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Abstract: Under the new development pattern, promoting urban green transformation efficiently
addresses resource and environmental restrictions and is the foundation of high-quality development.
However, the development of green transformation in Chinese cities faces constraints in three
dimensions, production, life, and ecology, and it is not clear whether the digital economy, as a
key driver of green development, can empower urban green transformation. Therefore, this paper
measures the level of urban green transformation from the three dimensions of production, life, and
ecological space and empirically tests the impact of the digital economy on urban green transformation
from 2011 to 2020 by using panel data from 41 cities in the Yangtze River Delta urban agglomeration.
The results indicate: (1) The development of the green transformation level in the Yangtze River Delta
urban agglomeration demonstrates a constant upward trend, but the absolute difference fluctuates
and declines; (2) the development of the digital economy has a positive impact on urban green
transformation, as well as changes in urban production, living, and ecological space; (3) the digital
economy helps the green transformation of cities by supporting the growth of an advanced and
rationalized industrial structure. Nevertheless, the indirect influence of an advanced and rational

industrial structure on urban green transformation is quite different.

Keywords: digital economy; urban green transformation; intermediary effect; industrial structure
advanced; industrial structure rationalization; Yangtze River Delta city cluster

1. Introduction

With the transformation of China’s economy from high growth to high-quality devel-
opment, urban transformation plays a crucial role. Moreover, since carbon neutrality goals
have become a worldwide concern [1], the urban shift has taken on new significance: urban
green transformation. Promoting the green transformation of cities helps build a multi-level
green and low-carbon economic system, which is needed to reach carbon emissions peak
and carbon neutrality. However, the rapid expansion of urbanization, especially as concerns
the irrational production structures, the chaotic living spaces, and the deterioration of the
ecological environment, hinders the green transformation of cities [2].

With the influence of COVID 19, the digital economy is rising against the trend as a
new dawn of recovery. The digital economy enhances carbon efficiency and production
through the integration of energy, electricity, industry, and transportation [3]. The digital
economy squeezes the traditional development paradigm, which relies heavily on inputs
and emissions [4]. That the development of digital technology can promote steady socio-
economic development has become the general consensus of scholars around the world [5-7];
scholars from various countries have effectively verified that the digital economy can
effectively remedy ecological and environmental problems, reduce greenhouse gas effects,
and improve energy efficiency, thereby accelerating sustainable development, through
research and analysis of relevant data from many developing and emerging countries [8,9].
In the post-pandemic era, it will promote a green economic recovery and hasten the green
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transformation of cities [10]. Various studies demonstrate that information technology is a
cornerstone of social change and progress [11] and enhances social planning, construction,
management, and services [12]. However, most studies have focused on the country or
province as the object of study. Although the impact effects of the digital economy can be
analyzed from a macro perspective, they cannot reflect the changes in resource allocation
and talent flow brought about by the digital economy in each region within each country.
Studies that are less likely to use cities as objects tend to ignore the differences between
city clusters and the linkages within city clusters. In addition, related studies mostly focus
on one of the dimensions of production, life, and ecology, and seldom put all three into
the same research dimension, ignoring the impact and connection of the digital economy
development process on the three dimensions of production, life, and ecology.

In reality, as environmental issues become more apparent throughout the globe, cities,
as the economic and social hubs of the nation, are compelled to undergo a green develop-
ment transformation. According to the <Digital Economy Report 2021> released by the
United Nations Conference on Trade and Development, China has become one of the key
drivers of the world’s digital economy. The rapid development of China’s digital economy
has effectively driven China’s social development to a high-quality development stage and
achieved initial results in green transformation [13]. It is worth noting that the Yangtze
River Delta city cluster is the only world-class city cluster in China. It is a metropolitan area
covering 41 cities, with a GDP of $427 million, an area of 350,000 square kilometers and a
population of 235 million, and is a model and leader in the development of China’s digital
economy. Although the Yangtze River Delta city cluster is closely connected internally, there
are still obvious differences among cities [14], and the unbalanced distribution of resource
endowment differences and development stages also hinder the green transformation of
the Yangtze River Delta city cluster. Currently, the Yangtze River Delta urban agglomera-
tion is currently facing the historical opportunity of implementing the “East Digital West
Computing” project in China, which can further accelerate the development of the digital
economy. China’s strategic goals of carbon peaking and carbon neutrality also urgently
require the Yangtze River Delta city cluster to accelerate urban green transformation. So,
does the digital economy help with greening the city cluster in the Yangtze River Delta?
What are the mechanisms behind the demonstrated effects? It is the core theme of this
research to clarify the influence of the digital economy on urban green transformation.

This study may make marginal contributions to the relevant research in three ways.
First, distinguishing from previous studies, this paper takes the Yangtze River Delta city
cluster as the research object and is able to grasp the intra-regional connections. In addition,
through the differences in digital economy development within city clusters, the variation
in the impact of digital economy development on urban green transformation at different
stages is analyzed to provide effective experiences for the green transformation of various
cities and regions. Secondly, this paper delineates green transformation into the transfor-
mation of production, living and ecological space at the city level, and constructs the index
system of urban green transformation accordingly. Furthermore, on the basis of the overall
impact, the impact of the digital economy on urban green transformation is described
from the dimensions of production, life and ecological space. Finally, this paper uses an
intermediary effect model to test this mechanism. It looks at how the digital economy
affects the city’s greening in a rational industrial setting. The structure of the continuation
section is as follows: the theoretical analysis and research hypotheses are conducted in
Section 2. Section 3 describes the methods and data. In Section 4, the empirical results are
discussed. Section 5 provides a summary of the findings and policy implications.

2. Theoretical Analysis and Research Hypothesis
2.1. Digital Economy Promotes the Green Transformation of Cities
The green transformation of cities emphasizes a shift to a more sustainable devel-

opment paradigm, with an emphasis on socioeconomic growth and ecological and en-
vironmental carrying capacity. This paradigm for sustainable urban development will
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incorporate economic prosperity, social harmony, resource conservation, and ecological
health [15]. The city’s green transformation includes intensive and efficient manufactur-
ing space, livable and moderate living space, and attractive ecological space. The digital
economy’s diversity, availability, and sharing are powerful driving forces for economic
development and crucial for promoting green and low-carbon sustainable development
initiatives and urban green transformation [16,17]. From the perspective of production,
life, and ecology, these processes contribute to the digital economy’s role in urban green
transformation. In addition, it is necessary to use the digital economy’s development
dividend for the green transformation of the urban clusters in the Yangtze River Delta.

First, the rapid development of new technologies such as big data, cloud computing,
the Internet of Things, blockchain, artificial intelligence, and 5G communication has grad-
ually eliminated backward industries [18]. In addition, new industries such as electronic
information product manufacturing, software and information services, and the Internet
industry have been generated. Through the transformation of traditional industries, total
factor productivity is comprehensively improved [19], thereby promoting the transfor-
mation of production space. The digital economy may employ network effects to avoid
declining marginal effects and enhance manufacturing sector flow [20]. Digital industrial-
ization disrupts traditional production methods and creates new management business
models. Digital industrialization drives traditional industries to undergo digital transfor-
mation through the widespread use of information technology. Digital transformation
is divided into three phases: digitization, digitalization, and digital transformation [21].
Digitization mainly embodies the encoding of analog information into digital format, and
the storage and transmission of information through computers to precipitate data and
digitize information [22,23]. Digitalization is the transformation of traditional processes
through information technology. The use of information systems to record data in real time
facilitates analysis and improvement of production processes, thus improving timeliness
and communication efficiency, significantly reducing process time, and enabling digital
supervision [24]. Digital transformation refers to the transformation of existing business
models through big data, artificial intelligence and other information technologies. Based
on precipitated data and process digitization, it is possible to build a digital platform
for production, optimize operation and decision making, change traditional informative
interaction, and realize online and mobile business [25,26]. Digital transformation uses
information technology such as information collection and information identification to re-
arrange industrial division of labor and cooperation, comprehensively transform traditional
industries, and improve total factor productivity.

Second, the digital economy changes people’s lives in an intelligent, networked, easy
way and modifies consumption mode and pattern by promoting corporate innovation
and space transformation [27]. The digital economy integrates into urban and rural lives,
improves people’s information processing abilities, and reduces social costs [28]. The
universality, convenience, and sharing of digital technologies provide solid guarantees
for improving public services, eliminating urban and rural living differences, improving
people’s livelihoods, and promoting social harmony [29,30]. As human society enters
the mobile Internet era, stronger user stickiness generates massive data, and the digital
economy gives full play to the role of information matching to match supply and de-
mand, gradually forming a platform economy and a sharing economy [31], breaking the
boundaries of time and space. Digital industrialization enables remote telecommuting and
e-government through digital technology, thus improving the intelligence, networking ca-
pacity and convenience of living places and public services. The digital economy integrates
digital technology with traditional industries, generating a “long tail effect” that overturns
traditional production methods [32]. Through emerging technologies such as the Internet
of Things and virtual reality, demand-driven production and business models that meet
consumers’ individual needs are created, changing residents” consumption patterns and
modes, broadening consumer groups, and improving their comfort and convenience [33].
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Lastly, the rise of the digital economy improves digital governance, raises environ-
mental awareness, and forces traditional sectors to reform by increasing resource efficiency,
which is good for the environment. Information technology innovation promotes the
development of digital economy and effectively limits pollution by building a digital gover-
nance platform for the ecological environment [34-36]. Through the development of digital
industrialization, new industries such as energy-saving and environmental protection,
new energy vehicles, high-end equipment manufacturing and new materials put pressure
on overly polluting enterprises and accelerate the digital management of the ecological
environment [37]. The development of ecological civilization forces traditional industries to
carry out the digital transformation of industries and promote the intelligent transformation
of production modes. It promotes the integration and development of digital technology
into the current economy and the efficiency of resource allocation [38]. The digital economy
reduces the impact of human production and life on the environment by improving quality,
efficiency, energy saving and reducing pollution. As a result of the initial study, this paper
presents the following research hypotheses:

Hypotheses 1 (H1). The growth of the digital economy has a direct beneficial influence on urban
green transformation, as well as on urban production, lifestyle, and ecological spatial change.

2.2. Digital Economy’s Green Transformation Transmission

Apart from the direct impact on urban green transformation, the digital economy
may also indirectly impact by improving industrial structure [39]. Differences in resource
endowments and economic growth levels hinder green transformation in cities. The
escalating industrial structure is vital for coordinating factor allocation and lowering
regional development disparities.

First, the digital economy transforms the global labor market, restructures develop-
ment partnerships, and promotes advanced industry [40]. The digital economy creates
a “low-consumption, low-pollution, recyclable” production approach to green the city.
The digital economy connects, balances, and drives secondary and tertiary industries,
spreads digital innovations through synergy and positive feedback, and reduces the cost of
digital transformation across other enterprises [41]. As China carries out new infrastructure
construction including 5G base stations, ultra-high voltage, intercity high-speed railroads
and urban rail transportation, new energy vehicle charging piles, big data centers, artificial
intelligence, and industrial internet, it provides key drivers to provide convergence and
innovation and accelerate the development of digital industries [42,43].The development
of digital industry has led to the innovation and wide application of digital technologies
such as big data and cloud computing, disrupting the business model that has been in
place for a long time and pushes traditional industries toward digitization, automation,
and intelligent transformation.

Second, the digital economy has the potential to enhance resource allocation and
industrial structure. The digital economy promotes the green transformation of cities by en-
hancing the positive interaction between industrial structure rationalization and consumer
upgrading by eliminating excess production capacity and coordinating regional and indus-
trial growth [44]. The development and proliferation of digital technology such as big data
and 5G communications support the incorporation of cutting-edge technologies into indus-
trial organizations and value chains [45]. The digital economy promotes the integration of
the industrial and service sectors and accelerates the formation of new industries such as
new materials and new energy vehicles. By creating a “new infrastructure” for industrial
digitalization, it may be possible to eliminate bottlenecks to data flow, establish correlations
across production sectors, and encourage businesses to enhance their operational efficiency.
By combining digital technology with traditional industries, the industrial structure can be
optimized, and the digital supply chain cooperation network can be built [46] (Figure 1).
Accordingly, the following is the research hypothesis:
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Figure 1. The digital economy’s influence on Yangtze River Delta’s green transformation.

Hypotheses 2 (H2). By promoting advanced industrial structure and industrial rationalization,
the digital economy may indirectly affect urban agglomeration green transformation.

3. Models, Variables and Data
3.1. Model Setting

The following benchmark regression model is created to investigate the digital econ-
omy’s impact on cities’ green transformation.

Green;; = ag + a1 Dige;y +acXip + pi + 0 + &4 1)

where i and ¢ signify city and time, Green; ; is the level of green transformation of the city,
and Dige;; denotes the level of digital economy development. The vector X;; represents
a series of control variables; y; denotes the individual fixed effect of the city that does
not change over time, J; controls for the time fixed effect, and ¢;; denotes the random
disturbance term.

Now we explore how the internet economy affects city greening. Based on the pre-
vious analysis, we evaluated whether industrial structure upgrading (M) is a variable
that mediates the relationship between the digital economy and urban green transforma-
tion. Based on evidence that the digital economy has a significant impact on urban green
transformation, the linear regression models of the digital economy on industrial structure
upgrading and the digital economy on industrial structure upgrading on urban green
transformation were established. The significance of the regression coefficients was used to
determine the existence of a mediating effect. The specific forms of the above regression
model set are as follows:

M = Bo + B1Digei; + B X + pi + 0t + € )

Greenj; = 7yo + 11Digejr + vaMiy + v Xir + i + 0 + €4 3)
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3.2. Variable Settings
3.2.1. Explanatory Variables

The urban green transformation aims to build a sustainable paradigm for urban ex-
pansion, social harmony, resource conservation, and environmental soundness. This article
divides urban green transformation into production space, living space, and ecological
space changes and establishes the Yangtze River Delta city cluster’s green transformation
index system based on city-level data [47].

Urban production space optimizes the efficiency of inputs and outputs in the social
production process [48]. Urban production space input intensification and output efficiency
are achieved by optimizing capital and staffing inputs among industries to maximize
value-added. The evaluation index system of urban production space transformation is
constructed using two elements of input intensification and output efficiency.

According to the World Health Organization and the United Nations Conference
on Housing and Sustainable Urban Development’s basic notion of comfortable living,
urban living space is where residents go around their daily lives. This includes comfort
of living environment; the equity of medical care, education and income; the convenience
of transportation and entertainment; and the safety of health and security [49]. Based
on the four factors, this study creates an urban living space transformation evaluation
index system.

Urban ecological space is where ecological services are provided, ecological security
is ensured, and people’s quality of life is improved. The focus is on reducing pollution,
improving pollution management, and expanding urban green space [50]. Therefore, the
evaluation index system of urban ecological space transformation is constructed from the
indicators of three aspects: reducing pollution, managing pollution, and increasing greenery.

So, the urban green transformation index system uses three dimensions: urban pro-
duction space, living space, and ecological space (see Table 1).

Table 1. Urban green transformation evaluation index system.

Category Evaluation Dimensions The Evaluation Index Index Attritube

Percentage of employees in secondary industry (%) Positive
Percentage of employees in tertiary industry (%) Positive

Input Intensification Financial expenditure per unit of land area area "
o Positive

) ) (million yuan)

Indicator of Produc?lon Agricultural machinery input (million kilowatts) Positive
Space Transformation Percentage of value added of secondary industry (%) Positive
(Manu) Percentage of added value of tertiary industry (%) Positive
Efficient output Gross regional product per unit of land area (million yuan) Positive

Unit arable land area added value of primary production -
o Positive

(billion yuan)

Capital productivity Positive
Housing area per capita (square meters) Positive
Comfort Water penetration rate (%) Positive
Gas penetration rate (%) Positive

Number of beds per 10,000 people in hospitals and health "
Positive

Index of Living Space Fairness centers (pcs)

. Number of students covered by unit teachers Negative

Transformation . . .
(Life) Urban-rural income differences Negative
Number of actual bus operating vehicles per 10,000 people Positive

Convenience at the end of the year (units)

Utility land area per capita (square meters) Positive
Mortality rate (%o) Negative
Security Minimum wage guarantee degree (%) Positive

Unemployment rate (%) Negative
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Table 1. Cont.

Category

Index of Ecological Space

Transformation
(Env)

Evaluation Dimensions The Evaluation Index Index Attritube
Industrial wastewater discharge per billion yuan of Negative
industrial value added (tons) &
Industrial sulfur dioxide emissions per billion yuan of Negative
Pollution intensity industrial value added (tons) &
Industrial smoke (dust) emissions per billion yuan of Negati
industrial value added (tons) cgatve
Industrial carbon dioxide chemical emissions per billion Negative
yuan of industrial value added (tons) &
Comprehensive utilization rate of industrial solid Positi
o ositive
Intensity of pollution control waste (%)
Sewage treatment rate (%) Positive
Domestic waste disposal rate (%) Positive
Greening coverage of built-up areas (%) Positive
Greening intensity Gardening area per 10,000 people (hectares) Positive
Greening rate of built-up area (%) Positive

Note: The specific formula for calculating capital productivity is the ratio of the amount of fixed investment in
society to GDP.

The green transformation of the city harmonizes the living, working, and ecological
areas and creates a livable city where people and the environment live in harmony. The
level of urban green transformation is measured using weighted approaches such as
the production space transformation index, dwelling space transformation index, and
ecological space transformation index, recorded as Green.

3.2.2. Core Explanatory Variable

The digital economy (Dige) combines digital information, the Internet, and digital
technological innovation. Due to inadequate city-level digital economy data, this research
evaluates Internet development and digital financial inclusion [51]. The number of Internet
users per 100 people, the proportion of computer service and software employees, number
of telecommunication services per population, and number of mobile phone users per
100 people were used to gauge Internet development. Digital financial inclusion was
constructed by the Peking University Institute of Digital Finance and the fintech company
Alibaba Ant Financial Service. The entropy method calculates the InDige.

3.2.3. Control Variables

(1) Human capital, an essential resource for greening cities, drives economic growth and
promotes environmental consciousness [52]. Human capital may be described using
the college student-to-resident ratio (Hum).

(2) AsChina’s economy enters a new cycle, inventive aptitude and financial development
become more crucial. The number of patents awarded to the resident population
is advised to assess innovation capacity (Inn) [53]. Financial development (Fin) is
measured by the financial deposit and loan balance per capita [54].

(8) Foreign economic and commercial activity are essential indicators of a city’s devel-
opment, and reliance on foreign commerce affects industrial restructuring. FDI can
create a “pollution paradise.” Foreign trade dependency (Trade) is assessed using
import and export ratios to GDP [55], whereas foreign investment uses total foreign
direct investment (Fdi).

(4) Fiscal policy and macroeconomic regulation affect city growth. Green growth may
benefit from fiscal policies. Fiscal decentralization is measured by the prefecture-level
city budgetary income ratio to the federal or national government (Gov).

3.2.4. Mediating Variables

Industrial structure upgrading includes sophisticated (High) and rationalized (Rat)
industrial structures [56], which incorporate output structure, employment structure, and
inter-industry variability. This research will measure the advanced industrial structure
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using Fu’s approach [57]. First, the GDP is divided into three components according to the
three industry divisions, and the value added of each component is used as a component
of the spatial vector to form a set of 3-dimensional vectors Xy = (x1,0, X2,0, ¥3,0). The
angles 61,065,053 of the vectors X; = (1,0,0) , X, = (0,1,0) , X3 = (0,0,1) are then
calculated separately with the industries arranged from the lower to the higher level.
A greater industrial structure advanced index (High) means a higher level. Shanghai
has a more sophisticated industrial structure than other Yangtze River Delta cities, with
tertiary industry accounting for 70% of added value. Consequently, the advanced industrial
structure is processed logarithmically and recorded as InHigh.

3
Y (xij-xi0)
0; = arccos— i=1 - - 4)
(x2;)7 - ¥ (x2i0)?
i=1 i=1 (i=1,2,3;j=1,2,3)
3k
High =} }6; 5)
k=1j=1

Past studies have primarily employed the Thiel index to characterize industrial struc-
ture rationalization. However, the Thiel index can induce the phenomena of “pseudo-
rationalization.” Consequently, this study employs the degree of industrial structure devia-
tion to assess the rationalization (Rat).

3.3. Data Sources and Descriptive Statistics

Data from 41 Yangtze River Delta cities were used for the digital economy development
and urban green transformation indexes. Based on digital inclusive finance data and the
2010 elimination of Chaohu, 41 Yangtze River Delta cities were analyzed. The study uses
data from the China City Statistical Yearbook, China City Construction Statistical Yearbook,
and China Regional Economic Statistical Yearbook. Descriptive statistics were used for all
variables in this work; the findings are reported in Table 2.

Table 2. Descriptive statistics of variables.

Variables Observations Average Value Standard Deviation Minimum Value Maximum Value
Green 410 0.490 0.075 0.290 0.699
Manu 410 0.632 0.039 0.557 0.730

Life 410 0.338 0.083 0.144 0.589
Env 410 0.500 0.133 0.145 0.943
Dige 410 0.649 0.058 0.523 0.840
Hum 410 0.189 0.170 0.022 1.001
Inn 410 3.428 2.07 0.438 14.027
Fin 410 0.207 0.165 0.020 0.986
Trade 410 0.298 0.309 0.016 1.813
Fdi 410 0.120 0.192 0.003 1.396
Gov 410 1.323 0.850 0.183 5.093
High 410 6.689 0.310 5.863 7.495
Rat 410 1.233 0.434 0.023 2.503

4. Measurement, Results and Empirical Tests
4.1. Yangtze River Delta Green Transformation Index Analysis

Table 3 shows the green transformation indices of 41 cities in the Yangtze River Delta
urban agglomeration. Shanghai (0.63), Nanjing (0.66), and Hangzhou (0.62) had mean
green transition index values over 0.6 from 2011-2020. These cities are the centers of the
Yangtze River Delta city cluster, with strong scientific research, competent government
governance, and extensive industrial backing to achieve green transformation. Suzhou?,
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Fuyang, and Bozhou, all in northern Anhui, had mean values below 0.4. These cities have
not changed the prior economic development paradigm, which prevents urban greening,
along with natural resource scarcity and pollution. Due to high-quality development, green
transformation in these cities has improved. The green transformation degree of each
Yangtze River Delta city cluster city has improved between 2011 and 2020.

Table 3. Green transformation of the Yangtze River Delta from 2011 to 2020.

Region 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
Shanghai 0.592 0.597 0.597 0.603 0.612 0.646 0.656 0.664 0.682 0.690
Nanjing 0.597 0.608 0.631 0.646 0.661 0.682 0.691 0.699 0.681 0.694
Wuxi 0.541 0.551 0.564 0.560 0.562 0.569 0.577 0.585 0.591 0.603
Xuzhou 0.433 0.463 0.485 0.502 0.501 0.510 0.516 0.520 0.525 0.526
Changzhou 0.505 0.523 0.537 0.540 0.556 0.572 0.581 0.585 0.586 0.573
Suzhou ! 0.492 0.517 0.531 0.535 0.541 0.551 0.559 0.568 0.571 0.568
Nantong 0.441 0.470 0.487 0.506 0.514 0.530 0.536 0.547 0.556 0.575
Lianyungang 0.396 0.413 0.428 0.428 0.453 0.471 0.485 0.495 0.503 0.504
Huai’an 0.438 0.506 0.523 0.542 0.502 0.517 0.529 0.546 0.551 0.561
Yancheng 0.401 0.409 0.421 0.448 0.460 0.470 0.478 0.492 0.491 0.501
Yangzhou 0.487 0.491 0.501 0.512 0.518 0.532 0.542 0.557 0.565 0.566
Zhenjiang 0.505 0.518 0.534 0.545 0.531 0.554 0.554 0.576 0.569 0.575
Taizhou 0.425 0.438 0.462 0.467 0.476 0.488 0.508 0.521 0.528 0.544
Sugian 0.394 0.401 0.418 0.436 0.448 0.462 0.469 0.475 0.481 0.488
Hangzhou 0.572 0.579 0.586 0.595 0.627 0.638 0.643 0.660 0.649 0.625
Ningbo 0.476 0.499 0.511 0.521 0.528 0.556 0.576 0.595 0.591 0.578
Wenzhou 0.436 0.466 0.473 0.483 0.493 0.490 0.503 0.512 0.517 0.515
Jiaxing 0.449 0.486 0.495 0.503 0.515 0.499 0.496 0.501 0.515 0.506
Huzhou 0.488 0.495 0.499 0.507 0.520 0.528 0.544 0.549 0.554 0.558
Introduction 0.451 0.466 0.500 0.516 0.530 0.540 0.544 0.559 0.558 0.562
Jinhua 0.424 0.433 0.437 0.441 0.450 0.461 0.460 0.468 0.473 0.463
Quzhou 0.387 0.397 0.403 0.416 0.421 0.439 0.447 0.464 0.471 0.495
Zhoushan 0.520 0.540 0.546 0.564 0.564 0.594 0.596 0.612 0.617 0.629
Taizhou 0.437 0.460 0.465 0.482 0.471 0.476 0.481 0.495 0.494 0.491
Lishui 0.371 0.398 0.413 0.420 0.426 0.440 0.445 0.466 0.467 0.462
Hefei 0.481 0.494 0.510 0.542 0.542 0.554 0.564 0.573 0.575 0.565
Wuhu 0.448 0.461 0.480 0.503 0.493 0.507 0.520 0.533 0.537 0.589
Bengbu 0.409 0.426 0.448 0.471 0.465 0.476 0.485 0.497 0.510 0.533
Huainan 0.447 0.453 0.453 0.439 0.383 0.415 0.440 0.463 0.456 0.484
Ma On Shan 0.451 0.502 0.461 0.457 0.462 0.467 0.477 0.494 0.495 0.527
Huaibei 0.450 0.459 0.472 0.478 0.471 0.493 0.504 0.515 0.510 0.522
Tongling 0.533 0.562 0.587 0.598 0.474 0.538 0.544 0.545 0.536 0.576
Anging 0.352 0.373 0.389 0.390 0.411 0.420 0.428 0.443 0.444 0.468
Huangshan 0.405 0.416 0.427 0.435 0.434 0.442 0.448 0.478 0.479 0.492
Chuzhou 0.358 0.360 0.379 0.392 0.396 0.403 0.419 0.440 0.462 0.467
Fuyang 0.318 0.334 0.357 0.363 0.365 0.377 0.391 0.425 0.425 0.433
Suzhou 2 0.290 0.330 0.355 0.368 0.369 0.387 0.394 0.421 0.422 0.429
Lu’an 0.347 0.351 0.369 0.367 0.381 0.388 0.415 0.434 0.439 0.469
Bozhou 0.339 0.350 0.378 0.373 0.374 0.397 0.389 0.419 0.428 0.455
Chizhou 0.375 0.385 0.406 0.401 0.426 0.428 0.426 0.443 0.456 0.480
Xuancheng 0.351 0.353 0.375 0.389 0.396 0.413 0.424 0.438 0.442 0.480

Note: Suzhou !: Suzhou, Jiangsu Province. Suzhou 2. Suzhou, Anhui Province.

The research compares urban green transformation in three provinces and one city in
the Yangtze River Delta using a line graph (Figure 2). From 2011 to 2020, Figure 2 depicts
the Yangtze River Delta’s change in greenness. Shanghai’s urban green transformation
level exceeds the average level of the other three provinces. It developed gently at first
and then more rapidly. Jiangsu and Zhejiang both have modest growth that is gradual.
The level of green transformation in Anhui Province is low compared to other Yangtze
River Delta provinces and cities. Anhui’s degree of green transformation increased over
the sample period, reducing the gap between Jiangsu and Zhejiang.

In this study, three typical years, in the beginning, middle, and end of the sample
period, are used to display the kernel density estimation of urban green transformation
to further emphasize the dynamic development pattern of green transformation in the
Yangtze River Delta city cluster (Figure 3). Figure 3 shows the Yangtze River Delta urban
agglomeration’s “single peak” rightward development. It shows that the Yangtze River
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Delta metropolitan agglomeration is undergoing a green makeover. The green development
idea has hastened the traditional economy’s transition and upgrading, and the green
transformation effort has attained stage outcomes. The curve’s width expands with “little
expansion and small constriction,” while the height of the main peak declines and rises.
The curve distribution extension shows a convergence tendency with a fading trailing
characteristic. This bundle of evolutionary features shows that inequalities in resource
endowments and industrial foundation levels limit cities” potential to support urban
green transformation. Green transformation routes vary widely. Thanks to the orderly
development of ecological civilization construction, cities with lower and higher levels of
green transformation are converging to the average, and absolute disparities are shrinking.
Is there a substantial connection between the green transformation of the Yangtze River
Delta city cluster and the growth of the digital economy? This paper builds a scatter plot and
fits a curve to show their relationship (Figure 4). Figure 4 indicates a favorable relationship
between the digital economy and urban green transformation. It shows that improving
the digital economy’s development level can speed up urban green transformation. The
relationship needs empirical evidence.

i
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l Total — Shanghai Jiangsu — Zhejiang — Anhuil

Figure 2. Yangtze Delta urban agglomeration change folding line chart.

Figure 3. Green transformation kernel density in Yangtze River Delta.
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Figure 4. Scatter plot of green transformation and digital economy.

4.2. Benchmark Regression Results

The tests of multicollinearity, heteroskedasticity, and autocorrelation are ruled out
using autocorrelation and the variance inflation factor. Table 4 columns (1) and (2) demon-
strate digital economy parameter estimations impacting the green transformation of the
Yangtze River Delta city cluster. Positive digital economy coefficients on urban green trans-
formation pass the 1% significance test. Arguably, this means that the digital economy may
make cities greener. Human capital (Hum) and fiscal decentralization (Gov) are both linked
to greening cities (2). They pass the 1% significance test, indicating that human capital
developed via education and fiscal decentralization has a non-trivial positive influence
on urban green transformation transition. At 1%, the computed coefficient of financial
development (Fin) is negative, meaning that increased financial growth would not lead
to green transformation in cities. Increased financial development encourages financial
institutions to borrow excessively, which promotes business speculation and generates
pollution emissions. High borrowing increases systemic risk uncertainty, which hinders
urban green transformation (Wagner, 2010). The significance test failed at the 10% threshold
for innovation capacity (InInn), foreign investment (Fdi), and foreign trade dependency
(Trade). Increasing innovation capacity may not be enough to enable urban green transfor-
mation since existing innovation focuses less on green technical innovation. The power to
effect urban green transformation must be improved [58]. International investment and
foreign trade dependency are incompatible with urban green transformation because they
increase local reliance on foreign business. Moreover, foreign capital may bring about a
“pollution paradise” effect, which is not conducive to promoting the green transformation
of the city. In order to further analyze the influence of the digital economy on the green
transformation of the Yangtze River Delta urban agglomeration, this study analyzes the
digital economy’s influence on the city’s green transformation from the perspectives of
production, living, and ecological space.

The estimated coefficients of the impact of the digital economy on green living, green
production, and green space in the city are positive and pass the 5% significance test in
columns 3, 5, and 7. After adding each control variable, the coefficients of the digital
economy on green production, lifestyle, and ecological space pass the 5% significance test.
The digital economy modifies production, living, and ecological space through industrial
digitalization and digital industrialization. The digital economy enhances productivity,
alters manufacturing techniques, and transforms urban production sites. It also helps
with the development of intelligent cities by boosting the ease and comfort of inhabitants.
The digital economy can replace the old crude manufacturing method and diminish en-
vironmental degradation in the transition of urban ecological spaces. This paper’s study
demonstrates that H1 is valid.
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Table 4. Baseline regression results.

1

(2)

(3)

@

(5)

(6)

)

(8)

Variables
Green Green Manu Manu Life Life Env Env
InDige 0.254 *** 0.258 *** 0.0924 *** 0.113 *** 0.219 ** 0.212 ** 0.450 *** 0.448 ***
(5.19) (5.50) (3.78) (5.07) (2.49) (2.34) (5.41) (5.21)
Hum 0.129 *** 0.0759 *** 0.157 *** 0.155 ***
(5.35) (6.64) (3.36) (3.50)
InInn 0.004 0.010 *** 0.0003 0.001
(1.18) (6.57) (0.05) (0.18)
Fin —0.073 *** —0.031 *** —0.086 *** —0.103 ***
(—4.36) (—3.96) (—2.63) (—3.33)
Fdi —0.022 —0.051 *** —0.010 —0.006
(—1.25) (—6.04) (—=0.29) (—0.18)
Gov 0.036 *** 0.008 *** 0.052 *** 0.047 ***
(8.35) (4.18) (6.26) (5.97)
Trade —0.014 —0.013 *** —0.037 ** 0.007
(—1.65) (—3.14) (—2.18) (0.41)
Cons 0.581 *** 0.531 *** 0.682 *** 0.675 *** 0.398 *** 0.330 *** 0.662 *** 0.588 ***
(21.23) (18.26) (49.91) (49.02) (8.06) (5.86) (14.23) (11.03)
N 410 410 410 410 410 410 410 410
R2 0.793 0.846 0.0580 0.371 0.570 0.633 0.819 0.844
Time Fixed YES YES YES YES YES YES YES YES
City Fixed YES YES YES YES YES YES YES YES

Note: Values in parentheses are standard errors, *** and ** indicate significant at the 1% and 5% levels, respectively.

4.2.1. Rejection of Abnormal Samples

The existence of abnormal samples could bias the results of the study. Shanghai is
significantly larger than the other Yangtze River Delta cities in terms of the economic scale,
population size, and administrative status, as it is the only municipality directly under
the central government. The estimated coefficients of the digital economy on the green
transformation and the three spatial transformations of the Yangtze River Delta city cluster
remain significant at the 1% level, and the test results are consistent with what has come
before (Table 5).

Table 5. Regression results of removing abnormal samples.

Variables 0 2) (.3) @
Green Manu Life Env
lnDige 0.269 *** 0.109 *** 0.252 *** 0.448 ***
(5.73) (4.95) (2.82) (5.17)
Control Variables YES YES YES YES
Cons 0.537 *** 0.669 *** 0.358 *** 0.585 ***
(18.37) (49.11) (6.44) (10.85)
N 400 400 400 400
R2 0.846 0.382 0.632 0.844
Time Fixed YES YES YES YES
City Fixed YES YES YES YES

Note: *** indicate significant at the 1% levels.

4.2.2. Control of Fixed Effects

For several years, the Chinese government’s work report has cited the digital economy
as the driving force of the new growth stage. Three provinces and one city in the Yangtze
River Delta have actively promoted the digital economy and enacted digital-specific legis-
lation. Unobservable factors at the provincial level may influence the estimation outcomes
in the research analysis. Using province fixed effects and province and year interaction
effects, this study employs Zhao et al. (2020) [51] to offset the possible changes in the macro-
systemic environment brought on by the growth of the digital economy. Table 6 presents
the estimation results. The computed coefficients for the digital economy in columns (1)
through (8) are all statistically positive at the 5% level, indicating that the study’s findings
remain robust after accounting for macroeconomic factors.
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Table 6. Test of province fixed effects.

1

() 3) 4) (5) (6) (7) (8)

Variables

Green Manu Life Env Green Manu Life Env

InDige 0.258 *** 0.113 *** 0.212 ** 0.448 *** 0.260 *** 0.114 *** 0.215 ** 0.450 ***
(5.50) (5.07) (2.34) (5.21) (5.55) (5.17) (2.37) (5.23)
Control Variables YES YES YES YES YES YES YES YES
Cons 0.531 *** 0.675 *** 0.330 *** 0.588 *** 2.996 2.531 *** 3.602 2.854
(18.26) (49.02) (5.86) (11.03) (1.64) (2.93) (1.01) (0.85)
N 410 410 410 410 410 410 410 410
R? 0.846 0.371 0.633 0.844 0.847 0.377 0.633 0.843
Fixed time YES YES YES YES YES YES YES YES
City Fixed YES YES YES YES YES YES YES YES
Provincial Effect YES YES YES YES YES YES YES YES
Pr‘?’;:fe NO NO NO NO YES YES YES YES

Note: ***, ** and * indicate significant at the 1%, 5% and 10% levels, respectively.

4.2.3. Endogeneity Test

The previous article found that the digital economy benefits the Yangtze River Delta ur-
ban agglomeration’s green transformation as well as the three major spatial transformations
and that there is a considerable positive link between them. However, the aforementioned
study’s analytic procedure may involve possible endogeneity problems to cope with endo-
geneity difficulties coming from omitted variables and two-way causation. The approach
of Alesina & Zhuravskaya (2011) [59] is used in this research to assess the endogeneity
problem by choosing the relevant instrumental variables. Because cultural traditions,
economic policies, and economic development constraints are relatively similar among
different parts of the Yangtze River Delta city cluster, and digital economy development is
strongly correlated, this paper draws on Cai & Dong (2016) [60]. It uses the mean value
of the digital economy development level of other cities in the Yangtze River Delta city
cluster in that year as the instrumental variable, which can satisfy the research questions.
The 2SLS instrumental variables technique is used to conduct regressions in this study, and
the regression results are reported in Table 7.

Table 7. Instrumental variables method test.

(W) 2) 3) @)
Variables 2SLS 2SLS 2SLS 2SLS
Green Manu Life Env
InDige 0.238 *** 0.100 *** 0.203 ** 0.410 ***
(0.048) (0.027) (0.095) (0.088)
Control Variables YES YES YES YES
Cons 0.571 *** 0.769 *** 0.352 *** 0.592 ***
(0.038) (0.018) (0.075) (0.070)
N 410 410 410 410
R? 0.976 0.981 0.927 0.974

Note: *** and ** indicate significant at the 1% and 5% levels, respectively.

The computed coefficients all remain significant at the 5% level, indicating that the
influence of the digital economy on the green transformation and the three spatial trans-
formations of the Yangtze River Delta city cluster remains once the endogeneity problem
is completely examined. Furthermore, this paper uses the K-Paaprk rk LM statistic to
examine the under-identification problem, the weak instrumental variable problem with
the K-Paaprk Wald F statistic, and the over-identification problem with the Hanse ] statistic,
and the findings reveal that none of these issues exist. As a result, the instrumental vari-
ables used in this paper are fairly reliable. Overall, the influence of the digital economy on
the green transformation and the three spatial transformations of the Yangtze River Delta
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urban agglomeration stays consistent with the study mentioned above after resolving the
potential endogeneity problem.

4.3. Intermediary Effect Analysis

The above paper examines the transmission mechanism of the digital economy to pro-
mote urban green transformation by influencing industrial structure advancement and ratio-
nalization. To test the hypothesis of this mechanism of action, this paper uses the mediating
effect model for empirical testing, with the specific results shown in Tables 5 and 6. The
coefficients are significant at the 1% level, showing that the digital economy promotes
advanced industrial structure and rationalization.

Sophisticated industrial structure and rationalization are added to the digital econ-
omy’s urban green transformation regression equation in Tables 8 and 9. The digital
economy’s advanced industrial structure can contribute to the sustainability of the Yangtze
River Delta urban agglomeration’s sustainability (Table 8, Column 3). The digital economy
and the advanced industrial structure are significant at the 1% level, and the digital econ-
omy’s impact coefficient decreases relative to the baseline regression, indicating that the
digital economy can facilitate the green transformation of the Yangtze River Delta urban
agglomeration through the advanced industrial structure. The coefficients for the digital
economy (InDige) in Table 9, column 3 are significantly positive at the 1% level, even though
industrial structure rationalization has no significant mediating effect on green transforma-
tion. This paper looks at how advanced and rationalized industrial structures affect the
green transformation of cities from the points of view of production, living, and ecological
space. The goal is to show how the digital economy affects the green transformation of the
Yangtze River Delta urban agglomeration through advanced industrial structures and why
rationalizing industrial structures cannot play a significant role.

Table 8. Intermediation effect test (High).

(W)

(2) (3) 4) (5) (6) (7) (8) 9)

Variables Green InHigh Green Manu Manu Life Life Env Env
InDige 0.258 *** 0.117 *** 0.230 *** 0.113 *** 0.116 *** 0.212 ** 0.171* 0.448 *** 0.402 ***
(5.50) (3.34) (4.90) (5.07) (5.14) (2.34) (1.87) (5.21) (4.66)
InHigh 0.238 *** —0.029 0.352 ** 0.390 ***
(3.41) (—0.86) (2.59) (3.04)
Control Variables YES YES YES YES YES YES YES YES YES
Cons 0.531 *** 1.919 *** 0.075 0.675 *** 0.730 *** 0.330 *** —0.346 0.588 *** —0.161
(18.26) (87.88) (0.55) (49.02) (11.09) (5.86) (—1.29) (11.03) (—0.64)
Sobel 0.028 ** —0.003 0.041 ** 0.046 ***
[2.383] [—0.833] [2.045] [2.246]
Aroian 0.028 ** —0.003 0.041 ** 0.046 ***
[2.333] [—0.800] [1.990] [2.192]
Goodman 0.028 ** —0.003 0.041 ** 0.046 ***
[2.438] [—0.871] [2.105] [2.303]
Bootstrap 0.028 * —0.003 0.041 ** 0.046 **
[1.890] [—0.530] [2.060] [1.91]
Percentage of 10.84% 3.015% 19.48% 10.23%
intermediaries
N 410 410 410 410 410 410 410 410 410
R? 0.846 0.823 0.851 0.371 0.370 0.633 0.639 0.844 0.847
TimeFixed YES YES YES YES YES YES YES YES YES
City Fixed YES YES YES YES YES YES YES YES YES

Note: Sobel test report z-value and p-value. ***, ** and * indicate significant at the 1%, 5% and 10% levels, respectively.

After incorporating the advanced industrial structure in Table 8, the estimated co-
efficients of the digital economy’s three major spatial shifts decrease compared to the
regressions at the start, but all are above 10 percent. The estimated coefficients of advanced
industrial structure in columns (7) and (9) are significantly positive. They pass the 5%
significance test, indicating that the digital economy can facilitate the transformation of
living space and ecological space by improving the advanced industrial structure. Increases
in advanced industrial structures can increase the proportion of the tertiary industry, signif-
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icantly improve the level of the service industry to improve the quality of life of residents
and promote the transformation of living space, and effectively alleviate the problem of
environmental pollution by reducing the proportion of primary and secondary industries,
which is conducive to the transformation of ecological space. The effect of advanced In-
dustrial structure on the transformation of production space is not significant as shown in
column (5), indicating that its expansion will not affect production space in the Yangtze
River Delta urban agglomeration. Perhaps this is because the Yangtze River Delta city
cluster blindly promotes the advanced industrial structure, which causes the problem of
“hollowing out” of the industrial structure and weakens the economic structure’s stability.

Table 9. Intermediation effect test (Rat).

W)

2 (3)

@

(5)

(6)

?)

®)

)

Variables Green Rat Green Manu Manu Life Life Env Env
InDige 0.258 *** —2.017 *** 0.245 *** 0.113 *** 0.087 *** 0.212 ** 0.166 * 0.448 *** 0.481 ***
(5.50) (—3.18) (5.16) (5.07) (4.14) (2.34) (1.83) (5.21) (5.55)
Rat —0.006 —0.013 *** 79;923 0.017 **
(—1.61) (—7.24) (—3.04) (2.30)
Control Variables YES YES YES YES YES YES YES YES YES
Cons 0.531 *** 0.019 0.531 *** 0.675 *** 0.675 *** 0.330 *** 0.330 *** 0.588 *** 0.588 ***
(18.26) (0.05) (18.31) (49.02) (52.49) (5.86) (5.94) (11.03) (11.09)
Sobel 0.013 0.025 *** 0.046 *** —0.033 **
[1.437] [2.911] [2.198] [—1.865]
Aroian 0.013 0.025 *** 0.046 *** —0.033 **
[1.384] [2.888] [2.143] [—1.865]
Goodman 0.013 0.025 *** 0.046 *** —0.033 **
[1.497] [2.935] [2.257] [—1.928]
Bootstrap 0.013 0.025 * 0.046 * —0.033 *
[1.430] [1.900] [1.720] [—1.670]
Percentage of 4.95% 22.58% 21.74% 7.43%
intermediaries
N 410 410 410 410 410 410 410 410 410
R?2 0.846 0.204 0.847 0.371 0.451 0.633 0.642 0.844 0.846
TimeFixed YES YES YES YES YES YES YES YES YES
City Fixed YES YES YES YES YES YES YES YES YES

Note: Sobel test report z-value and p-value. ***, ** and * indicate significant at the 1%, 5% and 10% levels, respectively.

After incorporating industrial structure rationalization in columns (5), (7), and (9)
of Table 9, the estimated digital economy coefficients on the three major geographical
transformations differ from the baseline regression. The calculated coefficients of ecologi-
cal spatial transformation for the digital economy grow, but all remain significant at the
10% level. The estimated industrial structure rationalization coefficients in columns (5)
and (7) are significantly negative at the 1% level, indicating that the digital economy can
enhance industrial structure rationalization and accelerate inter-industry factor integration.
The digital economy can accelerate inter-industry factor allocation optimization, improve
utilization efficiency, and strengthen the positive interaction between industrial structure
rationalization and consumption upgrading by coordinating inter-industry resource alloca-
tion to meet the diverse needs of residents and improve their quality of life. The industrial
structure rationalization coefficient in column (9) is positive at the 5% significance level,
indicating that it impedes ecological spatial transformation, resulting in incompatibility
between pollution emissions and urban ecological spatial development.

The Sobel-Aroian—-Goodman and Bootstrap tests were used further to confirm the
mediating roles of advanced and rational industrial structures. For further research into
mechanisms of action, effect sizes of mediating variable routes must be clarified. This arti-
cle uses the Cutler—Lleras-Muney technique [61]. The results demonstrate that advanced
industrial structures mediate green transformation, spatial living, and ecological transfor-
mation in the Yangtze River Delta city cluster by 10.84%, 19.48%, and 10.23%, respectively.
The rationalization of industrial structures reduces output and residential space by 22.58
and 21.74 percent, respectively. Industrial structure rationalization masks ecological space
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by 7.43%. It shows that advanced, rationalized industrial structures greatly mediate cities’
digital economy-driven green transformation.

5. Conclusions and Policy Implications

Using 41 cities in the Yangtze River Delta urban agglomeration as research objects,
this paper empirically examines the effect of the digital economy on the green transfor-
mation of the Yangtze River Delta city cluster. This effect was empirically tested on three
aspects, urban production space, living space and ecological space, using the panel fixed
model and mediating effect model, and the following research conclusions were obtained.
(1) Throughout the study period, the Yangtze River Delta urban agglomeration’s total level
of green transformation grew steadily. However, there were significant differences between
provinces and cities. They had more visible geographical characteristics, while the absolute
differences within the urban agglomeration were shrinking as ecological civilization con-
struction was implemented more thoroughly. (2) The digital economy, as a crucial driver
for attaining high-quality growth, may substantially contribute to the Yangtze River Delta
urban agglomeration’s green transformation, significantly impacting urban production,
living, and ecological space. The finding remains valid when instrumental variables and
other robustness tests are added. (3) The digital economy can help the Yangtze River Delta
urban agglomeration achieve a higher level of green transformation by improving the
advanced industrial structure, but it is not conducive to production space transformation.
The rationalization of industrial structure, as a mediating variable, can enhance the transfor-
mation of production and living space but considerably restrict ecological space, with little
impact on the Yangtze River Delta urban agglomeration’s green transformation. (4) The
Yangtze River Delta city cluster’s green transition in the digital economy is aided by human
capital and fiscal decentralization. In contrast, the Yangtze River Delta city cluster’s green
transformation is hampered by financial development, international trade dependence,
and foreign investment.

In light of the findings, this study offers pertinent policy recommendations for pro-
moting the green transformation of cities through the digital economy.

First, the government should keep promoting green development, strengthen the
idea of integrated development of the Yangtze River Delta, coordinate the growth of
urban agglomerations, set up a competitive and cooperative relationship between urban
agglomerations, and encourage the orderly development of urban green transformation.

Second, the government should speed up the construction of 5G networks, data
centers, and the industrial Internet, undertake digital technology “neck” projects, and
promote the digital economy. The green transformation of cities does not result from
nothing, nor can it be achieved overnight. At the moment, boosting the digital economy
can increase economic output, reduce environmental stress, and improve quality of life.
This makes it possible for cities to change in a way that is orderly and green.

Third, the government needs to objectively evaluate the resource endowment gaps
of various regions, follow scientific and orderly principles, and promote the upgrading
of industrial structures. At present, China’s economic development has entered a new
phase. With the complete execution of the “East Digital West Computing” project and the
continued promotion of carbon peaking and carbon-neutral work, a new cycle of industrial
structure optimization and upgrading is necessary.

Lastly, the government should support the green transformation of cities based on
local conditions. On the one hand, each area should rely on its comparative advantages
and propose digital economy support policies to generate new advantages and fully grasp
the historical opportunity of “East Digital West Computing.” In addition, each region
should expand its digital economy talent training program by aggressively introducing
suitable people.
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