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Abstract. The thriving digital economy (DE) development provides a new po-
tent driving force for for advancing both pollution abatement and carbon emis-
sion reductions, contributing to regional environmental protection and promoting
sustainable economic growth. This study utilizes panel data from 30 Chinese
provinces spanning the years 2013 to 2022. Employing a coupling coordination
model, we assess the synergistic reduction of haze pollution and carbon emis-
sions (SRHPCE). Additionally, a two-way fixed effects model and an interaction
effect model are implemented to explore how DE influences SRHPCE. The
empirical findings indicate that: (1) The DE development can significantly en-
hance SRHPCE. (2) In the process of the impact of DE development on
SRHPCE, government environmental governance efficiency can effectively play
a positive regulatory role. Finally, the study concludes with several policy rec-
ommendations to enhance collaborative strategies for pollution and carbon re-
duction.
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1 Introduction

At present, carbon emission is the main driving factor of global warming, and the haze
problem poses a serious threat to human health and ecological environment. Due to the
homology of carbon dioxide emissions and haze pollution, it is increasingly important
to carry out a win-win strategy for carbon emission reduction and haze pollution con-
trol. As a transformative economic model, the digital economy (DE) has been recog-
nized as a powerful engine for achieving high-quality and environmentally sustainable
development. In this context, this paper explores the extent to which DE development
can contribute to the synergistic reduction of haze pollution and carbon emissions
(SRHPCE). Leveraging a comprehensive dataset covering 30 provinces across China,
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this paper discusses the influence mechanism of DE development on SRHPCE from
both theoretical and empirical perspectives, so as to help achieve the goal of green and
high-quality economic development.

2 Literature Review and Research Hypothesis

2.1 Digital Economy and the Synergistic Control of Pollution and Carbon

Several academics have explored the link between DE and the coordination of pollution
control and carbon reduction based on regional DE development level. Based on panel
data from various Chinese cities, Liang ef al. revealed that DE growth leads to reduc-
tions in both PM2.5 concentrations and carbon emissions. These effects are often at-
tributed to optimized industrial structures and more efficient resource allocation ena-
bled by digital technologies ['l. Using the panel data from 288 Chinese cities during
2006-2019, Zhao et al. demonstrated that DE growth inhibits PM2.5 and carbon
emissions through economic, technological and structural paths?!.

Further investigations have evaluated the impact of specific policy initiatives.
Drawing on the panel data from Chinese citie during 2009-2020, Hu concluded that the
setup of big data pilot zones resulted in a significant decrease in pollutant and carbon
dioxide emissionstl. Feng et al. examined the influence of the next-generation internet
demonstration city policy utilizing a comprehensive dataset covering 281 citiess
across China during 2010-2020. The findings indicate that the policy can significantly
boost the synergistic effects of carbon and pollution mitigation ™,

Drawing from these insights, this study proposes the following hypothesis:

H1: DE development can improve SRHPCE.

2.2 Government Environmental Governance Efficiency

The government uses digital technology to build a more intelligent and efficient en-
vironmental monitoring system, so as to achieve real-time and accurate detection of
greenhouse gas and pollutant emission data 1. Concurrently, the government accepts
social supervision through the digital government platform, so as to find and correct the
problems in the implementation of environmental policies in time. In addition, the
regulatory authorities can boost the popularization of the concept of haze pollution and
carbon mitigation via policy guidance. In short, the DE promotes the construction of
digital government, improves energy efficiency, and thus improves air quality [,

Considering the analysis presented above, this study formulates the research hy-
pothesis:

H1: Government environmental governance efficiency serves as a positive moder-
ator in the connection between DE and SRHPCE.
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3 Research Design

3.1 Model Setting

Drawing upon the theoretical analysis delineated above, A two-way fixed effects model
is employed for empirical testing. The model is constructed as follows:

SRHPCE, = B, + BDE, + p,Control, +u, +v, + ¢, (€))

In this context, the dependent variable (SRHPCE ;) represents SRHPCE score in
province i in year z. The independent variable (DEj) signifies DE index in province i in
year t. Control; is a vector of control variables. u; captures province-level fixed effects,
v, denotes year fixed effects, and [ is the error term.

To explore the moderating role of government environmental governance effi-
ciency, we introduce an interaction term into the model:

SRHPCE, = ¢, + ¢,DE, + ¢, EnvEff, + 9,DE,, x EnvEf, + ¢,Control, +u, +v, + ¢, 2

Among them, EnvEff;; represents the government environmental governance effi-
ciency. DE;; x EnvEff; means the interaction term of the DE and the government en-
vironmental governance efficiency.

3.2  Variable Definition and Data Source

Dependent Variable.

The SRHPCE metric is constructed based on a modified coupling coordination de-
gree model 81, This research considers PM2.5 as the main haze pollutant. The calcula-
tion method of CO; is based on the study of Li ef al. U1,

Independent Variable.

The DE index reflects digital infrastructure, digital industrialization, and industrial
digitization. The entropy weight method is used to synthesize a composite score of 30
provinces in China (not shown due to space constraints).

Mechanism Variable.

Government environmental governance efficiency (EnvEff). It is assessed via a
undesirable output slack-based measure (SBM) model ). Referring to the research of
Tong et al. ', this study selects two input indicators, two expected output indicators
and two unexpected indicators for calculation (limited to space not shown).

Control Variables.
To prevent overlooking other elements that may influence the regional level of haze
pollution and carbon emissions, the following control variables are employed: (1)



342 M. Liu and Y. Mei

Economic development level. (2) Population density. (3) Foreign direct investment. (4)
Science and technology expenditure. (5) Industrial structure. (6) Urban infrastructure.

Data Sources.

Due to missing data, Tibet, Hong Kong, Macao, and Taiwan are excluded from the
analysis. This study selects data from 30 provinces, autonomous regions and munici-
palities in China for the years 2013-2022. The PM2.5 data is sourced from the At-
mospheric Composition Analysis Group. The rest of the main data are derived from the
“China Statistical Yearbook”, “China Energy Statistics Yearbook” and “China Envi-
ronmental Statistics Yearbook”.

4 Empirical Results

4.1 Mechanism Analysis

Column (3) of Table 1 incorporates the interaction between DE and government en-
vironmental governance efficiency, DE EnvEff. The interaction term exhibits a sig-
nificantly positive coefficient at the 5% level, aligning with the sign of the main effect
coefficient of DE. This indicates that as government environmental governance effi-
ciency increases, the progress of DE exerts a more substantial influence on enhancing
SRHPCE. This could be attributed to the fact that governments with high environ-
mental governance efficiency can formulate and implement more accurate and stronger
policies. When promoting the development of the DE, it will closely integrate the DE
with the coordinated governance of haze reduction and carbon reduction, and guide the
application of digital technology in the field of environmental protection, such as the
use of big data, Internet of Things and other digital technologies for energy conserva-
tion and emission reduction, real-time monitoring and precise governance of carbon
and haze. The findings support research hypothesis H2.

Table 1. Baseline regression and mechanism analysis results.

Variables Baseline Regression Mechanism Analysis
€] (2 3)
DE 0.679™" 0.692™" 0.437"
(0.235) (0.198) (0.181)
-0.046
EnvEff (0.038)
0.589"
DE EnvEff (0.274)
Constant 0.681" -3.996 -3.841
(0.033) (2.660) (2.564)
Control variables NO YES YES
Province fixation YES YES YES

Year fixation YES YES YES
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. Baseline Regression Mechanism Analysis
Variables
(@) (2) 3)
N 300 300 300
R? 0.798 0.845 0.853
Adjusted R? 0.767 0.817 0.825

4.2 Baseline Estimation

Columns (1) and (2) of Table 1 report the benchmark regression results of the impact of
DE development on SRHPCE. Column (1), which does not incorporate the control
variables, reveals that the development of DE has significantly improved SRHPCE.
The results of column (2) show that even if the control variables are taken into account,
the impact of DE development on SRHPCE remains significantly positive at the 1%
statistical level, which further shows that the development of DE effectively promotes
SRHPCE, and verifies the hypothesis H1.

4.3 Robustness Test

(1) Instrumental variables method. Drawing on the methods of Nunn and Qian '), this
paper selects the instrumental variables of the DE for endogenous test. (2) Replace the
explanatory variables. The core independent variable was replaced using a principal
component analysis-based DE index. (3) Lag effect estimation [7l. The results indicate
that DE development has both short-term and long-term promoting effects on
SRHPCE.

The robustness test outcomes largely align with the benchmark regression results
(limited to space not shown), demonstrating that the empirical results of this study are
stable.

5 Discussion

In this paper, we examine the impact of DE development on SRHPCE in China, thereby
contributing to the literature related to DE and environmental governance. We find that
the development of China's DE can synergistically reduce regional haze pollution and
carbon emissions, thus improving regional air quality and climate change in China.
Furthermore, this study explores the mechanisms from a government's perspective,
offering valuable insights for future research on how DE affects haze pollution and
carbon emissions.

Although this study has yielded some significant findings, there remain several ar-
eas that can be expanded upon. Firstly, cross-national applicability remains a key av-
enue for future exploration. The improvement of digital infrastructure drives the op-
timization of industrial structure and the enhancement of information transparency,
which may also applicable to other emerging economies. However, there are signifi-
cant differences across countries in terms of industrial foundations, government gov-
ernance capacity, and digital penetration rates. Therefore, future research can incor-
porate the DE development pathways of regions such as Southeast Asia and Latin
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America to further validate the cross-national applicability of the model presented in
this paper, exploring the differentiated application of policy instruments under vary-
ing institutional contexts. Secondly, further investigations could adopt dynamic panel
models and machine learning forecasting techniques to trace the evolving impacts of
digitalization on environmental outcomes. Such tools would enhance our ability to
predict long-term trends and craft adaptive policies for sustaining the synergy be-
tween digital development and ecological protection.

6 Conclusions

Drawing on panel data of 30 Chinese provinces between 2013 and 2022, this article
discusses the internal mechanism of DE affecting SRHPCE from the theoretical level
and conducts empirical tests. The key research findings are are presented below: (1)
The DE development can significantly improved SRHPCE. (2) The mechanism test
results show that the government environmental governance efficiency strengthen the
role of DE development in promoting SRHPCE.

Based on the analysis, several policy suggestions are proposed: (1) The government
can continue to promote the implementation of policies such as “Digital China” and
increase investment in the areas of 5G networks, the Internet of Things, and artificial
intelligence. Meanwhile, the government can incentivize the deep integration of tradi-
tional industries and the DE to achieve SRHPCE. (2) Although increasing investment
in digital infrastructure has become a widely accepted consensus, multiple challenges
still exist in practice, such as uneven allocation of fiscal resources, the digital divide
between rural areas and small or medium-sized cities, and weak technological appli-
cation capabilities in certain regions. In addition, the lack of privacy protection, data
security, and supporting regulatory mechanisms may also undermine the effectiveness
of relevant policies. Therefore, policy implementation should emphasize the devel-
opment of regional coordination mechanisms and the inclusiveness of public digital
service capabilities. (3) The government can strengthen its own digital construction.
Through the construction of digital environmental monitoring network, the real-time
monitoring and management of pollution sources are realized. At the same time, it is
essential to enhance intergovernmental coordination in environmental governance.
Strengthening information sharing and coordination mechanisms among central, pro-
vincial, and municipal governments can ensure the effective implementation of policies
that leverage the digital economy to support environmental governance. In particular,
at the prefecture-level city level, regional collaboration should be encouraged through
digital platforms to share successful experiences in environmental governance and
maximize regional synergistic effects.
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