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With the huge dividends released by the vigorous development of the digital

economy, China urgently demand a major strategic transformation from

extensive development to green development. The 14th five-year plan

period will require China’s green development to firmly create new

advantages in the growth of the digital economy. In order to investigate the

impact of the digital economy on the green economy, this paper has utilized a

panel data model to analyze data from 30Chinese provinces between 2015 and

2020. Findings from the research have suggested that the digital economy is

helpful for advancing the green economy, with the Eastern region having a

bigger influence than the central region and the center region having a greater

influence than the Western region. Industrial structure and technological

innovation are important channels for digital economy to promote green

development. According to the aforementioned conclusion, we have

proposed the following suggestion: China should actively advance the digital

economy, encourage regional coordination in growth, continuously improve

the industrial structure and boost technical innovation.
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1 Introduction

Rapid industrialization and urbanization have increased social production

significantly since China’s reform and opening up, but they have also shown a severe

influence on the ecological environment, creating more serious ecological environmental

issues in China. The digital economy is a crucial tool for easing present environmental and

resource pressure (Meng and Zhao, 2022). The Chinese government made it very

apparent that the country’s and its citizens’ way of life depends on the ecological

environment. This research aims to support the need for and create a fresh scientific

and methodological method for achieving the “green” development of the digital

economy (Adarina et al., 2019).

Digital and green economies are still being studied in their infancy. For example, Liu

et al. (2022b) suggested that the urban green economy will be impacted by the digital

economy, which is essential for promoting long-term economic prosperity. We can also

get some enlightening points from the related research on the relationship between the

digital economy and carbon emissions, but this issue is still controversial: The first

argument is that the digital economy encourages the reduction of emissions (Ben et al.,
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2021). China’s economic development is gradually changing

from factor driven to efficiency driven. Taking the Internet as

a bridge, the digital economy connects products from the whole

process of production, distribution, exchange and consumption,

reducing transaction costs and information search costs, and

becoming a key driving force for improving the efficiency of the

green economy (Li, 2019). Primarily because information

technology’s substitution effect fosters technical advancement,

enhances energy efficiency, and lowers carbon emissions (Ulucak

and Khan, 2020). The second argument is that the digital

economy will lead to higher carbon emissions (Avom et al.,

2020). According to China’s National Energy Administration,

the application of information technology necessitates significant

equipment investment, and its operation will result in significant

carbon emissions and disposal. Information technology is also

thought to act as a key role in the environmental pollution

rebound effect (range, etc., 2019). Based on the data of China’s

national energy administration, the power consumption of

China’s data centers exceeded 200 billion kWh in 2020,

accounting for 2.7% of the country’s total power

consumption, a record high. Additionally, a rise in carbon

emissions has been brought on by the cost impact of

information technology. The use of information technology

has decreased manufacturing costs, causing a quick rise in

commodities and demand as well as a worsening of carbon

emissions (Liu et al., 2022a). The third argument is that there

is not just one way that the digital economy is promoting (or

inhibiting) carbon emissions (Khan et al., 2020). According to

this theory, there are both favorable and unfavorable correlations

between carbon emissions and the digital economy. For instance,

Razzaq et al. (2021) discovered a strong correlation between a

nation’s emission level and the caliber of its technological

innovation to enhance carbon emissions. Information

technology can only considerably reduce carbon emissions in

BRICS nations at lower emission quantiles, according to Chien

et al. (2021) and Chen et al. (2019).. The fourth argument that

there is no definitive link between CO2 emissions and the digital

economy (Amri et al., 2019). The rationale could be that

numerous constraints limit the connection between carbon

emissions and the digital economy and that these factors

cooperate to produce a negligible relationship between the two.

At the same time, China’s 14th five-year plan aims to advance

industrial digitalization and digital industrialization while

fostering the growth of the digital economy, realizing the close

fusion and growth of the real economy and the digital economy,

and establishing a highly competitive digital industry cluster on a

global scale. New information technologies have given rise to new

goods, models, and industries, which not only have an impact on

China’s economic development model but also on the quality of

its ecological environment. Although big data and other

information technologies have diverse effects on people’s

production and daily lives, there are few research on the

impact of the digital economy on China’s economic green

transformation mechanism. Taking into account the good and

negative effects of the digital economy on the green economy, can

the green economy as a whole expand with the aid of the digital

economy? If yes, how are the specific ways to promote it?

Firstly, this paper uses the entropy weight method to

comprehensively select 11 indicators related to the digital

economy and establishes a more comprehensive digital

economy index system. In terms of green economic

measurement, input-output variables are different from

previous studies, and the measurement method is the SBM-

ML index method. Secondly, this paper not only uses panel

regression analysis to investigate the overall effect of the digital

economy on the green economy, but also divides 30 provinces

into Eastern, central, and Western regions, and discusses the

heterogeneous impact of the digital economy on the green

economy from the regional level. Finally, using the mediating

effect model, the routes of the impact of the digital economy on

the green economy are explored from the viewpoint of industrial

design and technological innovation.

2 Literature review

2.1 Digital economy

In terms of how the digital economy is measured, many

scholars have also given different studies. Fan and Wu (2021)

select the data of each province from 2014 to 2017 and evaluate

the comprehensive index of the digital economy in each province

from four aspects: capital use, software profit, technology leading,

and innovation. They find that the level of the digital economy in

these provinces develops rapidly, but the development speed is

quite different, and propose a three-stage method to promote the

development of the digital economy. Wang and She (2021)

selected the data of each province from 2015 to 2019 and

selected three indicators to establish a system to study the

digital economy. The conclusion is that China still focuses on

the short-term development of the digital economy and does not

realize the potential crisis. The level of the digital economy can be

divided into three levels according to the level of cities. Liu et al.

(2020) selected the provincial data from 2015 to 2018.

Additionally, they conducted three assessments of the digital

economy and came to the conclusion that it expanded quickly in

general. But the development speed of the eastern region was not

consistent with that of the Western region. The eastern region

had a higher level of development than the Western region. The

influencing factors include the economy, foreign capital, and

government. Of course, not only the national level of digital

economy research but there are also scholars specializing in local

areas. Ge et al. (2020) selected data from 2011 to 2019, but

selected provinces located in central China. The conclusion is

that the digital economy in some provinces in central China has

yet to be developed, and the development is inconsistent among
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localities. The influencing factors include technology and scale.

Zhong and Mao (2020) chose just the 2016 data for analysis and

Yangtze River cities as their study objects. The Yangtze River’s

cities have a relatively low level of development, albeit levels vary

between cities, according to the result. The influencing factors

include facilities, industries, and policies. It can be seen that

although scholars have chosen different years and adapt different

evaluation methods, their conclusions are consistent, that is,

whether local or overall, the development speed of digital

economy is inconsistent, but the overall is improving.

2.2 Green economy

“Green economy” was first proposed by economists Pearce

et al. (1989). It advocates that economy and environment are

mutually affected, and an “affordable economy” should be

constructed from both social and ecological aspects. In its

official proposal, UNEP 2011 defined the term “green

economy” as “a low-carbon, resource-efficient, and socially

inclusive economy that may increase human well-being and

social fairness, while considerably lowering environmental

threats and ecological scarcity.” The growth of the green

economy in China has also been extensively researched. Chai

et al. (2021) selected the data of each province from 2007 to

2016 to measure GTFP and concluded that the factors affecting

the green economy include foreign investment and institutions.

Yin and Lv (2021) selected the data of provinces from 2005 to

2018 to evaluate the green economy and concluded that the

overall green economy was developing, but the development

speed of Eastern and Western regions was inconsistent, and the

green economy level of Eastern regions was higher than that of

Western regions. Zhang (2021) selected the provincial data from

2013 to 2017 and selected 20 indicators to evaluate the level of the

green economy. The conclusion was that the level of each

province fluctuated every year, but the overall development

was upward, and the development speed among localities was

also different. Xu et al. (2021) selected the data of provinces from

2013 to 2018 and used the index system method to assess the

degree of the green economy. The conclusion was that the overall

level of the green economy was improving, and the influencing

factors included capital and education. And scholars research on

the impact of environmental regulation on investment and

development of enterprises. Some studies have conducted that

strict environmental control would not only increase production

costs, but also reduce the competitiveness of enterprises (Wang

et al., 2021). Thus, environmental regulation has a negative

impact on productivity and hinders the development of green

economy. Wu and Zhang (2022) selected the data of provinces

from 2008 to 2019 and used GTFP to represent the green

economy. The conclusion was that while the overall level of

the green economy was rising annually, the rates of development

in the Eastern and Western regions varied, and the Eastern

regions’ level of the green economy was higher than that of

the Western regions. Wu et al. (2020) chose the data of each

province from 2008 to 2017 for regional studies and used a new

model, thus concluding that China’s green economy is still in the

process of development with relatively slow speed and there is a

significant disparity in development progress between regions.

Tang et al. (2021) selected the data of coastal provinces from

2006 to 2016 to evaluate theMarine green economy. The findings

demonstrate that China’s marine green economy is gradually

rising with industry, science and technology as key determinants.

Guo et al. (2022a) selected data from 2005 to 2019 and selected

cities along the Yangtze River as objects. This study concludes

that the development level of green economy in cities along the

Yangtze River is low, and the development level of each city

varies greatly, showing three levels: the lower middle level and the

upper level. To sum up, like the digital economy, the green

economy is also developing on the whole, but whether it is

regional or overall, there are internal inconsistencies in the speed

of development.

2.3 Digital economy and green economy

The focus of earlier studies was on the regional impacts of the

digital economy on the green economy, and some academics

regard GTFP as the standard for the green economy. Wu et al.

(2022) chose data from each province between 2006 and

2019 and investigated how the digital economy affected

GTFP. The conclusion is that the adoption of the digital

economy can contribute to an increase in GTFP and will

affect not only the local economic climate but also other

regions with the impact increasing with the amount of

digitalization. Xiao and Jiang (2021a) estimated the GTFP in

the industry using data from each region from 2005 to 2018. The

conclusion is that industrial GTFP can be increased by

marketization, industrial upgrading and manpower

augmentation and can be promoted by the digital economy.

They also looked into how the regional GTFP was affected by the

digital economy. Data from provinces between 2011 and

2017 were used by Xiao and Jiang (2021b) to investigate how

the digital economy has affected GTFP. According to the report,

the digital economy’s innovation and energy efficiency

contribute to an increase in GTFP. The impact of the Eastern

region is distinct from that of the western region, which is less

distinct. More researchers are looking into how the internet

economy affects the green economies of significant cities.

Zhang et al. (2018) conducted an analysis from the viewpoint

of cities. They investigated the connection between urban ecology

and technological advancement with the conclusion that the

eastern region has experienced a higher impact from

technological advancement on urban ecology than the western

region. Sun and Hu (2021) examined the effects of the digital

economy on the environment using data collected from cities
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between 2011 and 2018. The development of the digital economy,

specifically through modernizing industries, can greatly reduce

environmental pollution, according to the findings. Additionally,

there are regional variations; economically impoverished places

have a higher impact than economically developed ones. To

examine the connection between the digital economy and urban

ecology, Liang et al. (2021) chose urban data from 2011 to 2018.

The study’s findings suggest that by modernizing the industrial

structure, the digital economy can enhance the cities

environment. Additionally, the impact varies by location, with

the eastern region having the greatest influence, the central

region having a smaller impact, and the Western region has

the least influence. Wei et al. (2022) chose city data from 2004 to

2016 to examine the connection between urban green innovation

and the digital economy. The findings demonstrate that the

promotion of green innovation in cities is aided by the digital

economy. The study also discovers that green technology can

lessen environmental pollution, specifically through the impacts

of regional economic aggregation and financial structure. Wang

et al. (2018) proper energy policies can effectively improve

business profit ratios and stimulate green technological

progress in enterprises. Guo et al. (2022b) chose urban data

for the years 2011 through 2019 to study the connection between

the urban industrial structure and the digital economy. The

fundamental conclusion of the investigation is that, in the

digital economy, green innovation specifically plays an

optimal function for the urban industrial structure.

Additionally, it varies across different geographical areas, with

the east having the highest influence, the middle having the least

influence, and the West having the least influence. Liu and Kong

(2021) used data from 2011 to 2018 from cities along the Yangtze

River to analyze the digital economy’s impact on greening and

sustainability. The internet economy supports cities along the

Yangtze River’ green growth. According to Bai (2021), the

implicit control of product knowledge is the foundation for

the digital economy’s influence on the green economy. Zheng

et al. (2021) used data from 2015 to 2019 to examine the digital

and green economies. Green and digital economy growth rates

vary by areas. Green and digital economies are more coordinated

in the East than in the West. Fan and Xu (2021) used data from

2013 to 2017 to study the digital and green economies. The green

economy and digital economy have a U-shaped relationship,

suggesting that over time the green economy is fostered by the

digital economy.

When it comes to the digital economy, the majority of

researchers still focus on its meaning and measuring

techniques, small number researchers also look at its

influencing aspects. Some academics have researched the

connotation, calculation, and influencing elements of the

green economy. Current research focuses on how the digital

economy affects regional industrial upgrading or urban

innovation, both of which are linked to the city’s green

economy. Some researchers believe the digital and green

economies interact, while others see a U-shaped

relationship. Few scholars have discussed the channels of the

impact of the digital economy on the green economy. It is

necessary to further discuss the impact of the digital economy

on the green economy. This paper also discusses the channels

through which the digital economy affects the green economy, so

as to increase the reliability and persuasion of the article.

3 Mechanism analysis and theoretical
hypothesis

3.1 The impact of digital economy on
green economy

The influence of the digital economy on the green economy is

as follows: in terms of enterprise production, traditional industrial

development is highly dependent on energy and the environment,

and this development model cannot be sustained. The new

industries created by the digital economy use data as their

primary production factor, which drastically reduces the number

of resources and energy needed by conventional industries. At the

same time, the efficient use of the Internet platform enables more

convenient communication between the supply side and the

demand side, and solves the contradiction between supply and

demand, thus saving enterprise costs and enhancing the sustainable

development of the green economy. In the light of people’s lives, the

development of e-commerce and the express delivery industry

enables people to buy what they need without leaving home,

reducing travel pressure. Even if they want to travel, people are

more inclined to choose affordable, convenient, and fast shared

bikes, which not only reduce carbon emissions and improve

environmental quality but also promote to further develop the

green economy. The digital economymay support the growth of the

green economy from a variety of perspectives in both production

and daily living. The hypothesis is as follows:

H1. Digital economy can promote the green economy.

3.2 Heterogeneous effects of digital
economy on green economy

Regional disparities in the digital economy’s growth stage

also translate into regional variations in the digital economy’s

rate of development. Especially in the aspect of digital

infrastructure construction, the infrastructure in western

China is relatively simple, and the application and innovation

of digital technology are relatively backward; The central region

possesses the digital infrastructure to a high degree, but the

application and innovation level of digital technology is still

developing; The Eastern region has the relatively complete digital

infrastructure, and continues to lead in the application and
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innovation of digital technologies. Meanwhile, the level of the

green economy is also different among regions, regional resource

endowment, environmental conditions, and economic

development degree are the main influencing factors of the

green economy. The Eastern region has a better natural

environment and a greater economic level, which has led to a

higher level of the green economy. The economic development

level of the central region is not as high as that of the Eastern

region, but due to the influence of the Eastern region and the

support of the government, the development level of the green

economy remains in the middle. Although the Western region is

relatively rich in resources, its ecological environment is

relatively poor, so it is still in a low position in terms of the

green economy. The consequences of the digital economy should

be different from those of the green economy because both have

geographical variations. Therefore, the hypothesis is as follows:

H2. The growth of the green economy can be promoted by the

digital economy. And the Eastern part is larger than the central

part, and the central part is larger than the Western part.

3.3 Digital economy on the role of green
economy channels

At the same time that the digital economy is rapidly growing,

attention should be paid to the development of conventional

industries as well, rather than just high-tech ones, the traditional

industry for the benefit of the eyes, blind increases productivity, thus

causing the excess capacity, they also can’t meet the high-endmarket

demand, the industry is an urgent need to make a change, the

development of the digital economy just meet this demand. The

digital economy can help traditional industries build intelligent

platforms. It can not only integrate intelligent systems into

supply chains to address the supply/demand imbalance but also

continue to extend the value of industrial chains and promote

industrial upgrading. Not only can the old technology be

gradually eliminated and replaced, but also can use new

technology and new technology to promote the birth of new

industries, so as to make improvements to the industrial

structure and encouragements to the growth of the green

economy. Therefore, the hypothesis is as follows:

H3a. Through industrial structure optimization and

modernization, the digital economy supports the growth of

the green economy.

The general degree of innovation in society can be raised by

using digital technologies. The digital economy provides low-cost

advantages for data-based innovation. Enterprises use big data to

analyze customer information, formulate differentiation strategies

according to customers’ preferences and consumption habits, and

make targeted innovations, so as to increase customer stickiness

and reduce enterprise costs. Then, as the internet economy grows,

the speed of information dissemination is getting faster and faster,

and there are more and more channels for acquiring knowledge.

The market environment is becoming more and more open and

transparent, which is conducive to the technological innovation of

enterprises. Wang et al. (2022b) empirically found that the

inhibitory effect of natural resources on green economic growth

is mainly achieved through transmissions of squeezing out

technology spillovers from technological innovation. At the

same time, barriers to the flow of information, data, and talents

among different regions are also greatly reduced, and spillover and

demonstration functions are used as the driving force to promote

technological innovation, reduce production costs and improve

resource utilization, thus advancing the creation of green economy.

Therefore, the following hypotheses are put forward:

H3b. Through technical innovation, the digital economy

supports the green economy.

4 Methodology and data

4.1 Model specification

According to the aforesaid theoretical mechanism, this paper

finds a linear link between digital and green economies. This

study draws on past studies to establish a benchmark model to

examine digital economy’s impact on green economy:

GEit � δ0 + δ1DEit + δ2Zit + μi + γt + εit (1)

Among them, the subscript i and t, in turn, on behalf of the

province and year, GE is explained variable, said green economic

development level, DE is the core explanation variable, said

digital economy development level, Z for the control variables,

including openness level (OL), education level (EL), government

spending (GI), population size (PS), foreign investment (FI); μ

and γ are provincial and time-fixed effects, respectively. ε refers
to the potential random error term.

In order to investigate the channels through which digital

economy influences green economy, this paper adopts the

mediation effect model to analyze:

Mit � α0 + α1DEit + α2Zit + μi + γt + εit (2)
GEit � β0 + β1DEit + β2Mit + β3Zit + μi + γt + εit (3)

Here, M refers mediation variables composed of industrial

structure (IS) and technological innovation (TI).

4.2 Variables description

4.2.1 Explained variable
Referring to the index selection method of previous research,

this paper selects green total factor productivity to represent
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green economy (GE). The SBM-ML index method was used to

calculate the green total factor productivity for 30 provinces

between 2015 and 2019. Input variables are labor input, capital

input and energy input, which are represented by the number of

employees in each of the 30 provinces at the end of the year, the

real capital stock in each province, and the total energy consumed

by each area, respectively. The GDP of each province at constant

price is chosen as the expected output for the output variable; the

annual carbon emissions, industrial sulfur dioxide emissions,

wastewater emissions, and general industrial waste emissions of

each province are selected as the undesired output. For details,

see Table 1 below.

4.2.2 Explanatory variable
This paper measures the overall level of the digital economy’s

development from four perspectives: digital infrastructure,

internet development, development of the digital economy as

an industry, and development of the digital economy as a

transactional medium, using indicators from the body of

existing literature. The measurement of digital infrastructure

uses two indicators: the number of mobile phone base stations

and the length of optical cable lines. The measurement of

Internet development uses two indicators: mobile Internet

access traffic and the total number of Internet broadband

access users. The size of the electronic information

manufacturing sector, the revenue of the software and

information technology service sector, the total amount of the

telecommunications business, and the number of employees in

the computer service and software sector are the four indicators

used to measure the development of the digital industry. The

measurement of digital transaction development adopts three

indicators: the proportion of e-commerce transaction

enterprises, e-commerce sales, and online retail sales. First

standardize the data of the above 11 indicators, and then get

the comprehensive digital economy development index through

the entropy weight method, denoted as DE. The construction of

the above index system and the specific conversion weight

distribution data have been displayed in Table 2.

4.2.3 Mediating variables
This paper refers to the variable selection of Xiao and Jiang

(2021a), determines the industrial structure (IS) based on the

proportion of tertiary to secondary sectors in each province, and

refers to the variable selection of Shang and Xu (2022), selects the

number of patent authorizations of each province as the

technological innovation (TI).

4.2.4 Control variables
For assuring correctness and dependability and to lower the

error brought on by omission, this paper controls the following

variables depending on the research of Wang and Wang. (2020):

openness level (OL), which is expressed through the ratio of total

import and export volume in RMB to GDP; Education level (EL):

select the number of students in Colleges and universities as the

education level; Government expenditure (GI), expressed as the

proportion of government fiscal expenditure in GDP of each

province; Population size (PS), expressed by the total population

of each province (10,000 people); Foreign investment (FI) is

expressed in the amount of foreign capital actually used in each

province (RMB 100 million); Environmental regulation (ER) in

this paper refers to the intensity of environmental regulation.

Expressed as proportion of industrial pollution control

investment in the secondary industry (unit: %).

4.3 Data sources

Due to too much data missing in Hong Kong, Macao,

Taiwan, Tibet, and other regions, it is not included in the

research scope. This article uses 30 provinces, municipalities,

and autonomous regions as its research subject. The concept and

measurement of digital economy emerged around 2015. If the

time span is too large, the magnitude gap in data may be too

large. Meanwhile, the statistical data of green economic

indicators only ends in 2020, so the research interval of this

paper is 2015–2020. Data from Guotai an and China Statistical

Yearbook. In order to improve data reliability and fitting

TABLE 1 Green total factor productivity evaluation system.

Variable category Variable Specific instructions

Input variables Labor input Regional employment at the end of the year

Capital input Actual capital stock

Energy input Total regional energy consumption

Expected output variable Regional GDP Fixed price GDP

Unexpected output variable Carbon emissions ——

Industrial SO2 emission ——

Wastewater discharge ——

General industrial waste discharge ——
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accuracy, all variables are logarithmically processed. For details

of variables and statistical indicators, see Table 3. For illustration

purposes, the definitions and descriptive statistics of variables are

presented in Table 3.

5 Results and discussion

5.1 Benchmark regression results

According to the researched model, this study employs

stata16 for econometric analysis. Table 4 shows the digital

economy’s green regression results. Columns 1) and 2) are

fixed-effect and random-effect models without controls

variables. The results suggest that the effect of digital

economy on the green economy is promoted and significant

at the 1% level. Column 3) has fixed-effect and random-effect

models with controls variables. The data reveal that the digital

economy promoted and significant at the 1% level. Then,

according to the results of the Hausman test, a fixed effect

model with better fitting effect and more robust results was

selected to explain the results.

According to column (3), the digital economy (DE)

coefficient is positive and significant at 1%, which means it

can improve the green economy. Existing studies have

confirmed that the digital economy has multiple impacts. For

example, Sun and Hu. (2021) concluded that the digital economy

can improve environmental quality, and Liang et al. (2021)

concluded that the digital economy can improve urban

ecological efficiency. Through the research on the digital

TABLE 2 Composition and weight distribution of comprehensive index system for digital economic development.

First-level
indicators

Secondary indicators Measure indicators Weight Unit Attribute

Digital Economy Composite
Index

Digital Infrastructure Number of mobile phone base stations 0.040 10,000 households Positive (+)

Optical cable line length 0.045 kilometer Positive (+)

Internet development Mobile Internet access traffic 0.113 ten thousand GB Positive (+)

Internet broadband access users 0.049 10,000 households Positive (+)

Scale of electronic information manufacturing industry 0.153 100 million yuan Positive (+)

Development of digital
industry

Revenue from software and information technology
services

0.143 100 million yuan Positive (+)

Total telecommunication services 0.080 100 million yuan Positive (+)

Number of employees in computer service and software
industry

0.095 Ten thousand people Positive (+)

Proportion of e-commerce transaction Enterprises 0.033 % Positive (+)

Digital transaction
development

E-commerce sales 0.105 100 million yuan Positive (+)

Online retail sales 0.143 100 million yuan Positive (+)

TABLE 3 Statistical description.

Variables Abbreviation Instruction Mean SD Min Max

Green Economy GE Green total factor productivity 0.410 0.256 0.018 1.298

Digital Economy DE The comprehensive development index −2.312 0.922 −4.576 −0.048

Open Level OL Ratio of total import and export to GDP (unit: %) −1.861 0.933 −4.412 0.156

Education Level EL Number of students in Colleges and universities (unit:10,000) 13.492 0.822 10.959 14.729

Government Spending GS Proportion of government financial expenditure in GDP (unit: %) −1.416 0.357 −2.122 −0.432

Population Size PS Total population of each province (unit:10,000) 8.217 0.733 6.377 9.443

Foreign Investment FI The actual amount of foreign capital used by each province after conversion (unit:
100 million yuan)

8.787 1.284 6.183 11.759

Environmental
Regulations

ER Proportion of industrial pollution control investment in the secondary industry
(unit: %)

−6.258 0.794 −8.956 −3.886

Industrial Structure IS Ratio of tertiary industry to secondary industry (unit: %) 0.237 0.373 −0.252 1.645

Technological
Innovation

TI Number of patents granted (unit: PCs.) 8.485 1.347 5.333 11.182

Frontiers in Environmental Science frontiersin.org07

Zhang et al. 10.3389/fenvs.2022.991278

https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://doi.org/10.3389/fenvs.2022.991278


economy and the green economy, this paper further finds that the

digital economy can also promote the development of the green

economy, which is consistent with the conclusion of Zhou et al.

(2021) that “the digital economy has green value”. H1 was

verified.

In terms of control variables, the impact of opening level

(OL) on green economy is not significant, which may be because

China’s opening level is high, and the green economy is not as

sensitive to the opening level as it was in the early stage.

Education level (EL) inhibits the development of the green

economy. It may be that places with rich educational

resources tend to gather a large number of people. With a

large population, environmental pollution will inevitably

increase, thus inhibiting the development of the green

economy. The effect of government investment (GI) on the

green economy is not important, which can be ascribed to the

focus of the government is still on rural infrastructure

construction. Population Size (PS) inhibits the development of

a green economy, which is consistent with the conclusion drawn

by Zhou et al. (2021). This may be because the population

agglomeration will produce industrial clusters. Although it

drives economic development, it will also produce a large

number of resource consumption and pollution emissions,

which will seriously affect the protection of the ecological

environment and become an obstacle to the growth of the

green economy. The influence of foreign investment (FI) on

green economy is not significant, which may be ascribed to that

with further developing China’s economy, the dependence on

foreign investment is becoming less and less, so the influence is

not so big. Environmental regulation (ER) inhibits the

development of the green economy. It may be that Through

the crowding out effect of crowding out investment,

environmental regulation will lead to the rise of enterprise

costs and the decline of profits, forming a negative external

effect of the environment, which will directly inhibit the

development of green economy.

5.2 Heterogeneous effect analysis

Due to the vast territory of China, the environmental and

economic levels vary from province to province. Existing study

has also confirmed that the levels of digital economy and green

economy are different in regions, and the differences in the

impact of research regions are also meaningful for the overall

future economic development. According to the development

level of economy, this paper divides 30 provinces into eastern,

TABLE 4 Benchmark regression results.

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

Fe Re Fe Re

DE 0.149*** 0.148*** 0.212*** 0.169***

(0.0101) (0.00987) (0.0206) (0.0200)

OL 0.00413 0.0564***

(0.0198) (0.0174)

EL −0.164* −0.0585

(0.0871) (0.0805)

GI 0.0545 0.0433

(0.0473) (0.0447)

PS −1.846*** −0.122

(0.470) (0.0885)

FI −0.00703 −0.0152

(0.0167) (0.0168)

ER −0.0158** −0.0169**

(0.00683) (0.00727)

_cons 0.747*** 0.745*** 18.33*** 2.777***

(0.0238) (0.0459) (3.721) (0.657)

Individual fixed effect control control control control

Time fixed effect control control control control

N 150.000 150.000 150.000 150.000

R2 0.646 0.751

Prob > chi2 = 0.000

Note: ***, **, and * denote statistical significance at 1%, 5%, and 10%.

TABLE 5 Regional heterogeneity results.

East Central West

GE GE GE

DE 0.257*** 0.175*** 0.137***

(0.0409) (0.0437) (0.0264)

OL −0.0269 0.0523 −0.0146

(0.0593) (0.0705) (0.0152)

EL 0.0847 0.556** −0.246***

(0.189) (0.240) (0.0875)

GI 0.0431 −0.0879 −0.154*

(0.0691) (0.155) (0.0808)

PS −3.062*** −2.801* −0.0469

(0.664) (1.622) (0.598)

FI 0.00399 −0.0286 −0.0115

(0.0297) (0.0434) (0.0154)

ER −0.0102 −0.0121 −0.00848

(0.00859) (0.0244) (0.00932)

_cons 25.23*** 16.93 4.097

(5.435) (13.10) (4.677)

Individual fixed effect control control control

Time fixed effect control control control

N 54.000 46.000 50.000

R2 0.837 0.832 0.772

Note: ***, **, and * denote statistical significance at 1%, 5%, and 10%.
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central and western regions for testing. As shown in Table 5, it

can be seen that the digital economy in the Eastern, central and

Western regions has a vital impact on the green economy. The

coefficient of the Eastern region is significantly higher than that

of the central and Western regions, which can be ascribed to the

fact that the Eastern region has a high capital stock, relatively

advanced technology, a favorable market environment, digital

economy development with a higher level and a stronger role in

promoting the green economy. Because the central region relies

on the Eastern part, the level of digital economy has been

developed. Although the coefficient is lower than that of the

Eastern area, it still shows a considerable effect on the growth of

the green economy. Western China has a lot of energy, but

industries with high energy consumption, high pollution, and

high emissions account for a large proportion, which leads to a

slow process of green development, so the coefficient is the

smallest, but the role of the digital economy is still significant.

So, H2 was verified. As green development is getting more and

more attention, it is necessary to coordinate various regions and

promote each other, so as to promote the overall green economic

development.

5.3 Mechanism analysis

According to the previous theoretical mechanism analysis,

this paper puts the digital economy, industrial structure,

technological innovation and green economy together for

mechanism research, and employs the mediation effect model

to examine the way of the digital economy influencing the green

TABLE 6 Industrial structure significance level.

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

IS GE TI GE

DE 0.259*** 0.216*** 0.310*** 0.202***

(0.0450) (0.0236) (0.0589) (0.0230)

OL −0.0345 0.00359 −0.146** 0.00888

(0.0432) (0.0199) (0.0566) (0.0204)

EL 0.190 −0.161* −1.238*** −0.124

(0.190) (0.0878) (0.249) (0.0962)

GI 0.332*** 0.0597 −0.210 0.0614

(0.103) (0.0496) (0.135) (0.0478)

PS −0.945 −1.861*** 3.154** −1.949***

(1.024) (0.473) (1.341) (0.481)

FI 0.00674 −0.00692 0.0134 −0.00747

(0.0365) (0.0168) (0.0478) (0.0167)

ER −0.0160 −0.0161** −0.0332* −0.0147**

(0.0149) (0.00689) (0.0195) (0.00692)

IS −0.0157

(0.0433)

TI 0.0326

(0.0329)

_cons 6.272 18.43*** −0.884 18.36***

(8.116) (3.746) (10.63) (3.722)

Individual fixed effect control control control control

Time fixed effect control control control control

N 150.000 150.000 150.000 150.000

R2 0.691 0.751 0.533 0.753

Effect value Confidence Interval Effect Value Indirect Effect

Indirect Effect 0.047389 (0.0046483, 0.0974187) 0.135846 (0.0074697, 0.1046713)

(0.0723503, 0.2089676) (0.0741788, 0.2090092)

Direct Effect 0.132283 (0.0556861, 0.227241) 0.043825 (−0.0396238, 0.1095792)

(0.0476553, 0.2144044) (−0.0297902, 0.1205633)

Note: ***, **, and * denote statistical significance at 1%, 5%, and 10%, respectively.
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economy. Table 6 shows the mechanism analysis regression and

Bootstrap test on the industrial structure. The coefficient of the

digital economy on the industrial structure in column 1) is

significant and positive at the level of 1%, indicating that the

digital economy has injected new vitality into the industry. It

encourages the improvement of the industrial structure, which is

consistent with the conclusion drawn by Guo et al. (2022a). The

effects of the industrial structure in column 2) on the green

economy is not significant, and further testing of the mediating

effect is needed. In this paper, the Bootstrap test is used. The

results show that the indirect effect coefficient is 0.047, and the

confidence interval and bias correction confidence interval of the

indirect effect coefficient do not contain 0, indicating that the

effect is significant, so there is a mediating effect. The confidence

interval and bias correction of the direct effect coefficient also did

not contain 0, the direct effect coefficient was 0.132, and the ratio

of the direct effect coefficient to the indirect effect coefficient was

greater than 1, indicating that the total effect was obvious. It

displays that the growth of digital economy could optimize

industrial structure, thereby promoting the development of

green economy. H3a was verified.

Table 6 also reports the results of mechanism analysis

regression and Bootstrap test on technological innovation. In

column (1), at a level of 1%, the digital economy’s impact on

technical innovation is positive and significant, indicating that

digital economy cleared the barriers of knowledge transmission,

made knowledge acquisition and sharing more convenient and

conducive to technological innovation. The results are consistent

with those of Wei et al. (2022). The effect of technological

innovation on green economy in column 2) is not significant,

and the mediation effect needs to be further tested. The Bootstrap

method is also used for testing, and the results show that the

indirect effect coefficient is 0.136, and the confidence interval of

the indirect effect coefficient and deviation correction confidence

interval do not contain 0, so there is a mediation effect. Both of

the two intervals of the direct effect coefficient contain 0, so the

direct effect is not significant, so it is a partial intermediary effect.

It demonstrates how the growth of the digital economy fosters

technical innovation, which supports the growth of the green

economy. H3b is verified.

5.4 Robustness test

This paper use the instrumental variable method to examine

the robustness in order to guarantee the validity and reliability of

the aforementioned empirical conclusions. The lag period of

digital economic development index (DE) is used as an

instrumental variable to test. Table 7 presents the outcomes.

In the test results with the lag period of the digital economy

development index as the tool variable, the impact effect of the

digital economy on the green economy is still valid, the

coefficient is significant at the level of 1%, and the LM

statistic p value of kleibergen PAAP rk is 0.000, indicating

that the original assumption “insufficient identification of tool

variables” is rejected; The Wald F statistic of kleibergen PAAP rk

is greater than the critical value of the weak identification test at

the level of 10%, which shows that it is reasonable to select the

lagging term of the digital economic development index as the

instrumental variable.

6 Conclusion and policy implications

This paper empirically tests the impact of digital economy on

green economy by using the panel data of various provinces in

China from 2015 to 2020. These findings indicate that: firstly, the

correlation between the digital economy and the green economy

is favorable and significant at the level of 1% from the results of

the regression, indicating that the development of the green

economy can be encouraged with further development of the

digital economy. Secondly, from the point of view of regional

heterogeneity, under 1%, digital economy in Eastern, central and

Western regions has a positive and considerable impact on the

green economy. However, the coefficients in descending order

TABLE 7 Robustness test results.

(1)

GE

DE 0.292**

(0.119)

OL −0.0156

(0.0511)

EL 0.329*

(0.169)

GI 0.158*

(0.0899)

PS −0.587***

(0.189)

FI 0.0314

(0.0575)

ER −0.0119

(0.0275)

Individual fixed effect control

Time fixed effect control

Kleibergen-Paap rk LM 16.948

(0.000)

Kleibergen-Paap rk Wald F 123.256

{16.48}

N 120

R2 0.636

Note: ***, **, and * denote statistical significance at 1%, 5%, and 10%.
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are that the East is greater than the middle and theWest is greater

than the West, indicating that the impact of the digital economy

on the green economy shows that the east is greater than the

middle and the middle is greater than the West. Thirdly, from an

action-path perspective, the test findings show that technological

innovation and industrial structure both have mediated impacts,

which suggests that the digital economy can both optimize the

industrial structure and promote technological innovation, thus

enhancing the development of the green economy.

The following suggestions are raised in light of the study’s

findings: 1) Digital economy in promoting the green economy is

essential in the economic development. Efforts should be spent to

persuade all kinds of investors to strengthen the investment in

digital economy, the construction of the necessary infrastructure

for communications information and the research investment in

digital technology, and actively implement the actual use of

emerging technologies for changing the waste of resources in

traditional technology, thus accelerating the green development

of China’s economy. 2) All regions should combine their own

characteristics, play up their advantages in full, actively develop

local digital economy and form a digital economy with regional

characteristics. The government should build network platforms

around representative industries and actively promote digital and

intelligent technology transformation to cultivate and support

local enterprises, thus enriching the green industry chain and

accelerating the development of green economy. Meanwile the

construction of a national data network of “Eastern data and

Western data” can not only alleviate the excessive energy

consumption in the Eastern region, but also drive the growth

of digital economy in the Western region, thus accelerating the

overall growth of the green economy at a high level. 3) The

synergy of digital economy and market-oriented reform, talent

training, institutional governance and other elements should be

strengthened; Traditional industries should be actively

integrated. And emerging technologies, such as 5G, internet of

things and blockchain should be used to change the traditional

business model and enhance the standard of goods and services;

Relying on advanced technology, the offline economic activities

are gradually transformed into online activities to reduce costs

and realize coordinated development and mutual promotion

between multiple industrial chains. The Internet smart

platform should be actively developed to realize the desired

state of equilibrium between consumption/production and

supply/demand, thus promoting the integration of industrial

chain and the extension of value chain, and constantly

optimizing the industrial structure. 4) Enhancing technological

innovation capacity is a systematic project requiring long-term

planning. We should not only promote the quantity and quality

of national high-tech enterprises, but also speed up the

construction of innovation carriers and build technology

enterprise clusters. We should pay attention to not only the

basic technological innovation, but also the technological

innovation in application. We will also integrate digital

technology innovation into production and application to

achieve new breakthroughs. From efficiency improvement to

technological progress, green total factor production should be

comprehensively promoted, thereby achieving the goal of green

development.
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