummy variable 0 before 2018, otherwise 1
SCIA Net effect of policy Treat × Post

Control variables Lev Asset liability ratio Liabilities/Total assets
Tang Asset intensity The logarithm of the net value of fixed assets of a company/the average

number of employees of the company.
Age Company age Take the logarithm of the current year−company opening year+ 1.
Cashflow Cash flow ratio Net cash flow/total assets
Growth Company growth potential Market value/asset replacement cost
Coo Equity concentration The logarithm of the total shareholding ratio of the top ten shareholders.
Dual Integration of two positions Use the number of Internet users, and take the logarithm to express.
Q Company value Tobin Q value
Mer Management expense rate Management expenses/company income.

Intermediary variable Iiw Innovation Investment
willing

Increment of intangible assets

Eis Company Innovation
Sustainability

Incremental intangible assets/total assets

Cost Company cost expenditure Total cost/operating income

Table 2 Descriptive statistics.

Variables N Mean s.d. Min Max

Treat 5080 0.465 0.499 0 1
Post 5080 0.500 0.500 0 1
SDP 5080 1.840 0.216 0.851 2.573
Lev 5080 0.437 0.186 0.0143 1.096
Tang 5080 12.74 0.862 9.493 16.15
Age 5080 3.222 0.198 2.708 3.761
Cashflow 5080 0.0563 0.0625 −0.257 0.482
Growth 5080 0.290 1.914 −2.624 77.12
Coo 5080 3.931 0.295 2.358 4.591
Dual 5080 0.236 0.425 0 1
Q 5080 1.963 1.288 0.681 21.30
Mer 5080 0.0788 0.115 0.00449 7.284
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way fixed effect estimation, and construct the model as follows:

SDPit ¼ αþ ∑
n¼3

n¼4
βnSCIAin þ λXit þ γi þ μi þ εit ð2Þ

where SCIAin indicates whether the sample year is a dummy
variable for the year n of the SCIA pilot policy affecting i com-
panies, and if n takes a negative number, it indicates the n year
before SCIA; the remaining variables are specified consistently as
the regression model (1). In the paper, the year before the policy
is used as the base year, which is used to avoid the problem of
multicollinearity. The interaction coefficients of the time dummy
variables with the policy variables βn are shown in Fig. 1. The
“current” label on the x-axis signifies the policy’s implementation
year, with the segment to the left representing the years leading
up to the policy’s introduction and the segment to the right
indicating the years following its implementation. The vertical
line represents the 95% confidence band. Should this interval
exclude the value of zero, it indicates that the coefficient is sta-
tistically significant at the 0.05 significance level; the solid points
in the vertical line are the coefficients of each period. Figure 2
parallel trend test reveals that before the implementation of the
policy, the coefficients of each period are relatively small, and the

confidence interval encompasses 0, indicating that the pre-policy
period coefficients are statistically insignificant, and the experi-
mental group and the control group share a similar underlying
trend. Following the policy’s enactment, the SDP of companies
shows an upward trend, suggesting that the SCIA exerts a ben-
eficial impact on the SDP of the experimental group.

Placebo test. To ensure the robustness of the findings and rule out
potential confounding factors, a placebo test is conducted. This
approach involves randomly assigning the experimental group to
assess whether the observed impact of digital supply chain
management on SDP arises from digital transformation itself or
extraneous influences. The experimental group is randomly
selected from the full sample, with the remaining companies
forming the control group, while policy implementation time is
set accordingly. Baseline regression following Model (2) is per-
formed iteratively 1000 times. Figure 3 presents the kernel density
distribution of T-values across these regressions, with a vertical
reference line indicating the true regression T-value. The dis-
tribution predominantly centers around zero, with only a

Table 3 Benchmark regression results.

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

Treat × post 0.056*** (8.03) 0.011*** (5.41) 0.020*** (3.39) 0.020*** (9.48)
lev 0.175*** (11.95) 0.174*** (12.63)
tang 0.023*** (7.76) 0.021*** (6.38)
age 0.056*** (4.46) 0.057*** (5.15)
cashflow 0.728*** (16.87) 0.743*** (24.16)
growth 0.000 (0.05) 0.000 (0.06)
coo 0.097*** (11.44) 0.100*** (10.21)
dual −0.001 (−0.12) 0.000 (0.03)
q −0.012*** (−5.05) −0.013** (−2.29)
mer −1.713*** (−29.60) −1.711*** (−9.77)
_cons 1.828*** (541.85) 1.838*** (3955.53) 1.025*** (15.03) 1.032*** (19.48)
Industry FE No Yes No Yes
Year FE No Yes No Yes
N 5080 5080 5080 5080
R2 0.313 0.342 0.359 0.341

***p < 0.01, **p < 0.05.

Fig. 2 Parallel trend hypothesis test. This plot shows the regression
coefficients over time, with error bars indicating confidence intervals. The
vertical dashed line marks the intervention point, highlighting the change in
trend post-intervention.

Fig. 3 Placebo test. This plot shows the distribution of p values (black dots)
along with the kernel density estimate (KDE) curve of the estimates. The
vertical dashed line represents the threshold for statistical significance,
highlighting the concentration of p values around the central peak and
illustrating the results of the placebo test.
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minority of regressions exhibiting T-values exceeding the true
coefficient estimates. This finding suggests that SCIA’s impact on
SDP is unlikely driven by unobserved omitted variables, thereby
reinforcing the robustness and validity of the benchmark analysis.

PSM-DID. Although the DID approach effectively captures the
average impact of the SCIA pilot policy, selection bias may arise if
systematic differences exist between the experimental and control
groups, potentially inflating SDP in pilot cities. To address this
concern, propensity score matching (PSM) is employed to miti-
gate endogeneity issues (Heckman et al. 1998). Using control
variables as covariates, propensity scores are estimated via logit
regression. The 1:1 nearest-neighbor matching method (without
replacement) is applied within the common support range,
ensuring companies in the experimental group (higher SDP) are
paired with comparable companies in the control group (lower
SDP). Table 4 reports the balance test results before and after
matching, indicating that post-PSM, all standardized differences
fall below 10% and t-test p-values exceed 0.05, confirming the
elimination of systematic differences. Reanalysis of the matched
sample, as shown in Table 5 (Column 1), verifies a significantly
positive effect of SCIA on firm SDP at the 5% level, reinforcing
the robustness of the findings.

In this paper, we further plotted the kernel density matching, as
depicted in Figs. 4 and 5, the gap between the experimental group
and the control group has narrowed following the matching
process compared to before the matching, which mitigates the
selective difference of the samples, and makes out the results
more convincing.

Replacement of the sample time window. The SCIA pilot policy
was conducted in April 2018, and the sample period spans from
2013 to 2022. To avoid any distortion in the evaluation of the
policy’s impact due to the chosen time frame, we have adjusted

Table 4 PSM-DID results.

Variables Mean value Reduct T-test

Treat Control Bias
(%)

|bias|
(%)

T
value

P > |
T|

Lev Unmatched 0.45342 0.42254 16.6 5.91 0.000
Matched 0.45342 0.45136 1.1 93.3 0.38 0.704

Tang Unmatched 12.683 12.794 −12.9 −4.58 0.000
Matched 12.683 12.712 −3.3 74.1 −1.15 0.249

Age Unmatched 3.2168 3.227 −5.2 −1.84 0.065
Matched 3.2168 3.2167 0.1 98.9 0.02 0.985

Cashflow Unmatched 0.04927 0.06242 −21.3 −7.52 0.000
Matched 0.04927 0.0474 3. 85.8 1.08 0.279

Growth Unmatched 0.33877 0.24835 4.8 1.68 0.093
Matched 0.33877 0.3308 0.4 91.2 0.14 0.889

Coo Unmatched 3.9555 3.9103 15.3 5.46 0.000
Matched 3.9555 3.9647 −3.1 79.5 −1.09 0.274

Q Unmatched 1.9098 2.0096 −7.8 −2.76 0.006
Matched 1.9098 1.9272 −1.4 82.6 −0.49 0.622

Mer Unmatched 0.08126 0.07533 4.1 1.41 0.158
Matched 0.08126 0.07533 5.3 −30.6 3.78 0.000

Table 5 Robust test results.

(1) PSM-DID (2) Replace sample time window (3) Control synchronization strategy

Treat × post 0.024** (2.07) 0.027*** (7.12) 0.017*** (5.85)
Constant 1.470*** (9.25) 1.036*** (15.77) 1.021*** (19.19)
Control Yes Yes Yes
Industry FE Yes Yes Yes
Year FE Yes Yes Yes
Observations 2674 4064 5080
R2 0.188 0.338 0.343

***p < 0.01, **p < 0.05.

Fig. 4 Kdensity distribution of propensity score before matching. This
plot shows the density distribution of the propensity score for the
treatment and control groups before matching. The dashed line represents
the treatment group, and the solid line represents the control group. The
distribution indicates the imbalance in the propensity scores between the
two groups before matching.
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the sample period to 2014–2021 and used the DID model to re-
examine its impact on the SDP effect, as shown in Table 5 column
(2), treat*post coefficient is still significantly positive, then it
shows that the time frame chosen for this study accurately cap-
tures the magnitude of the SCIA pilot policy’s effect on SDP.

Control contemporaneous policy. In April 2015, China’s Ministry
of Housing and Construction (MOHURD) announced the third
batch of sub-smart city pilot policies and a list of pilot cities,
which included small, medium, and large cities. This policy
greatly enhances the digitization level of the pilot cities and puts
new requirements on the green development of local companies,
which may have an impact on SDP. To eliminate the potential for
the smart city pilot policy to improve companies’ SDP, thereby
enhancing the robustness of our conclusions, this paper intro-
duces a control variable into the baseline regression model. This
variable indicates whether a company’s city, labeled as city i, is

designated as a smart city pilot city in a given year, t. The esti-
mation results indicate that the SCIA pilot policy maintains its
beneficial impact on the SDP of manufacturing companies, even
after accounting for concurrent policy effects. The outcomes are
listed in Table 5, column (3).

Composite double difference method. The composite double dif-
ference method combines SCM and DID organically, yielding
more sturdy coefficients. It accounts for the varied implementa-
tion of policies across different pilot areas and identifies matching
treatment groups for each experimental group by considering
individual and temporal dimensions. Therefore, using the syn-
thetic double difference to further verify the promoting effect of
SCIA on manufacturing enterprise SDP. Firstly, a “policy unaf-
fected” control group is established for each publicly traded
company using synthetic double differences. Then, the companies
situated within the pilot cities will be regarded as the treatment
group, whereas those outside the pilot cities will be regarded as
the comparison group. Ultimately, the discrepancy in SDP scores
between the treatment and comparison groups will be computed
to determine the extent of the policy’s influence on SDP. Set the
following model:

ðτ̂sdid; μ̂; α̂; β̂Þ

¼ argmin
τ;μ;α;β

∑
N

i¼1
∑
T

t¼1
ðYit μ αt βt WitτÞ2ω̂sdid

t λ̂
sdid

t

� � ð3Þ

Among them, N signifies the count of participants within the
sample, T indicates the time dimension of the sample, Yit

represents the SDP of company i in the tth period, and the
dummy variable Wit is used to represent whether supply chain
innovation is carried out. μ, αi, and βt represent constant term,
individual fixed effect, and year fixed effect, respectively. τ is the
processing effect, ωi and λt represent individual weight and time
weight, respectively, and ^ represents the estimated value.

Figure 6 illustrates the dynamic trend based on SDID.
Statistical inference was conducted utilizing the cut-off technique
and the bootstrap procedure, and the results of the composite
double difference test are listed in Table 6. The regression
coefficient of Treat×Post remains substantially positive, suggest-
ing that the enforcement of policies has indeed improved the
SDP.

Introduction of alternative explanatory variables. To test the
accuracy of the results and to confirm that the empirical findings
are not disturbed by the measurement technique of the predictor
variables, we altered the measurement method of SDP. Produc-
tion performance measured by the total factor productivity
obtained from the OP method is replaced by the LP method, and
the financial performance and environmental performance
remain unchanged. The new SDP (SDP_N) is regressed again
using the model. As listed in column (1) of Table 7, the cross-
multiplier treat*post remains significant after replacing the
explanatory variables, which indicates that the SCIA pilot policy

Fig. 6 Dynamic trend based on SDID. This plot shows the dynamic trends
for the treated and control groups over time, based on the Synthetic
Difference in-Differences (SDID) method. The dashed line represents the
control group, and the solid line represents the treated group. The vertical
red line marks the intervention year (2018), highlighting the change in
trends post-intervention for the treated group, compared to the control
group..

Table 6 Composite double difference method test results.

Knife cutting method Bootstrap method

ATT T value ATT T value

Treat × post 0.064*** 3.35 0.064*** 2.65
N 4720 4720

***p < 0.01.

Fig. 5 K-density distribution of propensity score after matching. This plot
shows the density distribution of the propensity score for the treatment and
control groups after matching. The dashed line represents the treatment
group, and the solid line represents the control group. The distributions are
now more aligned, indicating that the matching process has balanced the
propensity scores between the two groups.
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does positively enhance the company’s SDP, verifying the accu-
racy of the previous results.

Counterfactual tests. SCIA was officially launched in 2018. To
verify that the improvement of SDP is indeed caused by this pilot
policy, this paper assumes that 2016 is the time when the pilot
city implements the policy and changes the value of the dummy
variable post accordingly, and the results are listed in Table 7
Column (2). When it is assumed that 2016 is the time when the
pilot city implements the policy and the coefficient of treat*post
is insignificant, then it indicates that the 2018 year in which the
pilot policy of SCIA was implemented does exert a beneficial
impact on companies’ SDP in the experimental group.

Adding control variables. To additionally guarantee the stability
and dependability of the earlier findings, we refer to Jun Hu’s
study and introduce control variables to mitigate the issue of
omitted variables: the variable of the proportion of indepen-
dent directors (Ibd) is further controlled at the level of equity
characteristics, and the control variable of book-to-market
(BM) ratio at the level of the company’s investment value
characteristics, and the hypotheses are retested. The findings
are shown in Table 7, upon incorporating these two control
variables into the original model, the coefficient of the impact
of the SCIA on company SDP is 0.02, exhibiting significant
positivity at the 1% level. This suggests that the regression
outcomes, including the additional control variables, align with
the earlier results.

Heterogeneous analysis
Heterogeneity test based on the nature of companies’
property rights. Firm ownership structure influences business
models and management strategies, leading to heterogeneous
responses to SCIA pilot policies. As a fundamental institutional
arrangement, property rights shape the extent of SCIA’s impact

on sustainable development performance (SDP), with variations
observed between state-owned enterprises (SOEs) and non-state-
owned enterprises (non-SOEs). To examine this heterogeneity,
companies are classified by ownership structure.

Regression results in Table 8 (Columns 1 and 2) indicate that
SCIA significantly enhances SDP for SOEs (p < 0.01), whereas the
effect on non-SOEs (coefficient= 0.006) is not statistically
significant, suggesting SOEs derive greater benefits from the
policy. This disparity is attributed to SOEs’ stronger financial
backing and national credibility, which facilitate access to
investment and financing opportunities (Liu et al. 2018). Their
abundant resources enable greater flexibility in corporate
restructuring and a more rapid digital transformation.

Conversely, non-SOEs operate in a highly competitive land-
scape with limited resources, constraining their ability to leverage
policy incentives (Guariglia et al. 2011). As a result, the SCIA
pilot policy serves as a more effective catalyst for SOEs, which
possess both financial stability and institutional support to drive
digital transformation and enhance SDP.

Heterogeneity test based on company size. Firm size is a critical
determinant of corporate resilience, with larger companies exhi-
biting stronger social responsibility and corporate citizenship.
Supply chain digital innovation further incentivizes these com-
panies to integrate sustainability strategies. To assess the het-
erogeneous impact of SCIA on sustainable development
performance (SDP), companies are categorized as large- or small-
scale based on the median total assets (Zhang and Xin, 2024).

Regression results indicate that SCIA significantly enhances
SDP for large companies (coefficient = 0.029, p < 0.01), whereas
the effect on small companies (coefficient= 0.008) is not
statistically significant, highlighting the policy’s stronger influence
on larger entities. This disparity is attributed to large companies’
superior economic, human, and technological resources, enabling
greater investments in R&D, technological innovation, and
process optimization, which drive energy efficiency and environ-
mental sustainability (Zhang and Jin, 2021). Moreover, large
companies excel in supply chain optimization and collaboration,
leveraging digital innovation to advance green transformation. In
contrast, resource constraints hinder small companies from
promptly adopting supply chain digitalization and fully utilizing
SCIA policies (Yang and Wang, 2023).

Heterogeneity test based on companies’ agency costs. Agency costs,
arising from information asymmetry and conflicts of interest
among stakeholders, influence companies’ resource allocation and
strategic decision-making. To examine the differential impact of
SCIA pilot policies on companies with varying agency costs, the
management expense ratio is employed as a proxy, categorizing
companies into high and low-agency-cost groups based on the
median value. Regression results in Table 9 (Columns 1 and 2)
indicate that SCIA pilot policies exert a stronger positive effect on

Table 8 The estimation results for different nature of Property Rights and Company Scale.

(1) Non-state owned (2) State-owned (3) Large scale (4) Small scale

Treat × post 0.006 (1.20) 0.034*** (7.20) 0.029*** (11.44) 0.008 (0.98)
Constant 1.108*** (16.97) 1.075*** (22.62) 1.297*** (13.12) 1.730*** (472.50)
Control Yes Yes Yes Yes
Industry FE Yes Yes Yes Yes
Year FE Yes Yes Yes Yes
Observations 2840 2240 2550 2530
R2 0.345 0.330 0.244 0.269

***p < 0.01.

Table 7 Further robust test results.

(1) SDP_N (2) 2016 (3) Add control
variables

Treat × post 0.019***
(8.85)

0.001 (0.42) 0.020*** (9.96)

Constant 1.253***
(19.68)

−0.609***
(−6.31)

0.960*** (18.18)

Control Yes Yes Yes
Industry FE Yes Yes Yes
Year FE Yes Yes Yes
Observations 5080 5080 5080
R2 0.367 0.454 0.354

***p < 0.01.
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the SDP of companies with lower agency costs. This variation is
attributed to the role of agency costs in resource allocation,
particularly in R&D and environmental investments. High agency
costs often lead to inefficient resource distribution and a pre-
ference for short-term profitability over long-term strategic
objectives, thereby weakening the impact of supply chain digital
innovation on SDP (Zhang et al. 2016). Conversely, companies
with lower agency costs allocate resources more efficiently, fos-
tering digital innovation and achieving greater sustainability
outcomes (Chi, 2023).

Heterogeneity test based on the degree of digitization in the com-
pany’s regional location. The DID correlation test suggests that
the SCIA pilot policy significantly enhances company SDP.
However, regional disparities in digital development across China
may influence policy effectiveness. To investigate this, the 2019
Digital China Index (Tencent Research Institute, 2019) is used to
classify regions into high-digitization and low-digitization levels.

Regression results in Table 9 (Columns 3 and 4) indicate that
the positive impact of SCIA pilot policies on SDP is only
significant in high-digitization regions, while low-digitization
regions show no significant effect. A likely explanation is that
higher digitalization levels correspond to more advanced digital
infrastructure, enabling companies to better utilize information
technology to enhance productivity and operational efficiency
(Gamidullaeva et al. 2020). In well-developed digital environ-
ments, companies are more inclined to adopt supply chain digital
innovation and leverage digital tools to optimize performance
(Pronchakov et al. 2022).

Furthermore, companies in highly digitalized regions benefit
from superior market responsiveness. The availability of big data
analytics facilitates real-time market monitoring, allowing
companies to swiftly adjust their strategies and products, thereby
improving both financial and production performance. In
contrast, companies in low-digitization regions face challenges
due to underdeveloped digital infrastructure and limited
technological capabilities. The slower digital transformation
process in these areas delays improvements in production
performance, explaining why SDP enhancements are observed
primarily in high-digitization regions during the study period.

Heterogeneity test based on companies’ monopoly capability.
Companies with varying monopolistic power exhibit distinct
responses to environmental and policy changes. Some actively
seek government support, while others leverage market advan-
tages to adapt more passively, resulting in heterogeneous policy
effects. To investigate these differences, companies are categor-
ized into two groups based on the median Lerner index: strong
monopolistic power and weak monopolistic power.

Regression results in Table 10 (Columns 1 and 2) show that the
impact of SCIA pilot policies on companies with strong
monopolistic power is weakly significant (coefficient= 0.013),

while companies with weak monopolistic power experience a
significant effect at the 1% level. This suggests that market
dominance moderates the effectiveness of SCIA. Companies with
strong monopolistic power exert greater control over market
dynamics and can adapt to policy shifts with minimal disruption,
thereby diminishing SCIA’s marginal effect. In contrast, compa-
nies with weaker monopolistic power face more substantial
adjustments, resulting in more pronounced improvements from
SCIA implementation.

Furthermore, industry leaders with strong monopolistic power
generally exhibit higher levels of innovation and have already
optimized their supply chains before policy implementation. This
pre-existing efficiency reduces the observable benefits of SCIA.
Conversely, companies with weaker monopolistic power experi-
ence more significant gains from digital innovation. These results
support H5.

Mechanism analysis
Model setting. Building a model of mediating effects to examine
the pathways through wh ich the creation of a pilot city for SCIA
influences the SDP of manufacturing companies:

Inter ¼ ωþ ω1Treatit ´ Postit þ ω2Xit þ γi þ μt þ εit ð4Þ

SDPit ¼ υþ υ1Treatit ´ Postit þ υ2Xit þ υ3Inter þ γi þ μt þ εit
ð5Þ

Among them, Inter is the mediator, and the meanings of the
other variables align with the previous section. ϖ1 reflects the
influence of establishing SCIA pilot cities on the mediator and υ3
reflects the effect of the mediator on the SDP of companies.
Stepwise regression is used, and the significance of both indicates
the presence of a mediating influence.

Mechanism testing. Table 11 presents regression results assessing
the mediating roles of innovation investment propensity,

Table 9 The estimation results for different agency costs and regional digitalization levels.

(1) High agency costs (2) Low agency costs (3) High level of digitization (4) Low level of digitization

Treat×post 0.016*** (4.74) 0.030*** (10.11) 0.014*** (4.24) 0.001 (0.08)
Constant 1.392*** (11.99) 0.846*** (15.89) 1.046*** (17.80) 0.765*** (5.41)
Control Yes Yes Yes Yes
Industry FE Yes Yes Yes Yes
Year FE Yes Yes Yes Yes
Observations 2540 2540 3928 1152
R2 0.234 0.234 0.348 0.403

***p < 0.01.

Table 10 The estimation results of different monopolistic
abilities.

(1) Strong monopoly
ability

(2) Weak monopoly
ability

Treat×post 0.013** (2.87) 0.026*** (5.98)
Constant 0.858*** (11.90) 0.810*** (10.02)
Control Yes Yes
Industry FE Yes Yes
Year FE Yes Yes
Observations 2540 2540
R2 0.328 0.265

***p < 0.01, **p < 0.05.
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innovation sustainability, and cost reduction in the relationship
between SCIA and companies’ sustainable development perfor-
mance (SDP). Columns (1) and (2) examine the impact of SCIA
on innovation investment propensity and its subsequent effect on
SDP. Results from Column (1) show that SCIA significantly
enhances companies’ willingness to invest in innovation at the 1%
level, while Column (2) demonstrates that this increased invest-
ment positively influences SDP, validating innovation investment
as a mediating mechanism. Companies that increase innovation
investment in response to SCIA are better positioned to leverage
digital technologies for sustainable growth (Marion and Fixson,
2021), thus supporting H2.

Columns (3) and (4) explore the impact of SCIA on innovation
sustainability and its effect on SDP. The findings confirm that
SCIA significantly enhances innovation sustainability at the 1%
level, which in turn leads to improved SDP. Higher innovation
sustainability promotes continued investment in digital transfor-
mation, reducing the risk of premature termination due to sunk
costs, resulting in more substantial SDP benefits for companies.
These results validate H3.

Column (5) incorporates company cost expenditures and
reveals a significant negative relationship between SCIA and
company costs, indicating that digital innovation effectively
reduces cost burdens. Even after controlling for cost expenditure,
the impact of SCIA on SDP remains significant, confirming that
cost reduction serves as a mediating mechanism. By reducing
costs, companies are better able to allocate resources, thereby
improving financial and operational efficiency (Gao and Wan,
2023; Airout et al. 2023). This supports H4.

Discussion
This study examines the impact of SCIA on companies’ SDP,
addressing critical gaps in existing research. First, while the link
between digital strategies and SDP remains contested, this study
leverages big data pilot zones to provide novel insights. These
initiatives facilitate companies’ adoption of digital technologies,
enhancing governance, mitigating earnings management, and
improving production efficiency (Sun et al. 2024). Furthermore,
digital transformation is integral to both industrial progress and
sustainable development, driving companies to enhance digital
competencies, reduce carbon emissions, and strengthen envir-
onmental responsibility (Gan et al. 2023; Wei et al. 2023; Li et al.
2022). However, some scholars argue that digitalization’s impact
on firm performance is marginal (Curran, 2018). By employing
SCIA as a quasi-natural experiment, this study provides empirical
evidence to address this debate.

Second, this study extends existing research by elucidating the
mechanisms through which digital policies influence SDP (Chen
et al. 2022). Prior literature has largely focused on corporate
information disclosure and digital strategies, whereas this study
highlights how digital policies strengthen firm capabilities, par-
ticularly through sustainable innovation. While innovation is
widely acknowledged as a driver of corporate strategy (Ferreira
et al. 2019), its sustainability remains underexplored. By analyz-
ing both companies’ propensity to invest in innovation and their
long-term innovation sustainability, this study offers practical
insights into how digital strategies foster corporate innovation
and enhance SDP.

Digital supply chain transformation grants companies greater
visibility and real-time tracking, optimizing all supply chain
stages. Leveraging IoT, big data, and AI, companies can swiftly
identify and address operational bottlenecks, enhancing efficiency
while reducing costs. Improved supply chain transparency not
only fosters cost savings but also boosts customer satisfaction,
thereby strengthening market competitiveness (Akinade and
Oyedele, 2019; Alqahtani et al. 2019). In a volatile market
environment, digital transformation enhances companies’ resi-
lience against supply chain disruptions and market uncertainties.
Real-time monitoring and predictive analytics facilitate proactive
risk management, supporting strategic decision-making and
ensuring long-term sustainability.

The acceleration of digital innovations—particularly AI, IoT,
blockchain, and cloud computing—has further driven companies
to integrate digital supply chain strategies (Ishfaq et al. 2022;
Wang et al. 2016; Wamba and Queiroz, 2022). Investment in
innovation fosters technological accumulation, a crucial asset for
enhancing SDP. Moreover, continuous innovation underpins
companies’ long-term growth (Zhang et al. 2018), reinforcing
their commitment to environmental protection, resource con-
servation, and social welfare. These initiatives bolster corporate
reputation and public trust, reinforcing sustainable development.

A key advantage of digital supply chain management is cost
reduction. Digital transformation minimizes manual intervention
through automation and intelligent processes, streamlining
operations and reducing inefficiencies. Process optimization
eliminates redundancies and errors, lowering labor and opera-
tional costs. Additionally, enhanced coordination among supply
chain partners improves collaboration, strengthens communica-
tion efficiency, and minimizes transaction costs (Wu et al. 2019;
Queiroz et al. 2020). Greater transparency in information
exchange allows for more accurate assessments of corporate
capacity, improving companies’ access to financial resources
(Chod et al. 2020). Furthermore, data-driven decision-making

Table 11 The estimation results of the action mechanism test.

Variables Iiw SDP Eis SDP Cost SDP

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

DID 0.039*** (3.08) 0.056*** (7.95) 4.652*** (1.73) 0.057*** (8.02) −0.075** (−2.38) 0.058*** (8.29)
Iiw 0.000*** (9.46)
Eis 0.001* (1.67)
Cost −0.146*** (−12.32)
Constant 1.456*** 1.452*** 0.004*** 1.455*** 0.963*** 1.529***

(10.04) (10.02) (10.93) (10.04) (8.64) (10.59)
Control Yes Yes Yes Yes Yes Yes
Industry FE Yes Yes Yes Yes Yes Yes
Year FE Yes Yes Yes Yes Yes Yes
Observations 5080 5080 5080 5080 5080 5080
R2 0.215 0.30 0.261 0.315 0.214 0.418

***p < 0.01, **p < 0.05, *p < 0.1.
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enhances responsiveness and precision, reducing risks and costs
associated with suboptimal strategic choices.

Conclusions
This study investigates the impact of SCIA policies on the SDP of
manufacturing companies from 2013 to 2022, employing DID,
PSM-DID, and SDID methodologies. Findings confirm that SCIA
significantly enhances SDP by stimulating innovation investment,
strengthening innovation sustainability, and reducing cost
expenditures. The policy’s effects exhibit heterogeneity: SOEs
benefit more due to policy-driven incentives (Cheng et al. 2017),
large companies outperform small companies due to superior
resources (Hu et al. 2020), companies with lower agency costs
achieve stronger SDP improvements, and enterprises in highly
digitalized cities experience greater advantages. Additionally,
companies with weaker monopoly power exhibit more substantial
SDP enhancements.

SDP encapsulates companies’ ability to integrate economic,
social, and environmental objectives (Ahi et al. 2018). Digital
innovation in supply chains facilitates automation and resource
efficiency, reinforcing sustainability. SOEs, due to their strategic
positioning, swiftly implement policy-driven digitalization (Li
et al. 2021), while non-SOEs, prioritizing short-term growth,
respond less actively. Large companies, leveraging superior
financial, technological, and human resources, advance R&D and
operational efficiency (Hu et al. 2020), whereas small companies,
constrained by capital and technological maturity, show weaker
policy-induced gains. High agency costs hinder managerial
commitment to innovation, limiting SDP improvements. Fur-
thermore, companies in highly digitalized regions benefit from
advanced IT infrastructure, global innovation access, and open-
source ecosystems, while those in less digitalized areas face higher
transformation costs and risks, diminishing policy effectiveness.

Given the increasing significance of digital supply chain
management, policy interventions should focus on three strategic
directions: (1) strengthening policy frameworks with clear
operational guidelines, (2) expanding digital infrastructure
investment—including broadband, cloud computing, and IoT—
to support supply chain transformation, and (3) refining reg-
ulatory mechanisms to enhance information exchange, colla-
boration, and targeted incentives for digital adoption.
Additionally, fostering digital talent through industry-academia
partnerships is essential to sustaining long-term digital
transformation.

For companies, integrating digital transformation into core
strategies is crucial. companies should optimize supply chain
processes through digital technologies, establish robust data
management frameworks for informed decision-making, and
enhance real-time collaboration with supply chain partners to
maximize policy benefits. Furthermore, investing in workforce
development to cultivate digital expertise will drive innovation
and maintain long-term competitive advantage.

Data availability
The data used in this study can be accessed through the following
link: https://pan.baidu.com/s/1jc2H_wBNZwnfSOvE--9fEQ
Access Code: nnbm. The research data contains various vari-
ables, including unique identifiers and time information (id, code,
year), experimental treatment and time dimension variables
(treat, post, treat*post), key dependent variables (y(op), y(lp)),
financial characteristics (lev, lntang, age, cashflow, growth),
governance-related variables (coo, dual, q, mxr), and additional
control variables (iiw(z), eis(z), cost(z)). These data can be used to
replicate the study’s results and support further analysis. For any

inquiries, please refer to the provided link or contact the authors
for more details.

Received: 21 June 2024; Accepted: 19 February 2025;

References
Acemoglu D, Restrepo P (2018) The race between man and machine: Implications

of technology for growth, factor shares, and employment. Am Econ Rev
108(6):1488–1542

Acemoglu D, Restrepo P (2020) Robots and jobs: evidence from US labor markets.
J Political Econ 128(6):2188–2244

Ahi P, Searcy C, Jaber MY (2018) A quantitative approach for assessing sustain-
ability performance of corporations. Ecol Econ 152:336–346

Airout RM, Alawaqleh QA, Almasria NA, Alduais F, Alawaqleh SQ (2023) The
moderating role of liquidity in the relationship between the expenditures and
financial performance of SMEs: evidence from Jordan. Economies 11(4):121

Akinade OO, Oyedele LO (2019) Integrating construction supply chains within a
circular economy: an ANFIS-based waste analytics system (A-WAS). J Clean
Prod 229:863–873

Alexy O, George G, Salter AJ (2013) Cui bono? The selective revealing of knowl-
edge and its implications for innovative activity. Acad Manag Rev
38(2):270–291

Alqahtani AY, Gupta SM, Nakashima K (2019) Warranty and maintenance ana-
lysis of sensor embedded products using internet of things in industry 4.0. Int
J Prod Econ 208:483–499

Ambrogio G, Filice L, Longo F, Padovano A (2022) Workforce and supply chain
disruption as a digital and technological innovation opportunity for resilient
manufacturing systems in the COVID-19 pandemic. Comput Ind Eng
169:108158

Azevedo EM, Leshno JD (2016) A supply and demand framework for two-sided
matching markets. J Political Econ 124(5):1235–1268

Balakrishnan AS, Ramanathan U (2021) The role of digital technologies in supply
chain resilience for emerging markets’ automotive sector. Supply Chain
Manag: Int J 26(6):654–671

Batista L, Bourlakis M, Smart P, Maull R (2018) In search of a circular supply chain
archetype—a content-analysis-based literature review. Prod Plan Control
29(6):438–451

Bechtsis D, Tsolakis N, Vlachos D, Srai JS (2018) Intelligent Autonomous Vehicles
in digital supply chains: a framework for integrating innovations towards
sustainable value networks. J Clean Prod 181:60–71

Benfratello L, Schiantarelli F, Sembenelli A (2008) Banks and innovation: micro-
econometric evidence on Italian firms. J Financ Econ 90(2):197–217

Benner MJ, Waldfogel J (2023) Changing the channel: digitization and the rise of
“middle tail” strategies. Strateg Manag J 44(1):264–287

Bharadwaj A, El Sawy OA, Pavlou PA, Venkatraman NV (2013) Digital business
strategy: toward a next generation of insights. MIS Q 37(2):471–482

Büyüközkan G, Göçer F (2018) Digital Supply Chain: literature review and a
proposed framework for future research. Comput Ind 97:157–177

Cai YJ, Choi TM (2020) A United Nations’ Sustainable Development Goals per-
spective for sustainable textile and apparel supply chain management. Transp
Res Part E: Logist Transp Rev 141:102010

Centobelli P, Cerchione R, Esposito E (2020) Pursuing supply chain sustainable
development goals through the adoption of green practices and enabling
technologies: a cross-country analysis of LSPs. Technol Forecast Soc Change
153:119920

Chavez R, Yu W, Jacobs MA, Feng M (2017) Data-driven supply chains, manu-
facturing capability and customer satisfaction. Prod Plan Control
28(11–12):906–918

Chen G, Han J, Yuan H (2022) Urban digital economy development, enterprise
innovation, and ESG performance in China. Front Environ Sci 10:955055

Chen IJ, Paulraj A (2004) Understanding supply chain management: critical
research and a theoretical framework. Int J Prod Res 42(1):131–163

Chen X, Wang C, Li S (2023) The impact of supply chain finance on corporate
social responsibility and creating shared value: a case from the emerging
economy. Supply Chain Manag: Int J 28(2):324–346

Cheng Z, Wang F, Keung C, Bai Y (2017) Will corporate political connection
influence the environmental information disclosure level? Based on the panel
data of A-shares from listed companies in Shanghai stock market. J Bus
Ethics 143:209–221

Chi YL (2023) The agency costs of family ownership: evidence from innovation
performance. J Bank Financ 148:106737

Chod J, Trichakis N, Tsoukalas G, Aspegren H, Weber M (2020) On the financing
benefits of supply chain transparency and blockchain adoption. Manag Sci
66(10):4378–4396

HUMANITIES AND SOCIAL SCIENCES COMMUNICATIONS | https://doi.org/10.1057/s41599-025-04601-9 ARTICLE

HUMANITIES AND SOCIAL SCIENCES COMMUNICATIONS |          (2025) 12:307 | https://doi.org/10.1057/s41599-025-04601-9 13

https://pan.baidu.com/s/1jc2H_wBNZwnfSOvE-9fEQ


Cong LW, Xie D, Zhang L (2021) Knowledge accumulation, privacy, and growth in
a data economy. Manag Sci 67(10):6480–6492

Costantini V, Crespi F, Marin G, Paglialunga E (2017) Eco-innovation, sustainable
supply chains and environmental performance in European industries. J
Clean Prod 155:141–154

Curran D (2018) Risk, innovation, and democracy in the digital economy. Eur J Soc
Theory 21(2):207–226

Degras D, Xu Z, Zhang T, Wu WB (2011) Testing for parallelism among trends in
multiple time series. IEEE Trans Signal Process 60(3):1087–1097

Delic M, Eyers DR (2020) The effect of additive manufacturing adoption on supply
chain flexibility and performance: an empirical analysis from the automotive
industry. Int J Prod Econ 228:107689

Doh S, Kim B (2014) Government support for SME innovations in the regional
industries: the case of government financial support program in South Korea.
Res Policy 43(9):1557–1569

Evtodieva TE, Chernovа DV, Ivanova NV, Wirth J (2020) The Internet of Things:
Possibilities of Application in Intelligent Supply Chain Management. In:
Ashmarina, S., Mesquita, A., Vochozka, M. (eds) Digital Transformation of
the Economy: Challenges, Trends and New Opportunities. Advances in
Intelligent Systems and Computing, vol 908. Springer, Cham. https://doi.org/
10.1007/978-3-030-11367-4_38

Ferreira JJ, Fernandes CI, Ferreira FA (2019) To be or not to be digital, that is the
question: Firm innovation and performance. J Bus Res 101:583–590

Fiala P (2016) Profit allocation games in supply chains. Cent Eur J Oper Res
24:267–281

Flammer C, Kacperczyk A (2016) The impact of stakeholder orientation on
innovation: evidence from a natural experiment. Manag Sci 62(7):1982–2001

Gamidullaeva LA, Vasin SM, Wise N (2020) Increasing small-and medium-
enterprise contribution to local and regional economic growth by
assessing the institutional environment. J Small Bus Enterp Dev
27(2):259–280

Gan C, Yu J, Zhao W, Fan Y (2023) Big data industry development and
carbon dioxide emissions: a quasi-natural experiment. J Clean Prod
422:138590

Gao L, Wan L (2023) Does corporate environmental responsibility contribute to
financial performance? A dual path analysis through operational efficiency
and the cost of debt. Corp Soc Responsib Environ Manag 30(1):308–323

General Office of the State Council of the People’s Republic of China (2017)
Guiding opinions on actively promoting supply chain innovation and
application [EB/OL]. https://www.gov.cn/gongbao/content/2017/content_
5234516.htm

Griffith R, Redding S, Reenen JV (2004) Mapping the two faces of R&D: pro-
ductivity growth in a panel of OECD industries. Rev Econ Stat 86(4):883–895

Guariglia A, Liu X, Song L (2011) Internal finance and growth: microeconometric
evidence on Chinese firms. J Dev Econ 96(1):79–94

Gupta H, Kumar S, Kusi-Sarpong S, Jabbour CJC, Agyemang M (2021) Enablers to
supply chain performance on the basis of digitization technologies. Ind
Manag Data Syst 121(9):1915–1938

Gupta S, Drave VA, Bag S, Luo Z (2019) Leveraging smart supply chain and
information system agility for supply chain flexibility. Inf Syst Front
21:547–564

Hahn GJ (2020) Industry 4.0: a supply chain innovation perspective. Int J Prod Res
58(5):1425–1441

Hao X, Wen S, Li K, Wu J, Wu H, Hao Y (2023) Environmental governance,
executive incentive, and enterprise performance: evidence from Chinese
mineral enterprises. Resour Policy 85:103858

Hao Y, Wang LO, Lee CC (2020) Financial development, energy consumption and
China’s economic growth: new evidence from provincial panel data. Int Rev
Econ Financ 69:1132–1151

Heckman JJ, Ichimura H, Todd P (1998) Matching as an econometric evaluation
estimator. Rev Econ Stud 65(2):261–294

Helo P, Hao Y (2022) Artificial intelligence in operations management and supply
chain management: an exploratory case study. Prod Plan Control 33(16):
1573–1590

Henry LA, Buyl T, Jansen RJ (2019) Leading corporate sustainability: the role of
top management team composition for triple bottom line performance. Bus
Strategy Environ 28(1):173–184

Hou M (2023) Digital economy, enterprise digital transformation, and digital
business model: evidence from China. Asia Pac Bus Rev 29(4):1200–1210

Hu J, Pan X, Huang Q (2020) Quantity or quality? The impacts of environmental
regulation on firms’ innovation—Quasi-natural experiment based on China’s
carbon emissions trading pilot. Technol Forecast Soc Change 158:120122

International Monetary Fund (2024) Global economic outlook. https://www.imf.
org/-/media/Files/Publications/WEO/2024/April/English/text.ashx

Ishfaq R, Davis‐Sramek B, Gibson B (2022) Digital supply chains in omnichannel
retail: a conceptual framework. J Bus Logist 43(2):169–188

Isik F (2010) An entropy-based approach for measuring complexity in supply
chains. Int J Prod Res 48(12):3681–3696

Ivanov D, Dolgui A, Sokolov B (2019) The impact of digital technology and
Industry 4.0 on the ripple effect and supply chain risk analytics. Int J Prod
Res 57(3):829–846

Jones TM (1995) Instrumental stakeholder theory: a synthesis of ethics and eco-
nomics. Acad Manag Rev 20(2):404–437

Khan SAR, Godil DI, Jabbour CJC, Shujaat S, Razzaq A, Yu Z (2021) Green data
analytics, blockchain technology for sustainable development, and sustainable
supply chain practices: evidence from small and medium enterprises. Ann
Oper Res 1–25. https://doi.org/10.1007/s10479-021-04275-x

Kim YH, Wemmerlöv U (2015) Does a supplier’s operational competence translate
into financial performance? An empirical analysis of supplier–customer
relationships. Decis Sci 46(1):101–134

Kitsikopoulos C, Schwaibold U, Taylor D (2018) Limited progress in sustainable
development: factors influencing the environmental management and
reporting of South African JSE‐listed companies. Bus Strategy Environ
27(8):1295–1301

Kruse T, Veltri A, Branscum A (2019) Integrating safety, health and environmental
management systems: a conceptual framework for achieving lean enterprise
outcomes. J Saf Res 71:259–271

Kulinich T, Andrushko R, Prosovych O, Sternyuk O, Tymchyna Y (2023) Enter-
prise risk management in an uncertain environment. Int J Prof Bus Rev
8(4):47

Lamichhane S, Eğilmez G, Gedik R, Bhutta MKS, Erenay B (2021) Benchmarking
OECD countries’ sustainable development performance: a goal-specific
principal component analysis approach. J Clean Prod 287:125040

Lee K, Azmi N, Hanaysha J, Alzoubi H, Alshurideh M (2022) The effect of digital
supply chain on organizational performance: an empirical study in Malaysia
manufacturing industry. Uncertain Supply Chain Manag 10(2):495–510

Li J, Chen L, Chen Y, He J (2022) Digital economy, technological innovation, and
green economic efficiency—empirical evidence from 277 cities in China.
Manag Decis Econ 43(3):616–629

Li J, Hu J, Yang L (2021) Can trade facilitation prevent the formation of zombie
firms? Evidence from the China Railway Express. China World Econ
29(1):130–151

Li L (2024) Unveiling the effects of supply chain relationship types on enterprise
performance. Enterp Inf Syst 18(2):2274141

Li Y, Li J, Wang Z (2024) Improving enterprise environmental performance under
central environmental protection inspection: an empirical study based on
listed industrial enterprises. J Clean Prod 459(1):142536

Liu L, Wu CS, Zhu YY, Ye B, Yang N (2021) Analysis on the coupling effects of
strategic emerging industry structure and employment structure in China. In
Computational Social Science, CRC Press, pp 956-971

Liu M, Li C, Wang S, Li Q (2023) Digital transformation, risk-taking, and inno-
vation: evidence from data on listed enterprises in China. J Innov Knowl
8(1):100332

Liu Q, Pan X, Tian GG (2018) To what extent did the economic stimulus package
influence bank lending and corporate investment decisions? Evidence from
China. J Bank Financ 86:177–193

Lombart C, Louis D (2012) Consumer satisfaction and loyalty: two main con-
sequences of retailer personality. J Retail Consum Serv 19(6):644–652

López MV, Garcia A, Rodriguez L (2007) Sustainable development and corporate
performance: a study based on the Dow Jones sustainability index. J Bus
Ethics 75:285–300

Marion TJ, Fixson SK (2021) The transformation of the innovation process: how
digital tools are changing work, collaboration, and organizations in new
product development. J Prod Innov Manag 38(1):192–215

Martínez‐Ferrero J, Frias‐Aceituno JV (2015) Relationship between sustainable
development and financial performance: international empirical research.
Bus Strategy Environ 24(1):20–39

Masca M, Genç T (2024) Sustainable development performance analysis by
entropy-based copras method: an application in the European Union
Countries. Rev Manag Econ Eng 23(2):122–130

Menon RR, Ravi V (2021) Analysis of barriers of sustainable supply chain man-
agement in electronics industry: an interpretive structural modelling
approach. Clean Responsib Consum 3:100026

Ministry of Commerce of the People’s Republic of China. Notice from the Ministry
of Commerce and 8 other units on carrying out the creation of national
supply chain innovation and application demonstration work. [EB/OL].
https://m.mofcom.gov.cn/article/zwgk/gztz/202107/20210703175509. Acces-
sed 16 July 2024

Nayal K, Raut RD, Yadav VS, Priyadarshinee P, Narkhede BE (2022) The impact of
sustainable development strategy on sustainable supply chain firm perfor-
mance in the digital transformation era. Bus Strategy Environ 31(3):845–859

Perera Aldama LR, Awad Amar P, Winicki Trostianki D (2009) Embedding cor-
porate responsibility through effective organizational structures. Corp Gov:
Int J Bus Soc 9(4):506–516

Porter ME, Linde CVD (1995) Toward a new conception of the environment-
competitiveness relationship. J Econ Perspect 9(4):97–118

ARTICLE HUMANITIES AND SOCIAL SCIENCES COMMUNICATIONS | https://doi.org/10.1057/s41599-025-04601-9

14 HUMANITIES AND SOCIAL SCIENCES COMMUNICATIONS |          (2025) 12:307 | https://doi.org/10.1057/s41599-025-04601-9

https://doi.org/10.1007/978-3-030-11367-4_38
https://doi.org/10.1007/978-3-030-11367-4_38
https://www.gov.cn/gongbao/content/2017/content_5234516.htm
https://www.gov.cn/gongbao/content/2017/content_5234516.htm
https://www.imf.org/-/media/Files/Publications/WEO/2024/April/English/text.ashx
https://www.imf.org/-/media/Files/Publications/WEO/2024/April/English/text.ashx
https://doi.org/10.1007/s10479-021-04275-x
https://m.mofcom.gov.cn/article/zwgk/gztz/202107/20210703175509


Pronchakov Y, Prokhorov O, Fedorovich O (2022) Concept of high-tech enterprise
development management in the context of digital transformation. Compu-
tation 10(7):118

Queiroz MM, Telles R, Bonilla SH (2020) Blockchain and supply chain manage-
ment integration: a systematic review of the literature. Supply Chain Manag:
Int J 25(2):241–254

Rialti R, Marzi G, Silic M, Ciappei C (2018) Ambidextrous organization and agility
in big data era: the role of business process management systems. Bus Process
Manag J 24(5):1091–1109

Seman NAA, Govindan K, Mardani A, Zakuan N, Saman MZM, Hooker RE, Ozkul
S (2019) The mediating effect of green innovation on the relationship
between green supply chain management and environmental performance. J
Clean Prod 229:115–127

Seyedghorban Z, Tahernejad H, Meriton R, Graham G (2020) Supply chain digi-
talization: past, present and future. Prod Plan Control 31(2-3):96–114

Stank T, Esper T, Goldsby TJ, Zinn W, Autry C (2019) Toward a digitally
dominant paradigm for twenty-first century supply chain scholarship. Int J
Phys Distrib Logist Manag 49(10):956–971

Sun G, Fang JM, Li JN, Wang XL (2024) Research on the impact of the integration
of digital economy and real economy on enterprise green innovation.
Technol Forecast Soc Change 200:123097

Tencent Research Institute (2019) Digital China Index Report 2019: industrial
internet enters golden age. https://www.tisi.org/15098

The United Nations Industrial Development Organization (2021) Industrial
development report. https://www.unido.org/publications/industrial-
development-report-series

Tripathi S, Gupta M (2020) Transforming towards a smarter supply chain. Int J
Logist Syst Manag 36(3):319–342

Tsou HT, Chen JS (2023) How does digital technology usage benefit firm perfor-
mance? Digital transformation strategy and organisational innovation as
mediators. Technol Anal Strateg Manag 35(9):1114–1127

Wamba SF, Queiroz MM (2022) Industry 4.0 and the supply chain digitalisation: a
blockchain diffusion perspective. Prod Plan Control 33(2-3):193–210

Wang G, Gunasekaran A, Ngai EW, Papadopoulos T (2016) Big data analytics in
logistics and supply chain management: certain investigations for research
and applications. Int J Prod Econ 176:98–110

Warner KS, Wäger M (2019) Building dynamic capabilities for digital transfor-
mation: An ongoing process of strategic renewal. Long Range Plan
52(3):326–349

Wei X, Jiang F, Yang L (2023) Does digital dividend matter in China’s green low-
carbon development: environmental impact assessment of the big data
comprehensive pilot zones policy. Environ Impact Assess Rev 101:107143

World Trade Organization (2023) World trade report. https://www.wto.org/
english/res_e/publications_e/wtr23_e.htm

Wong CY, Wong CW, Boon-itt S (2020) Effects of green supply chain integration
and green innovation on environmental and cost performance. Int J Prod Res
58(15):4589–4609

Wu CK, Tsang KF, Liu Y, Zhu H, Wei Y, Wang H, Yu TT (2019) Supply chain of
things: a connected solution to enhance supply chain productivity. IEEE
Commun Mag 57(8):78–83

Wu L, Yue X, Jin A, Yen DC (2016) Smart supply chain management: a review and
implications for future research. Int J Logist Manag 27(2):395–417

Xie X, Huo J, Qi G, Zhu KX (2015) Green process innovation and financial per-
formance in emerging economies: moderating effects of absorptive capacity
and green subsidies. IEEE Trans Eng Manag 63(1):101–112

Xu X, Li J (2020) Asymmetric impacts of the policy and development of green
credit on the debt financing cost and maturity of different types of enterprises
in China. J Clean Prod 264:121574

Yu W, Ramanathan R, Nath P (2017) Environmental pressures and performance:
an analysis of the roles of environmental innovation strategy and marketing
capability. Technol Forecast Soc Change 117:160–169

Yang X, Wang J (2023) The relationship between sustainable supply chain man-
agement and enterprise economic performance: does firm size matter? J Bus
Ind Mark 38(3):553–567

Zhang D, Jin Y (2021) R&D and environmentally induced innovation: Does
financial constraint play a facilitating role? Int Rev Financ Anal 78:101918

Zhang D, Mohsin M, Rasheed AK, Chang Y, Taghizadeh-Hesary F (2021) Public
spending and green economic growth in BRI region: mediating role of green
finance. Energy Policy 153:112256

Zhang G, Zhao S, Xi Y, Liu N, Xu X (2018) Relating science and technology
resources integration and polarization effect to innovation ability in emerging
economies: an empirical study of Chinese enterprises. Technol Forecast Soc
Change 135:188–198

Zhang M, Huang XJ (2012) Effects of industrial restructuring on carbon reduction:
an analysis of Jiangsu Province, China. Energy 44(1):515–526

Zhang W, Xin B (2024) The effect of carbon emission trading on enterprises’
sustainable development performance: a quasi-natural experiment based on
carbon emission trading pilot in China. Energy Policy 185:113960

Zhang X, Tang G, Lin Z (2016) Managerial power, agency cost and executive
compensation–an empirical study from China. Chin Manag Stud
10(1):119–137

Zhao N, Hong J, Lau KH (2023) Impact of supply chain digitalization on supply
chain resilience and performance: a multi-mediation model. Int J Prod Econ
259:108817

Zhu J, Wang Y, Wang C (2019) A comparative study of the effects of different
factors on firm technological innovation performance in different high-tech
industries. Chin Manag Stud 13(1):2–25

Zhu Y, Zhang Z (2024) Supply chain digitalization and corporate ESG perfor-
mance: evidence from supply chain innovation and application pilot policy.
Financ Res Lett 67:105818

Zimmermann R, DF Ferreira LM, Carrizo Moreira A (2016) The influence of
supply chain on the innovation process: a systematic literature review. Supply
Chain Manag: Int J 21(3):289–304

Zouari D, Ruel S, Viale L (2021) Does digitalising the supply chain contribute to its
resilience? Int J Phys Distrib Logist Manag 51(2):149–180

Author contributions
Conceptualization: JZ; Methodology: MC and JZ; Formal analysis and investigation: XT;
Writing—original draft preparation: MC; Writing—review and editing: JZ and RD;
Resources: MC; Supervision: JZ.

Competing interests
The authors declare no competing interests.

Ethical approval
This study did not involve human subjects, animal experiments, or the collection of
personal data, so no ethical approval was required. In addition, this study was based on
public data, literature review, or computer simulation, which did not involve the scope of
ethical review, so no ethical approval was applied for.

Informed consent
This study did not involve the collection of personal data or identifiable individual
information, so no informed consent was required for publication. In addition, this study
was based on public data, literature review, or computer simulation, which did not
involve situations where informed consent was required.

Additional information
Correspondence and requests for materials should be addressed to Jianhua Zhu.

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

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

Open Access This article is licensed under a Creative Commons
Attribution-NonCommercial-NoDerivatives 4.0 International License,

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

© The Author(s) 2025

HUMANITIES AND SOCIAL SCIENCES COMMUNICATIONS | https://doi.org/10.1057/s41599-025-04601-9 ARTICLE

HUMANITIES AND SOCIAL SCIENCES COMMUNICATIONS |          (2025) 12:307 | https://doi.org/10.1057/s41599-025-04601-9 15

https://www.tisi.org/15098
https://www.unido.org/publications/industrial-development-report-series
https://www.unido.org/publications/industrial-development-report-series
https://www.wto.org/english/res_e/publications_e/wtr23_e.htm
https://www.wto.org/english/res_e/publications_e/wtr23_e.htm
http://www.nature.com/reprints
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/

	Can supply chain digital innovation policy improve the sustainable development performance of manufacturing companies?
	Introduction
	Literature review
	Economic consequences of supply chain innovation and application
	Microeconomic Impact of SCIA on companies
	Macroeconomic impact of SCIA on industrial development

	Factors affecting sustainable development performance
	Internal determinants of SDP
	External determinants of SDP

	Mechanisms of SCIA on SDP

	Description of data and variables
	Sample selection and data sources
	Definition of variables
	Explained variable
	Key explanatory variable
	Control variables
	Mediating variables

	Model settings

	Empirical analysis
	Descriptive statistics
	Benchmark regression analysis
	Robustness test
	Parallel trend test
	Placebo test
	PSM-DID
	Replacement of the sample time window
	Control contemporaneous policy
	Composite double difference method
	Introduction of alternative explanatory variables
	Counterfactual tests
	Adding control variables

	Heterogeneous analysis
	Heterogeneity test based on the nature of companies&#x02019; property rights
	Heterogeneity test based on company size
	Heterogeneity test based on companies&#x02019; agency costs
	Heterogeneity test based on the degree of digitization in the company&#x02019;s regional location
	Heterogeneity test based on companies&#x02019; monopoly capability


	Mechanism analysis
	Model setting
	Mechanism testing

	Discussion
	Conclusions
	Data availability
	References
	Author contributions
	Competing interests
	Additional information




