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Abstract
In the context of the new normal, enhancing digitalization to empower the transition to a green economy is a critical instru-
ment to promote China’s economic transition from virtual to real sectors. It is also a necessary approach to realize the high-
quality economic development in China. Based on panel data of 282 prefecture-level and above cities in China from 2011 to 
2020, the study employs panel regression, spatial metrics, and other methods to explore the impact of urban digitization on 
the transition to a green economy from the dimensions of direct and indirect transmission mechanism, as well as heterogene-
ous effects. The findings reveal that digitalization not only exerts a positive effect on the green transition but also generates 
significant spatial spillover effects. The influence of digitization level on green economic transition exhibits notable regional 
heterogeneity. Advancement in digitization can foster green economic transition by catalyzing green technological innova-
tion. While digitalization contributes to the green transition by optimizing the structure of energy consumption, its mediat-
ing effect is relatively modest. Therefore, it is essential to fortify the supply of digital innovative technology and strengthen 
digitalization and green technology innovation to jointly facilitate the transition to a green economy. This necessitates the 
implementation of differentiated development paths for digitization-enabled green economic transition in various regions.
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Introduction

In recent years, China’s total economic output has risen 
by leaps and bounds. However, this rapid growth has been 
accompanied by increased energy consumption and severe 
environmental pollution. The crude development model 
has led to an increase in pollutant emissions, resulting in 
environmental problems such as “three wastes” emissions, 
deforestation, and soil erosion. According to the Global 
Environmental Performance Index Report released by Yale 
University in 2022, China ranks 160th out of 180 countries, 

indicating a lag in China’s environmental performance on a 
global scale. The quality of the ecological environment has 
become a hard constraint on China’s economic development. 
Given these facts, China must undergo a profound change 
to achieve high-quality economic development (Wang et al. 
2022a, b). A comprehensive green transformation of the 
economy has become the main theme in the new era (Wang 
et al. 2021a). This shift aligns with the strategic objectives 
outlined in the report to the twentieth CPC National Con-
gress, which emphasizes the urgency of transitioning to a 
greener, low-carbon development model. Consequently, 
China’s economic growth increasingly relies on the explo-
ration of sustainable green development pathways to realize 
the transition from the original crude development model to 
a green development model (Li et al. 2021).

The burgeoning digital economy, fueled by technologies 
such as the Internet and cloud computing and propelled by 
emerging sectors like mobile payments, e-commerce, and the 
sharing economy, is experiencing rapid expansion. Accord-
ing to the Global Digital Economy White Paper (2022) 
released by the China Academy of Information and Com-
munication Research, the scale of China’s digital economy 

Responsible Editor: Eyup Dogan

 *	 Chuanqing Wu 
	 277263621@qq.com

1	 School of Mathematics and Statistics, Yangtze Normal 
University, Chongqing 408100, China

2	 School of Economic and Management, Wuhan University, 
Wuhan 430072, China

3	 China Institute of Development Strategy and Planning, 
Wuhan University, Wuhan 430072, China

http://crossmark.crossref.org/dialog/?doi=10.1007/s11356-024-34613-y&domain=pdf
http://orcid.org/0009-0004-7718-1441


51791Environmental Science and Pollution Research (2024) 31:51790–51805	

in 2021 reached nearly 45.5 trillion, with a nominal year-on-
year growth of 16.2%, accounting for 39.8% of GDP. This 
places China second globally, following the United States. 
Digitization, which lies at the core of digital economy, pri-
oritizes digitized knowledge and information as key pro-
duction factors, promoting the integration and development 
of digital technologies such as 5G, the Internet, artificial 
intelligence, and blockchain with the real economy through 
industrial digitization (Firdaus et al. 2022). It propels the 
digital upgrading and evolution of traditional industries, 
enhancing the efficiency of traditional production factors. 
It provides substantial technological and data support for 
the green development of the economy. Digital technology, 
characterized by high technology content, low energy con-
sumption, low pollution, and low emission, is “cleaner” than 
physical elements. It can reduce the cost and information 
asymmetry of resource search, factor allocation, and green 
technology innovation due to its scalability, openness, and 
relevance (Pradhan et al. 2020). It can assist enterprises in 
fully acquiring, integrating, reorganizing, and effectively 
utilizing all kinds of environmental resources and factors 
for pollution control (Zhao et al. 2023b). The Plan for the 
Overall Layout of a Digital China further underscores the 
need for a synergistic transition of digitization and greening, 
recognizing the critical role of digital technology in facilitat-
ing green industrial transition.

Integrating digitalization, intelligence, and greening into 
the entire framework and giving full play to the catalytic role 
of digital transition in enabling green economic develop-
ment are the fundamental requirements for constructing a 
unified national market and realizing the goal of a Beautiful 
China in the new era. Digitization enhances resource utili-
zation and promotes economic development towards high 
efficiency, low energy consumption, and greening (Han et al. 
2024). Thus, the questions arise: Can digital development 
serve as a new driving force for the transition to a green 
economy? Is there a spatial effect between the two? What 
is the mechanism of digital empowerment for the transition 
to a green economy? The exploration of these issues will 
provide reference for relevant academic research, policy 
formulation, and the transition to a green economy. This 
is of great significance to better utilize the advantages of 
digital economy in the process of energy saving and emis-
sion reduction, promoting the transition to a green economy, 
fostering the shift in the mode of economic growth, and real-
izing the goal of “double carbon.”

Literature review

The term “digital economy” was initially introduced by 
Don Tapscott (1996) in Prospects and Risks in the Age of 
Network Intelligence and then further promoted by the US 

Department of Commerce. It is defined as a series of innova-
tive economic activities that leverage information and com-
munication technology (ICT) to facilitate a wide range of 
applications. Since then, various research institutions have 
successively put forward related concepts such as network 
economy, virtual economy, and information economy, all of 
which are underpinned by the ICT industry. With advance-
ments in information technology and “Internet + ,” the scope 
of “digital economy” has been continually expanded (Teece 
2018). Regarding the scope of the digital economy, Moulton 
(1999) suggests that the digital economy mainly includes 
e-commerce, information technology, the corresponding 
ICT infrastructure, and industries related to information 
transmission, communication, and computing. Research in 
digital economy application mainly explores the measure-
ment and analysis of digital economy (Goldfarb and Tucker 
2019) and the dividend effect, in which the dividend effect 
focuses on the impact of digital economy upon high-quality 
development (Ma and Zhu 2022), innovative development 
(Nambisan et al. 2019; Li et al. 2022), green and low-carbon 
development (Zhao et al. 2023a, b; Porter and Linder 1995; 
Chen 2022), and coordinated development (Evans 2019).

The concept of digitization originates from and is part of 
digital economy. Related academic studies mainly encom-
pass the connotation, measurement methods, and economic 
effects of digitization. Among these, the economic effects 
of digitization have been widely discussed by academics, 
predominantly at the micro, meso, and macro levels. At the 
micro level, it is chiefly reflected in the digital transition of 
enterprises (Wen et al. 2022) and the effect of improving 
business performance (Zhang and Dong 2023). At the meso-
level, research has been conducted around the industrial 
upgrading effect of digital transition, including its impact 
on the industrial innovation development and low-carbon 
development (Liu et al. 2023; Jin et al. 2023). At the macro 
level, research has been centered around the upgrading effect 
of digital transition on economic development, which mainly 
includes the impacts on real economic transformation and 
development (Goldfarb and Tucker 2019), economic growth 
(Heo et al. 2019), high-quality urban development (Pagani 
and Pardo 2017), and urban environmental effects (Bharad-
waj et al. 2013).

The concept of green development can be traced back 
to the 1960s when the American scholar Boulding first 
proposed the concept of circular economy, as well as a 
series of following discussions by Daley, Pierce, and oth-
ers on steady state economy, green economy, ecological 
economy, and so on. Academic research mainly focuses on 
the connotation (Iradian 2009), evaluation, and influenc-
ing factors of green development. Regarding the evalua-
tion of the level of green development, it mainly focuses 
on three dimensions: first, selecting a specific innovative 
variable for measurement, such as the level of pollutant 
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emissions, structuralization indicators, and green innova-
tion indicators; second, measuring the level of green devel-
opment comprehensively based on the indicator system 
using multi-dimensional indicators by downgrading the 
dimension (GGGI 2019; UNEP 2008); third, measuring 
green total factor productivity using the data envelopment 
analysis method based on the input–output efficiency to 
assess green development performance (Foster 2017). In 
terms of the factors influencing green development, more 
scholars have found that the elements of external dynamics 
(institutional incentives, environmental policy tools, green 
credit support, and resource inputs) and internal dynam-
ics (green innovation elements, technological progress 
elements, human capital, energy structure, foreign invest-
ment, industrial structure upgrading, and enterprise perfor-
mance) are the driving forces of green development. This 
is established by constructing the theoretical model of the 
driving mechanism and empirical regression model (Sun 
and Sun 2021; Huang and Li 2017; Bowen and Hepburn 
2014; Gaputo et al. 2016).

Existing literature on the impact of digitalization on the 
green economic transition is relatively limited. More schol-
ars focus on the impact of digitalization on green develop-
ment of industry, especially within industrial or manufactur-
ing sectors. Chen et al. (2023) found that digital transition 
significantly boosts the green development of manufacturing 
industries and can indirectly promote it by improving the 
production of green products and the level of technologi-
cal innovation and green investment, thereby demonstrat-
ing the “green effect.” Gaputo et al. (2016) discovered that 
the Internet of Things technology facilitates value crea-
tion, technology revitalization, and industrial restructuring 
in manufacturing. Some scholars, from the perspective of 
microenterprises, examine the impact of digitization on 
enterprise total factor productivity (Peng et al. 2022; Ace-
moglu and Restrepo 2018), enterprise green technology 
innovation (Feng et al. 2022), and enterprise performance 
(Li et al. 2018; Briel et al. 2018). Other scholars believe 
that the development of digital economy can enhance green 
ecological efficiency and environmental governance and 
that the performance of environmental governance can be 
enhanced by strengthening the level of environmental regu-
lation and green technological innovation (Xu et al. 2022). 
Only a few scholars have conducted relevant studies on the 
impact of digital economy on green and low-carbon devel-
opment, green innovation, etc. (Wang et al. 2022a). Zhang 
et al. (2023) argued that the digital economy can signifi-
cantly enhance the level of green economic development, 
with environmental regulation playing a double-threshold 
role on the relationship between digital economy and green 
economy. Zhang et al. (2022) suggested that digital economy 
can promote green development through technological inno-
vation and industrial restructuring.

While research on the digital economy and green econ-
omy has flourished in their respective spheres, there is a 
scarcity of literature that integrates digitization and the 
transition to a green economy within a unified analytical 
framework. Although some scholars have made prelimi-
nary explorations, they have mostly focused on the digital 
economy perspective. This study delves into the mechanisms 
through which digitalization impacts the transition to a green 
economy and analyzes its spatial effects. This approach is 
beneficial for leveraging the advantages of digitization, pro-
moting the digital transformation of green and low-carbon 
technologies, and advancing changes in the mode of eco-
nomic growth and the sources of growth momentum. The 
marginal contributions to the existing literature are as fol-
lows: first, it takes the perspective of prefecture-level cities 
by taking 282 prefecture-level and above cities in China as 
research objects. Basic panel regression models and spa-
tial econometric regression models are set up to examine 
the direct and spatial impact effects of digitization on the 
green economic transition. Second, to investigate the indi-
rect impact mechanism of digitization level on green eco-
nomic transition, two mediating variables, namely, green 
technology innovation and energy consumption structure, 
are selected to examine the indirect impact of digitization on 
green economic transition. Finally, the study delves into the 
impact of digitization on green economic transition in differ-
ent regions of China from the perspective of heterogeneous 
effects. This provides a reference for how different regions 
can implement digitization to promote the dividend effect of 
green economic transition.

Theoretical analysis and research 
hypotheses

Digitalization, through the integration of data, algorithms, 
and application scenarios, promotes the digital transition of 
traditional market elements such as labor and capital. By 
digitizing all factors, it improves the efficiency of factor use 
and accelerates the transition of traditional high-energy-con-
suming industries, such as labor-intensive industries towards 
new technology-intensive industries, thereby elevating the 
level of green development. Digitalization uses new digital 
technologies such as artificial intelligence, 5G technology, 
cloud computing, the Internet, and blockchain to promote 
the transformation of traditional industries to intelligence 
and green (Dewan and Kraemer 2000) by taking informa-
tion and data as key elements. With its precise information 
retrieval, collection, analysis, and professional assessment 
capabilities, digital technology can solve information asym-
metry issues, improve market efficiency, and support the 
green transition of traditional industries by locating and 
identifying green projects with both high investment value 
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and ecological benefits. The application of digital technol-
ogy enables real-time monitoring of ecological and environ-
mental changes in the production process, effectively aiding 
in pollution source control, reducing resource waste, and 
cutting pollutant emissions. The use of industrial Internet, 
Internet of Things, and other digital technologies reduces 
transaction costs of production and marketing, urban–rural, 
and internal–external connectivity and increases enterprise 
output efficiency and technology level. This leads to more 
efficient energy use in enterprises, reduced energy consump-
tion, and a greener transition of business and industries. In 
addition, through mobile Internet and other technologies, 
the sharing of information platforms makes it easier for the 
public to provide relevant environmental pollution behav-
iors, urging the government and business sectors to increase 
pollution emission control and promote the development of 
green economic transition (Basu and Fernald 2007).

Digital technology plays a pivotal role in improving the 
efficiency of energy and resource use and in promoting the 
development and utilization of renewable energy sources, 
thereby reducing the demand for energy and raw materials. 
Under certain conditions, digitalization can promote the 
decoupling of economic growth from environmental pol-
lution. The environmental Kuznets curve shows that, in the 
medium to long term, as the economy evolves from mainly 
producing industrial goods to being service-oriented, the 
structural and technological effects of economic activity 
lead to a reduction in the negative environmental impact 
of economic development. Information and communication 
services are considered key drivers of labor mobility from 
the secondary to the tertiary sector. The development of 
high-tech service industries has contributed to the decou-
pling of economic growth from environmental pollution. 
Industrial Internet technology not only digitally tracks 
and monitors all aspects of the product but also enables 
on-demand supply and efficient production for energy effi-
ciency (Kokina and Blanchette 2019). The theory of eco-
logical modernization holds that information technology, 
artificial intelligence, and other forms of digitalization can 
fundamentally enhance the efficiency of factor resource 
allocation and promote the transformation of industrial 
civilization to ecological civilization, ultimately realizing 
the green economic transition.

Digitalization provides convenient market space for 
production, distribution, flow, and exchange via inter-
connected network technology such as transportation, 
logistics, and information. Digitalization breaks the tra-
ditional constraints of time and space in the flow of fac-
tor resources, erasing regional boundaries and market 
segmentation. The enhanced efficiency in information 
transfer significantly reduces the spatial distance between 
different regions, leading to more frequent economic 

activities between different regions and efficient integra-
tion of market factors across the domain of space and time. 
Digitalization enhances the breadth and depth of market 
factor transmission and transfer, facilitating the sharing 
of data elements in different regions. This forms a net-
worked innovation ecology, which will have an impact on 
the green economic transition of both the local and neigh-
boring regions, accelerating the process of market inte-
gration. The rapid advancement and spread of advanced 
digital technologies have significantly improved the capac-
ity of information transmission, storage, and processing 
between different regions, rapidly reducing the processing 
cost and enhancing the data mobility and accessibility. The 
information symmetry among market subjects has been 
improved, eliminating regional information barriers. The 
information dissemination capacity and efficiency across 
different spaces have been enhanced, fostering the green 
economic transition in different regions. Based on this, the 
following hypothesis is proposed:

Hypothesis 1:  Digitization has a positive contribution and 
spatial spillover effect on the development of green eco-
nomic transition.

Digitization can accelerate green technology innovation 
by promoting the innovation and accumulation of human 
capital in the process of data flow. It encourages cooperative 
institutions such as enterprises, governments, and universities 
to improve R&D efficiency and conduct scientific research on 
green technology barriers. With the continuous advancement 
of environmental regulations and environmental technology 
standards, enterprises can enhance their competitive advan-
tages and market competitiveness by implementing green 
technology innovation, thus boosting the green economic 
transition. From the producer’s perspective, digitalization 
can optimize and reorganize product manufacturing, design, 
R&D, workflow, and resource utilization through effective 
data sharing and use. Digitalization enables the optimal allo-
cation of production and pollution control production factors, 
allowing enterprises to obtain the Metcalfe effect, reduce 
marginal innovation costs, enhance innovation levels, and 
provide technological support for green innovation (Takalo 
and Tooranloo 2021). The government incentivizes enter-
prises to adopt green production and bolsters their willing-
ness for green technology innovation through the implemen-
tation of environmental regulations and real-time monitoring 
of enterprises, thereby improving their innovation capacity 
of green technology. The advantages of digital technology, 
such as intelligence and digitization, provide conducive envi-
ronmental conditions and diverse elements of innovation for 
green technological advancements, thus boosting the green 
economic transition (Luo et al. 2023).
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Digitalization, by monitoring, collecting, and evaluat-
ing the big data of production and manufacturing from 
energy-intensive industries, provides a feasible and ref-
erential path for green economic transition. It effectively 
reduces pollution emission levels and production energy 
consumption. Digitalization encourages the optimiza-
tion of the energy consumption structure by optimizing 
the energy consumption market, leading enterprises to 
innovate actively to optimize and improve the energy 
structure, thereby promoting the green economic transi-
tion. However, the promotion and application of digital 
technology directly increases energy intensity, and the 
energy demand caused by the development of digitally 
empowered economy will increase energy consumption, 
thus adversely affecting the green economic transition (Li 
et al. 2022). The use of digitalization in the electric power 
and energy industries will consume a large amount of elec-
trical energy. The large use of coal power will increase 
coal consumption, thus exacerbating carbon emissions and 
posing challenges to the green economic transition (Nasir 
et al. 2022). Based on the above analysis, the following 
hypothesis is proposed:

Hypothesis 2:  The level of digitalization can promote green 
economic transition by enhancing green technology innova-
tion and altering the energy consumption structure.

In the process of industrialization, a unified national 
market has not yet been fully established, leading to 
significant disparities in the level of digitization across 
different regions and types of cities due to varying geo-
graphic environments, resource endowments, and indus-
trial bases. This results in different impacts on the devel-
opment of green economic transition. Regions such as 
eastern coast and other economically advanced areas, with 
a robust industrial foundation and high levels of techno-
logical innovation, have greater green transition power. 
The compensation effect of these regions is prominent, 
contributing to an elevated level of green economic tran-
sition. Conversely, in economically weaker areas like 
the western or the northeastern regions of the country, 
where the level of marketization is less advanced and the 
industrial base is relatively weak, there are more high 
energy-consuming and high-polluting enterprises, and 
the industry is still based on the extensive and quanti-
tative growth. While the digital transition can promote 
the industrial production capacity, it may also lead to 
increased emission of pollutants. Given the bottlenecks 
in technological innovation, the cost of pollution control 
cannot be compensated by the revenue from increased 
production capacity. These regions are still in a phase 
of rapid economic development, where environmental 

considerations are sometimes sacrificed for economic 
benefits. Digitalization may have a limited effect on 
the level of green transition and development in these 
regions. As the level of digitization increases, the inno-
vation capacity of enterprises gradually improves, and 
enterprises have the awareness to improve the level of 
green technology innovation and thus promote the green 
economic transition. Compared with non-resource cities, 
the level of green economic transition in resource cities 
is lower, with problems such as high difficulty of transi-
tion and insufficient motivation for change. There is an 
obvious difference in the effect of digitization on green 
economic transition in different types of cities. Based on 
this, the following hypothesis is proposed:

Hypothesis 3:  The effect of digitalization on the devel-
opment of green economic transition exhibits regional 
heterogeneity.

Methodology and data

Based on the theoretical analysis and the research objec-
tives previously outlined, this article mainly focuses on the 
impact of digitalization on green economic transition and 
on the mediating roles of green technology innovation and 
energy consumption structure. The variable settings of this 
study are as follows.

Variable settings

Explanatory variable: green economic transition (GET)

In February 2021, the “Guiding Opinions on Accelerat-
ing the Establishment of a Sound Green, Low-Carbon 
and Cyclic Development Economic System” was issued 
by State Council of the Communist Party of China Cen-
tral Committee. This document laid out a comprehen-
sive framework for developing a green, low-carbon, and 
cyclic economic system from the perspective of building 
a green, low-carbon, and cyclic development production, 
circulation, and consumption system, promoting the green 
upgrading of infrastructures, constructing a green tech-
nological innovation system, and perfecting the legal and 
regulatory policy system. Based on this, green economic 
transition index (GET) is constructed, which is mainly 
grounded in the theory and concept of green economic 
transition, and primarily focuses on the “Green Transition 
of Production (Industrial Transition, Green Innovation), 
Green Transition of Ecology (Pollution Control, Low-
Carbon Development, Environmental Quality), and Green 
Transition of Life (Infrastructure, Green Consumption).” 
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The GET is mainly constructed from the spatial perspec-
tive of the “three lives” to build a trinity of green eco-
nomic transition index (Table 1).

Core explanatory variable: level of digitization (Dige)

The indicator system is established from three dimensions—
digital infrastructure, digital industrialization, and industrial 
digitization—to determine the weights by combining the 
weighting method (Ren et al. 2021) (Table 2).

Mediating variables

This study selected green technology innovation and energy 
consumption structure as mediating variables (Chen et al. 
2023):

1)	 Green technology innovation level (Gp). This is meas-
ured by taking the logarithm of the total number of green 
utility model patent applications and green invention 
patent applications.

2)	 Energy consumption structure (Ene). This is represented 
by the proportion of coal consumption to GDP.

Table 1   Indicator system for 
green economic transition levels

Primary 
Indicators 

Secondary 
Indicators Tertiary Indicators unit Indicator

Attribute

A1 

 Green 

Transition of 

Production 

B1 

Industrial 

Transition 

C1 Value added of tertiary sector as a share of GDP % + 

C2 Percentage of high-tech industries % +

C3 Share of energy-intensive industries % -

B2 

Green 

Innovation 

C4 Number of green patents pieces +

C5 R D investment intensity % + 

A2 

Green 

Transition 

of Ecology 

B3 

Pollution 

Control 

C6 Industrial wastewater discharge per unit GDP million 

tons/billion dollars
- 

C7 Industrial solid waste emissions per unit GDP million 

tons/billion dollars
- 

C8 Total sulfur dioxide emissions per unit GDP (million 

tons/billion dollars) 
- 

C9 Fertilizer use per unit of cultivated area tons/hectare  - 

C10 Pesticide use per unit of arable land area (tons/ hectare) - 

B4 

Low-Carbon 

Development 

C11 Carbon emission intensity (tons/billion dollars) - 

C12 Energy consumption per unit of GDP (tons of standard coal 

per million dollars) 
- 

B5 

Environmental 

Quality 

C13 PM2.5 annual average concentration (µg/m3) - 

A3 

Green 

Transition of 

Life 

B6 

Infrastructure 

C15 Non-hazardous treatment rate of domestic waste % + 

C16 Per capita green space in parks (square meters/person) + 

C17 Greening coverage in built-up areas %  + 

B7 

Green 

Consumption 

C18 Public transportation vehicles per 10,000 population 

(standard units) 
+ 

C19 Per capita water consumption (m3/person) - 

“ + ” signifies a positive indicator and “ − ” signifies a negative indicator.

Table 2   Indicator system for 
digitization

Primary indicators Secondary indicators Indicator 
attribute

Digital infrastructure Cell phone subscribers per 100 population  + 
Internet broadband access per 100 population  + 

Digital industrialization Percentage of employees in the information transmission, 
computer services, and software industry

 + 

Telecommunications revenue per capita  + 
Industrial digitization Digital inclusive finance index (digitization of services)  + 
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Control variables

This study selected economic development, wage level, 
population size, intensity of government expenditures, 
industrial structure, the degree of foreign direct investment, 
and infrastructural development as the seven control vari-
ables (Zeng et al. 2023; Lin and Shao 2006).

(1) Economic development level (pGDP): measured 
by the logarithm of GDP per capita. (2) Wage level 
(Wage): measured by the average wage of employees. (3) 
Population size (POP): measured by the density of urban 
population. (4) Government expenditure intensity (Gov): 
expressed by the share of local fiscal expenditures in 
GDP. (5) Industrial structure (Ind): measured by the pro-
portion of the secondary industry value-added in GDP. (6) 
Foreign direct investment (FDI): expressed by the total 
amount of foreign direct investment actually utilized. (7) 
Infrastructural development (Infra): measured by the per 
capita road area. All price data are smoothed with 2008 
as the base period.

Research methods

Utility function method

The utility function synthesis method is used for the 
assignment.

Step 1: Normalize the indicators.
Positive indicators:

Negative indicators:

Zi represents the normalized value of the data. Xi is 
the original value of the data, while Xmax and Xmin are the 
maximum and the minimum value of the original data set, 
respectively.

Step 2: Calculate the weight and synthesize the data. 
However, it is important to note that the synthesized index 
method has certain defects. For instance, if one index scores 
high, it will overshadow other indexes with lower scores. 
This can result in a higher overall score and lead to evalu-
ation bias.

Assuming that the individual utility function of residents 
is as follows:

(1)Zi =
Xi − Xmin

Xmax − Xmin

, i = 1,2, 3,⋯ , n

(2)Zi =
Xmax − Xi

Xmax − Xmin

, i = 1,2, 3,⋯ , n

(3)U = E�S�D� , which, �+�+�=1

E, S, and D represent the indicators of green transition of 
production, ecology, and life, respectively. Each region cal-
culates �, �, � separately and synthesizes the comprehensive 
index of green economic transition using individual utility 
function.

First, calculate the gap between each region’s score on 
these three Tier 1 indicators and the highest-scoring:

Second, different weights are assigned to each of the three 
indicators according to the degree of “shortcomings” in each 
region:

Finally, the individual utility function is applied to calcu-
late the green transition development score for each region.

Panel regression model

To examine the direct impact of digitization on green eco-
nomic transition, the following baseline model is set:

GET represents the level of green economic transition. Dige 
represents the level of digitization, while control stands for the 
control variables. i and t represent the city and year, respec-
tively. εit is the random error term.

Spatial regression model

Due to the free flow mechanisms of market factors such as 
data and technology, digitization tends to be spatially dis-
tributed and universally connected. Therefore, the level of 
digitization in a specific region cannot be viewed in isola-
tion. There are usually spatial effects on the level of digitiza-
tion in different cities. This study builds up spatial Durbin 
model (SDM):

� represents the impact of development level on local eco-
nomic transition to the level of neighboring green economic 
transition. X is the matrix of control variables. W stands for 
the matrix of spatial weights, using the geographic distances 
of 282 prefecture-level and above cities in China as weights. 
The meanings of the remaining variables are as previously 
defined. �it is the vector of random error terms, and � is the 

(4)
ΔE1 = max(E) − E1,ΔS1 = max(S) − S1,ΔD1 = max(D) − D1

(5)

�=
ΔE1

ΔE1 + ΔS1 + ΔD1

, �=
ΔS1

ΔE1 + ΔS1 + ΔD1

, �=
ΔD1

ΔE1 + ΔS1 + ΔD1

(6)GETit = �0 + �1Digeit+�2Controlit + �i + �t + �it

(7)

GETit = �0 + �W × GETit + �1Digeit+�2W × Digeit

+

k
∑

i=1

Xit�it +WX� + �it
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autoregressive coefficient of spatial error. �it obeys the nor-
mal distribution. The other variables maintain the previous 
defined meanings.

Study area and data sources

Based on data availability, panel data of 282 prefecture-level 
and above cities in China spanning from 2011 to 2020 are used 
as samples for analysis. The sample excludes cities like Bijie, 
Qinzhou, Haidong, Sansha, Suihua, Lhasa, Tongren, Turpan, 
Hami, Danzhou, and various autonomous prefectures and 
leagues due to significant data missing. The relevant data for 
various indicators are mainly sourced from China Statistical 
Yearbook, China Urban Statistical Yearbook, China Envi-
ronmental Statistical Yearbook, the EPS database, and the 
CNRDS database. Some missing data are supplemented from 
neighboring years in the region using mean replacement and 
interpolation methods. The descriptive statistics for the main 
variables are presented in Table 3.

Empirical results and discussion

Benchmark regression analysis

The likelihood ratio and Hausman test are employed for 
model selection and comparison. The results indicate that 
the fixed effect model is used for estimation as shown in 
Table 4. Models (1) and (2) represent the linear effects 
of digitization level on green economic transition before 
and after incorporating control variables, respectively. 
After adding control variables, the influence coefficient 
is 0.0182, suggesting that an enhancement in digitization 
can significantly promote green economic transition. This 
aligns with the findings of Ma and Zhu (2022) and Wang 
et al. (2021a, b), which demonstrated that digitization can 
suppress pollutant emissions and promote the develop-
ment of green economy (Shen et al. 2024). Digitalization, 
through the use of mobile Internet and other technologies, 
accelerates the flow of data and other factor markets. This 
provides technical support for green economic transition 
and promotes the transition of traditional high-energy-
consuming industries, such as labor-intensive industries, 
towards new industries such as technology-intensive 
industries, so as to enhance the level of green transition. 
Furthermore, a rising level of digitalization promotes the 
continuous improvement and optimization of industrial 
structure. This not only reduces resource mismatch and 
pollution emissions but also enhances production effi-
ciency and transaction efficiency (Sibt-e-Ali et al. 2024). 
Digitalization has demonstrated a strong driving force 
across all areas of production and life, including green 
production, green consumption, and green distribution. 

It has become a new driving force for China’s green 
development.

The regression results of the control variables in model 
(2) indicate that the influence coefficients of both the levels 
of economic development and wage on the advancement of 
green economic transition are significantly positive. As the 
levels of economic development and the wage improve, there 
is a corresponding enhancement in people’s living standards, 
and the atmosphere of the whole society’s green transition 
is strengthened, which promotes the development of green 

Table 3   Descriptive statistics of variables

Variable Obs Mean Std. Dev Min Max

EGT 2820 0.6163 0.0008 0.4749 0.7648
Dige 2820 0.1366 0.0043 0.0104 0.5406
pgdp 2820 10.7235 0.3290 8.7729 13.0557
wage 2820 10.9118 0.1112 8.5088 12.1283
POP 2820 0.0441 0.0012 0.0005 0.2927
Gov 2820 0.2033 0.0107 0.0439 0.9155
Ind 2820 0.4609 0.0118 0.1170 0.8934
FDI 2820 0.0167 0.0003 0.0000 0.1978
Infra 2820 2.7839 0.1847 0.3148 4.0955
Gp 2820 5.1881 2.7989 0.0000 10.4536
Ene 2820 0.0921 0.2921 0.0041 6.2571

Table 4   Regression results of the effect of digitization on green eco-
nomic transition

*** , ** and * indicate significance at the 1%, 5%,10% levels, respec-
tively, which will not be repeated below

Variables Model (1)
GET

Model (2)
GET

Dige 0.2946***

(64.64)
0.0182**

(2.35)
pgdp 0.0226***

(18.14)
wage 0.0214***

(15.17)
POP 0.0583***

(2.62)
Gov 0.0170***

(3.08)
Ind  − 0.0715***

(− 16.31)
FDI 0.0413**

(2.41)
Infra 0.0029***

(3.47)
_cons 0.5759***

(464.11)
0.1560***

(11.14)
N 2820 2820
R2 0.6152 0.7636
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economic transition. The influence coefficient of population 
density in relation to the green economic transition is sig-
nificantly positive. An increase in population means a rise in 
human capital, which provides talent support for economic 
development, thereby enhancing the technological effect, 
which in turn promotes the progress of green economic 
transition. The influence coefficient of government support 
is significantly positive, and government financial support 
can increase green innovation and R&D investment to pro-
mote green transition. In contrast, the influence coefficient 
of the proportion of the secondary industry on the green 
economic transition is significantly negative, indicating that 
the secondary industry is still dominated by high-pollution 
and high-energy-consuming industries, and an increase of 
the proportion of the secondary industry is not conducive to 
the development of green economic transition. Therefore, 
the orderly development of the tertiary industry could be an 
effective measure to enhance green economic transition in 
the future. The influence coefficient of foreign direct invest-
ment on the green economic transition is 0.0413, statisti-
cally significant at the 5% significance level. Through the 
“demonstration effect” of foreign investment and the “learn-
ing effect” of domestic enterprises, the green performance 
of enterprises is enhanced, thus promoting green economic 
transition. Lastly, the influence coefficient of infrastructure 
on green economic transition is significantly positive, and 
infrastructure provides a conducive ecological environment 
for the green development of regional economy.

Mediating effect

Academia typically uses the stepwise method to measure 
the mediating effect in mechanism tests. But this method 
may yield biased estimates of mediating effect due to the 
endogeneity issues with the mediating variables (Bullock 
et al. 2010). In light of this, this study, referencing Zhang 
(2020), utilizes the following mediating effect test method 
for mechanism testing: it introduces a mediating variable to 
analyze only the impact of the core explanatory variables 
on the dependent variable. The impact of this mediating 
variable on the dependent variable is either evident or can 
be deduced based on the economic theory and the findings 
of related literature. Based on this, the following mediating 
effect model is constructed:

Med, the mediating variable, mainly includes the level of 
green technology innovation (Gp) and energy consumption 
structure (Ene). �1 reflects the effect of the digitization level 
on the mediating variables (Burki and Dahlstrom 2017).

In Table 5, model (1) shows the effect of digitization level 
on green technology innovation. The influence coefficient 

(8)Medit = �0 + �1Digeit + �2Controlit + �i + �t + �it

is 4.0391, indicating an increase in digital development can 
significantly promote green technology innovation. Digital 
development encourages enterprises to innovate through 
technical support, facilitates the transition and upgrad-
ing of traditional industries, supports the growth of green 
industries such as clean production and clean energy, and 
promotes green innovation. An enhanced level of digitali-
zation encourages enterprises to engage in green techno-
logical innovation, leading to improved technologies and 
processes, growth in environmental protection industries, 
reduced energy consumption, and ultimately, the promotion 
of green economic transition.

Model (2) in Table 5 shows the impact of digitalization 
on energy consumption structure. The development of digi-
talization can significantly improve the energy consump-
tion structure, but the influence coefficient is relatively small 
at − 0.0013, indicating that the effect of digitalization on 
improving the energy structure is limited. The energy con-
sumption structure in China is still dominated by traditional 
coal, and the transition to more sustainable energy sources 
requires a high level of digitization. Currently, the level of 
digitalization is not sufficient to make a significant impact 
on the optimization of the energy structure. However, the 
importance of optimizing the energy structure to enhance 
green economic transition is undeniable. Given that China’s 
current level of digitization is still relatively low, relying 
only on digital transition to optimize the energy consump-
tion structure is challenging. Future efforts should focus on 
accelerating the research and development of green technol-
ogy, promoting technological research, and optimizing the 
energy consumption structure.

Heterogeneity analysis

To examine the impact of digitization level on the develop-
ment of green economic transition across different regions in 
a more detailed way, this study categorized 282 prefecture-
level and above cities of the country into four major seg-
ments: eastern, central, western, and northeastern regions, 

Table 5   The regression results of mediating effects

Variable Model (1)
Gp

Model (2)
Ene

Dige 4.0391***

(9.49)
 − 0.0013***

(− 3.57)
Control Yes Yes
_cons  − 12.4750***

(− 16.07)
0.4278**

(2.22)
N 2820 2820
R2 0.6220 0.0207
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for the purpose of heterogeneity analysis.The results are 
shown in Table 6.

The influence coefficients of digitization on green eco-
nomic transition in the eastern and central regions are sig-
nificantly positive, 0.0221 and 0.0364, respectively. This 
indicates a particularly strong effect of digitalization in the 
central region, suggesting that the digital development strat-
egy helps to promote the green economic transition there. 
In the central region, most of the industrial value chain is 
at the middle and low-end level, and the level of industrial 
high-end and intelligence is low. At this time, increasing the 
level of digitization will have a significant impact on green 
economic transition. The enhancement in digitization drives 
green economic growth, improving enterprise productivity 
and energy efficiency. The greening dividend effect is obvi-
ous. It contributes to reducing pollution emissions and aid-
ing the green economic transition. Conversely, in the east-
ern region, the level of digitalization development is higher. 
The dividend effect of digitalization on the green transition 
shows a weakening trend. The eastern region is dominated 
by strategic emerging industries, which itself has a higher 
level of greening, thus weakening the promotion effect.

The impact of digitization on green economic transition in 
western region is not significant. Many cities in the western 
region are rich in resource. As the digitization level rises, so 
does the industrial energy demand, leading to a significant rise 
in energy extraction and consumption. Therefore, while digiti-
zation enhances the efficiency of industrial green development, 

it simultaneously escalates energy demand. These conflicting 
influences on green economic transition neutralize each other; 
thus, the impact of the effect is not significant in this region.

The influence of digitalization on the development 
of green economic transition in northeast China shows a 
U-shaped trend of initially decreasing and then increasing. 
When the level of digitalization is low, digitalization is not 
conducive to green economic transition. However, as digi-
tization level rises, its positive influence of green economic 
transition gradually becomes apparent. The current indus-
trial structure of the northeast region is more backward, and 
the economic efficiency is poor. When the digitization level 
is low, enterprises are trying to expand their production 
capacity and improve their productivity during the process 
of enhancing intelligence. There is less awareness of green 
transition, leading to increased energy consumption and pol-
lutant emissions during the process of increasing productiv-
ity, which adversely impacts green economic transition. Yet, 
as the level of digitization gradually increases, enterprises 
start to integrate ecological civilization and environmental 
protection in the expansion of production capacity. This shift 
leads to a balance between increasing production capacity 
and protecting environment, resulting in reduced energy 
consumption and pollution, thus promoting the development 
of green economic transition.

To examine the effect of digitization on green economic 
transition under resource endowment heterogeneity, cities 
are categorized into two types of samples: resource-based 

Table 6   Results on the analysis 
of regional heterogeneous 
effects

Variables Model (1)
Eastern

Model (2)
Central

Model (3)
Western

Model (4)
Northeastern

Model (5)
Northeastern

Dige 0.0221*

(1.68)
0.0364***

(2.77)
0.0260
(1.62)

 − 0.0292
(− 1.17)

 − 0.2975***

(− 4.09)
Dige^2 0.7149***

(4.01)
pgdp 0.0152***

(6.88)
0.0195***

(7.29)
0.0284***

(11.01)
0.0199***

(4.42)
0.0177***

(3.31)
wage 0.0262***

(8.30)
0.0204***

(6.83)
0.0127***

(5.48)
0.0233***

(4.98)
0.0333***

(5.95)
POP 0.3891***

(8.52)
 − 0.4145***

(− 11.70)
0.5336*

(1.91)
0.0177
(0.12)

 − 1.4856*

(− 1.84)
Gov  − 0.0097

(− 0.65)
 − 0.0250*

(− 1.66)
0.0010
(0.10)

0.0531***

(4.42)
0.0646***

(4.61)
Ind  − 0.1007***

(− 8.46)
 − 0.1080***

(− 13.43)
 − 0.0546***

(− 7.15)
 − 0.0397***

(− 2.88)
 − 0.0309*

(− 1.87)
FDI 0.0526

(1.60)
0.0171
(0.56)

0.0440
(0.66)

0.0238
(0.75)

0.0133
(0.43)

Infra  − 0.0036**

(− 2.14)
0.0046***

(3.15)
0.0084***

(5.57)
 − 0.0014
(− 0.52)

 − 0.0015
(− 0.53)

_cons 0.2020***

(6.55)
0.2239***

(9.48)
0.1606***

(6.05)
0.1539***

(3.29)
0.1145*

(1.76)
N 860 800 830 330 330
R2 0.8051 0.8705 0.7418 0.5636 0.5961
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cities and non-resource-based cities, to facilitate heteroge-
neity analysis. The results, as shown in Table 7, reveal that 
the influence coefficient of digitization on green economic 
transition in resource-based cities is not significant, while 
the improvement of digitization level in non-resource-based 
cities can significantly promote green economic transition. 
This may attribute to the lower economic development level 
in resource-based cities, and more cities are resource-rich 
areas, compared with non-resource-based cities. As digi-
talization level increases, it leads to rising industrial energy 
demand, resulting in a significant increase in the amount 
of energy extraction and consumption. The enhancement of 
green industrial development leads to an increase in energy 
demand and results in conflicting impacts on green eco-
nomic transition, thereby neutralizing the overall effect on 
green economic transition. In non-resource-based cities, as 
the level of digitization improves, the awareness of green 
development is also gradually enhanced, enhancing the qual-
ity of green economic development, thus promoting green 
economic transition. Hypothesis 3 is verified.

Robustness test

(1) Replacement of explanatory variables. The industrial 
sector is the main source of material wealth production as 
well as pollution emissions, and thus, it is the central to the 
green economic transition. Industrial sector data is used to 
represent the level of green economic transition. Industrial 

sulfur dioxide (SO2) serves as a proxy variable for the level 
of green economic transition. As a major pollutant emit-
ted by industrial enterprises, the volume of SO2 emissions 
reflects the degree of green development within the industry. 
Re-conducting the regression with this approach, as shown 
in Table 8, model (1), reveals that an increase in the level of 
digitization significantly reduces industrial SO2 emissions, 
thus promoting green economic transition and reinforcing 
the robustness of the conclusion.

(2) Staged regression method. In July 2015, the release of 
the State Council’s Guiding Opinions on Actively Promot-
ing the “Internet Plus” Action implies that the development 
of the digital economy has risen to a national strategy, and 
the scale has been rapidly expanding since 2016. Based on 
this, the sample is divided into two time periods: 2011–2015 
and 2016–2020, resulting in sub-sample regression results 
(Table 8, models (2) and (3)). In the 2011–2015 period, digi-
tal development had a negative inhibitory effect. This may be 
attributed to a weaker national focus on both digital develop-
ment and ecological civilization ideology before 2015. The 
main purpose of improving the level of digitalization was to 
increase production capacity and scale through technological 
innovation, which was not mainly used for green transition. 
Consequently, enterprises expanded production capacity 
but also increased pollutant emissions, adversely impacting 
green economic transition. In 2016–2020, the level of digi-
tization significantly improved green economic transition, 
with a regression coefficient notably larger than the bench-
mark regression. This indicates that with the improvement 
of “Internet + ”, digitization and awareness of ecological 
civilization were gradually enhanced. Enterprises focused 
on both enhancing digitalization transition to expand pro-
duction capacity and at the same time embracing green 
development, thus promoting the green economic transition.

(3) Excluding municipalities and provincial capitals, the 
results of the regression are shown in Table 8, model (4). 
The influence coefficient of digitization on the green eco-
nomic transition remains significantly positive.

(4) Endogeneity discussion. While digitization affects 
green economic transition, as the level of green economic 
transition increases, the need for green transition propels 

Table 7   Results on the analysis of the effects of resource endowment 
heterogeneity

Variables Resource-based cities Non-
resource-
based cities

Dige 0.0076
(0.61)

0.0400***

(3.99)
pgdp 0.0271***

(12.32)
0.0227***

(13.75)
wage 0.0170***

(6.67)
0.0191***

(10.64)
POP  − 0.5112***

(− 2.96)
0.4544***

(10.31)
Gov 0.0297***

(3.80)
 − 0.0203**

(− 2.28)
Ind  − 0.0714***

(− 10.17)
 − 0.0717***

(− 11.32)
FDI 0.0242

(0.65)
0.0589***

(3.02)
Infra 0.0067***

(5.26)
0.0011
(0.94)

_cons 0.1540***

(6.71)
0.1681***

(9.01)
N 1140 1680
R2 0.7738 0.7784

Table 8   Robustness test results

Variable Model (1)
SO2

Model (2)
2011–2015

Model (3)
2016–2020

Model (4)

Dige  − 3.9389***

(− 7.73)
 − 0.0210*

(− 1.91)
0.0490***

(3.96)
0.0150***

(2.97)
Control Yes Yes Yes Yes
_cons 26.0324***

(28.83)
0.3024***

(14.16)
0.0077
(0.31)

 − 0.2769*

(− 1.86)
N 2820 1410 1410 2520
R2 0.7349 0.4263 0.6064 0.7236
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enterprises to undergo digital transition, which may hinder 
the development of digitization. If a bidirectional causal 
relationship exists between digitization and green economic 
transition, it may trigger estimation bias or inconsistency 
in the results. To address this, the following two methods 
are adopted. First, to mitigate the “first-mover advantage” 
of economically advanced cities in adopting digitalization, 
province fixed effects and province-year interaction effects 
are introduced to exclude the changes in the macro-systemic 
environment brought about by the adoption of digitaliza-
tion technology. Table 9 model (1) shows that the estimated 
coefficient of digitization on the green economic transition 
remains significantly positive and relatively unchanged, indi-
cating the robustness of the estimation results. Second, the 
instrumental variable method is used to solve the endogene-
ity issue. The lagged item of the digitization level is used as 
an instrumental variable, with estimation conducted using 
2SLS method. The first-stage regression results confirm the 
validity of the chosen instrumental variable. The results of 
the second-stage regression indicate that digitalization still 
contributes significantly to green economic transition, reaf-
firming the robustness of the conclusion after considering 
endogeneity.

Further analysis: spatial spillover effects

Due to the varying geographic locations of different cit-
ies, there are disparities in their physical conditions, green 
production and living environments, resource endowments, 
ecological resources, and environmental performance. These 
factors only affect a city’s own green economic transition 
but also impact development of green economic transition 
in neighboring areas. Therefore, spatial autocorrelation 
between digitalization and the development level of green 
economic transition is measured. Moran’s I was utilized to 

test the spatial correlation. The results, calculated using 
Matlab on the spatial index of the green economic transi-
tion and the digitization, are shown in Table 10. It shows 
that both the development level of green economic transition 
and digitization have significant spatial correlation, with an 
accompanying probability of ≤ 0.05. This indicates that the 
two variables exhibit the characteristics of agglomeration in 
the spatial distribution.

By applying the LR test, the spatial Durbin model (SDM) 
is established for regression. Through Hausman test, a fixed 
effects model was found to be regressed, and finally, the 
spatial Durbin model (SDM) and fixed effects model are 
selected for main regression analysis. The results of the spa-
tial regression model are presented as models (1) and (2) in 
Table 11. The influence coefficient of digitalization on the 
development of green economic transition is significantly 
positive, as are the spatial spillover effects. As depicted 
in model (2), the influence coefficient of local digitaliza-
tion development on the green economic transition in the 
surrounding area is significantly positive with a value of 
0.7640, indicating that digitalization in one area can pro-
mote the green economic transition in surrounding cities. 
The enhancement of digitalization level leads to a strong 
scale agglomeration effect and diffusion effect on economic 
development, accelerates the flow of factor market, and 
optimizes the market-oriented allocation level in both local 
and peripheral cities, thus promoting the green economic 
transition of peripheral cities. The influence coefficient 
of the green economic transition of neighboring cities on 
the region’s transition is 1.2621, with a significant positive 
influence, indicating that the green economic transition of 
neighboring cities will have a positive driving effect on the 
region. The findings indicate that the development of green 
economic transition in different regions exhibits a mimetic 
effect. Regions accelerating innovation and green industrial 
transition will lead to the implementation of similar poli-
cies in neighboring regions, and the flow of green elements 
between regions promotes the development of green eco-
nomic transition.

To further verify the spatial effect of digitization on the 
development of green economic transition, the spatial weight 
matrix of economic geography (W1) and the inverse of GDP 

Table 9   Results of endogeneity test

Variable Model (1)
Excluding macro factors

Model (2) (2SLS)

Phase I
Dige

Phase II
GET

Dige 0.0330***

(3.94)
0.0393***

(4.14)
0.0263**

(2.02)

IV 0.8767***

(36.94)
Control Yes Yes Yes Yes
_cons 0.1533***

(9.77)
0.0554***

(2.59)
 − 0.0396
(− 1.13)

0.0708***

(2.84)
City fixed Yes Yes No No
City × year No Yes No No
N 2820 2820 2538 2538
R2 0.9249 0.6578 0.9312 0.6309

Table 10   Spatial Moran’s I index of dependent and core explanatory 
variables

Time GET Dige Time GET Dige

2011 0.0358** 0.0194*** 2016 0.0208*** 0.0786***

2012 0.0317*** 0.0975*** 2017 0.0253*** 0.0860**

2013 0.0251*** 0.0849** 2018 0.0249*** 0.0863***

2014 0.0191*** 0.0870*** 2019 0.0250** 0.0690***

2015 0.0228** 0.0844*** 2020 0.0288*** 0.0610***
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per capita difference (W2) are constructed, replacing the 
previous spatial weight matrix. In W1, the non-diagonal ele-
ment is calculated as the product of the inverse geographic 
distance between cities and the ratio of the city’s GDP per 
capita to the GDP per capita of 282 cities, with a diagonal 
element of 0. For W2, the non-diagonal element is the inverse 
of the absolute difference in GDP per capita between two cit-
ies. The results indicate that the sign and significance of the 
coefficients do not change significantly (Table 11, models 
(3) and (4)). It shows that digital empowerment has sig-
nificantly positive spatial spillover effects on the green eco-
nomic transition.

The direct effect analysis can reflect the impact of digi-
talization on the green economic transition within a specific 
region, while the indirect effect analysis reveals the impact 
of digitalization on the green economic transition of other 
regions. Therefore, the results of the indirect effect analysis 
can represent the spatial spillover effect, illustrating how the 
level of digitalization can affect the green economic transi-
tion. The spatial effect of digitization on green economic 
transition has been decomposed, with the results shown in 
Table 12. The direct, indirect, and total effects of digitiza-
tion on green economic transition are 0.0232, 0.3386, and 
0.3618, respectively, all of which are significant. Digitiza-
tion not only promotes the development of green economic 
transition within a specific region but also has a spatial dif-
fusion effect, which also plays a significant role in promoting 
the development of green economic transition in neighbor-
ing cities. This could be attributed to a “copycat effect” that 
the increase in the level of digitization would have on the 
surrounding areas, and the governments of the surrounding 
areas will be motivated by the comparison effect, thus pro-
moting the green economic transition by increasing admin-
istrative actions or financial inputs.

Digitalization can facilitate the transition to a green 
economy through energy saving and emission reduction. The 
underlying logic may lie in the organic integration of digital 

technology, which contains technological advancement and 
green attributes, with the original production method. This 
integration can help realize the lean management of the pro-
duction process, thereby reducing the total energy consump-
tion across the entire life cycle of a product. It can facilitate 
the transformation of the production process into a cleaner 
and greener one. The ultimate performance of the digital 
improvement can reduce the level of pollutant emissions, 
thus realizing the transition to a green economy. Digitization 
can yield an energy use efficiency improvement effect and 
green technology progress effect. It can steer the industry’s 
production mode towards low energy consumption and low 
emissions, ultimately promoting the transition to a green 
economy.

Conclusion, implications, and further study 
directions

Actively leveraging digitalization as an internal driving force 
of marketization, it is crucial to study the impact of core 
elements of digitalization on green economic transition. 
Various methodologies, including panel regression, spatial 
econometric model, two-stage least squares, and GMM are 
established to study the impact of digitalization on green 
economic transition. The main conclusions are as follows.

(1)	 Digitalization has a positive and facilitating effect on 
green economic transition, along with a notable posi-
tive spatial spillover effect. The development of digital-
ization technology not only has a positive spatial spillo-
ver effect on the green transition of local economy but 
also promotes the green transition of neighboring cities 
driven by the flow of market factors. The integration 
of digital technology, digital infrastructure, and tradi-
tional industries further promotes the green transition 
of industries. It unlocks the value of data in the entire 
field, improves the efficiency of the whole production 
process, reduces the energy consumption of the entire 
chain, and realizes the dual enhancement of production 
efficiency and energy efficiency.

(2)	 The impact of digitization on green economic transi-
tion exhibits regional heterogeneity. In the eastern and 
central regions, digitization has a positive effect on 
green economic transition. However, in the western 

Table 11   Results of spatial measurement regressions

Variables Model (1)
GET

Model (2)
GET

Model(3)
GET

Model(4)
GET

Dige 0.0183*

(1.91)
0.0255***

(2.99)
0.0306***

(3.40)
0.0177**

(2.11)
Control Yes Yes Yes
W × Dige 0.0944*

(1.71)
0.7640*

(1.76)
0.0026***

(7.34)
0.0221*

(1.80)
W × GET 0.9430***

(84.31)
1.2621***

(5.50)
1.0000***

(5.51)
0.8000**

(2.18)
_cons 0.0284

(0.32)
0.1467*

(1.75)
-0.1539
(-0.53)

-0.4559***

(-4.37)
N 2820 2820 2820 2820
R2 0.7229 0.9246 0.6970 0.7365

Table 12   Decomposition of effects on spatial econometric models

Type of effect Variable Ratio T-statistic

Direct effect Dige 0.0232*** 2.77
Indirect effect Dige 0.3386* 1.73
Total effect Dige 0.3618* 1.85
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region, the impact is not significant. In the northeast-
ern region, the effect of digitization on green economic 
transition shows a “U”-shaped trend of decreasing and 
then increasing. From the perspective of city types, the 
influence coefficient of digitization on green economic 
transition in resource-based cities is not significant, 
while the level of digitization in non-resource cities 
can significantly promote green economic transition.

(3)	 The level of digitization influences green economic 
transition through the mediating effect of green tech-
nology innovation and energy consumption structure. 
The improvement of digitization level can boost green 
economic transition by fostering green technological 
innovation in enterprises. Digitalization contributes 
to green economic transition by optimizing the energy 
consumption structure, although the mediating effect is 
relatively modest. Given that China’s current level of 
digitization is still low, relying only on digital transition 
to optimize the energy consumption structure is more 
challenging. Therefore, future efforts should focus on 
accelerating the research of green technology, promot-
ing technological research, and optimizing the energy 
consumption structure.

Based on these research conclusions, the following rec-
ommendations are proposed:

(1)	 Accelerate the upgrading of the digitization level. 
Adopt “Industrial Brain + Future Factory” model as 
the core structure to integrate digital technology in 
the process of “greening”, thereby jointly advancing 
green economic transition. Accelerate the construction 
of digital infrastructure and promote the establishing 
of an urban environmental information data platform. 
Actively promote the digital and intelligent transi-
tion of cities, aligning industrialization, informatiza-
tion, and greening efforts for synergistic development. 
Encourage enterprises to realize whole-process digital 
transformation in R&D and design, production ser-
vices, and operation and management. Utilize digitali-
zation to promote green development such as improv-
ing quality, increasing efficiency, lowering costs, and 
reducing consumption. Encourage enterprises to use 
big data in collecting vital production and management 
data, and carry out “intelligent + green” transition of all 
elements. Apply digital technologies such as artificial 
intelligence, big data, and blockchain to promote green 
economic transition. Accelerate the pilot demonstra-
tion of intelligent and green manufacturing. Prompt 
enterprises to build industrial Internet facilities and 
platforms, encouraging and guiding universities and 
research institutions to collaborate with enterprises on 
multi-faceted industrial digital transition technology.

(2)	 Strengthen digitalization and green technology innova-
tion to jointly promote the transition to a green econ-
omy. Promote the application of digital technology in 
the process of “greening.” Accelerate the construction 
of a market-based green technology innovation sys-
tem, and realize the integration of digital technology 
and green innovation. Accelerate the integration and 
intersection of digital technology with new energy 
development, pollution control, clean technology, 
green manufacturing, and other new fields. Encour-
age enterprises to establish research and development 
platforms, focusing on research in green, low-carbon, 
energy-saving, and environmental protection technolo-
gies. Deeply explore the potential for innovation and 
synergistic development between digitalization and 
green technologies, particularly in specialized, unique, 
new, and science and technology-based enterprises and 
in monopolistic leading enterprises. Promote the digital 
transformation of energy infrastructure to build smart 
energy, reduce energy intensity, and realize the eco-
nomical use of resources. Enhance the digital content 
of green technological innovation, reduce pollutant 
emissions, and boost the development of the transition 
to a green economy.

(3)	 Implement differentiated development paths for digiti-
zation-enabled green economic transition in different 
regions. It can guide cities to implement a differenti-
ated digital industrial layout with local characteristics, 
rationally allocating and optimizing data elements to 
avoid the convergent development of digital industries 
and the wasteful duplication of limited resources. In the 
western region, which has the advantage of resource and 
energy enrichment, the focus should be on promoting the 
digital development of industries and the use of clean 
energy generation methods such as hydro, photovol-
taic, and wind power. This can help cultivate and grow 
energy-saving and environmental protection and other 
green industries and create a green recycling industrial 
system. The central region, as an energy-intensive or 
chemical industry cluster, should strengthen the digital 
transformation of high-pollution and high-energy-con-
suming industries, improve the level of resource conser-
vation and intensification, and boost green, low-carbon, 
and recycling development. The eastern region should 
continue to promote the penetration and integration of 
digital technology with the real economy and cultivate 
internationally leading digital technology research and 
development and high-precision industries.

This article attempts to explain green economic transi-
tion through the lens of digitization. However, it does not 
thoroughly analyze whether green transition also impacts 
digitization, an area ripe for future research. Additionally, 
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while various factors affect the green economic transi-
tion, due to data limitations, this study does not include 
all control variables. It is necessary to collaborate with 
relevant departments to obtain more data and conduct a 
more comprehensive analysis of the impact mechanisms 
involved. Lastly, the selection of indicators for the green 
economic transition is highly subjective and may require 
further exploration in future studies.
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