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Abstract

In the context of the dual - control targets, this study focuses on the impact of digital
trade on the level of green and low-carbon development.Provide comprehensive and
reliable theoretical support and practical guidance for China's economic green
transformation and sustainable development, thereby enabling digital trade to better
contribute to green and low-carbon development. Using panel data from 30 Chinese
provinces over the period 2011-2022, an empirical test was conducted. The results
indicate that digital trade has a significant positive effect on green and low -carbon
development, effectively reducing carbon emission intensity. This conclusion remains
robust after a robustness test. Digital trade can reduce carbon emission intensity by
improving resource - use efficiency and leveraging economies of scale. Industrial
structure transformation has a positive moderating effect on the carbon-reducing impact
of digital trade. Heterogeneity analysis shows that digital trade has a better carbon -
reducing effect in the central and western regions, areas with less developed digital
infrastructure, and non-pilot groups. Based on these findings, policy recommendations
are proposed from multiple levels, including national, regional, and digital trade
development. These recommendations include strengthening infrastructure
construction, establishing uniform standards, promoting regional-differentiated
development, and optimising pilot policies, to facilitate the role of digital trade in green
and low - carbon development under the dual - control targets.

Key words: digital trade, carbon emission intensity, economies of scale, industrial

structure transformation


mailto:sz202209002@st.nuc.edu.cn

1.Introduction

In the global context of actively combating climate change, green and low - carbon
development has become an inevitable trend in world economic development. As a
responsible major country, China explicitly proposed in the Decision of the Central
Committee of the Communist Party of China on Further Comprehensively Deepening
Reform and Promoting Chinese-Style Modernisation to improve the green and low -
carbon development mechanism (Zeng, 2024; Zhang et al.,2025a; Tong et al.,2025).
The General Office of the State Council issued the Action Plan for Accelerating the
Construction of a Carbon Emission Dual - Control System, which implements a carbon
emission dual - control system mainly based on intensity control and supplemented by
total - quantity control (Abedin et al., 2024; Zeng et al., 2025a; Ma & Appolloni, 2025).
This demonstrates China's firm determination on the path of green and low - carbon
development. Meanwhile, with the rapid development of digital technology, digital
trade, as a new type of trade model in the digital economy era, is reshaping the global
trade pattern at an unprecedented speed. According to the Global Digital Economy
White Paper (2024) by the China Academy of Information and Communications
Technology, the digital economy accounted for 60% of the global gross domestic
product (GDP) in 2023, with digital trade playing a key role. With its digital, intelligent
and efficient characteristics, digital trade not only promotes economic growth but also
brings new opportunities and possibilities for green and low - carbon development
(Zeng et al., 2023; Zeng et al., 2024a; Ma et al.,2024; Wu et al.,2025b).

Under the "double control" target, carbon emission reduction of digital trade is not
only to control the total amount of carbon emissions, but also to focus on controlling
the intensity of carbon emissions. However, in the process of promoting green and low
- carbon development, digital trade still faces many challenges. On the one hand, the
rapid development of the digital economy also brings new environmental problems,
such as high energy consumption and high carbon emissions in the production and use
of digital equipment, and the continuous expansion of the scale of digital waste (Lu et

al., 2023; Zeng et al., 2024b). According to the 2024 Digital Economy Report by the



United Nations Conference on Trade and Development, the carbon dioxide emissions
in the information and communication technology (ICT) field are estimated to be
between 600 million and 1.6 billion tonnes, accounting for 1.5% - 3.2% of global
greenhouse gas emissions, and this figure is expected to rise with the growth of the
digital economy (Lu & Zeng, 2023; Zeng et al., 2025¢; Wu et al.,2025a). On the other
hand, there are significant differences in the level of digital trade development and the
foundation of green and low - carbon development in different regions (Zeng & Ahmed,
2023). How to play the role of digital trade in promoting green and low - carbon
development according to local conditions is an urgent issue for in - depth research.
Against this backdrop, it is of great theoretical and practical significance for China to
achieve green transformation and sustainable development under the dual - control
targets to explore the impact of digital trade on the level of green and low - carbon
development, its mechanism of action and regional heterogeneity.

Regarding the relationship between economic trade and low - carbon development,
there are three theoretical divergences in academia. The trade - harmful theory (Tian et
al., 2022; Zeng et al., 2024c¢) argues that international trade exacerbates environmental
problems. Wang et al. (2022) verified that developed countries, in order to avoid high
pollution, transfer high - pollution industries to developing countries with relatively
lower production costs. In contrast, supporters of the trade - beneficial theory emphasise
the positive effects of trade (Rodrik, 2018). For example, Obobisa (2024) found that
trade openness promotes the absorption of clean technology. Scholars of the trade -
neutral theory propose a more complex explanatory framework (Zeng & Lu, 2022;
Wang et al., 2023). Grossman and Lee et al. (2023), combining the environmental
Kuznets curve theory, pointed out that the environmental impact of trade has dynamic
and compound characteristics.

With the deep penetration of digital technology into the economic field, research
on digital trade has become an emerging hotspot. At the basic theoretical level, scholars
have conducted research and analysis on multiple aspects of digital trade, such as the
concept of digital trade (Hu & Xu, 2018; Zeng et al., 2025d), the comprehensive

measurement model of digital trade, digital trade efficiency (Suh & Roh, 2023), digital



trade infrastructure (Ismail, 2021), and digital trade rules (Shamel Azmeh et al., 2020;
Chen et al., 2022). In terms of driving mechanisms, Seyoum & Ramirez (2019)
supplemented regulatory factors such as government intervention and foreign direct
investment. Research on the economic effects of digital trade presents multidimensional
characteristics. At the micro - level, Wang et al. (2025) confirmed the accelerated green
transformation of the manufacturing industry. At the meso - level, Li et al. (2022), using
data from China from 2010 to 2019, concluded that factors such as internet
development, population income, industrial structure, payment convenience, fixed -
asset investment, online transaction scale and economic development all have positive
impacts on China's digital trade development level. At the macro - level, Shi et al.
(2025), starting from the global industrial chain perspective, explored the impact of
digital trade on the improvement of global value chain status; Nham & Bao (2023),
using cross - country panel data, revealed the positive correlation between digitalisation
and service import and export activities.

Research on the association mechanism between digital trade and low - carbon
development presents multi - scale characteristics. At the industry level, Wen and Zhu
(2024) found through research on the transportation industry that the mediating effect
of industrial scale significantly promotes carbon emissions, while the mediating effects
of technological innovation and industrial structure upgrading significantly inhibit
carbon emissions. At the urban scale level, Ni et al. (2024) confirmed through policy
experiments the carbon - efficiency - enhancing effect; Li et al. (2024) indirectly
promoted urban carbon emission efficiency by affecting green technological innovation,
industrial clusters and energy structure optimisation. At the regional level, Dai et al.
(2025) further found the positive regulatory effects of trade openness and foreign direct
investment; Wang et al. (2023) believed that industrial agglomeration and carbon
emission trading mechanisms also play regulatory roles in carbon - reduction effects.
Cross - country comparisons show that the energy - structure - optimisation path
proposed by Li et al. (2023) and the industrial - agglomeration mechanism of Shen &
Peng (2021) form complementary explanations.

In summary, the existing literature mainly focuses on the relationship between



trade and environment, theoretical research on digital trade and other related studies on
low-carbon development (Wang et al.,2025). Through the analysis of the existing
literature, this paper may have the following marginal contributions. First, innovation
in research perspective: under the dual - control perspective, this paper deeply analyses
the impact of digital trade on the level of green and low - carbon development from the
dimensions of the regulatory mechanism of industrial structure transformation and the
mediating effects of resource - use efficiency and economies of scale. It breaks the
limitations of previous single - perspective studies and constructs a more
comprehensive and in - depth theoretical analysis framework, providing a new way of
understanding the role of digital trade in green and low - carbon development(Wang &
Ma, 2024). Second, improvement in empirical research methods: using panel data from
30 Chinese provinces from 2011 to 2022 for testing, and integrating a more
comprehensive digital trade development index system, compared with previous
studies, the sample size is larger and the time span is longer, which enhances the
credibility and universality of the research conclusions. At the same time, through
rigorous robustness tests, the reliability of the research conclusions is ensured,
providing high - quality data references and methodological references for subsequent
research. Third, supplementation and expansion of research conclusions: not only is the
promoting effect of digital trade on green and low - carbon development confirmed, but
also the specific paths and regulatory mechanisms for reducing carbon emission
intensity are further clarified (Zou et al.,2024). Especially in the heterogeneity analysis,
the differences and reasons for the inhibitory effects of digital trade on carbon emission
intensity in different regions and development stages, as well as the carbon emission -
trading - pilot - policy, provide theoretical basis for regional - differentiated policy -
making and enrich the research results in the field of digital trade and green and low -

carbon development(Zhang G et al.,2025).
2. Literature Review and Research Hypotheses

2.1 Digital Trade Promotes Green and Low - Carbon Development and Reduces

Carbon Emission Intensity



China has been committed to the dual - carbon strategy, promoting the integration
of the digital economy and green development. The /4th Five - Year Plan for Digital
Economic Development explicitly stated that by leveraging digital trade platforms, the
cross - border circulation of green products and services could be facilitated, and the
international competitiveness of green industries could be enhanced. This provided a
solid policy foundation for digital trade to assist low - carbon development (Wen et
al.,2025a; Wen et al.,2024b; Wu et al.,2024). Various industries accelerated their digital
transformation (Liu et al.,2025; Li et al.,2024; Zeng et al., 2025¢). Digital trade
optimised supply - chain management by using big data to accurately forecast demand,
thereby avoiding over - production and reducing energy consumption (Wen et
al.,2025b). Meanwhile, it gave rise to emerging green industries such as digital finance
and digital logistics, injecting new momentum into reducing carbon emissions (Zeng et
al., 2024d; Wen et al.,2025c; Ma et al.,2025a). In regions with relatively mature digital
trade development, resources were integrated to promote the green transformation of
industries (Wen et al.,2024a). In areas with a concentration of producer services and
collaborative concentration of manufacturing and producer services, the carbon -
reducing effect of digital trade was strengthened (Liu et al., 2022; Li et al.,2025),
forming industrial clusters, such as the green and low - carbon industrial clusters in
Shanghai. In economically underdeveloped regions with heavy - industry - oriented
structures, such as the central and western regions, although digital trade was lagging,
it could still be used to optimise traditional industrial processes and promote industrial
structure upgrading (Salman et al., 2022), reducing dependence on high - energy -
consuming industries and lowering carbon emission intensity (Ma et al.,2025b). Under
the "double control" target, will the development of digital trade promote the level of
green and low-carbon development? Based on this, the following hypothesis was
proposed in this paper:

H1: Digital trade promotes the level of green and low - carbon development and
reduces carbon emission intensity.

2.2 Digital Trade Reduces Carbon Emission Intensity through Resource - Use

Efficiency and Economies of Scale



The country encouraged enterprises to use digital technology to reduce energy
consumption and emissions. Enterprises that promoted the efficient use of resources in
digital trade were given support such as tax preferences. The Opinions on Promoting
the Implementation of the National Cultural Digitalisation Strategy reflected the
emphasis on the resource - use efficiency of cultural digital trade and helped reduce
carbon emissions (Wang et al.,2024). Digital trade broke geographical barriers,
enabling enterprises to obtain environmentally friendly raw materials through platforms
and improve resource -use efficiency. E-commerce platforms integrated merchants and
consumers, centralised delivery and warehousing, and reduced logistics energy
consumption. In addition, digital trade accelerated the dissemination of technology and
knowledge. Enterprises used this to improve production efficiency and further reduce
carbon emissions (Tong et al.,2024). In resource - rich but economically
underdeveloped regions, digital trade could be used to transform resource advantages
into economic advantages. By introducing digital mining techniques, energy
productivity could be improved (Ni et al., 2024; Zeng et al., 2025f), reducing emissions.
In economically developed regions, such as Beijing and Shenzhen, digital trade
enterprises used big data and cloud computing to manage supply chains in a refined
manner. Under the scale - effect, the carbon emission intensity per unit of output was
reduced. Meanwhile, digital finance increased carbon total - factor productivity and the
proportion of clean energy consumption in total energy consumption, having a
significant positive impact on the low - carbon energy transition (Zhang K et al., 2025).
This positive effect was attributed to the environmental benefits brought about by
capital - biased technological progress. Technological progress strengthened the scale
and price effects of capital, replacing production factors such as energy, especially non
-clean energy, thereby promoting energy - use efficiency and the development of clean
energy (L1 et al., 2023). To sum up, most studies start from the micro level and believe
that digital trade can reduce carbon emissions by improving resource utilization
efficiency and scale effect respectively. On the macro level, can digital trade achieve
the "double control" goal and reduce carbon emission intensity through resource

utilization efficiency and scale effect? Based on this, the following hypothesis was



proposed in this paper:

H2: Digital trade reduces carbon emission intensity through resource - use
efficiency and economies of scale.
2.3 Industrial Structure Transformation Positively Moderates the Carbon - Reducing
Effect of Digital Trade

The nation placed significant emphasis on optimising industrial structures,
encouraging traditional industries to undergo green and intelligent transformations, and
nurturing emerging low - carbon industries (Wang et al.,2024; Zeng et al., 2024e).
Industrial policies guided the flow of funds towards emerging and green industries,
promoting the application of digital trade within these sectors. The Guiding Opinions
on Accelerating the Establishment of a Green, Low - Carbon, and Circular Economic
System reinforced this positive moderating effect. Driven by industry competition and
consumer demand for green products, enterprises accelerated the adjustment of their
industrial structures. Tan et al. (2024) and Duan et al (2025) argued that low - carbon
sustainable development is regarded as a fundamental strategy for achieving economic
growth and environmental protection, necessitating a fundamental shift in industrial
structure. This includes the development of clean technologies, improvement of energy
efficiency, and adoption of sustainable production and consumption patterns (Xia et
al.,2024; Zeng et al., 2025b). Digital trade provided a technological platform for the
transformation of traditional manufacturing industries and propelled the development
of emerging low - carbon industries such as new - energy vehicles. Industrial upgrading
increased the complexity of the industry's demand for digital trade, thereby enhancing
its carbon - reducing effect. For example, the new - energy vehicle industry used digital
trade platforms to reduce energy consumption in operations and promotion (Zeng et
al.,2024). In regions dominated by traditional manufacturing, such as the old industrial
base in the Northeast, promoting industrial structure transformation and developing
digital trade could achieve green upgrades and drive the development of the service
industry. In regions primarily focused on high - tech and service industries, such as the
Yangtze River Delta and the Pearl River Delta, industrial structure transformation was

rapid, and digital trade was deeply integrated with emerging industries. For instance,



the Yangtze River Delta used intelligent resource allocation to significantly reduce
carbon emission intensity. Moreover, industrial structure transformation could promote
inter - regional industrial collaboration, achieving complementary advantages through
digital trade and jointly promoting green and low - carbon development. To sum up,
under the "double control" target, what role does industrial structure transformation
play in reducing carbon emissions of digital trade? Based on this, the following
hypothesis was proposed in this paper:

H3: Industrial structure transformation positively moderates the carbon -
reducing effect of digital trade.
3. Research Design
3.1 Variable Explanation
3.1.1 Dependent Variable: Level of Green and Low - Carbon Development

Referring to the approach of Dong et al. (2022), this paper used the carbon
emission intensity of each province to represent the level of green and low - carbon
development under the dual - control targets. It also referred to the methods of Li et al.
(2022) and Dong et al. (2022) for carbon emissions and drew on the calculation methods
of Cheng et al. (2021) and Zeng et al. (2023) for carbon emission intensity. The specific
calculation process is as follows.

Carbon Emissions: In accordance with the reference approach in the 2006 IPCC
Guidelines for National Greenhouse Gas Inventories, this paper selected eight types of
energy, including raw coal, coke, and crude oil, to calculate carbon dioxide emissions.

The calculation formula is as follows:
Cije = X Eije X NCV; X CEF; X COF; x (1)
Where i stands for each type of energy, j stands for each province, and t stands for
time. Carbon intensity: expressed as carbon emissions/real GDP
3.1.2 Independent Variable: Level of Digital Trade Development
While there is no unified standard for measuring the level of digital trade

development in academia, a core concept has been established.The level of digital trade

development is a comprehensive reflection of its maturity and sophistication in



economic activities. Its foundation is rooted in the dual support of digital network
infrastructure and trade potential. The core driving force behind digital trade
development is the advancement of digital technology. Digital industrialization and the
digital transformation of industries are concrete manifestations of this development.
These three aspects are interdependent and work together to form a complete picture of
the development level of digital trade. Drawing on and extending the index system
constructed by Wang et al. (2023), this paper developed an index system for the level
of digital trade development from five dimensions: digital network infrastructure
construction, digital - based industrial trade, digital - enabled industrial trade, digital
technology level, and trade potential. Finally, the entropy value method is used to
measure the development level index of digital trade. The specific index system is
presented in Table 1 below.

Table 1. Index System for the Level of Digital Trade Development

Indicator Indicator
Primary Indicators Secondary Indicators Units
Symbols Attributes
Domain names X1 Ten thousand units +
Number of websites Xo Ten thousand units +
Digital network Internet broadband access
X3 Ten thousand units +
infrastructure ports
Length of long-distance fiber-
X4 Kilometers +
optic lines
Total telecommunications
X5 Billions of yuan +
business
Digital Software business revenue Xe Ten thousand yuan +
industrialization Fixed Asset Investment in
trade Information Transmission,
X7 Billions of yuan +

Computer Services and

Software




Information Technology

X3 Ten thousand yuan
Service Revenue
E-commerce purchases Xo Billions of yuan
Digitized trade in E-commerce sales Xi0 Billions of yuan
industry Number of enterprises with e-
X1 Unit

commerce trading activities
Employed persons in urban

units of the information
Ten thousand

transmission, software and X1z
people
information technology
Level of digital services industry
technology R&D expenditure of
industrial enterprises above X13 Ten thousand yuan
designated size
Number of authorized patent
Xi4 Piece
applications
Trade openness Xis %
GDP per capita Xie6 Yuan
Consumption expenditure per
Trade potential X17 Yuan
capita
Total retail sales of consumer
X8 Billions of yuan

goods

3.1.3 Mediating Variables

Resource - use efficiency (RUE): The energy - use efficiency was proxied by the
electricity consumption per unit of gross domestic product (GDP) (Jiang & Yu, 2025),
with this indicator being a reverse indicator. Economies of scale (In EOS): Measured
by the natural logarithm of regional gross domestic product (GDP) (Shi, X. & Liu, Y.
al., 2024).
3.1.4 Moderating Variable



Structural effect: Industrial structure transformation (ISU) was measured by the
ratio of the value - added of the tertiary industry to that of the secondary industry (Oteng
- Abayie et al., 2023).

3.1.5 Control Variables

Referring to the approach of Feng & Ge (2024), this paper controlled for other
economic, political, and social factors that might influence the level of green and low -
carbon development in each province. Economic factors included financial
development level (finance), measured by the ratio of the year - end financial
institutions' deposits and loans balance to year - end GDP (Salman et al., 2022); and
industrial development level (industry), measured by the ratio of industrial value -
added to GDP (Dong et al., 2023). Political factors included government intervention
(regulation), measured by the ratio of public fiscal expenditure to GDP in each province
(Combes et al., 2019). Social factors included urbanisation level (urban), measured by
the ratio of urban population to total population (Chang et al., 2023); and human capital
level (human), measured by the ratio of the number of college students in each province
to the year - end resident population (Diamantouros et al., 2015).

3.2 Model Construction

To investigate the impact of digital trade on the level of green and low - carbon

development under the “dual - control” targets, the regression model shown in

Equation (2) was constructed in this paper:

Clityr = Bo + B1DTie + XB2Xie + Wi + Ve + &5t (2)

Where Cljy; denotes the carbon emission intensity of province 1 in year t+1.
DT;. denotes the level of digital trade development in province iin yeart. X;; denotes
the control variables. p; denotes province fixed effects. y; denotes time fixed effects;
and & denotes a random disturbance term.
3.3 Data Sources

This paper takes the panel data of 30 Chinese provinces (excluding Tibet, Hong
Kong, Macao and Taiwan) from 2011-2022 as the research sample. The data are

obtained from the official website of the National Bureau of Statistics (NBS), statistical



yearbooks of each province, China Energy Statistical Yearbook, and China Statistical
Yearbook. In addition, in the sample, interpolation is used to supplement for a small
number of missing values.
3.4 Descriptive Statistics

The descriptive statistical information of the variables is shown in Table 2 below.
The mean value of digital trade development level and carbon emission intensity are
0.1798 and 11.7415, respectively, the maximum value is 0.6213 and 50.18, the
minimum value is 0.0368 and 1.8, and the standard error is 0.1189 and 9.9991,
indicating that there are large differences in digital trade and green and low-carbon
development among different provinces.

Table 2. Descriptive statistics of main variables

Sample Standard
Variable Mean Min Max
size deviation
dt 360 0.1798 0.1189 0.0368 0.6213
ci 360 11.7415 9.9991 1.8000  50.1800
finance 360 1.5100 0.4400 0.7379 2.5772
industry 360 0.3205 0.0805 0.1129 0.4827
regulation 360 0.2473 0.1011 0.1181 0.6121
urban 360 0.6013 0.1203 0.3700 0.8900
human 360 0.0210 0.0057 0.0092 0.0389

4. Empirical Results and Analysis
4.1 Benchmark Regression Results

Table 3 reports the regression results of digital trade on carbon emission intensity.
In the process of gradually adding control variables, adj R shows an increasing trend,
indicating that the control variables included in the model can capture more information
affecting the explained variable, so that the model can better fit the data and describe
the impact of digital trade development level on green and low-carbon development
more accurately. The results indicate that digital trade has an inhibitory effect on carbon

emission intensity, thereby achieving the effect of green and low - carbon development.



This fully demonstrates that digital trade promotes green and low - carbon development,
thus verifying Hypothesis H1. Digital trade can significantly inhibit carbon emissions.
On the one hand, with the rapid development of digital technology, its integration with
traditional industries has been accelerating. Digital technology, through its empowering
approaches of digitalisation, intelligence and networking, has driven the transformation
of traditional industries and given rise to new industries and business forms. This
process has greatly strengthened the industrial structure effect of digital trade in
promoting low - carbon development. On the other hand, as a new type of trade model
and business form, digital trade has exerted a strong demonstration effect. From the
demand side, it has greatly expanded the demand for low - carbon and clean products.
Under the influence of market forces, manufacturing enterprises, in order to meet
market demand, have proactively transformed and upgraded towards green and low -
carbon directions. The transformation of numerous enterprises has collectively driven
the establishment of a clean, efficient and low - carbon green production network,
achieving energy - saving and emission - reduction goals at the source of production,
and ultimately exerting a significant inhibitory effect on carbon emissions.

Table 3. Benchmark Model Regression Results

Variable (1) ) 3) 4) (5) (6)
ci ci ci ci ci ci
dt -29.3854™  -31.2925™" -33.4712"" -19.4411™" -26.4409""" -29.1175""

(-7.0593)  (-74216)  (-7.8443)  (-3.6124)  (-4.7851)  (-4.8958)
finance 2.6670" 4.5265™" 1.6432 -4.4289™ -3.7841°
(2.3398)  (33790)  (1.1067)  (-2.1500)  (-1.7797)

industry 18.6489™  21.7561""  23.9278""  23.1389""
(2.5893)  (3.0706)  (3.4438)  (3.3179)

regulation 27.8252""  47.1993""  42.5315™"
(4.1296)  (5.8475)  (4.7579)

urban 31.3394™" 33,9462

(4.1551)  (4.3308)




human -1.4e+02
(-1.2116)
_cons 17.0251™"  13.3408™" 4.9473 -1.0997 -15.0037""  -12.7316™

(18.9793)  (7.3727)  (1.3351)  (-0.2813)  (-2.9532)  (-2.3524)

Individual yes yes yes yes yes yes
fixed
Time fixed yes yes yes yes yes yes
N 360 360 360 360 360 360
adj. R? 0.120 0.131 0.144 0.181 0.217 0.218

Note: *, ** and *** denote significance of the estimated coefficients at the 10%, 5%
and 1% levels, respectively. The t - values are in parentheses. The same applies to the
following tables.
4.2 Addressing Endogeneity Issues

In this paper, the two-stage least squares method and system GMM method are
used to deal with endogeneity problems. After processing, the impact of digital trade
on green and low-carbon development level is still significant.
4.2.1 Two - Stage Least Squares (2SLS) Method

The two - stage least squares (2SLS) method was employed in this paper. Drawing
on the approach of Yilanci & Kilci (2024), the number of telephone users at the end of
1984 and the information technology service revenue of the previous year for each
province were selected. The interaction term obtained by multiplying these two
variables was used as a historical instrumental variable for digital trade development.
The results in column (1) show that the KP rk Wald F - statistic value is 53.176, which
exceeds the Stock - Yogo critical value of 16.38 (at the 10% level). The null hypothesis
of weak instrumental variables is rejected, indicating that the instrumental variables
used in this paper are valid. The results of column (1) in Table 4 show that the impact
coefficient of digital trade on carbon emission intensity is still significantly negative
4.2.2 System Generalised Method of Moments (GMM)

The level of green and low - carbon development is a dynamic process, meaning



that the current level may be influenced by its historical level. To capture this dynamic
feature, following the approach of Zhu (2024), the first - order lag of the dependent
variable was introduced into the benchmark regression model, transforming it into a
dynamic panel model. The system generalised method of moments (GMM) was then
used to estimate the parameters. The first - order lag of the dependent variable and the
current - period independent variables were treated as endogenous variables, and the
second - order lags of the independent variables were used as instrumental variables for
the two - step system GMM estimation. The results in column (2) of Table 4 show that
the coefficient of digital trade on carbon emission intensity remains significantly
negative.

Table 4. Results of Endogeneity Tests

@) 2)
2SLS System GMM
first second
dt ci
Dig 3.49e-06***
(3.65)
dt -27.818% -1.373**
(-1.71) (-2.08)
Individual time
yes yes yes
double-fixed
Control yes yes yes
F statistic 53.176
AR (1) test P value=0.013
AR (2) test P value=0.879
Hansen test 0.547
N 360 360 360
R? 0.622 0.231

4.3 Robustness Tests



In the study of the relationship between digital trade and green and low - carbon
development, a series of rigorous regression analyses were conducted to further verify
the stability and reliability of the impact of digital trade on reducing carbon emission
intensity, with the results presented in Table 5.

4.3.1 Lagged Independent Variable

The first - order lag of digital trade was introduced as a new independent variable
into the regression model. This was done to account for the persistent and dynamic
nature of the impact of digital trade. The regression analysis in column (1) revealed
highly significant results: the first - order lag of digital trade had a strong negative effect
on carbon emission intensity. This finding indicates that the development of digital
trade in previous periods not only affects carbon emission intensity in the current period
but also continues to have a stable and lasting impact in subsequent periods. For
example, an expansion in the scale of digital trade in a previous period may prompt
enterprises to make long - term adjustments in supply - chain management and
production - technology innovation, thereby continuously driving down carbon
emission intensity in subsequent periods (Shen et al.,2025; Zhang e al.,2025b). This
mechanism is highlighted by the significant negative effect of the lagged variable.
4.3.2 Alternative Dependent Variable

To avoid potential biases in the estimation results caused by the specific
measurement of the dependent variable, the strategy of replacing the dependent variable
was employed. Given the possible limitations of the original measurement of carbon
emission intensity, the approach of Shahzad et al. (2023) was followed, and per - capita
carbon dioxide emissions (cp) were used as an alternative measure of carbon emission
intensity. The regression model was then re - constructed and analysed. The results in
column (2) show that the coefficient of digital trade on the level of low - carbon
development remains significantly negative. This finding confirms that the positive
impact of digital trade on reducing carbon emission intensity is not dependent on a
specific measurement of the dependent variable. Whether the original measure of
carbon emission intensity or the alternative measure of per - capita carbon dioxide

emissions is used, digital trade consistently plays a key negative role in promoting low



- carbon development. That is, as digital trade develops, the level of low - carbon
development increases and carbon emission intensity decreases, indicating highly
robust results.
4.3.3 Winsorisation

To mitigate the influence of extreme values, the main variables were subjected to
1% - 99% winsorisation. The results are shown in column (3) of Table 5. The findings
indicate that the positive effect of digital trade on the level of low - carbon development
remains significant.

4.3.4 Alternative Sample

Considering the potential impact of the “COVID - 19 pandemic” on economic

activities, data from 2020 onwards were excluded, and the period 2011 - 2019 was used
as the sample for re - estimation. The results are presented in column (4) of Table 5. It
was found that, after excluding the possible effects of external shocks, the positive
impact of digital trade on the level of low - carbon development remains significant.

Table 5. Results of Robustness Tests

Core explanatory Replacement of

Tailoring Replacement of
variables 1 period explanatory
estimation sample
lagged variables
ci cp ci ci
L.dt -30.3397"
(-4.5280)
dt -29.4525™° -29.1175™° -38.8836"
(-5.3087) (-4.8958) (-4.7928)
finance -3.8950" -3.1801 -3.7841° -3.0002
(-1.7386) (-1.6033) (-1.7797) (-1.1961)
industry 28.3490™" 30.3486™ 23.1389™ 7.4563
(3.8037) (4.6650) (3.3179) (0.9656)
regulation 45.6953™ 29.6298™ 42.5315™ 29.0383™"
(4.7683) (3.5533) (4.7579) (2.8180)




urban 34,6794 51.6625™" 33.9462"" 31.9994™
(4.1882) (7.0655) (4.3308) (3.3136)
human -1.2e+02 -1.9¢+02" -1.4e+02 -3.4e+02"
(-1.0259) (-1.7765) (-1.2116) (-2.2791)
_cons -15.6986™" -22.5335™ -12.7316™ 0.2473
(-2.7119) (-4.4632) (-2.3524) (0.0402)
Individual
yes yes yes yes
fixed
Time fixed yes yes yes yes
N 330 360 360 270
adj. R? 0.228 0.192 0.218 0.192
5.Further Analysis

5.1 Mediating Effect Analysis

In delving into the underlying mechanisms through which digital trade reduces
carbon emission intensity, it becomes evident that resource - use efficiency and
economies of scale play crucial mediating roles. To precisely dissect the mediating
effects of these two factors, this paper drew on the Sobel - Goodman method, as used
by Wang et al. (2024), for in - depth analysis.

The analysis results are presented in columns (1) and (2) of Table 6. The data in
column (1) clearly show that resource - use efficiency has a mediating effect in the
process by which digital trade influences the level of low - carbon development. This
means that digital trade does not directly affect the level of low - carbon development
but partially exerts a positive influence on it through the intermediate link of improving
resource - use efficiency. For example, digital trade, leveraging advanced digital
technologies, prompts enterprises to optimise resource allocation in various stages such
as production, transportation and sales, thereby enhancing resource - use efficiency and
indirectly promoting the improvement of the low - carbon development level.

Turning to column (2), it is evident that economies of scale have a mediating effect

on the inhibitory effect of digital trade on carbon emission intensity. As the scale of the



digital trade market continues to expand, enterprises can reduce the production costs
and energy consumption per unit of product through large - scale purchasing,
production and sales activities. Meanwhile, large - scale business operations enable
enterprises to invest more resources in technology research and development and
management optimisation, further improving resource - use efficiency and reducing
carbon emission intensity. For example, e - commerce platforms, by integrating a vast
number of merchants and consumers, achieve centralised delivery and warehousing
management, effectively reducing the empty - running mileage in the logistics and
transportation process and significantly lowering energy consumption and carbon
emission intensity.

In summary, the analysis using the Sobel - Goodman method in this paper strongly
verifies Hypothesis H2, that is, resource - use efficiency and economies of scale indeed

play important mediating roles in the process of digital trade reducing carbon emission

intensity.
Table 6. Further Analysis
Mediating effects Moderating effects
(1) @) 3) @) (5)
ci ci ci ci ci
rue 136.9666™"
(18.32006)
Ineos -4.9258""
(-3.5502)
isu 0.6707 2.5961"
(0.8808) (2.1985)
dtisu -15.4415™
(-2.1259)
dt -12.1729"™  -3.0819  -29.1175""  -28.7532""  -13.9333

(-2.7916) (-0.3285)  (-4.8958) (-4.8214) (-1.5220)
finance -7.6694"" -5.1208™ -3.7841" -4.3227" -4.9607""




(-4.9861)  (-2.4089)  (-1.7797)  (-1.9532) (-2.2320)
industry -4.9533 27.41027°  23.1389""  22.1131""  20.4446™
(-0.9477) (3.9344)  (3.3179) (3.1265) (2.8871)
regulation -8.3087 26.1240™"  42.5315™"  43.1314™"  43.0458™"
(-1.1904) (2.6292)  (4.7579) (4.8096) (4.8239)
urban 19.4848™"  25.9265™"  33.9462""  35.0633""  39.7432""
(3.4357) (3.2260)  (4.3308) (4.4145) (4.8442)
human 48552227 25.1778  -1.4e+02 -1.3e+02 -1.6e+02
(5.4386) (-02138)  (-1.2116)  (-1.1518) (-1.3896)
_cons -6.9437" 38.3060"  -12.7316™  -13.3686  -15.9259™
(-1.7847) (2.4986)  (-2.3524)  (-2.4475) (-2.8610)
Individual
yes yes yes yes yes
fixed
Time fixed yes yes yes yes yes
N 360 360 360 360 360
adj. R 0.599 0.243 0.218 0.218 0.225

5.2 Moderating Effect Analysis

To further investigate whether industrial structure transformation has an impact on

the process of digital trade in reducing carbon emission intensity, this study constructed
a moderating effect model for analysis. Against the global backdrop of advocating green
development and actively combating climate change, clarifying the synergistic
relationship between digital trade and industrial structure transformation is of vital
significance for achieving a reduction in carbon emission intensity and promoting low
- carbon economic development.

The results of the model calculations and data processing are shown in column (5)
of Table 6. The results in column (5) clearly show that industrial structure
transformation has a positive moderating effect on the role of digital trade in reducing
carbon emission intensity. This means that industrial structure transformation is not just

a bystander in the relationship between digital trade and carbon emission intensity, but



an active participant and promoter. As the industrial structure gradually transforms
towards digitalisation, the inhibitory effect of digital trade on carbon emission intensity
is significantly enhanced, thereby effectively promoting the improvement of the low -
carbon development level.

Specifically, as the digital elements in the industrial structure increase, traditional
industries optimise production processes, innovate management models, and improve
resource allocation efficiency through digital technologies. For example, in traditional
manufacturing, digital transformation enables enterprises to achieve precise control of
the production process through intelligent manufacturing technologies, reducing energy
waste and carbon emissions. Meanwhile, digital trade provides these transformed
industries with broader market expansion opportunities and more efficient trading
platforms. Enterprises can use digital trade platforms to promote green and low - carbon
products and services to the global market, further expand the scale of the industry,
achieve economies of scale, and thereby reduce the carbon emission intensity per unit
of product to a greater extent.

Overall, the greater the degree of digital transformation of the industrial structure,
the more prominent the effect of digital trade in reducing carbon emissions. This
research result strongly verifies Hypothesis H3, providing solid empirical evidence for
our in - depth understanding of the synergistic mechanism of digital trade and industrial
structure transformation in green and low - carbon development, and also providing

valuable references for government policy - making and corporate strategic adjustments.

6. Heterogeneity Analysis

Considering the significant differences in resource endowments across regions and
the distinct geographical characteristics of digital trade development, the benefits that
different regions derive from digital trade vary. To explore the regional and
developmental heterogeneity of the digital economy in carbon emission reduction, this
paper grouped the samples based on geographical location, the development of digital
trade, and carbon emission trading policies. Drawing on past research and following

the approaches of Han et al. (2023) and Wang et al. (2023), the 30 provinces (cities)



were divided into eastern, central, and western regions according to geographical
location. Referring to Hong et al. (2023), the level of digital infrastructure was
measured by the number of Broadband China strategic demonstration cities within the
province, with the average number of pilot cities serving as the dividing line. The 30
provinces (cities) were thus categorised into provinces with well - developed and
relatively less - developed digital infrastructure. Following Pan et al. (2024), the 30

provinces (cities) were divided into pilot and non - pilot groups based on whether they
had implemented a “carbon emission trading pilot policy”.

6.1 Regional Heterogeneity

The regression results in column (1) of Table 7 show that in the eastern region, the
impact of digital trade on the level of low - carbon development is not significant.
However, in the central and western regions, digital trade has a significant impact on
the level of low - carbon development. The eastern region, being the most economically
developed area in China, has a solid industrial base and a thriving service sector. Its
development model is mature, with high energy - use efficiency, production efficiency,
and carbon emission efficiency. Most of the easily achievable energy - saving and
emission - reduction results have already been realised, indicating limited room for
further carbon emission reduction through digital trade. The central region, currently in
a period of rapid industrialisation and urbanisation, is experiencing a sharp increase in
energy demand. The rapid development of the digital economy has added new
momentum to its growth through advanced information technologies and management
models, helping to improve traditional energy efficiency, optimise industrial processes,
and reduce resource waste, thus achieving carbon emission reduction targets to some
extent. The western region, although relatively underdeveloped, has vast territory,
abundant natural resources, and great potential for clean energy. The rapid progress of
the digital economy has promoted the effective development and rational use of clean
energy, reducing dependence on high - carbon - emission energy sources and strongly

advancing the process of carbon emission reduction.



6.2 Digital Infrastructure Heterogeneity

The regression results in column (2) of Table 7 show that in provinces with
relatively well - developed digital infrastructure, the impact of digital trade on the level
of low - carbon development is less significant than in provinces with relatively less -
developed digital infrastructure. In provinces with relatively well - developed digital
infrastructure, digital trade is more advanced, and the industrial structure is more
sophisticated, with the service sector, especially digital - related services, dominating.
The service sector itself has low energy consumption and low carbon emission intensity.
The role of digital trade in resource allocation and efficiency improvement has limited
marginal space for enhancing the overall level of low - carbon development. In contrast,
provinces with relatively less - developed digital infrastructure are dominated by
traditional manufacturing and resource - based industries, which have high carbon
emission intensity. Digital trade can introduce advanced technologies and management
experience to digitally transform traditional industries, significantly reducing energy
consumption and carbon emissions and substantially improving the level of low -
carbon development. Being in the early stages of digital trade development, these
provinces can draw on the mature digital trade technologies and models of developed
provinces and quickly apply them to low - carbon fields. Meanwhile, strong policy
support for the integration of digital trade and low - carbon technologies encourages
enterprises to adopt new technologies, driving digital trade to have a significant impact
on the level of low - carbon development.
6.3 Pilot Policy Heterogeneity

The regression results in column (3) of Table 7 show that in the heterogeneity
analysis of carbon emission trading pilot policies, digital trade has a significant
promoting effect on the level of green and low - carbon development in both pilot and
non - pilot groups. However, compared with the non - pilot group, the promoting effect
of digital trade development level on low - carbon development level is weaker in the
pilot group. In regions with carbon emission trading pilot policies, enterprises,
influenced by policies over the long term, have shifted their low - carbon awareness

and behaviour and have adapted to the requirements of low - carbon development.



Industrial structure adjustment is basically complete, and dependence on traditional

high - carbon projects has significantly decreased. In contrast, in non - pilot regions,

enterprises are still in the process of transitioning to low - carbon operations and lack

mature low - carbon transformation paths. At this time, the rise of digital trade provides

enterprises with new ideas, enabling them to quickly update production technologies,

optimise business processes, and shift to green and low - carbon operating models.

These factors make the impact of digital trade on low - carbon development level in

pilot provinces less significant than in non - pilot provinces.

Table 7. Results of Heterogeneity Analysis

By geographic location By state of digital infrastructure By pilot policy
) 2 (©))
Non-pilot
East Central West Perfective Non-perfective Pilot group
group
ci ci ci ci ci ci ci
dt -1.6089 -34.7483""  -1.0e+02™" -14.2971* -94.4936"" -3.2207" -46.4634™"
(-0.7359) (-3.2816) (-5.9231) (-2.1782) (-8.1300) (-2.1748) (-6.0778)
finance 0.9580 23.3682"* -4.0057 -19.5101** 11.4664™" 2.2647 -5.9077""
(0.9144) (9.0333) (-0.8653) (-5.0559) (3.8887) (2.3084) (-2.5451)
industry 9.8649™ 56.1388"" 29.8307 -28.0797* 60.1768"" 18.2965™" 24.1762""
(2.4622) (8.9108) (1.6071) (-2.4156) (8.1468) (8.0314) (3.1367)
regulation 10.9297 -48.8888"" -12.2599 99.8160"™" -1.3228 -2.4645 44,7947
(1.5263) (-3.4438) (-0.6544) (5.1455) (-0.1377) (-0.4883) (4.7575)
urban -26.6095"" 77.2942"*  147.6500"" 45.5248"" 50.6320"" -6.7646" 88.7645™""
(-7.3295) (5.4327) (11.1110) (4.3989) (3.7007) (-2.1363) (8.8244)
human 357.3221™"  -1.5e+03™"  -1.1e+03™" 196.8781 -2.5e+02" 203.9556™" -3.2e+02™
(5.6333) (-8.4965) (-3.7139) (0.9475) (-1.7822) (4.4796) (-2.3947)
_cons 11.7052" -31.8292"  -27.6559™ -2.3223 -32.8801"" -3.1220 -33.9481™"
(3.7994) (-4.9693) (-3.0355) (-0.2352) (-5.5561) (-1.0685) (-5.6638)
Individual yes yes yes yes yes yes yes




fixed
Time
fixed
P value
N

adj. R?

yes yes yes yes yes yes
57.33™ 26.03" 31.67
132 96 132 180 180 72
0.501 0.688 0.506 0.265 0.446 0.767

yes

288

0.315

7. Conclusions and Policy Recommendations

This study investigated the impact of digital trade on the level of green and low -
carbon development and its mechanisms of action. It also examined the moderating role
of industrial structure transformation and the mediating effects of resource - use
efficiency and economies of scale. The study was empirically tested using panel data
from 30 Chinese provinces over the period 2011 - 2022. The main conclusions are as
follows:

Digital trade promotes the level of green and low - carbon development and
reduces carbon emission intensity. This conclusion remains robust after robustness tests.

Digital trade reduces carbon emission intensity through resource - use efficiency
and economies of scale. Industrial structure transformation positively moderates the
carbon - reducing effect of digital trade.

Heterogeneity analysis shows that the effect of digital trade on carbon reduction is
more significant in the central and western regions, areas with imperfect digital
infrastructure, and non-pilot areas, respectively, due to the small space for emission
reduction due to the mature development of the eastern region, the urgent need for
transformation of traditional industries, the existing policy constraints of the pilot group,
and the remarkable low-carbon achievements.

Based on the above conclusions, the following policy recommendations are made:

(1) National level.

Under the guidance of the 'dual control' goals, to promote the deep integration of
digital trade with green and low-carbon development, two key approaches are essential.

First, enhance the construction of digital trade infrastructure. This involves prioritizing



the deployment of digital communication networks and cloud computing centers in
high-carbon industrial regions in central and western China, equipped with renewable
energy power supply to reduce carbon emissions. Second, attract social capital through
policies such as preferential carbon emission reduction trading and tax incentives,
establish green and low-carbon funds, and accelerate the application of 5G and IoT in
areas like energy-saving monitoring and smart grids, thereby strengthening the
technological foundation for low-carbon development.

Second, establish a dual-control oriented digital trade standard and regulatory
framework. Develop carbon footprint accounting standards that cover the entire product
lifecycle and set low-carbon trading rules for sectors like cross-border e-commerce and
digital finance. Utilize a cross-departmental collaboration platform to implement a
dual-track management system for digital trade enterprises, assessing their carbon
emission intensity and controlling total emissions. Promote a low-carbon certification
system for enterprises and use a consumption points system to incentivize demand-side
emission reductions. In the short term, reduce energy consumption in digital trade
through infrastructure upgrades and standardization. In the long term, integrate these
measures into the 'dual control' assessment to achieve a synergistic advancement of
digital empowerment and low-carbon development.

Industrial transformation: help low - carbon industries expand into international
markets through digital trade and promote the transformation of high - energy -
consuming industries towards green intelligent manufacturing. Enhanced incentives:
introduce tax incentives and subsidy policies to encourage enterprises to conduct
research and development of low - carbon technologies and innovation of business
models in digital trade (Shen et al.,2024). Recognise outstanding enterprises.

Resource - use and economies of scale level: Promote digital resource
management systems to help enterprises achieve precise monitoring and refined
management of raw materials, energy, and other resources. Encourage enterprises to
undertake resource recycling projects. Establish resource recycling industry chains
through digital trade platforms to increase the recycling rate of resources. Set up reward

mechanisms for resource - use efficiency to recognise and reward enterprises that



perform well in resource - use. Stimulate enterprises' enthusiasm for improving
resource - use efficiency.

Leverage economies of scale in digital trade: support digital trade platform
enterprises to grow stronger through mergers and acquisitions and strategic cooperation.
Integrate market resources and expand platform scale. Encourage enterprises to use
digital trade platforms to expand into international markets and conduct cross - border
e - commerce business. Increase the market coverage of products and services to
achieve economies of scale. At the same time, guide enterprises to focus on green and
low - carbon development while expanding their scale. Incorporate carbon emission
reduction targets into corporate development strategies to achieve a win - win situation
between economic and environmental benefits.

Industrial structure level. Accelerate digital transformation of industrial structure:
develop plans for the digital transformation of industrial structure. Clarify the goals and
paths of digital transformation for various industries. For traditional high - energy -
consuming industries such as steel and chemical industries, encourage enterprises to
use digital technologies to transform production processes. Increase automation and
intelligence levels to reduce energy consumption. At the same time, vigorously cultivate
emerging digital industries such as big data, artificial intelligence, and e - commerce.
Optimise the industrial structure and enhance the positive moderating effect of digital
trade on carbon emission reduction.

Establish a coordinated development mechanism for industrial structure
transformation and digital trade: strengthen communication and cooperation between
different industries. Promote information sharing and resource integration between
traditional and digital trade industries through industry associations and industrial
alliances. In formulating industrial policies and approving projects, the government
should focus on guiding the coordinated advancement of industrial structure
transformation and digital trade. Prioritise support for enterprises that actively
participate in digital trade and promote the optimisation of industrial structure.

(2) Regional level.

Eastern region: Encourage digital trade technology innovation and application:



Given the already high energy and production efficiency in the eastern region, focus on
promoting frontier technology innovation in the field of digital trade, such as the
application of blockchain in supply - chain management, to precisely optimise resource
allocation and further explore the potential for carbon emission reduction. Establish
special scientific research funds to support cooperation between enterprises,
universities, and research institutions in conducting key technology research projects
on the integration of digital trade and green and low - carbon development. Promote
digital trade industry upgrading: Guide digital trade enterprises in the eastern region to
transform towards high - value - added, low - energy - consuming industrial links, such
as developing digital creative and digital financial service industries. Further improve
the quality and efficiency of digital trade to achieve higher - quality low - carbon
development within the limited space for carbon emission reduction.

Central and western region: Increase policy support for digital trade. The
government should introduce a series of preferential policies for the development of
digital trade in the central and western regions, such as tax exemptions, financial
subsidies, and land preferences, to attract more digital trade enterprises to settle and
promote industrial agglomeration. At the same time, strengthen the training and
introduction of digital trade talents in the central and western regions. This can be
achieved through talent exchange programmes with the eastern region and by offering
relevant majors in local universities to enhance the reserve of digital trade talents.
Promote deep integration of traditional industries and digital trade: In combination with
the rapid industrialisation and urbanisation process in the central and western regions,
guide traditional manufacturing, agriculture, and other industries to use digital trade
platforms to introduce advanced technologies and management experience. Improve
the digital level of industries, increase energy - use efficiency, and reduce carbon
emission intensity. For example, promote digital production technologies in the
manufacturing industry in the central region and use digital trade to expand the sales
channels for green agricultural products in the western region.

Digital trade development level. Support digital trade- underdeveloped regions:

establish special funds to provide technical transformation subsidies to traditional high



-carbon industries in digital trade - underdeveloped regions. Help them introduce digital
technologies to optimise production processes. Build technology exchange platforms
to promote exchanges between enterprises in these regions and those in developed
regions. Quickly draw on mature digital trade low - carbon technologies and accelerate
the pace of industrial transformation and upgrading.

Implementation of carbon emission trading pilot policies: develop policies that
integrate carbon trading with digital trade. Set up special funds to encourage enterprises
to use digital technologies to optimise carbon trading and achieve a win - win situation.
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