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Abstract

In the context of rapid digital technology development and the pursuit of “dual carbon” goals, examining whether digital trade enhances
corporate green investment efficiency is of critical importance. This study uses the implementation of China’s Comprehensive Pilot Zone
for Cross-Border E-Commerce policy as a quasi-natural experiment. Using panel data from A-share listed firms in heavily polluting
industries and employing a staggered difference-in-differences approach, the study investigates the effect of digital trade on green invest-
ment efficiency. The empirical findings demonstrate that digital trade significantly improves firms’ green investment efficiency. This
positive effect operates primarily by increasing research and development (R&D) expenditure, promoting industrial structure upgrading,
and strengthening digital platform development. Furthermore, the effect is more pronounced among firms with high media visibility
and superior environmental performance. The study offers important policy implications for enhancing green investment efficiency and
advancing high-quality economic development.
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1. Introduction
In recent decades, China’s rapid economic growth has

been accompanied by severe challenges, including environ-
mental pollution and resource depletion, with environmen-
tal degradation emerging as particularly acute (Duanmu et
al., 2018; Deng et al., 2024). According to Yale Univer-
sity’s 2020 Global Environmental Performance Index Re-
port, China ranked 120th among 180 countries, with a score
of 37.3, underscoring the urgency of strengthening envi-
ronmental governance. In response, the Chinese govern-
ment has actively promoted corporate green transformation
to improve environmental quality. However, such transfor-
mation demands substantial investment (Tian et al., 2024;
Wu et al., 2024). Guiding firms to undertake effective
green investment and expand existing investment has there-
fore become a crucial strategy for addressing environmen-
tal challenges and advancing sustainable transition (Tian
et al., 2020; Chen and Ma, 2021). Yet, merely expand-
ing the absolute scale of green investment does not nec-
essarily yield proportional environmental benefits. Some
firms engage in green projects primarily to avoid penalties
or enhance corporate image, which may result in inefficient
outcomes (Tian et al., 2024). Moreover, using investment
scale as an absolute indicator overlooks heterogeneity in
firm size, thereby introducing measurement bias (Liu et al.,

2022b). By contrast, green investment efficiency—which
captures the environmental improvements achieved per unit
of input—offers a more reliable benchmark for evaluat-
ing the effectiveness and sustainability of green transfor-
mation (Liu et al., 2022b; Li et al., 2023b). Given China’s
late start in pursuing green development and relatively lag-
ging environmental governance, the tension between eco-
nomic growth and environmental sustainability has intensi-
fied. Consequently, enhancing corporate green investment
efficiency has become an indispensable pathway for achiev-
ing China’s green economic transition.

Nonetheless, improving green investment efficiency
remains a formidable challenge. Under traditional frame-
works, information asymmetry, financing constraints, tech-
nological barriers, and managerial inefficiencies often un-
dermine the precision and effectiveness of green invest-
ment (Li et al., 2020; De Haas et al., 2025). Identifying
new drivers that can systematically optimize resource allo-
cation and alleviate these efficiency bottlenecks is therefore
of critical importance. The rapid advancement of digital
technologies and their integration with trade have fostered a
new paradigm of commerce characterized by internet-based
platforms, digital technologies, digital services, and digital
delivery (Ma et al., 2019). Digital technologies have deeply
penetrated the trade sector, reshaping traditional models,
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reducing transaction costs, expanding market boundaries,
and accelerating China’s integration into the global econ-
omy (Power and Singh, 2007; Zhao et al., 2023). Accord-
ing to the 2023Digital TradeDevelopment and Cooperation
Report, China’s cross-border digital services trade reached
USD 371.08 billion in 2022, ranking third worldwide. In
addition, digital trade has been increasingly recognized as
a vital component of the green economic transition (Li et
al., 2024). By optimizing production and transaction pro-
cesses, easing financing constraints, and enhancing trade
efficiency, digital trade contributes to green development
(Zhang et al., 2022;Wang et al., 2023). Furthermore, digital
technologies help reduce energy consumption and carbon
emissions, promote ecological civilization, and accelerate
sustainable development (Li et al., 2024).

Improving green investment efficiency represents the
central bottleneck and an urgent priority in advancing green
transformation. In light of the significant potential of digi-
tal trade to enhance economic efficiency and promote sus-
tainable growth, several critical questions arise. Within the
context of China’s promotion of digital trade and pursuit
of the “dual carbon” goals, can digital trade serve as an ef-
fective pathway to improve firms’ green investment effi-
ciency? Through whichmechanisms can it occur? Do these
effects vary across different institutional environments? A
systematic examination of the relationship between digital
trade and green investment efficiency is essential not only to
elucidate the mechanisms through which digital trade influ-
ences firms’ green practices but also to provide robust em-
pirical evidence and policy guidance for developing coun-
tries seeking to formulate targeted digital trade policies to
advance green and high-quality development.

Research on green investment has evolved into a rel-
atively systematic theoretical framework. Scholars have
generally conceptualized it as a professional expression of
corporate social responsibility that integrates environmen-
tal, economic, and social dimensions to create multidimen-
sional value (Chen and Ma, 2021). The existing literature
has primarily focused on the determinants of green invest-
ment, including economic growth and financial systems
(Eyraud et al., 2013; Mnif et al., 2024), stakeholder pres-
sures (Schaltenbrand et al., 2018); corporate Environmen-
tal, Social and Governance (ESG) strategies (Villabruna et
al., 2024); the trends, paradigms, and structures of green
investment (Eyraud et al., 2013; Magalhaes, 2021); and
investor responses to green initiatives (Martin and Moser,
2016; Rizvi et al., 2022). However, this body of research
has largely concentrated on the scale of investment, without
adequately addressing the effectiveness of resource alloca-
tion.

In the domain of green investment efficiency, the aca-
demic focus has gradually shifted from macro-level anal-
yses to micro-level measurement and methodological in-
novation. Direct research on green investment efficiency
remains limited though. Existing studies have developed

efficiency evaluation models (Kim et al., 2015; Fan et al.,
2022; Li et al., 2022) and investigated the regulatory roles
of financial instruments and environmental policies, such as
the marketization effects of green bonds (Shi et al., 2023),
the optimization of resource allocation through green credit
(Li et al., 2023b; Tian et al., 2024), the efficiency-enhancing
“forced mechanism” of environmental regulations (Chen et
al., 2023), the influence of managerial green awareness and
green human resource practices (Moraes et al., 2019; Mu-
nawar et al., 2022), and the role of digital empowerment
in enhancing corporate green efficiency (Liao et al., 2023).
Despite policy guidance and fiscal support intended to mit-
igate their underinvestment in green projects (Owen et al.,
2018), companies continue to face a fundamental trade-off
between financial performance and sustainability-oriented
investment (Narayanan et al., 2021).

Digital trade, as an emerging area of inquiry, has
gained increasing attention for its implications for environ-
mental sustainability. The literature has predominantly ex-
amined its environmental (Chen and Feng, 2019; Zhang
et al., 2022) and economic effects (Danish et al., 2023;
Herman and Oliver, 2023). Evidence indicates that digital
trade contributes to green transformation by reducing car-
bon emissions (Wang et al., 2023; Ashraf et al., 2024; Li
et al., 2024; Wang et al., 2024b) and fostering technologi-
cal innovation (Wen et al., 2023; Xiao et al., 2023). More-
over, digital trade positively influences green total factor
productivity (Dai et al., 2025). Yet, most of these stud-
ies remain at the macro level and provide little insight into
the micro-level mechanisms by which digital trade affects
firms’ green investment efficiency. In particular, they fail
to illuminate the specific pathways through which digital
trade alleviates efficiency constraints in green investment.

Although research has addressed green investment, ef-
ficiency measurement, and digital trade from diverse per-
spectives, several gaps persist. First, the green investment
literature emphasizes investment scale and its determinants
but overlooks the intrinsic issue of resource allocation ef-
ficiency. Second, studies on green investment efficiency,
despite methodological progress, tend to rely on macro-
level policy or financial instruments and have not suffi-
ciently uncovered the micro-level mechanisms underlying
efficiency improvements. Third, research on digital trade
has concentrated on its macroeconomic and environmental
effects, without establishing a direct theoretical linkage to
firms’ green investment efficiency. It also lacks system-
atic analysis of the role of digital technologies in address-
ing efficiency challenges in green investment. This study
addresses these gaps by developing a micro-level analyti-
cal framework linking digital trade to firms’ green invest-
ment efficiency and empirically testing its mechanisms and
channels of influence. In doing so, this work not only ad-
vances the literature by integratingmicro-level mechanisms
with cross-domain perspectives but also provides theoreti-
cal foundations and practical implications for firms seeking
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to optimize green resource allocation and for policymakers
aiming to design effective green development strategies.

With the exogenous shocks provided by the compre-
hensive cross-border e-commerce pilot zone, this study
empirically investigates the relationship between digital
trade and green investment efficiency using the staggered
difference-in-differences model. We find that digital trade
exerts a positive driving effect on corporate green invest-
ment efficiency, demonstrating its significant potential as
a policy instrument. This positive effect operates primar-
ily through increasing internal Research and Development
(R&D) investment, promoting industrial structure upgrad-
ing, and strengthening digital platforms development. Fur-
ther analysis reveals that this positive effect is significant
among enterprises with high media attention, high environ-
mental quality, those located in eastern and central regions,
and those operating on a larger scale.

This study enriches the literature in three ways. First,
based on an efficiency perspective, we explore the utility
of digital trade in green investment, enriching the research
on the effects of digital trade and green investment effi-
ciency. The existing literature on green investment effi-
ciency has primarily concentrated on evaluation (Kim et al.,
2015; Fan et al., 2022; Li et al., 2022) and on the effects of
green credit (Li et al., 2023b; Tian et al., 2024) and digi-
tal empowerment (Liao et al., 2023), neglecting exploration
of green investment efficiency from the digital trade per-
spective. Similarly, the existing literature on digital trade
effects has focused on environmental sustainability (Chen
and Feng, 2019; Zhang et al., 2022), economic performance
(Danish et al., 2023; Herman and Oliver, 2023), technologi-
cal innovation (Wen et al., 2023; Xiao et al., 2023), and car-
bon emissions (Wang et al., 2023; Li et al., 2024; Wang et
al., 2024b), neglecting green efficiency considerations. We
find that digital trade accelerates enterprises’ green invest-
ment efficiency, thus providing direct empirical evidence
of its contribution.

Second, R&D investment, industrial structure upgrad-
ing, and digital platform development constitute important
channels for revealing the underlying mechanisms through
which digital trade affects firms’ green investment effi-
ciency, thereby deepening the understanding of the critical
issue of how digital trade empowers firms’ high-quality de-
velopment. Although the existing literature has focuses on
the relationship between digital trade, green innovation, and
carbon emissions, we find that digital trade enhances green
investment efficiency by increasing R&D investment, pro-
moting industrial structure upgrading, and strengthening
digital platform development. Therefore, we uncover the
fundamental drivers behind this empowerment.

Finally, based on the multiple heterogeneous factors,
such as media and environmental quality, we explore the
varying effects of digital trade on green investment effi-
ciency. The results show that the efficiency gains empow-
ered by digital trade are more significant among enterprises

with high media attention, high environmental quality, and
those located in eastern and central regions, and those op-
eration on a large scale. These findings provide empirical
evidence for promoting digital trade openness, developing
green health, and providing valuable references for policy-
makers and regulators in the precise implementation of dig-
ital trade strategies.

2. Theoretical Analysis and Research
Hypothesis
2.1 Digital Trade and Green Investment Efficiency

Digital trade is closely linked to green and low-carbon
development goals, providing impetus for enhancing green
investment efficiency. Through digital trade, enterprises
can strengthen connections with stakeholders, reduce the
negative benefits of information asymmetry, and increase
their inclination to undertake green investments and imple-
ment green projects, thereby improving the green invest-
ment efficiency.

From the perspective of green project decision mak-
ing, digital trade is instrumental in optimizing investment
choices. First, traditional trade through physical transac-
tions often has difficulty in tracking, measuring, and mon-
itoring the environmental and social information of enter-
prises (Sivaraman et al., 2007). Digital trade enables low-
cost, cross-border information dissemination through dig-
ital technology, which helps dismantle the “information
silo” and enhances responsible governance of enterprises
and trade activities by stakeholders and the public (Ma et
al., 2019). It consequently boosts enterprises’ willingness
to invest green investment projects and provides power-
ful support for increasing their green investment efficiency.
Second, the rise and expansion of digital trade foster up-
grading of consumption structures (Wang et al., 2023), cre-
ating green demand. To cater to this demand from stake-
holders and the public, enterprises reinforce green strate-
gies and increase R&D in green technologies, thereby pro-
viding technological impetus for the clean energy indus-
try (Lin and Zhu, 2019; Li et al., 2022). Finally, digital
trade expedites the collection, processing, analysis, and cir-
culation of data through digital technology, helping enter-
prises transform their green decisionmaking from “satisfac-
tion” to “wisdom” (Jafari-Sadeghi et al., 2023). According
to attention-based theory, when enterprises concentrate on
green projects, they can optimize resource allocation, re-
duce resource mismatch, and lower energy consumption,
thereby enhancing environmental governance and green in-
vestment efficiency (Liao et al., 2023).

From an implementation perspective, the widespread
adoption of digital technology within the trade sector
has significantly transformed traditional organizational
paradigms and operational mechanisms, thereby improv-
ing trade efficiency, reducing energy consumption, and
supporting green investment. First, concerning production
mode, digital trade enhances flexible production and intel-
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ligent manufacturing through information technology and
advanced analytics. It then enables high-turnover produc-
tion processes, reduces unnecessary material consumption,
and promotes green transformation (Wang et al., 2024a).
Second, concerning marketing model, digital trade inte-
grates products and end consumers within a unified digi-
tal ecosystem, breaking down the obstacles between supply
and demand. This precise matching curtails energy con-
sumption and lowers product storage costs during transac-
tions, and further enhancing green investment efficiency (Li
et al., 2024). Finally, concerning product transportation,
digital trade leverages technologies such as blockchain, In-
ternet of Things, and intelligent devices to improve the in-
telligence and automation level of the logistics system, in-
crease the accuracy and efficiency of transportation, reduce
energy consumption in traditional logistics, optimize the re-
source allocation, and further enhance green investment ef-
ficiency (Ishida, 2015). This discussion leads us to propose
the following:

Hypothesis 1: Digital trade can significantly improve
corporate green investment efficiency.

2.2 Mechanisms of Digital Trade on Green Investment
Efficiency
2.2.1 Digital Trade, R&D Investment and Green
Investment Efficiency

Digital trade stimulates enterprises’ R&D investment
through the innovation and transformation effect, which
further promotes green technology innovation and green in-
vestment efficiency. First, digital technology has emerged
as a crucial force in shaping the core competitiveness of dig-
ital trade that is closely linked to organizational paradigms
and production modes of enterprises. Second, digital trade
development makes trade convenient and liberalized, accel-
erates the inter-regional flow of resources, intensifies the
competition, and speeds up the embedding of international
standards (Wen et al., 2023; Xiao et al., 2023). These dy-
namics require enterprises to increase green R&D invest-
ment to comply with international environmental standards.
Finally, digital trade development changes the social con-
sumption structure, prompting the rise of green demand
(Wang et al., 2023). To meet this demand, enterprises en-
gage in collaborative green initiatives with other innova-
tion entities, strengthen knowledge spillover, and circulate
innovative elements, thus improving green innovation ca-
pacity and efficiency. Furthermore, digital trade acceler-
ates the R&D investment of enterprises through the inno-
vation and transformation effect; fosters the agglomeration
of capital, talent, and other factors of production; speeds
up the integration of innovation resources, improves inno-
vation efficiency (Li et al., 2024), and promotes green pro-
duction technology upgrading, thereby improving the green
investment efficiency. From the perspective of enterprise
investment decision making, managers do not favor green
investment projects because of their long-term nature, high

inputs, and uncertain returns. Enterprises cannot obtain re-
turns in the short term. However, the technological up-
grading and knowledge increment generated through R&D
investment can increase energy utilization and reduce re-
turn uncertainty, thereby increasing managers’ attention to
green investment.

Based on resource-based view, enterprises’ core com-
petitiveness originates from their ability to acquire and uti-
lize resources effectively. R&D investment is considered
a strategic resource for enterprises’ green investment, pro-
viding technical support and knowledge accumulation for
innovation. Through increasing R&D investment, devel-
oping green energy technology, optimizing production pro-
cesses, and accumulating green knowledge stock, enter-
prises can secure critical resources, raise investment lev-
els, and improve resource allocation and investment ef-
ficiency (Liu and Zhen, 2022a). From a green invest-
ment decision-making perspective, R&D investment pro-
vides an innovative driving force for green technology de-
velopment, enabling enterprises to overcome the technolog-
ical bottlenecks that often hinder traditional green invest-
ment projects. The technological upgrading and knowl-
edge learning brought by continuous investment in R&D
enhances corporate resource utilization efficiency and mit-
igates risks associated with the long-term and uncertain
nature of green investment projects (Wen et al., 2023).
Through the integration and optimization of technology
and knowledge resources, enterprises can allocate green re-
sources efficiently, thereby boosting green investment effi-
ciency and fostering a balance between environmental pro-
tection and economic benefits (Zhang et al., 2019a). There-
fore, we develop the second hypothesis:

Hypothesis 2: Digital trade can stimulate enterprises
to increase R&D investment, thereby contributing to their
green investment efficiency.

2.2.2 Digital Trade, Industrial Structure Upgrading, and
Green Investment Efficiency

The rapid development of digital trade facilitates in-
dustrial structural upgrading, promoting both industrial ra-
tionalization and advancement. Firstly, empowered by dig-
ital technology, digital trade accelerates the process of in-
dustrial digitalization and stimulates the growth of infor-
mation services and electronic industries such as comput-
ing and communications. Secondly, digital trade enhances
the circulation, processing, and efficient allocation of data
elements through digital technologies. It reshapes the struc-
ture of social supply and demand, mitigates imbalances in
industrial supply and demand, and thereby promotes in-
dustrial structural upgrading (Wang and Li, 2024c). Fi-
nally, digital trade encourages industrial scaling, generates
agglomeration effects, improves synergy within industrial
chains, and reduces costs associated with irrational indus-
trial structures (Li et al., 2024), ultimately optimizing the in-
dustrial framework. Furthermore, digital trade accelerates
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industrial upgrading, driving the gradual phase-out of high-
energy-consumption and high-pollution industries while fa-
cilitating the transition of enterprises toward low-energy-
consumption and low-carbon alternatives. This transfor-
mation enhances energy utilization efficiency, optimizes re-
source allocation, and contributes to improved green invest-
ment efficiency (Sun et al., 2024).

Based on the “technology-economy” paradigm the-
ory, enterprises can reshape production modes and cost
structures through technological progress (Tang and Lan,
2024). Specifically, in the context of digital trade, the ap-
plication of digital technologies enables firms to transform
traditional high-energy-consumption and high-pollution in-
dustries into green industries, thereby providing additional
capital reserves and technical support for green investment.
Moreover, enterprises can utilize renewable resources more
efficiently through green technologies, reduce resource
waste, and enhance green investment efficiency alongside
industrial upgrading. Additionally, technological revolu-
tion has reshaped corporate ecosystems. With the advance-
ment of digital trade, collaboration and integration between
upstream and downstream industries become more seam-
less, accelerating the formation of green industrial chains
(Du et al., 2021). Within this ecosystem, resource sharing
and the dissemination of green technologies through col-
laborative innovation can more effectively promote the im-
plementation of green investment projects. From the per-
spective of corporate investment decision-making, indus-
trial structural upgrading increases firms’ willingness to in-
vest in green projects. According to attention-based the-
ory, when enterprises prioritize low-energy-consumption
and low-carbon transition projects, increase investments
in green initiatives, and optimize the allocation of green
resources, the public can better supervise corporate envi-
ronmental responsibilities, thereby enhancing green invest-
ment efficiency. Therefore, we propose the following hy-
pothesis:

Hypothesis 3: Digital trade enhances green invest-
ment efficiency by promoting industrial structure upgrad-
ing.

2.2.3 Digital Trade, Digital Platform Development, and
Green Investment Efficiency

Digital platform development constitutes an indis-
pensable intermediary channel through which digital trade
affects firms’ green investment efficiency. As a key ve-
hicle of institutional innovation, digital trade policies pro-
vide strong support and development momentum for the
construction of digital platform infrastructure. The imple-
mentation of policies such as the Cross-border E-commerce
Comprehensive Pilot Zone (CEPZ) has promoted the estab-
lishment and improvement of online integrated service plat-
forms, such as “single window” systems. These policies
substantially reduce the institutional transaction costs for
firms to access platforms and engage in digital collabora-

tion (Wang et al., 2025). This platform-based development
not only enhances trade facilitation but, more importantly,
provides the necessary infrastructural conditions for firms’
green transformation.

Digital platforms influence firms’ green investment
efficiency through three interrelated mechanisms. First, by
aggregating global green technologies and solutions, digi-
tal platforms create efficient technology search and match-
ing mechanisms, significantly reducing firms’ information
and trial-and-error costs for acquiring energy-saving and
emission-reduction technologies (Shen and Zhang, 2024).
Second, the use of digital platforms enables traceability
across the entire supply chain, making product carbon
footprints and energy consumption information visible and
manageable. This transparency, in turn, pressures sup-
ply chain partners to jointly implement emission reduction
measures through market mechanisms (Zhang et al., 2024).
Third, platforms integrate information, logistics, and capi-
tal flows in trade processes, providing data support for the
precise pricing and delivery of green financial products, ef-
fectively alleviating financing constraints for green invest-
ment (Li et al., 2023a).

External conditions may moderate the mediating ef-
fect of digital platforms. The quality of the institutional en-
vironment, the level of market development, and the state
of technological infrastructure can influence the magnitude
and direction of platform effects (Pardo and Tayi, 2007;
Bonina et al., 2021). In particular, in regions with well-
developed institutional environments, digital platforms are
likely to realize their resource integration and information
transmission functions, enhancing green investment effi-
ciency. Therefore, we propose the following hypothesis:

Hypothesis 4: Digital trade enhances green invest-
ment efficiency by promoting digital platform develop-
ment.

3. Research Design
3.1 Data

This study is based on a sample of China’s A-share
listed companies in heavy polluting industries from 2010
to 2020. The rationale for this research design is three-
fold. First, China’s unique CEPZ policy provides a quasi-
natural experimental setting. Its phased pilot implementa-
tion enables a credible identification of the causal impact
of digital trade on green investment efficiency. Compa-
rable policy frameworks are largely absent in other coun-
tries. Moreover, as the largest developing country facing
severe environmental challenges, China’s transformation
dilemmas and policy-driven approach hold strong represen-
tativeness for other emerging economies. Second, heavily
polluting industries constitute the primary sources of re-
source depletion and environmental degradation and face
the most stringent pressures of green transformation and
compliance costs. Their persistent inefficiency in green
investment makes them a critical testing ground for ex-
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amining whether digital trade can alleviate the “economy–
environment” trade-off. Third, A-share listed companies
are subject to mandatory disclosure requirements, thereby
providing continuous, standardized, and comparable finan-
cial and environmental data. The superior quality and com-
parability of such data, relative to non-listed firms, allow
for precise measurement of “green investment efficiency”
andmitigate scale-related biases. Accordingly, selecting A-
share listed firms in heavily polluting industries ensures that
the sample serves as the most effective and reliable foun-
dation for addressing the core research question. Given
that theMinistry of Environmental Protection (MEP) issued
the Guideline on Environmental Information Disclosure of
Listed Companies in 2010, the number of heavily polluting
companies making social responsibility disclosures has in-
creased. Thus, 2010 was selected as the starting year of
the sample period. We obtained green investments date
manually from the annual reports of listed companies, and
other data from the China Stock Market & Accounting Re-
search (CSMAR) database, the China Research Data Ser-
vices (CNRDS) digital library, official government web-
sites, and the China Statistical Yearbook. To fulfill the re-
search purpose, we eliminated the following variables: (1)
listed companies with ST and *ST designations, (2) com-
panies in the financial industry, and (3) observations with
missing values in the main variables. To limit extreme val-
ues, we applied the 1% upper and lower trimming treatment
to all continuous variables. Finally, we obtained 1846 ob-
servations.

3.2 Model Design

To promote the sustainable, healthy, and rapid devel-
opment of cross-border e-commerce; address the obstacles
and challenges arising in its expansion; and provide en-
terprises with tangible facilitation measures, China’s State
Council approved the establishment of the first CEPZ in
Hangzhou in 2015. Subsequently, to disseminate the ma-
ture practices and experiences of the Hangzhou pilot, the
State Council successively approved the second to the sev-
enth batches of CEPZs between 2016 and 2022. Follow-
ing these expansions, 165 cities have established compre-
hensive CEPZs. Unlike traditional free trade zones, which
primarily emphasize tariff reductions, the core value of the
CEPZ lies in constructing a novel regulatory framework tai-
lored to the development of digital trade. Its reform mea-
sures essentially serve to reduce the institutional costs of
digital transactions. Moreover, according to the General
Administration of Customs Announcement No. 26 (2016),
enterprises within the CEPZ must process relevant oper-
ations through the digital cross-border e-commerce clear-
ance service platform, making the use of digital tools a
prerequisite for enjoying policy benefits. This inherent re-
liance on digital interfaces renders the CEPZ not merely
a policy package but also an integrated vehicle of techno-
logical and institutional empowerment in digital trade. As

the first nationwide, systematic institutional innovation for
digital trade, the CEPZ provides an ideal quasi-natural ex-
perimental setting for applying a staggered difference-in-
differences approach to assess its effect on green investment
efficiency. We set up the following model:

GIEit = β0 +β1 ×DIDit + γControlsit +ϕc+λt + εit
(1)

Where dependent variable GIEit represents enter-
prise i’s green investment efficiency in year t. The explana-
tory variableDIDit represents whether enterprise i’s city is
approved as a comprehensive CEPZ in year t, with a value
of 1 if yes, and 0 otherwise. β1 is a DID estimator, which
we expect to be negative. ϕc and λt represents the city-
fixed and year-fixed effect, respectively. εit represents the
random error term, and Controlsit represents control vari-
ables.

3.3 Definition of Variables
3.3.1 Dependent Variables

The explanatory variable in this study is green invest-
ment efficiency. Drawing on Richardson (2006) and Liu et
al. (2022b), we estimated this variable in Model (2).

GIit = α0 + α1IOit + α2Cashit + α3Sizeit + α4ORit

+ α5GIit−1 + α6Top1it + α7SOEit + α8Dpiit

+ α9Waterit + α10Airit + ηi + λt + εit
(2)

Where GI is the firm’s green investment. Following
Liu et al. (2022b), GI = log (greening fee, sewage fee, and
environmental protection-related expenditures in the man-
agement fee/operating income). IO represents investment
plan, measured by net profit divided by owner’s equity.
Cash represents cash flow, measured by money funds di-
vided by total assets. OR represents operating profit, mea-
sured by Earnings Before Interest and Taxes (EBIT) di-
vided by total assets. Dpi denotes regional investment in
industrial pollution prevention and treatment, measured by
completed investment in industrial pollution prevention and
treatment divided by industry value-added. Water denotes
the Chemical Oxygen Demand (COD) and ammonia nitro-
gen emissions from industrial wastewater. Air denotes the
SO2 and nitrogen oxide emissions from industrial waste
gas. Table 1 lists other variables in Model (2). The residual
value estimated by Model (2) represents the deviation of a
firm’s actual green investment level from the optimal scale
of green investment, indicating the inefficiency in corpo-
rate green investment. A negative residual signifies under-
investment in green projects by the sample firm, while a
positive residual suggests over-investment. Therefore, this
study uses the absolute value of the estimated residual to
measure corporate green investment efficiency (GIE). A
larger absolute value indicates a greater deviation between
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Table 1. Specific definitions of variables.
Variable type Variable Symbol Definition

Dependent variable Green investment efficiency GIE Using model (2) to calculate the absolute
value of the residuals represents

Independent variable Digital trade DID If the firm’s city is approved as a pilot city in
year t, with a value of 1, and 0 otherwise.

Control variables

Financial leverage Lev total liabilities/total assets
Total asset growth rate Totassgrt Growth rate of total assets

Enterprise age Age ln (current year – listing year + 1)
Profitability ROE net profit/net asset
Size of firm Size Log (total assets)

Occupy of funds by major shareholders Occupy Net other receivables/total assets
Top shareholder ownership Top1 Number of shares held by largest

shareholder/total number of shares
Nature of ownership SOE State-owned enterprises take the value of 1,

otherwise 0
Big four audit Big4 Firms audited by Big 4 take the value of 1,

otherwise 0
Inventory ratio Inv Inventory/total assets

the actual green investment and the optimal level, reflecting
a higher degree of green investment inefficiency and, thus,
lower green investment efficiency. Given that the mea-
surement of green investment efficiency requires first-order
lagged data (Liao et al., 2023), the data of green investment
efficiency in this study spans from 2011 to 2020.

3.3.2 Independent Variable

Given the sample’s continuity, we selected a total of
105 comprehensive CEPZ cities in the first five batches
(2015–2020) to represent digital trade (DID). According to
the announcement time, some cities have less than one year
during the year of announcement. Therefore, we counted
the cities approved before June as the current year, and
those approved after June are deferred to the next year for
counting.

3.3.3 Control Variables

Following Liao et al. (2023), we selected a series of
control variables. They are Financial leverage (Lev), Total
asset growth rate (Totassgrt), Enterprise age (Age), Prof-
itability (ROE), Firm size (Size), Occupancy of funds by
major shareholders (Occupy), Top shareholder ownership
(Top1), Nature of ownership (SOE), Big Four Audit (Big4),
and Inventory ratio (Inv). Table 1 lists and defines the spe-
cific variables.

4. Empirical Result Analysis
4.1 Descriptive Statistics

Table 2 presents the descriptive statistics for the main
variables. The mean green investment efficiency (GIE)
level is 0.591, with a variance of 0.719. The average green
investment efficiency level among heavy-polluting firms in

China is relatively low, and the variation among enterprises
is significant. The mean digital trade (DID) level is 0.139,
suggesting that approximately 13.9% of the companies are
covered by the CEPZ.

4.2 Regression Result Analysis

Table 3 examines the effect of digital trade on enter-
prises’ green investment efficiency. Column (1) considers
only the independent variable, showing that digital trade
(DID) is –0.172 and significantly negatively correlated with
green investment efficiency at the 5% level. Column (2) in-
cludes control variables, where digital trade (DID) is –0.19
and significantly negative at the 1% level. After the imple-
mentation of the digital trade policy, the green investment
efficiency of firms in pilot regions increased significantly
by 19%. Moreover, after controlling for firm-specific char-
acteristics, the “net effect” of the digital trade policy on en-
hancing green investment efficiency becomes pronounced
and robust, supporting Hypothesis 1.

4.3 Robustness Test
4.3.1 Parallel Trend Test

The validity of the difference-in-differences model is
that the assumption of parallel trends must be met. That
is, the trend of changes in the green investment efficiency
for pilot and non-pilot cities should be parallel before the
policy’s implementation. Therefore, we construct the fol-
lowing model for testing:

GIEit = β0+

3∑
t=−3

βtDIDit+λControlsit+ϕc+λt+εit

(3)
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Table 2. Descriptive statistical results.
Variables N (Number) Mean SD (Standard Deviation) Min Med Max

GIE 1846 0.591 0.719 0 0.379 7.584
DID 1846 0.139 0.346 0 0 1
Lev 1846 0.444 0.195 0.032 0.447 0.895
Totassgrt 1846 0.131 0.293 –0.339 0.074 5.116
Age 1846 2.363 0.686 0.693 2.565 3.332
ROE 1846 0.062 0.106 –0.526 0.059 0.419
Size 1846 22.610 1.243 19.770 22.460 26.250
Occupy 1846 0.010 0.018 0 0.005 0.168
Top1 1846 0.376 0.148 0.083 0.361 0.758
SOE 1846 0.528 0.499 0 1 1
Big4 1846 0.058 0.234 0 0 1
Inv 1846 0.122 0.099 0.001 0.097 0.650

Table 3. Benchmark regression results.

Variables
(1) (2)

GIE GIE

DID –0.172** –0.185***
(–2.471) (–2.669)

Lev –0.350**
(–2.531)

Totassgrt 0.142**
(2.401)

Age 0.068*
(1.738)

ROE 0.124
(0.667)

Size –0.008
(–0.345)

Occupy 3.089***
(3.098)

Top1 0.000
(0.108)

SOE –0.031
(–0.529)

Big4 –0.179*
(–1.817)

Inv –0.544**
(–2.275)

Constant 0.614*** 0.830*
(33.016) (1.637)

Observations 1846 1846
R-squared 0.182 0.201
City Yes Yes
Year Yes Yes
Note: t value in parentheses, ***, **, and * represent the
significance level of 1%, 5%, and 10%. The same signifi-
cance levels (***, **, and *) apply to Tables 4–8.

In Model (3), DIDit denotes whether the firm’s city
is approved as a pilot city in year t, with a value of 1 if yes,
and 0 otherwise. Other variables are consistent with Model

(1). To visually observe the parallel trend results, all sample
results are reported at 95% confidence intervals.

As shown in Fig. 1, before the implementation of the
policy in 2015, the estimated coefficient was not statisti-
cally significant, indicating that the green investment effi-
ciency of enterprises in the experimental and control groups
was consistent before the policy took effect. Following pol-
icy implementation, the estimated coefficient became sig-
nificantly negative, demonstrating a marked improvement
in green investment efficiency among enterprises in the ex-
perimental group. This observation satisfies the parallel
trends assumption.

4.3.2 Placebo Test
To exclude the influence of other unobservable fac-

tors on the results, we drew on Liu and Lu (2015) to con-
duct a placebo test. It randomly generates an experimental
group and randomly assigns it a policy time, constructs a
new interaction term and replaces the one in Model (1) to
re-estimate the regression. The above process is repeated
500 times.

Fig. 2 indicates that the coefficients of digital trade
(DID) follow a normal distribution centered around zero
and do not intersect with the true estimated coefficient (–
0.19). Thus, excluding the effect of other unobservable fac-
tors on the benchmark regression results proves that digital
trade enhances green investment efficiency.

4.3.3 Anticipated Effects Test
To eliminate the influence of anticipated effects on the

regression results, we manually advanced the policy imple-
mentation time by one, two, and three years; created new
interaction terms; and added them in Model (1).

Table 4 shows that the newly added variables are sta-
tistically insignificant, whereas the digital trade (DID) is not
significantly changed. Therefore, the results are valid.

8

https://www.imrpress.com


Fig. 1. Parallel trend test result.

4.3.4 Exclusion of Policy Effects

To avoid other policies affecting green investment ef-
ficiency during the research period, we conducted an ex-
haustive search and categorization of pilot policies poten-
tially impacting green investment efficiency during the re-
search period. We found that the LowCarbon City Pilot and
Broadband China may affect green investment efficiency.
We controlled for these policies in Model (1), where LC
represents whether the enterprise’s city belongs to the low-
carbon city pilot in the current year, with a value of 1 if yes,
and 0 otherwise. BBC represents whether the enterprise’s
city is a demonstration city for “Broadband China” in the
current year, with a value of 1 if yes, and 0 otherwise.

Table 5 Column (1)–(3) shows that, after excluding
the influence of other policies, the digital trade policy con-
sistently increased firms’ green investment efficiency by
approximately 18%–19%. Compared with the baseline re-
gression, no significant changes are observed, confirming
the robustness of the policy’s positive effect on optimizing
green investment efficiency.

4.3.5 Exclude Reverse Causality

If firms with inherently high green efficiency are
likely to relocate to CEPZ cities, the observed effect may be

driven by such migration behavior rather than by the pol-
icy itself. To rule out the possibility of reverse causality,
we used historical data on the registered addresses of listed
companies from the CSMAR database. We excluded firms
that relocated to pilot cities only after the implementation of
the CEPZ policy, leaving only the “native” firms that were
already present before the policy and did not move.

As shown in column (4) of Table 5, the coefficient
for digital trade (DID) is –0.132, which remains signifi-
cantly negative. Its absolute value of 0.132 is smaller than
that of the baseline regression coefficient (0.19), indicat-
ing that by excluding migrating firms, we successfully re-
moved the “selection effect” caused by the policy attract-
ing high-efficiency firms. We retained only the “net treat-
ment effect” reflecting the policy’s actual stimulation of
local firms’ transformation. This improvement primarily
arises from the policy genuinely promoting local firms’
green transformation and innovation activities, rather than
from a selection bias because of attracting high-efficiency
firms.

4.3.6 Propensity Score Matching Difference in Differences
(PSM-DID)

To further alleviate the endogeneity problem caused
by sample selection bias, we used the PSMmethod to screen
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Fig. 2. Placebo test result.

the sample. Specifically, we first selected control variables
in the same year as the covariates for matching. Second, we
used the nearest neighbor matching, radius matching, and
kernel matching methods to match samples. Finally, we
performed regression based on the matched samples. Ta-
ble 6 reports the results. The digital trade (DID) is signif-
icantly negative at the 1% level, supporting the results of
this study.

5. Further Analysis
5.1 Mechanism Test

According to the previous theoretical analysis, digital
trade may influence green investment efficiency by increas-
ing R&D expenditure, promoting industrial structures up-
grading, and strengthening digital platforms development.
To test the effects of digital trade on green investment ef-
ficiency, we followed Jiang (2022) and formulated Model
(4):

INTit = β0+β1×DIDit+γControlsit+ϕc+λt+εit (4)

In Model (4), INTit denotes R&D investment (Rd),
industrial structure upgrading (IS) and digital platform de-
velopment (DP). The indicators are measured as follows:
R&D investment = (R&Dexpenditures/operating revenues)
× 100. Industrial structure upgrading = the value-added
of tertiary industry/the value-added of secondary industry.

Following the approach ofWu et al. (2021) and other schol-
ars, we measured firms’ digital platform development (DP)
by summing the frequencies of keywords related to big data
technologies, cloud computing, blockchain technologies,
and digital applications in the annual reports of listed com-
panies, adding 1, and then taking the natural logarithm.

Column (1) in Table 7 reports the results for the ef-
fect of R&D investment. Digital trade (DID) is significantly
positive at the 1% level, indicating that each unit increase
in digital trade promotes a 0.6% increase in firms’ R&D in-
vestment. The Sobel test yields a Z-statistic of -3.872, sig-
nificant at the 1% level, with the mediation effect account-
ing for 32%, suggesting that R&D investment plays a partial
mediating role. As previously discussed, R&D investment
promotes green technological innovation, increases knowl-
edge spillovers, optimizes resource allocation, and thus en-
hances green investment efficiency. Hypothesis 2 is ver-
ified. The possible reason is that the application of dig-
ital technology in trade enhances firms’ market competi-
tiveness and stimulates their enthusiasm for R&D in green
technology. Specifically, digital trade facilitates enterprises
to carry out technological innovation, improves their abil-
ity to accurately predict market trends, shortens the inno-
vation cycle, and intensifies the competition among enter-
prises. This competition prompts them to further invest en-
ergy and resources in green technology upgrading and dig-
ital knowledge reserves. After breaking through the tech-
nological dilemma faced by traditional green investment,
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Table 4. Anticipated effects test.

Variables
(1) (2) (3)

GIE GIE GIE

DID –0.171** –0.184*** –0.160**
(–2.419) (–2.653) (–2.238)

Treat × Year2014 –0.079
(–0.956)

Treat × Year2013 0.054
(0.642)

Treat × Year2012 0.121
(1.392)

Lev –0.356** –0.342** –0.328**
(–2.568) (–2.459) (–2.355)

Totassgrt 0.142** 0.142** 0.140**
(2.397) (2.408) (2.372)

Age 0.068* 0.067* 0.066*
(1.729) (1.722) (1.682)

ROE 0.123 0.124 0.120
(0.661) (0.666) (0.645)

Size –0.008 –0.009 –0.009
(–0.328) (–0.348) (–0.363)

Occupy 3.074*** 3.076*** 3.074***
(3.082) (3.084) (3.083)

Top1 0.023 0.015 0.012
(0.136) (0.091) (0.072)

SOE –0.030 –0.032 –0.033
(–0.506) (–0.542) (–0.567)

Big4 –0.182* –0.177* –0.173*
(–1.845) (–1.790) (–1.758)

Inv –0.541** –0.544** –0.543**
(–2.266) (–2.277) (–2.272)

Constant 0.843* 0.809 0.776
(1.662) (1.593) (1.526)

Observations 1846 1846 1846
R-squared 0.201 0.201 0.202
City Yes Yes Yes
Year Yes Yes Yes

enterprises can allocate green resources rationally, enhance
the effectiveness of green resources, and mitigate the inher-
ent challenges of long-term and uncertain returns associated
with green investments.

Column (2) of Table 7 reports the results for the ef-
fect of industrial structure upgrading. Digital trade (DID)
is significantly positive at the 1% level, indicating that each
unit increase in digital trade raises the degree of industrial
structure upgrading by 7.6%. The Sobel test yields a Z-
statistic of –4.215, which is significant at the 1% level, with
the mediation effect accounting for 41.8%, suggesting that
industrial structure upgrading plays a partial mediating role.
As noted above, digital trade encourages firms to under-
take low-carbon transformation and increase environmental
awareness, thereby enhancing green investment efficiency,
confirming Hypothesis 3. Possible explanations are as fol-

lows. When digital trade shifts a city’s economic center
of gravity toward the tertiary industry, it triggers a series
of chain reactions: the agglomeration of high-end service
industries brings richer green technology talent and spe-
cialized financial resources, thereby lowering the thresh-
old and costs for enterprises to undertake green innova-
tion (Liu et al., 2022c). Meanwhile, industrial upgrading
is often accompanied by stricter environmental regulations
and higher factor prices (Zhang et al., 2019b), which com-
pel enterprises to improve resource utilization efficiency
through both compliance pressure and market elimination
mechanisms, ensuring that green investments are allocated
strategically. Furthermore, an economy dominated by ser-
vice industries tends to foster more environmentally con-
scious consumers and investors (Jiang et al., 2025), mean-
ing that green products can achieve better market returns,
thereby incentivizing enterprises from the revenue side to
carry out more efficient and targeted green investments. In
other words, the upgrading of a city’s industrial structure
essentially creates a comprehensive external environment
characterized by “low-cost innovation, high-pressure trans-
formation, and high-return incentives” (Wang et al., 2018).
Within this environment, improving the efficiency of green
investment is no longer merely a policy response for en-
terprises, but rather an economically rational and volitional
choice.

Column (3) of Table 7 presents the results of the me-
diation test for digital platform development. Digital trade
(DID) is significantly positive at the 1% level, indicating
that each unit increase in digital trade promotes a 2.8% in-
crease in the degree of firms’ digital platform development.
The Sobel test yields a Z-statistic of –3.956, significant
at the 1% level, with the mediation effect accounting for
28.5%, suggesting that digital platform development plays
a partial mediating role. As previously noted, digital trade
policies indirectly enhance the precision and marginal ben-
efits of firms’ green investment by promoting the construc-
tion of platform infrastructure, ultimately improving green
investment efficiency. Specifically, digital platforms serve
as hubs for green technology matching, aggregating global
energy-saving and emission-reduction technologies and so-
lutions, thereby substantially reducing technology search
and trial-and-error costs. In addition, digital platforms en-
able transparency and collaboration across the supply chain,
making product carbon footprint and energy consumption
data visible and manageable. Upstream and downstream
firms are then compelled to implement joint emission re-
duction measures. Moreover, digital platforms optimize
the allocation of green factors by leveraging platform data
flows to attract targeted green financial resources, allevi-
ating firms’ financing constraints and enhancing green in-
vestment efficiency.

To mitigate potential reverse causality in the medi-
ation tests, we conducted robustness checks using one-
period-lagged mediating variables. The results, presented
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Table 5. Robustness test results.

Variables
Exclusion of policy effects Exclude reverse causality

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

GIE GIE GIE GIE

DID –0.189*** –0.179** –0.184*** –0.132**
(–2.705) (–2.557) (–2.602) (–2.513)

LC 0.033 0.042
(0.447) (0.562)

BBC –0.032 –0.039
(–0.508) (–0.611)

Lev –0.344** –0.351** –0.343** –0.306**
(–2.470) (–2.538) (–2.465) (–2.382)

Totassgrt 0.141** 0.142** 0.141** 0.135**
(2.383) (2.411) (2.392) (2.296)

Age 0.068* 0.069* 0.068* 0.071*
(1.723) (1.751) (1.735) (1.692)

ROE 0.122 0.123 0.120 0.115
(0.656) (0.661) (0.645) (0.612)

Size –0.009 –0.008 –0.008 –0.009
(–0.348) (–0.342) (–0.346) (–0.318)

Occupy 3.077*** 3.100*** 3.087*** 3.124***
(3.084) (3.108) (3.093) (2.987)

Top1 0.015 0.019 0.016 0.019
(0.089) (0.115) (0.093) (0.089)

SOE –0.032 –0.030 –0.032 –0.030
(–0.548) (–0.522) (–0.544) (–0.512)

Big4 –0.179* –0.181* –0.180* –0.175*
(–1.811) (–1.833) (–1.829) (–1.783)

Inv –0.539** –0.546** –0.541** –0.528**
(–2.255) (–2.284) (–2.261) (–2.195)

Constant 0.819 0.838* 0.826 0.793
(1.614) (1.651) (1.625) (1.582)

Observations 1846 1846 1846 977
R-squared 0.201 0.201 0.201 0.189
City Yes Yes Yes Yes
Year Yes Yes Yes Yes
LC, low-carbon; BBC, Broadband China.

in columns (4)–(6) of Table 7, indicate that lagged R&D
investment, industrial structure upgrading, and digital plat-
form development exhibit significant mediating effects on
the effect of lagged digital trade on green investment ef-
ficiency. Specifically, the mediating effect coefficient of
lagged R&D investment is 0.009, higher than the contem-
poraneous mediating effect coefficient of 0.006, suggest-
ing that R&D innovation exhibits certain accumulation and
lag characteristics, serving as a long-term support factor
for efficiency improvement. The Sobel test yields a Z-
statistic of –4.128, significant at the 1% level, with the me-
diation effect accounting for 33.5%, indicating that lagged
R&D investment plays a partial mediating role. The me-
diating effect of lagged industrial structure upgrading is the
most pronounced, suggesting that digital trade primarily en-
hances green investment efficiency by promoting the struc-
tural shift of the economy toward green industries. This

finding reflects the dominant role of macro-level resource
allocation optimization. The Sobel test yields a Z-statistic
of –4.382, significant at the 1% level, with the mediation
effect accounting for 42.6%, indicating that lagged indus-
trial structure upgrading plays a partial mediating role. The
effect of lagged digital platform development remains sta-
ble, implying that efficiency improvements are achieved
through mechanisms such as compliance with international
green standards and expansion of financing channels via
foreign exchange earnings. The Sobel test yields a Z-
statistic of –3.891, significant at the 1% level, with the me-
diation effect accounting for 29.2%, indicating that lagged
digital platform development plays a partial mediating role.
These findings demonstrate that the causal pathway through
which digital trade enhances green investment efficiency—
by promoting R&D investment, industrial structure upgrad-
ing, and digital platform development—remains robust,
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Table 6. The test results of the Propensity Score Matching
Difference in Differences.

Variables
(1) (2) (3)

nearest neighbor radius kernel

DID –0.205*** –0.184*** –0.184***
(–2.600) (–2.659) (–2.659)

Lev –0.424*** –0.351** –0.351**
(–2.651) (–2.532) (–2.532)

Totassgrt 0.081 0.142** 0.142**
(0.945) (2.399) (2.399)

Age 0.091** 0.068* 0.068*
(2.045) (1.744) (1.744)

ROE 0.168 0.121 0.121
(0.783) (0.651) (0.651)

Size –0.004 –0.008 –0.008
(–0.151) (–0.344) (–0.344)

Occupy 3.130** 3.115*** 3.115***
(2.419) (3.119) (3.119)

Top1 0.051 0.025 0.025
(0.262) (0.148) (0.148)

SOE –0.088 –0.031 –0.031
(–1.346) (–0.524) (–0.524)

Big4 –0.415** –0.175* –0.175*
(–2.340) (–1.771) (–1.771)

Inv –0.418 –0.543** –0.543**
(–1.552) (–2.273) (–2.273)

Constant 0.722 0.826 0.826
(1.288) (1.628) (1.628)

Observations 1544 1844 1844
R-squared 0.210 0.201 0.201
City Yes Yes Yes
Year Yes Yes Yes

thereby reinforcing the reliability of this study’s conclu-
sions.

5.2 Heterogeneity Test

Given that firms present distinct characteristics in dif-
ferent environments, we examined the heterogeneity of dig-
ital trade on green investment efficiency by conducting seg-
mentation tests in four dimensions. They are media atten-
tion, environmental quality, geographic location, and firm
size.

5.2.1 Media Attention Heterogeneity Test

In the era of digital trade, the media serves an essen-
tial function in environmental information dissemination
and public opinion supervision, and exerts a certain influ-
ence on enterprises’ environmental and production behav-
iors (Ren et al., 2023). The high level of media attention
promoted the transparency of information, which drives en-
terprises to focus on environmental responsibility and carry
out green technology innovation and production activities
(Yan, 2023; Sun et al., 2024).

Following Liao et al. (2023), we measured the media
attention index by the frequency of firms’ appearances in
headlines and categorized into high and low groups at me-
dian. Columns (1) and (2) of Table 8 present the results
regarding media attention. Under conditions of high media
attention, the absolute value of digital trade (DID) is 0.217,
significantly negative at the 5% level, which to some ex-
tent raises is above the national average. Under low media
attention, the absolute value of digital trade (DID) is 0.073
and not significant, which is consistent with our expecta-
tions. In other words, in an environment with high media
attention, digital trade can more effectively enhance firms’
green investment efficiency. In an environment with low
media attention, the policy fails primarily because external
supervision is lacking. The Fisher combination test of inter-
group coefficient differences yields significant results. The
effect of digital trade on green investment efficiency varies
significantly across firm samples with different levels of
media attention, making comparative analysis feasible.

5.2.2 Environmental Quality Heterogeneity Test
In areas with high environmental quality, the envi-

ronmental protection concept is deeply rooted in people’s
hearts. Implementing green environmental protection strat-
egy not only fulfils enterprises’ environmental responsibili-
ties but also meet the public’s expectations for a better envi-
ronment in the future. It also shapes their green image, ob-
tains the support of stakeholders, and improves their envi-
ronmental performance, making enterprises inclined to in-
vest green projects (Derchi et al., 2021). Therefore, in areas
with higher environmental quality, enterprises better utilize
digital trade to meet the public’s expectation of a better en-
vironment, thereby enhancing green investment efficiency.

We used the entropy weight method for three waste
emissions to calculate the regional comprehensive envi-
ronmental quality index for each province and categorized
firms into high and low groups at median for regression.
Columns (3) and (4) of Table 8 report the results regard-
ing environmental quality. In regions with high environ-
mental quality, the absolute value of digital trade (DID) is
0.314, significantly negative at the 1% level, which notably
is above the national average. In regions with low environ-
mental quality, the absolute value of digital trade (DID) is
0.091 and not significant. This result aligns with expecta-
tions. Firms in regions with higher environmental quality
can better leverage the effects of digital trade to improve
their green investment efficiency. In regions with low en-
vironmental quality, policy failure is mainly attributable to
insufficient institutional foundations. The Fisher combina-
tion test of inter-group coefficient differences yields sig-
nificant results. The effect of digital trade on firms’ green
investment efficiency varies significantly across firm sam-
ples in regions with different environmental quality, mak-
ing comparative analysis feasible.
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Table 7. Mechanism test.

Variables
Current-period mediation model One-period-lagged mediation model

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

Rd IS DP Rd IS DP

DID 0.006*** 0.076*** 0.028*** 0.009*** 0.078*** 0.026***
(4.062) (4.292) (4.115) (3.501) (4.012) (3.955)

Lev –0.010*** –0.046 –0.044 –0.006*** –0.049 –0.041
(–3.009) (–1.327) (–1.386) (–5.123) (–1.251) (–1.320)

Totassgrt 0.003* 0.006 1.042*** 0.002 0.005 0.988***
(1.906) (0.381) (4.387) (1.432) (0.348) (4.251)

Age –0.007*** 0.013 0.014 –0.002 0.093** 0.013
(–7.870) (1.328) (1.392) (–0.502) (2.077) (1.345)

ROE –0.002 –0.101** –0.016 –0.003*** –0.003 –0.015
(–0.478) (–2.151) (–1.058) (–5.211) (–0.077) (–1.021)

Size –0.003*** 0.006 0.006 –0.016 0.968*** 0.005
(–5.378) (0.953) (0.987) (–0.704) (4.101) (0.943)

Occupy –0.017 1.054*** 0.005 –0.009*** 0.068 0.004
(–0.726) (4.269) (0.397) (–2.897) (1.101) (0.365)

Top1 –0.010*** 0.025 0.024 –0.002 0.023 0.022
(–2.583) (0.598) (0.621) (–1.553) (0.163) (0.585)

SOE –0.002 –0.015 –0.098** –0.001 –0.014** –0.091**
(–1.481) (–1.014) (–2.236) (–0.432) (–1.992) (–2.180)

Big4 –0.002 –0.065*** –0.067*** –0.010* –0.060** –0.062***
(–0.729) (–2.677) (–2.783) (–1.951) (–2.521) (–2.645)

Inv –0.011** 0.009 0.008 0.117*** 0.008 0.007
(–1.967) (0.148) (0.154) (10.025) (0.132) (0.142)

Constant 0.118*** 1.079*** 1.015*** –0.009*** 1.035*** 0.992***
(10.157) (8.320) (7.093) (–3.501) (8.105) (7.876)

Observations 1846 1846 1846 1641 1487 1641
R-squared 0.567 0.970 0.773 0.570 0.965 0.768
City Yes Yes Yes Yes Yes Yes
Year Yes Yes Yes Yes Yes Yes
Sobel-Z –3.872*** –4.215*** –3.956*** –4.128*** –4.382*** –3.891***
Proportion 0.320 0.418 0.285 0.335 0.426 0.292
Rd, R&D investment; IS, industrial structure upgrading; DP, digital platform development.

6. Conclusions and Implications
In the context of the rapid of digital technology and

the pursuit of the “dual carbon” goals, this study empir-
ically investigates the effect of digital trade on green in-
vestment efficiency based on China’s A-share-listed com-
panies in heavy polluting industries. Taking the exoge-
nous conditions provided by the pilot work of compre-
hensive cross-border e-commerce, we used the staggered
difference-in-differences model. The findings indicate that
digital trade accelerates firms’ green investment efficiency.
This acceleration effect enhances corporate green invest-
ment efficiency through three channels: increasing R&D
expenditure, promoting industrial structure upgrading, and
strengthening digital platform development. Further analy-
sis reveals that this accelerating effect is pronounced in the
conditions of high media attention and excellent environ-
mental quality.

The findings of this study yield significant policy im-
plications for advancing China’s digital trade strategy and
achieving high-quality development. First, expanding the
construction of digital trade pilot zones while reinforcing
their green-oriented mandate is essential. Expansion of
CEPZ should be pursued, with explicit policy emphasis on
sustainable development. Governments are encouraged to
support digital trade platforms in establishing green sup-
plier databases and dedicated low-carbon product sections,
thereby facilitating precise matchmaking of green tech-
nologies and solutions between domestic and international
firms. Such measures can convert the traffic advantages of
digital trade into tangible momentum for corporate green
transformation.

Second, a comprehensive policy support framework
should be developed around the core mechanisms. This
framework includes: (i) strengthening R&D incentives by
implementing policies such as additional R&D expense de-
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Table 8. Media attention heterogeneity and environmental quality heterogeneity tests.

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

Higher media
attention

Lower media
attention

Higher environmental
quality

Lower environmental
quality

DID –0.217** –0.073 –0.314*** –0.091
(–2.199) (–0.668) (–3.032) (–0.916)

Lev –0.377** –0.302 –0.566*** –0.290
(–2.077) (–1.194) (–2.765) (–1.426)

Totassgrt 0.136 0.248*** 0.043 0.255***
(1.430) (2.729) (0.473) (3.098)

Age 0.080 –0.010 0.133** 0.035
(1.567) (–0.143) (2.376) (0.600)

ROE –0.033 0.376 –0.156 0.509*
(–0.139) (0.988) (–0.634) (1.698)

Size –0.032 0.009 0.011 –0.030
(–1.020) (0.199) (0.322) (–0.815)

Occupy 2.840** 3.521* 0.637 4.612***
(2.333) (1.820) (0.436) (3.282)

Top1 0.118 –0.304 –0.290 0.231
(0.544) (–0.999) (–1.165) (0.971)

SOE –0.074 0.039 0.064 –0.072
(–0.947) (0.358) (0.789) (–0.822)

Big4 –0.086 –0.011 –0.170 –0.205
(–0.684) (–0.056) (–1.388) (–1.255)

Inv –0.257 –0.704 –0.973*** –0.281
(–0.858) (–1.532) (–2.925) (–0.797)

Constant 1.318** 0.640 0.509 1.233
(1.988) (0.668) (0.745) (1.609)

Observations 1135 711 896 950
R-squared 0.247 0.296 0.247 0.259
City Yes Yes Yes Yes
Year Yes Yes Yes Yes
Fisher’s Permutation test 0.178*** 0.366***

ductions and tariff reductions for green technology imports,
thereby lowering firms’ green innovation costs and stim-
ulating autonomous innovation in green technologies; (ii)
promoting firms’ green transformation and upgrading by
supporting the development of green supply chain man-
agement systems through digital trade, enhancing resource
utilization efficiency and environmental performance; and
(iii) accelerating digital platform development by encour-
aging the establishment of industry-level green and low-
carbon digital platforms, facilitating environmental data
sharing, green technology transactions, and coordinated
carbon reduction across the industrial chain.

Third, collaborative mechanisms for environmental
information disclosure and public supervision should be
established and institutionalized. We recommend that en-
vironmental protection and commerce authorities jointly
launch an information-sharing and disclosure platform on
firms’ “digital trade and environmental performance”, with
regular updates on compliance and green trade practices.
At the same time, involvement of news media, securities

analysts, and the public should be encouraged to create sus-
tained external pressure. The pressure can incentivize firms
to allocate more of their digital trade gains toward green and
low-carbon development.

Fourth, differentiated regional strategies should be im-
plemented to optimize the enabling environment for green
growth. A strong environmental foundation is a prerequi-
site for policy effectiveness. In regions with favorable en-
vironmental endowments, innovative mechanisms integrat-
ing digital trade with green standards and carbon market
development should be prioritized. Conversely, in regions
with weaker environmental conditions, emphasis should be
placed on strengthening regulatory enforcement and ex-
panding green digital infrastructure. Doing so addresses
structural deficiencies and creates the necessary precondi-
tions for harnessing the green dividends of digital trade.

Despite these contributions, this study is not with-
out limitations. Due to sample representativeness and data
availability, it focuses on A-share listed companies in high-
pollution industries, which may impose certain limitations
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on the generalizability of its conclusions. Lightly polluting
and unlisted firms may also face challenges such as sub-
stantial green investment outlays with limited returns—or,
in some cases, minimal or even absent green investment ac-
tivities. Whether digital trade enhances green investment
efficiency in these contexts remains an open question, as do
the commonalities and differences in the underlying mech-
anisms compared with heavy-polluting sectors. Given the
growing importance of digital trade in green investment, fu-
ture research should seek to incorporate recent and compre-
hensive data. Additionally, subsequent studies can adopt
case study approaches to investigate green investment effi-
ciency across diverse industries and regions. They can test
the robustness of this study’s findings and further elaborate
the mechanisms through which digital trade promotes green
investment efficiency.
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