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Abstract: The development of digitalization has brought about profound changes in government
governance, enterprise production and residents’ daily lives. Whether digitalization inhibits environ-
mental pollution is a question that needs to be answered urgently, as it is of great significance for
addressing conflicts between human beings and the ecological environment. Moreover, it provides a
theoretical basis for China’s green and sustainable development. China’s environmental governance
model is in a new stage of “government, enterprise, and public” multifaceted governance. Therefore,
this paper empirically analyzes the impact of digitalization on environmental governance perfor-
mance and its mediating effect from a multidimensional perspective, using inter-provincial panel
data from 2011 to 2020 as a sample and employing structural equation modeling. It is found that
digitalization can significantly improve environmental governance performance, while mechanism
analysis shows that digitalization improves environmental governance performance through improv-
ing government environmental regulation, public environmental participation, and corporate green
technology innovation. Heterogeneity analysis shows that the contribution of digitization to envi-
ronmental governance performance varies significantly according to geographic region and regional
innovative capacity. Based on this, policy recommendations are proposed in terms of digitalization
construction, the government, public and enterprises to form a multi-governance environmental
governance system among the government, public and enterprises.

Keywords: digitalization; environmental governance performance; green technology innovation

1. Introduction

A good ecological environment is a priority for improving people’s well-being and
directly indicates the level of high-quality development of a country’s economy. With
China’s reform and opening up, the scale of economic development continues to expand,
and 30 years of rapid economic growth has led to serious environmental pollution problems
which cannot be ignored [1], meaning that the comprehensive promotion of environmental
governance work cannot be delayed. In order to improve the quality of the ecological
environment, the government has promulgated and implemented a series of environmental
policies over the past decade and has placed the construction of an ecological civilization in
a prominent position, with the concept of “promoting green development” having become
the consensus of society as a whole [2]. According to the “2020 China’s ecological environ-
ment situation bulletin”, 40.1% of cities above the prefecture level exceeded the ambient air
quality standard in 2020 [3], 38.3 percentage points lower than in 2015 [4], showing that
the ambient air quality of various has significantly improved. Although, at present, the
public and the state are increasingly deepening their understanding of environmental pro-
tection and environmental governance, while environmental pollution has been reduced,
the environmental carrying capacity of China’s economic system continues to face serious
challenges. Establishing how to improve environmental governance performance in the
process of economic development has become an important issue for the whole of society.
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The digital economy, as a new economic form, has optimized and upgraded the eco-
nomic structure, facilitating the high-quality development of the economy. It cannot be
separated from the iterative development and popularization of the application of digital
technology, and the in-depth integration of digital technology with economic and social
life has promoted the digital transformation process [5]. Ecological and environmental
issues are essentially development and lifestyle issues, so it is worth thinking about the
logical connection between digital development and China’s environmental governance
performance. Environmental governance targets vary across geographic regions, as do
governance approaches, thus determining the diversity of environmental governance per-
formance. In this study, environmental governance performance is defined as the actual
effect of environmental pollution in production and living activities. Due to the com-
plexity of environmental problems, environmental governance performance is affected by
a variety of factors. Chinese scholars have extensively examined environmental gover-
nance performance from multiple perspectives, such as environmental regulation, social
capital, and public participation [6–10]; their conclusions suggest that social capital, as a
lubricant, effectively promotes residents’ environmentally friendly behaviors, while the
government enforcement of environmental policies reduces carbon emissions and enhances
environmental governance performance, and public participation can reduce environmen-
tal costs, play a supervisory role, and enhance environmental governance performance.
Foreign scholars have also conducted relevant research and discussions on the crucial role
of local governments in environmental governance performance and the promotion of
environmental sustainability [11,12]. However, few studies have examined the impact of
digitization on environmental governance in their analysis. The rapid development of
digital technology has led to its far-reaching impact on the socioeconomic system and envi-
ronmental governance. Environmental governance is the result of the joint participation of
the government, the public and enterprises [13]. The state emphasizes the need to “form
an environmental governance system in which government, enterprises and the public
work together”. So, does the “digitization” level of different economic agents effectively
promote the performance of environmental governance? The discussion of this question
is not only conducive to the better promotion of digital development, but is also of great
practical significance for the in-depth study of environmental governance methods and
social sustainable development [14].

For the study of digital technology and environmental governance, the domestic
literature in this field mainly focuses on the Internet, the development of information
technology, environmental big data and other changes in environmental governance. The
main areas of focus of these studies are as follows: improving the quality of the environ-
ment through the development of information technology and promoting the sustainable
development of society and economy; the widespread application of data technology to
promote the informatization of government environmental supervision and the dynamiza-
tion of environmental monitoring [15], which demonstrates the wisdom of environmental
governance; the development of information technology to promote the transformation
of enterprises in an environmentally friendly direction by using green technological in-
novations, and the improvement of environmental governance through the integration
of elemental resources and technological innovations [16–18]; and using the Internet to
realize the real-time sharing of environmental information, and the innovation of ways
and channels for public participation in environmental governance [19]. Big data can be
used to facilitate the synergistic environmental governance of multiple economic agents
and form a multifaceted model. There are also many scholars abroad who have made
numerous contributions to this research area, and the earliest foreign countries defined the
basic concept and connotation of the digital economy, and also performed relevant research
on the measurement of the level of digital economic development [20,21]. In terms of the
relationship between digitalization and environmental governance, foreign scholars believe
that enterprises can enhance their innovation ability through digital technology and digital
transformation, thus promoting environmental governance [22]; digital technology can
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help enterprises to achieve the optimal allocation of resources and reduce environmental
pressure [23]; and digital technology, such as big data, can enhance the green technology
innovation ability of enterprises, increase the competitive advantage of enterprises [24,25],
and reduce the emission of pollution.

In addition, there are studies based on macro-level analysis, systematically construct-
ing the framework of a digital governance system and promoting digital governance
capacity [26]; there are also studies on the level of digitalization and public service con-
struction [27], showing that digital technology can promote the dynamic governance and
system optimization of social cities, providing an important support structure for the mod-
ernization of urban governance and the innovation of management modes [28,29]. The
above studies provide a useful reference for analyzing the logical relationship between
digitization and environmental governance performance, and few studies have examined
the impact of digitization from the perspective of environmental governance performance.
Considering this research gap, this paper conducts empirical analyses by using China’s
provincial-level panel data from 2011 to 2020, explores the mediating effect and heterogene-
ity of digitalization affecting environmental governance performance, and puts forward
relevant suggestions for digitalization to promote environmental governance performance.
The possible marginal contributions of this paper are as follows: (1) Currently, there are
fewer relevant studies focusing on the impact of digital development on environmental
governance performance, and this paper provides a useful discussion of the environmen-
tal governance effects of digitalization from both theoretical and empirical perspectives,
enriching the research on the influencing factors of environmental governance, and provid-
ing an effective supplement to the research related to the development of digitalization.
(2) Structural equation modeling is used to explore the mechanism of the impact of digital
development on environmental governance performance. (3) We verify whether there is
heterogeneity in the impact of digitization on environmental governance performance in
different geographic locations and different innovation-based capabilities. (4) The findings
of this paper provide a reference for the government to effectively improve environmental
governance and enterprises to better save energy and reduce emissions.

2. Theory and Hypothesis
2.1. The Influence of Digitalization on Environmental Governance Performance

Digitization is an extension of informatization. Information is regarded as a very
important factor of production [30], the conscious processing and handling of which is
information technology, and after this processing the information produced is gradually
transformed into new productive forces. With the widespread application and continuous
development of information technology, informatization gradually extends to digitization.
Informatization is the basis of digitalization, digitalization is an upgrade of informatization,
and the initial definition of digitalization is the process of converting physical information
into virtual information [31], while a more in-depth definition is the process of applying
digital technology, as the application of digital technology is the basic tenet of digitalization.
The rapid development of digitalization has led to the gradual enrichment of digital infor-
mation, and the information processing capacity has developed. From the perspective of
information technology, “information” is particularly important in promoting the process
of environmental governance change [32]. The digital construction of information is the
foundation of governance in the digital era, based on cloud computing, the Internet of
Things and other new technologies for the real-time scientific and intelligent analysis of en-
vironmental governance data in order to improve environmental governance [33], promote
diversified environmental governance and to enhance governance performance [34]. There
are numerous studies based on digital technology discussing enterprise digital change
from the perspective of enterprises and organizations in order to enhance enterprise in-
novation ability, improve enterprise competitiveness, and enhance enterprise economic
efficiency [35]. In the field of environmental governance, there are also studies that demon-
strate that Internet technology has a spatial spillover effect on environmental pollution,



Sustainability 2024, 16, 3026 4 of 19

reducing the emission of environmental pollutants through other channels, thus improving
environmental quality [23,36].

However, digitization is a complex process that involves various fields and is deeply
integrated with various fields and socio-economic activities, so this paper explains the
impact of digitalization on environmental governance performance by utilizing the En-
vironmental Kuznets curve (EKC) theory [37]. This theory posits a significant inverted
U-shaped relationship between environmental pollution levels and economic growth. It
suggests that at lower levels of economic development, environmental pollution worsens
with economic growth, but as economic development reaches a certain level, environmen-
tal pollution eases with economic growth. Scale effects, structural effects, technological
effects, institutional effects and trade effects are indirect factors affecting environmental
quality [38], mainly due to the early stage of economic development, as the transformation
of the economic structure into an industrial structure deepens the degree of environmental
pollution and increases the pressure on environmental governance; however, with the
development of digitization, environmental pollution is reduced through technological
innovation and structural adjustment, and the performance of environmental governance is
enhanced [39]. Moreover, digitalization can promote the synergistic governance of multiple
actors in environmental governance, realize the combination of efficient governmental
environmental regulation and the real-time monitoring of public environmental pollu-
tion, promote technological innovation in enterprises, and improve the performance of
environmental governance.

Based on the above analysis, this paper argues that digitalization may have a favorable
impact on environmental governance performance and proposes the following hypothesis:

Hypothesis 1 (H1). Digitalization can positively facilitate environmental governance performance.

2.2. Digitalization, Government Environmental Regulation and Environmental
Governance Performance

Government environmental regulation is an important factor affecting the performance
of environmental governance. Currently, China’s environmental issues are increasingly
undeniable, and environmental governance has become more challenging and complex.
Research indicates that environmental regulation has a significant effect on emission re-
duction [40]. Increasing environmental regulation can improve environmental quality [8];
however, the problem of the incomplete implementation of government regulation still
persists in China. Consequently, the government’s exclusive reliance on traditional environ-
mental management methods poses certain challenges, including low regulatory efficiency
and a reliance on a singular management approach. Digitalization presents a potential
solution to these shortcomings by enhancing regulatory capabilities, such as using the
Internet to monitor the environmental data dynamically [34]; government departments
can use digital technology to share information with the public in real time to help the
government to formulate environmental policies based on real-time data and so on.

One of the specific measures is the dynamization of environmental monitoring. Local
governments use big data, cloud computing and other Internet technologies to dynamically
monitor environmental information in real time [33], intelligently supervise the governance
of the corporate environment, and integrate environmental monitoring data, which not only
provides a basis for recognizing environmental problems and managing environmental
pollution, but also provides technological support for the government’s decision making
on emission reduction and improves the level of environmental governance in government
departments. A second measure is government environmental supervision informatization.
Environmental supervision plays an important role in environmental protection, and the
government is the leading force in environmental protection. Digitalization helps local
governments to govern the environment intelligently [28], and government environmental
policies can operate in a more reasonable, scientific and real-time manner, thus improv-
ing the enforcement of environmental regulation. Accordingly, this paper proposes the
following hypothesis:
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Hypothesis 2 (H2). Digitization can improve environmental governance performance by facilitat-
ing government environmental regulation.

2.3. Digitalization, Green Technology Innovation and Environmental Governance Performance

Green technology innovation is defined as technology that can help realize sustainable
development, help save resources and energy, help reduce environmental pollution, and
improve environmental governance performance [41]. Digitalization promotes enterprise
green technological innovation [42]: firstly, at the information level, enterprises integrate
information through digitalization and enhance their information sharing ability, so as
to realize the dynamic supervision of enterprises; in the process of enterprise production
management, the integration of elemental resources is promoted [43], which in turn pro-
motes enterprise green technological innovation. Secondly, at the knowledge level, green
innovation can include multiple fields and disciplines, and digitization can encourage
enterprises to pool and create knowledge in multiple fields, especially in environmental
governance, and digitization encourages enterprises to realize collaborative innovation,
thus realizing the reconstruction of knowledge between different fields and stimulating the
green technological innovation of enterprises [44]. Thirdly, at the application level, digital
finance is combined with information technology to promote green technology innovation
and transformation in polluting industries [45].

Technological innovation promotes the optimization of the allocation of production fac-
tors, improves the efficiency of resource utilization [46,47], reduces environmental pollution
caused by energy consumption, and improves environmental air quality. Some studies have
argued that green technological innovation has environmentally friendly characteristics, utiliz-
ing the threshold effect to demonstrate that after the level of innovation exceeds the threshold,
technological innovation enhances environmental governance performance through the role
of intrinsic mechanisms [48]. The low-carbon strategy concurrently facilitates the digital
transformation of enterprises, a phenomenon that resonates with the notable environmental
benefits associated with digitalization [49,50]. It can be seen that green technology innovation
plays an important role in reducing environmental pollution and improving environmental
quality [51]. Accordingly, this paper proposes the following hypothesis:

Hypothesis 3 (H3). Digitalization can improve environmental governance performance by facilitating
green technology innovation.

2.4. Digitalization, Public Environmental Participation and Environmental
Governance Performance

The nature of environmental problems is a development and lifestyle issue that is
complex and cannot be solved by the government or the market alone; the public plays a
major role in environmental governance [52,53]. In recent years, the modes and channels
of public participation have also expanded and been enriched, and public participation in
public governance in the context of digitalization can help to build a pluralistic model of
government governance [54]. The public can supervise the formulation of environmental
policies and the governance process of local governments in multiple ways, so as to improve
the performance of environmental governance; for example, the public can participate
through new media channels such as environmental letters, telephone complaints, and
online microblogging [55–57], so as to increase the degree of public appeals and effectively
promote the government’s governance behavior. With the popularization of Internet
technology, networks have become important support structures for the operation of the
whole of society, and the Internet, as a sustainable interactive platform, promotes the
participation of environmental governance subjects. The openness, interactivity and real-
time characteristics of the Internet have advantages in the depth of public participation in
environmental protection. With the development of digitalization provoking innovative
applications in the field of environmental protection, digital technology facilitates the
participation of more public forces in public governance, strengthens the degree of public
participation in environmental governance, and improves the efficiency and level of public
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governance. Secondly, digital technology can quickly summarize and analyze the opinions
put forward by the public, saving labor costs and improving work efficiency; the public use
of cyberspace to quickly converge public opinion pressure [58] greatly reduces the cost and
threshold of public participation and improves the quality of public participation. Based
on this, this paper puts forward the following hypothesis:

Hypothesis 4 (H4). Digitization can improve environmental governance performance by facilitat-
ing public environmental participation.

Based on the above analysis, a schematic diagram of the impact mechanism of digiti-
zation is shown in Figure 1.
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3. Research Design and Methodology
3.1. Model Settings

The PLS-SEM (partial least squares structural equation model), first proposed by
Herman Wold (1975) [59], is a causal modeling approach that is now widely used in
many fields, including economics, management, and psychology. The PLS-SEM has the
following advantages: (1) it can realize the integrated application of multiple data analysis
methods, which can both find the functional relationship between independent variables
and dependent variables through the data and use the model rows to make predictions,
as well as observing the interrelationships between variables through the simplified data
structure; (2) PLS-SEM path modeling is accomplished with numerous latent and observed
variables and is therefore more applicable when dealing with complex models; and (3) it is
not only accurate for large-sample data, but is also applicable to small-sample data without
the problem of model identification [60], thus greatly increasing the scope of its application.

The sample size of this study was relatively small, so we constructed a path model
with the help of to analyze the causal relationship between digitalization and environmental
governance performance. Smart-PLS3.0 does not need to evaluate whether the original data
are normally distributed or not [61,62], and is able to set up the model flexibly, meaning
that it is suitable for complex models containing multiple structures and multiple path
relationships and can obtain stable parameter estimation results with a small sample. The
first stage of this process involved the estimation of the measurement model, including
reliability and validity tests. The second stage was structural modeling analysis, which
focused on assessing and validating the path coefficients and explanatory power of the
structural equation model in order to verify the reliability and validity of the constructed
latent variables [63]. We tested the hypotheses using these two steps and by detecting the
causal relationships between the latent variables.
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Measurement modeling was used to describe the relationship between latent variables
and their corresponding observed variables using the following equation:

x = Λxξ + δ (1)

y = Λyη + ε (2)

where x and y are the vectors of exogenous and endogenous observed variables, respec-
tively; x is the factor loading matrix on exogenous latent variables for exogenous observed
variables; and δ and ε are the measurement error vectors.

The structural model was used to describe the path relationship between exogenous
and endogenous latent variables and was formulated as follows:

η = Bη + Γξ + ζ (3)

where η and ξ are the vector of endogenous latent variables and the vector of exogenous
latent variables, respectively; B denotes the relationship between the endogenous latent
variables; Γ denotes the effect of the exogenous latent variables on the endogenous latent
variables; and ζ is the error term of the structural equation.

3.2. Definitions of Variables
3.2.1. Environmental Governance Performance

Considering the comprehensive nature of environmental governance performance
(EGP), this paper constructed a comprehensive environmental governance performance
evaluation system from the perspectives of industrial governance, ecological governance,
and life governance, and adopts the pollution removal rate for evaluation [64]. The variables
studied included the general solid waste consolidation rate, the industrial SO2 removal rate,
the greening coverage rate of built-up areas, the non-hazardous treatment rate of domestic
waste and the urban sewage treatment rate.

3.2.2. Digitization

In statistics, there is still some controversy as to how to clearly quantify the level of dig-
italization development. Considering the connotations and characteristics of digitization
and the core theory, relatively perfect evaluation indexes should be adopted to measure the
level of digitization development. Eleven indicators were selected from the three dimen-
sions of digitization foundation, digitization application and digitization development to
build a comprehensive index system of digitization level [65–68].

Digital Foundations (DIGF). The construction of digital infrastructure sets out the
development level of digitalization, which is the foundation of all digital technology-related
research, and the conceptual classification of digital infrastructure is explicitly included in
China’s regional digital development index report. The digital infrastructure indicators
in this paper reflected the construction of digital infrastructure in each region through
the mobile switch capacity per capita, the number of Internet broadband access ports per
capita, the number of domain names, and the number of websites.

Digital Applications (DIGA). The application of digitalization is the embodiment of the
development of digitalization. With a good digitalization environment, the application of
digitalization can be carried out steadily, and the deepening of the application of data will
bring about new industrial integration and business model innovation. This paper reflected
the application process of digitization in each region through the number of Internet
broadband access users, the Internet penetration rate, and the per capita telecommunication
service volume.

Digital Development (DIGD). The development of the digital industry plays a sup-
portive role for the improvement of the digitalization level and also promotes the adoption
of digital technology in physical industries. Digitalization development indicators were
measured according to the proportion of the number of people employed in digital in-
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dustries to the total number of people employed at the end of the year, the proportion of
fixed assets of digital industries to the investment in fixed assets of the whole of society,
and the ratio of the income of digital industries to the GDP of the region, reflecting the
development process of digitization in each region.

The evaluation indicators in the model are shown in Table 1.

Table 1. Construction of digitization and environmental governance performance index system.

Variable Index Variable Description

Digital Foundations

DIGF1 Mobile switch capacity per capita
DIGF2 Internet broadband access ports per capita
DIGF3 Number of domain names
DIGF4 Number of websites

Digital Applications
DIGA1 Number of Internet broadband access subscribers
DIGA2 Internet penetration
DIGA3 Telecommunications services per capita

Digital Development

DIGD1 Number of employees in the digital industry as a percentage of
the number of employees at the end of the year

DIGD2 Ratio of fixed assets of digital industry to total investment in
fixed assets of the whole society

DIGD3 Ratio of digital industry revenue to GDP

Environmental Governance
Performance

EGP1 General solid waste consolidation rate
EGP2 Industrial SO2 removal rate
EGP3 Greening coverage in built-up areas
EGP4 Non-hazardous treatment rate of domestic waste
EGP5 Urban sewage treatment rate

3.2.3. Mediating Variables

Government Environmental Regulation (GER). Indicators such as the total per capita
investment in pollution control, enterprise sewage charges, environmental protection
expenditures, and investment in urban environmental infrastructure were selected to
comprehensively reflect the intensity of government environmental regulation in each
region [69,70].

Green technological innovation (GTI). The intensity of R&D investment, the number
of green invention patent applications, and the market turnover of technological innovation
were selected to comprehensively reflect the level of green technological innovation in each
region [71].

Public Environmental Participation (PEP). The total number of Chinese National
People’s Congress (NPC) recommendations, Chinese People’s Political Consultative Con-
ference (CPPCC) proposals, telephone and Internet complaints received by ecological and
environmental departments, and Baidu’s total search index for “environmental pollution”
were selected to comprehensively reflect the degree of public environmental participation
in each region [53,72].

The mediating variables indicators in the model are shown in Table 2.

Table 2. Construction of mediating variable index system.

Variable Index Variable Description

Government Environmental
Regulation

GER1 Total investment in pollution control
GER2 Enterprise sewage charges
GER3 Expenditure on environmental protection
GER4 Investment in urban environmental infrastructure
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Table 2. Cont.

Variable Index Variable Description

Green Technology Innovation
GTI1 R&D investment intensity
GTI2 Number of patent applications for green inventions
GTI3 Technology market turnover

Public Environmental
Participation

PEP1 Total number of NPC recommendations undertaken
PEP2 Total number of CPPCC proposals undertaken

PEP3 Total number of telephone and Internet complaints received by
the ecology and environment sector

PEP4 Browser total search index for “environmental pollution”

3.3. Data Sources and Sample Selection

The panel data of 30 provinces and cities in China from 2011 to 2020 were selected as
the study sample. The data in this paper were derived from the China Environmental Year-
book, the China Statistical Yearbook, the China Electronic Information Industry Statistical
Yearbook and the China Research Data Platform.

After collecting data for all the observed indicators, the raw data needed to be pro-
cessed, with missing values, outliers and standardization of the data being the primary
areas of concern. The descriptive statistical analysis of the variables obtained after data
processing is shown in Table 3.

Table 3. Statistical description of the sample data variables.

Variables Size Mean STD Minimum Maximum

DIGF1 300 1.702 0.533 0.805 4.267
DIGF2 300 0.447 0.218 0.096 0.986
DIGF3 300 94.88 137.4 1.1 882.5
DIGF4 300 12.32 16.25 0.18 77.75
DIGA1 300 985.1 824.4 41.6 3890
DIGA2 300 52.3 12.79 24.2 83.15
DIGA3 300 0.335 0.351 0.056 1.648
DIGD1 300 0.0436 0.0946 0.000681 0.658
DIGD2 300 0.527 0.405 0.0228 2.024
DIGD3 300 0.0183 0.0239 5.76 × 10−5 0.127
EGP1 300 65.02 18.93 25.39 99.83
EGP2 300 78.66 16.68 24 99.98
EGP3 300 39.57 3.541 27.9 49
EGP4 300 93.07 10.72 42.3 100
EGP5 300 90.95 7.36 59.2 100.3
GER1 300 295.7 205.5 17.2 952.5
GER2 300 64,283 56,726 2849 358,888
GER3 300 149.5 99.51 21.23 747.4
GER4 300 0.832 0.481 0.097 2.6
GTI1 300 1.73 1.127 0.41 6.44
GTI2 300 3831 5370 13 32,269
GTI3 300 416.3 819.3 0.567 6316
PEP1 300 229.8 170.4 11 727
PEP2 300 298.5 220.7 11 974
PEP3 300 3.22 3.952 0.012 29.56
PEP4 300 105.2 39.22 17.77 215.4

4. Results
4.1. Measurement Model Results

The relationship between observed variables and latent variables was reflected through
the measurement model, and this article tested the model for reliability and validity.
Cronbach’s Alpha coefficient was used to test the internal consistency of the measurement
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indicators [73], and this study found that the Cronbach’s Alpha coefficients of each construct
were greater than 0.7, and the combined reliability (CR) of each construct was around 0.9,
indicating a high level of reliability. The loading coefficients of each index were higher than
the recommended level of 0.7, meeting the requirements of this study, and the basic fit of
the model was found to be good, as shown in Table 4.

Table 4. Reliability and convergent validity analysis.

Latent Variable Observed Variable Factor Loadng Standard Deviation Cronbach’s Alpha CR AVE

DIGF

DIGF1 0.862 0.021

0.889 0.923 0.750
DIGF2 0.883 0.017
DIGF3 0.835 0.030
DIGF4 0.887 0.015

DIGA
DIGA1 0.891 0.012

0.790 0.879 0.709DIGA2 0.729 0.021
DIGA3 0.896 0.013

DIGD
DIGD1 0.950 0.005

0.856 0.913 0.778DIGD2 0.838 0.022
DIGD3 0.855 0.017

EGP

EGP1 0.691 0.026

0.807 0.864 0.560
EGP2 0.790 0.032
EGP3 0.756 0.027
EGP4 0.744 0.027
EGP5 0.754 0.030

GER

GER1 0.917 0.013

0.872 0.911 0.720
GER2 0.736 0.041
GER3 0.825 0.016
GER4 0.904 0.013

GTI
GTI1 0.887 0.019

0.869 0.918 0.790GTI2 0.882 0.014
GTI3 0.899 0.013

PEP

PEP1 0.871 0.021

0.856 0.901 0.696
PEP2 0.874 0.021
PEP3 0.708 0.030
PEP4 0.871 0.009

Secondly, the model was tested for validity, which included the convergent validity test
and the differential validity test [74]. After calculating the convergent validity of this model,
the average variance extracted (AVE) of each construct was higher than the test standard of 0.5,
as shown in Table 4, indicating that the model has good convergent validity. After calculating
the discriminant validity, the root of the AVE value of each latent variable was found to be
greater than the correlation coefficients of the other latent variables, as can be seen from the
data in Table 5. Therefore, the measurement model has good discriminant validity.

Table 5. Discriminant validity (Fornell–Larcker criterion).

DIG EPG GER GTI PEP

DIG 0.798
EPG 0.637 0.748
GER 0.714 0.57 0.849
GTI 0.793 0.577 0.591 0.889
PEP 0.719 0.533 0.688 0.456 0.834
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4.2. Structural Equation Model Results

In this study, SmartPLS 3.0 was used to analyze the data to obtain the path coefficients
of the structural model, and the standard error of each path coefficient was calculated using
the bootstrapping algorithm to obtain the T-value and p-value. The test results are shown in
Table 6. The R2 and Q2 values were calculated by SmartPLS as the test indicators based on
the predictive ability of the model, and the R2 value measured the explanatory ability of the
derived concepts in the structural model, as shown in Table 7. The R2 value ranged from 0
to 1, with a higher value indicating higher explanatory ability. The explainable variance
(R2) of each latent variable in this study ranged from 0.446 to 0.627, which was basically
greater than 0.5, indicating that the explanatory power of the latent variables is strong.

Table 6. Model path coefficient and hypothesis testing results.

Path Path Coefficient T Statistics p-Value

DIG → DIGA 0.902 *** 64.938 0.000
DIG → DIGD 0.889 *** 61.808 0.000
DIG → DIGF 0.971 *** 270.731 0.000
DIG → EPG 0.226 *** 3.069 0.002
DIG → GER 0.714 *** 29.854 0.000
GER → EPG 0.172 *** 3.323 0.001
DIG → GTI 0.793 *** 47.099 0.000
GTI → EPG 0.229 *** 4.055 0.000
DIG → PEP 0.719 *** 32.001 0.000
PEP → EPG 0.148 *** 2.506 0.012

Notes: Significance levels are expressed as *** for 1%.These notation conventions apply consistently to the
subsequent tables.

Table 7. R2 and Q2 values of the model prediction test.

EPG GER GTI PEP

R2 0.446 0.508 0.627 0.516
Q2 0.228 0.330 0.473 0.322

Q2 reflects the contribution of the raw scores of the observed variables to the overall
prediction accuracy of the structural model. When 0.02 < Q2 ≤ 0.15, a small effect is observed;
when 0.15 < Q2 ≤ 0.35, a medium effect is observed; and when Q2 > 0.35, a large effect is
observed. The Q2 values of the four endogenous latent variables are all greater than 0.15,
further suggesting that the measurement model constructed in this paper is also valid.

4.3. Mediation Effect Analysis

There is a significant direct relationship between digitization and environmental gover-
nance performance, which proves that digitization can promote environmental governance
performance, and H1 passes the 1% significant level test, meaning that this hypothesis is sup-
ported. As can be seen in Table 6, the p-value of each path coefficient, except for PEP → EPG, is
less than 0.01, indicating that each path coefficient is highly significant.

The overall effect of digitization on environmental governance performance was
further calculated, along with the direct effect and the indirect effect of each mediated
regulation pathway and the variance accounted for (VAF) value, as shown in Table 8, which
determines the magnitude of the indirect effect related to the total effect [75]. The VAF
usually takes a value between 0 and 1. The closer the VAF value is to 1, the better the
independent variables in the model explain the changes in the dependent variable. In the
case of full mediation, the mediator variable fully explains the relationship between the
independent and dependent variables when the VAF value is close to 1. In the case of
partial mediation, the mediator variable only partially explains the relationship between
the independent and dependent variables, and the VAF value will be between 0 and 1. The



Sustainability 2024, 16, 3026 12 of 19

VAF of the mediated adjustment path in this study ranged from 25.8% to 44.3%, indicating
a partial mediation effect.

Table 8. Mediation effect testing results.

Path T-Value p-Value 95%CI H Supported

Direct effects
DIG → EPG 0.226 *** 3.069 0.002 [0.080; 0.365] H1 Yes

Indirect effects
Individual indirect effects VAF

DIG → GER → EPG 0.123 *** 3.355 0.001 [0.049; 0.192] 0.299 H2 Yes
DIG → GTI → EPG 0.182 *** 3.978 0.000 [0.094; 0.274] 0.443 H3 Yes
DIG → PEP → EPG 0.106 *** 2.497 0.013 [0.018; 0.184] 0.258 H4 Yes

Global indirect effect
DIG → EPG 0.411 *** 5.925 0.000 [0.276; 0.549]

Total effect
DIG → EPG 0.637 *** 28.239 0.000 [0.587; 0.676]

Notes: Significance levels are expressed as *** for 1%.

Government environmental regulation, green technology innovation and public en-
vironmental participation are the mediating variables of digitization and environmental
governance performance, and the results show that Hypothesis 2, Hypothesis 3 and Hy-
pothesis 4 are all valid at the 1% significant level, with mediating effects of 0.123, 0.182
and 0.106, respectively, and the mediating effect of green technology innovation is more
prominent. Therefore, it can be considered that the mechanism proposed in this paper
is valid, i.e., digitalization can promote environmental governance performance through
improving government environmental regulation, public environmental participation and
green technology innovation.

The structural path diagram of the impact of digitization on environmental governance
performance is shown in Figure 2:
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4.4. Heterogeneity Analysis
4.4.1. Regional Heterogeneity Analysis

Considering that there may be differences in the level of digitalization development
and the degree of environmental pollution in different geographic regions, this paper ex-
amines the impact of digitalization development on environmental governance in different
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regions, using the East, the Middle East, and the West as comparative samples [52]. The
empirical results, as shown in columns (1) to (3) of Table 9, indicate that the impacts of
digitization on environmental governance performance in different regions are positively
promoted, with the values of the impacts in the central and eastern regions being larger
than those in the western region. The possible reason for this is that the size of the impact
of digitalization on environmental governance performance is subject to factors such as
the investment in technology R&D, the regional information infrastructure and digital
technology talents. The central and eastern regions are not only the more developed regions
of the digital economy, but also the centers of China’s economy, population and industry,
and they have a more advantageous position in terms of technology R&D investment,
digital infrastructure and other aspects, meaning that the development of digitization has
a more favorable role in promoting environmental governance in these regions, and the
impact of digitization is more positive in the eastern and central regions than in the western
region. The promotion of environmental governance is thus more obvious in these regions.

Table 9. Heterogeneity test.

Path
(1)

Eastern
(2)

Central
(3)

Western
(4)

High-Innovation
(5)

Low-Innovation

Loading p Loading p Loading p Loading p Loading p

DIG → EPG 0.681 *** 0.000 0.685 *** 0.000 0.504 *** 0.000 0.613 *** 0.000 0.570 *** 0.000
DIG → GER → EPG 0.214 *** 0.001 0.356 *** 0.000 0.141 * 0.059 0.201 *** 0.000 −0.034 0.544
DIG → GTI → EPG 0.237 *** 0.005 0.121 * 0.072 0.025 0.780 0.21 *** 0.000 −0.193 * 0.073
DIG → PEP → EPG −0.022 0.787 0.107 * 0.087 0.096 0.216 0.066 0.224 −0.069 0.368

Notes: Significance levels are expressed as *** for 1%, and * for 10%.

4.4.2. Innovative Capacity Heterogeneity Analysis

Examining the sample provinces may also reveal significant differences in technologi-
cal innovation capacity, and thus the 30 provinces were divided into two groups, namely
high-innovation-base-capacity provinces and low-innovation-base-capacity provinces, in
order to test whether the impact of digitization on environmental governance performance
is heterogeneous across provinces with different innovation capacities [16]. All provinces
were grouped according to the Regional Innovation Capacity Evaluation Report 2020 as
a reference, with the first class grouping being low-innovation-base-capacity provinces
and the second and third class groupings being high-innovation-base-capacity provinces.
The results show (see Table 9) that the path coefficient of digitization on environmental
governance performance is still significantly positive, and the facilitating effect is higher in
high-innovation-base-capacity provinces than in low-innovation-base-capacity provinces.
This suggests that the facilitating effect of digitization on environmental governance perfor-
mance does differ significantly across provinces with different innovation capacities, and
the higher the innovation base capacity of the region, the stronger the facilitating effect
of environmental governance. The reasons for this are as follows: regions with a high
innovation base capacity tend to have more advanced technologies and digital tools, more
highly qualified personnel, more policy support and investment in digital environmental
governance from governments and relevant institutions as well as more developed indus-
trial systems and innovation ecosystems, which help in scientific decision making and
precise environmental governance and improve the overall level of governance.

5. Discussion

Through the above study, it is found that the path coefficient of DIG → DIGF is 0.971, the
path coefficient of DIG → DIGA is 0.902, and the path coefficient of DIG → DIGD is 0.889,
and all of them are significant at the 1% confidence level, which indicates that these indicators
can effectively represent the concept of digitization. Through the path DIG → EGP, it can
be seen that the direct effect of digitalization on environmental governance performance is
0.226, indicating that digitalization has a direct role in promoting environmental governance
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performance; through the paths DIG → GER→EPG, DIG→ GTI →EPG, DIG → PEP → EPG,
it can be seen that digitalization can promote environmental governance performance through
government environmental regulation, green technology innovation and public environmental
participation. The indirect effects are 0.123, 0.182 and 0.106, respectively, and the mediating
effect of green technology innovation is more prominent. The reason for this may be that green
technology innovation can directly contribute to environmental governance performance by
improving resource utilization efficiency, reducing emissions and pollutant discharges, and
improving environmental quality. In contrast, although government environmental regulation
and public environmental participation also have a positive effect on environmental governance
performance, their influence is often more reflected in policy formulation, implementation and
supervision, requiring more environmental management and social participation processes,
and the path of influence is relatively more indirect and complex. Therefore, green technology
innovation may play a more direct and critical role in digitizing environmental governance
performance and may thus be more significant in its impact. This is similar to previous
studies, demonstrating that at the government level, digitization enables the real-time dynamic
monitoring of environmental data and the informatization of environmental regulation; at the
enterprise level, digitization improves resource utilization and management efficiency through
green technology innovation; and at the public level, digitization promotes the transparency
and openness of information and improves public participation in environmental protection.

Previous studies have explored environmental governance from various perspectives,
analyzing the barriers and pathways to intelligent environmental governance, but such
studies have generally focused on the theoretical mechanisms within the governmental
governance system, while environmental governance is the result of the joint participation
of the government, the public and enterprises, so this paper analyzes it from multiple
perspectives. Previous studies have mainly explored the differences in environmental
governance performance resulting from geographical heterogeneity, overlooking the differ-
ences in regional innovation capabilities. This study therefore offers a more comprehensive
perspective on environmental governance performance.

For the construction of an indicator system for environmental governance perfor-
mance, based on three internationally popular framework systems, improved for specific
research issues, the selection of indicators to achieve a comprehensive reflection of the
evaluation object is vital. These three framework systems are widely used in the perfor-
mance evaluation of organizations, quality management and other fields. Therefore, most
scholars have adopted the multi-indicator comprehensive evaluation method to evaluate
the performance of environmental governance, and this study selected indicators based on
three aspects, namely industrial governance, ecological governance and life governance.
For the construction of an indicator system for digitalization, current research is mostly
based on the digital foundation, digital platform construction, the digital equipment and
application level, the digital industry development, etc., among which the selected indi-
cators may be different; there are also scholars who reflect the degree of development of
digitalization by measuring the level of informatization and the level of development of
the digital economy. This paper focused on the impact of the development of digitalization
level on environmental governance, and from this perspective, the three dimensions of
digitalization foundation, digitalization application and digitalization development were
selected for assessment.

Regarding measurement methods, the entropy value method and principal component
analysis are the two most commonly applied methods. The entropy value method calculates
the selected indexes and finally obtains a composite index. Principal component analysis
needs to standardize the data and reduce the data dimensionality. This study adopted
PLS-SEM to construct the variable evaluation index system. Environmental governance
performance was measured as a first-order latent variable: the selected indicators were
associated with environmental governance performance to form a first-order latent variable
model. Digitalization was measured as a second-order latent variables: on the basis of the
first-order latent variable model, the first-order latent variables were used as indicators to
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construct a second-order latent variable (digitalization) model to ensure that the second-
order latent variables could effectively explain the relationship between the first-order
latent variables, and in this study, the digitalization foundation, digitalization application
and digitalization development were used as first-order latent variables.

6. Conclusions
6.1. Research Finding

Based on the panel data of 30 provinces in China from 2011 to 2020, the evaluation
indexes of digitization and environmental governance performance are established, and
the impact of digitization on environmental governance performance is theoretically ana-
lyzed and empirically examined using structural equation modeling. The following main
conclusions are drawn: digitization can directly and effectively improve environmental
governance performance; mechanism analysis shows that digitization effectively improves
environmental governance performance by improving the government’s environmental
regulatory efforts, the degree of public participation in the environment, and the green
technology innovation of enterprises, among which green technology innovation has the
greatest impact; and heterogeneity studies have shown that the contribution of digitization
to environmental governance performance varies significantly according to geographic
region and innovation-based capabilities.

6.2. Policy Recommendations

First, we recommend that the government strengthen the construction of digital
infrastructure, broaden the field of digital industry, further promote the rapid development
of digitalization, and ensure that digitalization provides infrastructural safeguards for
environmental governance. The development of digitalization is conducive to improving
the performance of environmental governance, while strengthening the construction of
digital infrastructure can lay a good foundation for the digital industry, promote the
integrated development of digitalization and traditional industries, apply technologies
such as 5G, cloud computing, and big data in the field of environmental governance, and
improve the environmental governance system so as to enhance the scientific and effective
nature of environmental governance.

In terms of governmental environmental supervision, local environmental constraints
and environmental supervision should be strengthened. Empowered by digitalization,
smart environmental governance can promote scientific environmental decision making
and precise environmental governance and maximize the symbiosis and win–win situation
between economic development and environmental protection. In terms of public partici-
pation in environmental governance, with the application of digitization, the new media
monitoring mechanism should be further improved, public environmental participation
channels should be expanded, public environmental participation pathways should remain
unimpeded, and the public should be encouraged to participate in environmental gover-
nance through new media platforms. For enterprises, the research and development of
green technology series matching small and medium-sized enterprises should be encour-
aged to reduce the cost of searching for internal and external knowledge as well as the
cost of using green technology. Enterprises should enhance their adoption rate of green
technological innovations, promoting their transformation in order to realize green techno-
logical innovations, improve the performance of environmental governance, and form a
new model of government–enterprise–public multivariate environmental co-governance.

Third, in addition to its recommendations for governments, enterprises, and the public,
this study is also useful for some professional groups and audiences. For consumers, for
example, digitization can provide more information about the environmental friendliness
of products and services, helping them to make greener purchasing decisions. At the
same time, digitization can also provide convenient guidelines on environmentally friendly
behaviors and motivate consumers to adopt a greener lifestyle. For educators, digitization
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can also provide real-time environmental data and case studies to help educators to better
teach about environmental science and conservation.

Finally, heterogeneity analysis shows that environmental governance performance
is also related to the endowment conditions of the region itself. Therefore, the govern-
ment should formulate policies and plans to promote digitalization according to the scale
of regional development, the level of digitalization, and the capacity of the innovation
base, so that the effect of digitalization on environmental governance performance can
be maximized.

6.3. Limitations and Prospects

(1) The indicators for measuring digitization may be imperfect and the time span may
be insufficient. In order to measure the level of development of digitization in
China, taking into account the fact that some of the data are not easy to obtain, only
30 provinces were selected, with data spanning 10 years, and in the various yearbooks,
we selected 11 indicators in order to build a system of indicators to measure the level
of digitization in China. In this paper, considering the accuracy of the research data,
only nine indicators were ultimately selected, but as the measurement of the level
of digital development actually needs to take into account multiple dimensions and
multiple perspectives, the indicator system is slightly insufficient. It is necessary to
collect more comprehensive and richer data for analysis in subsequent research work.

(2) The analysis of the impact mechanism of digitalization on environmental governance
in this paper was based on three perspectives, limited by the lack of relevant data,
making this study slightly less comprehensive. In the future, research should also
consider other possible impact mechanisms and should be enriched in the knowledge
base of other relevant theories.

(3) The potential negative impacts of digitization should also be taken into account. This
paper highlights the positive impacts of digitization on environmental governance.
However, a more balanced view should be taken into account, i.e., the fact that there
are potential negative impacts of digitalization, such as the digital divide issue and
the energy consumption due to digital technologies. The COVID-19 pandemic has
played a pivotal role in driving the global adoption of digital technologies but has
also exacerbated the digital divide and inequalities among different societal groups.
Therefore, in future digital research and policy making, it is essential to balance these
potential negative impacts by adopting multifaceted measures, including narrowing
the digital divide, promoting energy-efficient digital technologies, and implementing
effective e-waste management strategies. Additionally, enhancing the digital literacy
and awareness of stakeholders, fostering collaboration among the government, in-
dustry, and civil society, and incorporating sustainability considerations into digital
initiatives would all contribute to mitigating these negative impacts while maximiz-
ing the benefits of digital transformation, thus ensuring that digital environmental
governance can achieve a win–win situation regarding economic development and
environmental protection.
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