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Abstract: Green innovation has become the mainstream of the era, and new urbanization is an
inevitable choice in China’s urbanization development. Focusing on the topics of green innovation
and new urbanization, much work has been done to analyze their influencing factors separately,
while the relationship between the two remains to be explored. This paper selects the representative
indicators to study the new urbanization and green innovation of the Yangtze River Delta city
group from the perspective of the whole and individual cities, in terms of spatiotemporal evolution
traits, by using the SBM, entropy method, coupling model, spatial econometric and geographical
detector. The results reveal the following: (1) there is a synergistic effect between green innovation
and new urbanization development, and the role has been increasing; (2) green innovation and new
urbanization present positive spatial autocorrelation and regional agglomeration; (3) in the detection
of driving factors, economic development > social conditions > natural resources; most groups (40/66)
of factor interactions present nonlinear enhancement, and the digital economy factor accounts for the
largest proportion. Finally, according to the findings, we offer a suggestion and a conclusion.

Keywords: green innovation; new urbanization; coupling model; degree of coupling coordination;
spatiotemporal pattern; Yangtze River Delta city group

1. Introduction

Since the reform and opening up, China’s economy has been on an upward trend of
rapid growth, but it is unsustainable with the extensive economic growth model, which
relies on inputting production factors like labor and energies and comes at the expense of
the environment. This has caused the abuse of environmental resources and non-renewable
energy and the arbitrary discharge of wastewater and waste gas, resulting in environmental
damage and a serious waste of resources and energy [1]. It has prompted the Chinese
government and people to explore a more sustainable economic and social development
model. So, the economic conference held by the CPC Central Committee at the end
of 2013 clarified that green ecological development is the core measure of China’s new
urbanization strategy. The “19th National Congress” of the party further put forward the
concept of comprehensive green development and pointed out that it is necessary to build
a new urbanization pattern taking urban agglomeration as the main body coordinated
with the development of large, medium, and small cities [2]; implement the regional
coordinated development strategy; and integrate the concept of green development with
its methods and daily lifestyle organically. For this reason, the topics of green development,
green economy, and green innovation development have been discussed intensively in
the academic field [3]. Among them, the new urbanization (green urbanization), which
pays more attention to aspects such as the level of urban public services, the quality of the
ecological environment [4], and people-orientation [5], has become the guiding principle
in China [6]. Green innovation, which measures the quality of green development and
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innovation capabilities, has been rapidly developed, enriched, and studied in-depth in
multiple dimensions [7,8]. However, few scholars discuss the relationship between regional
green innovation and new urbanization. Especially nowadays, carbon emission reduction
and neutrality have become the mainly concerned topics [9,10]; urbanization is a process of
social and economic transformation that also affects CO2 emissions [11]. Green innovation
and the integration of economy and ecology [12] involve environmental innovation, which
is crucial to domestic energy resilience turns and low-carbon energy consumption [13], but,
in fact, the study of the relationship between the two is not only conducive to enriching
the original theories but also has great guiding significance for the specific practice in
China. At the same time, it also has an important theoretical and practical reference for the
environment-friendly sustainable development of other similar countries. Therefore, this
paper attempts to explore whether and how green innovation and new urbanization can be
synergistic development and the influencing factors.

Judging from the existing literature, the new urbanization mainly focuses on the
following aspects. Economic development is important to all societies; it is important to ex-
plore the impact of new urbanization development on economic growth [14–16]. As is well
known, traditional urbanization is formed with the development of industrialization and
the industry’s agglomeration. Therefore, some articles [17,18] try to explore its relationship
with new urbanization. The process of urbanization requires energy consumption, and the
new urbanization is no exception, so many scholars have discussed this topic [16,19,20].
With the advancement of urbanization and the sharp increase in energy consumption,
environmental protection has become more and more important, so many scholars have
begun to study the relationship between new urbanization and environmental regulations
as well as environmental pollution [21,22]. Especially with global warming, the study of
CO2 emissions with new urbanization has become a hot topic [23–25]. In recent years, with
the further attention on the ecological environment, “greener” has become the main theme
of the times [26]; there is already some literature exploring the relationship between new
urbanization and green topics, for example, with the ecological environment [27,28], green
economy [29], green growth [30], and green agriculture [31]. However, the research on the
relationship between new urbanization and green innovation has not yet been explored.
In addition, some articles reveal the relationships with others, such as the well-being of
urban [32], individual development [33], and so on. Innovation is the inexhaustible driving
force for regional progress, and green innovation is the locomotive of future development.
At present, regional green innovation is mainly divided into three aspects, first of all,
the evaluation of regional green innovation. It is mainly from the perspective of green
innovation efficiency [8,26], and so this paper also evaluates 26 cities from the perspective
of efficiency. Second is analysis of the factors [34–37] which affect its development. Third is
the relationship with other aspects, such as environmental regulations [38,39]. In addition,
there are also options for more concrete research from the perspective of enterprise [40,41].
The existing research provides a solid foundation for further expansion and improvement
of related research. Although so far there has been no research on the direct study between
new urbanization and green innovation, there was a certain basis in this aspect. The studies
based on innovation and traditional urbanization have drawn some useful conclusions.
Chen believed that urbanization should rely on technological progress to promote economic
growth [42]. Wilson analyzed and concluded that scientific and technological innovation is
the driving force for urbanization development [43]. Liu Shunfei [44] believed that scientific
and technological input can effectively promote the development of urbanization, and it
varies from region to region. In turn, Jacobs [45] believed that urban development promoted
the formation of the competitive market, accelerated the accumulation and diffusion of
knowledge, and played a positive role in promoting scientific and technological innovation.
The study of Rosenthal and Tappeiner showed that urbanization leads to the expansion of
city scale, enhances the agglomeration degree of industry and knowledge, and provides a
favorable environment for scientific and technological innovation [46]. Summarizing the
existing studies, scholars have discussed the interactive relationship between innovation
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and new urbanization to some extent, but they mainly focus on the qualitative analysis of
the one-way influence between the two and show a lack of targeted quantitative analysis.
There has not been a comprehensive and systematic study on the mutual coordination
relationship between the two, and its development trend and green innovation are funda-
mental for the transition from city towards eco-city. It enables shifts in the trajectory of the
city in many different ways [47]. Therefore, the study of the relationship between the green
innovation and the new urbanization and its time evolution process are of much theoretical
value and practical guiding significance.

This study makes the following contributions to enriching this topic. First, it mea-
sures the new urbanization and green innovation level in the Yangtze River Delta city
group with the entropy method and undesirable-SBM method. Second, the relationship
between the new urbanization and green innovation is measured and analyzed through
the coupling degree and coupling coordination degree. Third, an analysis of the spatial
correlation between the green innovation level and new urbanization development is con-
ducted. Last, using a geographical detector, we explore and analyze the main influencing
factors that cause the coupling coordination degree of regional green innovation and the
new urbanization.

The rest of this article is arranged as follows: the “Materials and Methods” introduces
the Yangtze River Delta city group, the index system, and the selected research methods. In
“Results”, an empirical study is conducted into the new urbanization and green innovation
in the Yangtze River Delta city group from 2010 to 2020. Then, the relevant influencing
factors are explored. Finally, “Discussion” explains the internal mechanism of green
innovation and new urbanization, as well as their relationship with space and economic
development. “Conclusions” discusses the countermeasures.

2. Materials and Methods
2.1. The Introduction to the Yangtze River Delta City Group

The Yangtze River Delta city group is located in the Yangtze River Economic Belt
in eastern China and is centered on Shanghai with Hangzhou, Nanjing, and Hefei as
its sub-centers (Figure 1). It consists of Nanjing, Wuxi, Changzhou, Suzhou, Nantong,
Yangzhou, Zhengjiang, Yancheng, and Tàizhou in Jiangsu province, Hangzhou, Ningbo,
Huzhou, Jiaxing, Shaoxing, Jinhua, Zhoushan, and Taizhou in Zhejiang province, and
26 cities in Anhui Province, including Hefei, Wuhu, Ma’anshan, Tongling, Anqing, Chuzhou,
Chizhou, and Xuancheng etc. The Yangtze River Delta city group is the sixth-largest urban
agglomeration in the world and the most dynamic and representative urban agglomeration
in China [48]. At the same time, it is also the top priority of the high-quality develop-
ment of the Yangtze River Economic Belt [49]. It is located in the alluvial plain through
which the Yangtze River flows into the sea, covering an area of 211.7 thousand square
kilometers and accounting for about 2.2% of China’s total area. At the end of 2021, the
permanent population was about 172 million, accounting for about 12% of the country’s
total population, and the regional GDP is 22.73 trillion CNY, occupying about 26% of
China’s GDP. The “Development Plan for the Yangtze River Delta city group” specifies
that it will be built into the most economically dynamic resource allocation center; a global
influential technological innovation highland; an important global modern service industry
and advanced manufacturing center; an important international gateway in the Asia-Pacific
region; a pioneer in the new round of reform and opening up; and a beautiful China
construction demonstration zone [50]. By 2030, it will be fully built into a world-class urban
agglomeration with global influence and become the most influential and dynamic area in
terms of ecological environment, innovation development, and coordinated urban-rural de-
velopment. It is the most representative area of innovation in China and the benchmark for
new urbanization [51]. Therefore, taking it as the research object is of great significance and
reflects the future development trend to some extent. It is very valuable to explore whether
or not and how green innovation and new urbanization can be synergistic development,
which may illustrate and influence regional sustainable development. The Yangtze River
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Delta city group has been given a lot of expectations and policy test bases (for example,
Zhejiang Common Prosperity Demonstration Zone, Shanghai Free Trade Zone, Yangtze
River Delta Ecological Integration). Its success will, directly and indirectly, affect China’s
future policies and development strategies [52]. Similarly, it can also be regarded as a
reference for the sustainable development of other countries and regions.
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2.2. Constructing Index System

To accurately evaluate the coordination degree between the regional green innovation
and the new urbanization system and to reflect the interaction between the indicators in
each system, the evaluation index system (see Table 1) below was developed by referring
to the existing literature and considered the characteristics of the two systems.

The performance of regional green innovation is commonly measured with the input-
output method from an efficiency perspective [8], which needs to consider the resource
input and undesirable environmental pollution output [35]. It contains three aspects: inno-
vation input, desirable output, and undesirable output. Innovation input mainly includes
human resources, capital, and energy, and desirable output indicators mainly include
patent authorization, sales revenue of new products, and industrial added value. Three
wastes in industrial production are undesirable output. Based on the existing literature
and the availability and accuracy of data, the volume of books in public libraries repre-
sents a regional innovation environment. Therefore, based on the traditional innovation
indicator system, the green innovation indicator system has deliberately added innovation
environment to better reflect the science, greenness, and sustainability of innovation. There
are different models for measuring green innovation efficiency; the SBM model is still a
good model for measuring the green innovation efficiency [8]. With this in mind, this
paper uses the SBM model [53], considering undesirable outputs to measure regional green
innovation performance.
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Table 1. Input and output.

Variable Indicator and Introduction References

Input

The full-time equivalence of R&D personnel Zhang [54]; Wang [48]
Intramural expenditure on R&D Zeng [12]

Energy input (total energy consumption) Dai [35]
The volume of books in public libraries

Desirable output
Number of domestic granted invention patents Chen [55]

Sales revenue of new products Feng [56]
Industrial added value Luo [57]

Undesirable output
Industrial wastewater emissions Dai [35]; Zeng [12]

Industrial SO2 emissions Dai [35]; Zeng [12]
Industrial solid waste emissions Dai [35]; Zeng [12]

The new urbanization system is a comprehensive evaluation system that is differ-
ent from the traditional one, which is only based on population. It includes six parts
(see Table 2), which are population, economy, space, society, ecology, and environmental
pollution. The population urbanization rate is mainly indicated by the proportion of the
urban population in the total population of the region with the traditional accounting
method. The economic urbanization rate mainly reflects the structural proportion of agri-
culture and non-agriculture and their compositions and is expressed by the proportion of
the secondary and tertiary industries’ output value in the total output value. The spatial
urbanization rate is measured by the conversion of land nature, that is, the degree to
which rural and agricultural land is converted into urban construction land. Specifically,
it is measured by the proportion of built-up area in the total land area of the city district.
Society urbanization, which indicates the development level of urban and rural economy
and society and people’s living standards, is measured by the total retail sales of social
consumer goods per capita in urban and rural people. The ecological urbanization rate is
measured by the park green area per capita. According to the practical situation of China,
the comprehensive recycling rate of solids and other wastes is above 95% (according to
the data from the 2020 statistical annual report published by the provinces and cities of
the Yangtze River Delta city group). As a result, this article selects the main pollution
source as industrial wastewater and PM2.5 [58] as the environmental pollution. The new
urbanization is in line with social development. Based on the existing research, this study
takes population, economic, spatial, social ecology, and environment into consideration,
aiming at scientific and sustainable development of the new urbanization.

Table 2. New urbanization evaluation index system.

Index Including and Introduction Property References

Population urbanization The proportion of the urban population in the total population + Wu [17,31]
Economic urbanization The proportion of the non-agricultural economy in GDP + Zhao [59]

Spatial urbanization The proportion of the built-up area of the city + Zhang [6]
Social urbanization Retail sales of consumer goods per capita + Jiang [60]

Ecological urbanization Park green area per capita + Zhang [61]

Environment pollution
Wastewater discharge − Zhang [6]

PM2.5 (average annual PM2.5) − Wu [17]

2.3. Data Sources

The Yangtze River Delta city group is a typical academic research demonstration area
of China, and the main data are taken from the EPSDATA (epsnet.com.cn) (accessed on
1 March 2022) and China Statistical Yearbook (http://www.stats.gov.cn/tjsj/ndsj/)
(accessed on 1 March 2022). The PM2.5 data come from PM25.in (www.pm25.in)
(accessed on 1 March 2022). The map comes from the Resource and Environment Sci-
ence and Data Center (www.resdc.cn) (accessed on 1 March 2022).

http://www.stats.gov.cn/tjsj/ndsj/
www.pm25.in
www.resdc.cn
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2.4. Comprehensive Evaluation Method
2.4.1. SBM Model

The traditional DEA model is based on radial and angular measurements. It lacks
full consideration of the slackness of input and output, and it cannot accurately measure
the efficiency when there are undesired outputs. To overcome these shortcomings, Tone
(2004) [3] proposed a non-radial and non-angle SBM model considering undesirable outputs.
Drawing on the existing research (Chen et al., 2021 [62] and Li et al., 2020) [63], this study
applies the undesirable-SBM model to measure the green innovation performance to reflect
the regional green innovation level of the researched area.

2.4.2. Entropy Method

The entropy method is an objective-weighting method, and its use of determining
the index weight has a high credibility degree. The index is divided into a positive index
and a negative index. The larger the positive index value is, the more favorable it is for
the system, while the larger the negative index value is, the more unfavorable it is for
the system. Because of the original variable dimensions, we first standardize the selected
indicators as follows:

Positive index:

X′ij =
Xij −min(Xij)

max(Xij)−min(Xij)
(1)

Negative index:

X′ij =
max(Xij)− Xij

max(Xij)−min(Xij)
(2)

where Xij represents the comprehensive score of the jth in the year i, max (Xij) is the
maximum value of the jth index, min (Xij) is the minimum value of the jth index, and X′ij
is the normalized value of Xij.

Yij =
X′ij

∑m
i=1 X′ij

(
0 ≤ Yij ≤ 1

)
(3)

ej = −
1

lnm

m

∑
i=1

YijlnYij (4)

dj = 1− ej (5)

wj =
dj

∑m
j=1 dj

(6)

where Yij represents the proportion of the jth index value in year i; ej and dj are the entropy
value and utility value of the indicator j, and wj stands for the weight of the indicator j.

U =
m

∑
i=1

wjX′ij (7)

where U represents the comprehensive score of the new urbanization. The larger the
comprehensive score, the higher is the new urbanization development degree.

2.5. Coupling Coordination Degree Model

The coupling degree model is a typical application of hard science principles in the
field of soft science. Because of its clear meaning and simple calculation, this model has
been widely used in geographical research [64]. Coupling mainly refers to the phenomenon
in which two or more systems affect each other through various interaction mechanisms.
Drawing lessons from the related models of coupling coordination degree in physics, the
expression of the coupling degree model generally has two forms. Given n ≥ 2 system,
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Ui ≥ 0 is used to represent the evaluation value of the system; then the generalized
calculation formula of the coupling degree can be expressed as formulas (8) and (9):

C1 (U1, U2, . . . , Un) = n×
[

U1U2 . . . Un

(U1 + U2 + . . . + Un)
n

] 1
n

(8)

C2 (U1, U2, . . . , Un) = 2×

 U1U2 . . . Un

∏i<j
(
Ui + Uj

) 2
n−1

 1
n

(9)

D =
√

CT, T = α1U1 + α2U2 + . . . + αnUn (10)

where C1 and C2 represent two kinds of coupling degrees. When n = 2, C1 = C2, and when
n > 2, 0 ≤ C1 ≤ C2 ≤ 1 [65]. D is the coupling coordination degree; T is the comprehensive
coordination index; α1, α2, . . . , αn are the undetermined coefficients. Referring to the
existing research results [66] and combined with the practical reality, this paper takes
α1 = α2 = . . . = αn = 1/n.

So far, there are no uniform criteria for the coordination degree [46]. The existing
researchers have paid more and more attention to green innovation efficiency and new
urbanization efficiency in recent years, but most of them are limited within the scope of
a single efficiency factor. As a result, with a reference to the previous studies [67], the
coordination degree is divided into five categories, as shown in Table 3.

Table 3. Classification criteria for coordination.

Coordination Interval Coordination Level

0.00 < D ≤ 0.34 General disorder
0.34 < D ≤ 0.36 Preliminary disorder
0.36 < D ≤ 0.39 Preliminary coordination
0.39 < D ≤ 0.42 Moderate coordination
0.42 < D ≤ 1.00 Quality coordination

2.6. Spatial Autocorrelation Analysis

The spatial weight matrix is a prerequisite for spatial autocorrelation analysis, and
it is also the basis for Moran’s I statistical tests and model construction. Wij represents
the spatial weights, which are mainly divided into spatial weights based on adjacency
relationships and spatial weights based on distance relationships. Considering economic
relations and the practical needs of the research, the minimum threshold distance of the
spatial weights based on the distance relationship was chosen for this study.

Wij =

{
1
0

bound (i) ∩ bound (j) 6= 0
bound (i) ∩ bound (j) = 0

(11)

where bound (i) is the boundary of a spatial unit. Because Zhoushan and other cities do
not share a common boundary on the map but have a cross-sea bridge connection with
Ningbo, this is according to the closeness of economic and social exchanges which choose
to connect with Ningbo.

The Moran’s Index is divided into Global Moran’s I and Local Moran’s I. Global
Moran’s I indicates whether there is agglomeration or anomaly in space, while local Moran’s
I indicates where there is an anomaly or where there is agglomeration. The expression of
Global Moran’s I is given by:

I =
N
S0

∑N
i=1 ∑N

j=1 Wij
(
yi −Y

)(
yj −Y

)
∑N

i (yi −Y)2 (12)
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where S0 = ∑N
i=1 ∑N

j=1 Wij, Y = 1
N ∑N

y=1 yi, and yi represents the observed value of region i.
N is the total number of observation regions.

The expression of local Moran’s Ii is:

Ii =
Yi −Y

S2
i

N

∑
j=1,j 6=i

Wij
(
Yj −Y

)
(13)

2.7. Geographical Detector

Compared to the traditional linear model, the geographical detector is capable of
handling categorical dependent variables and exploring the spatiotemporal heterogeneity
of geographic phenomena under the influence of potential factors without a linear hypoth-
esis [68,69]. It assumes that if variable X contributes to variable Y, then the spatiotemporal
distribution of Y is similar to that of X. The factor detector uses a q value to quantify the
influences of X on Y; q is given by the following formula:

q = 1− ∑L
h=1 Nhσ2

h
Nσ2 (14)

where q is the measurement value of indicator differentiation, which is used to express
the degree of interpretation of an independent variable to a dependent variable; N is the
number of indicators; σ2 is the variance of the indicators; and h = 1, . . . , L, L denotes the
number of categories or partitions. The value range of q is [0, 1]. The larger the q value, the
stronger is the influence of variable X on Y.

In this study, the factor detection of the geographical detector is used to explore and
analyze the main influencing factors that cause the coupling coordination degree of the
regional green innovation system and the new urbanization system.

3. Results

This paper uses panel data of the Yangtze River Delta city group from 2010 to 2020
to explore whether regional green innovation and new urbanization can achieve syner-
gistic development through spatiotemporal evolution analysis and coupling coordination
degree model.

3.1. The Green Innovation and New Urbanization Development in the Yangtze River Delta
City Group
3.1.1. An Overview of the Development of the Yangtze River Delta City Group

Yangtze River Delta city group is the best performing regional area in terms of eco-
nomic aggregate and growth rate in China. From Figure 2, it can be seen that the GDP per
capita is 16,162 USD in 2020, while China’s GDP per capital is 11,300 USD in the same year.
During the study period, it maintained an average annual growth rate of 10.30%, while
China’s domestic average growth rate was 7.15%. Therefore, the Yangtze River Delta city
group is known as the compass, locomotive, and barometer of China’s economy and its fu-
ture development. Economic development has brought extremely great economic benefits,
but it has also formed serious ecological pressure on this regional area [70]. Especially in
some cities in Jiangsu province [46], the number of companies taking severe environmental
risks ranks among the top in China, and coal consumption accounts for nearly 60% of
primary energy consumption, which leads to an energy consumption structure based on
coal and an industrial structure based on heavy chemicals [46]. Therefore, the study of
the relationship between green innovation and new urbanization development highlights
future development and its trends.
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3.1.2. Analysis of the Green Innovation and New Urbanization System Typical Index

Figure 3 shows the increasing emphasis on green innovation in recent years, especially
on some core technologies. In terms of green innovation, the annual growth of capital in-
vestment in R&D reached 15.86% (from 165 billion CNY in 2010 to 672 billion CNY in 2020),
which far exceeds the economic growth rate of 7.15% (Figure 2) and indicators development
rate (Table 4) in the same period. However, the number of full-time equivalents of R&D
personnel has stayed roughly the same (from 1,144,610 man-years in 2010 to 1,423,600 man-
years in 2020). The number of domestic granted patents, which is an important indicator
reflecting the innovation index, increases in waves by 1.323. The proportion of successful
patent applications has shown a downward tendency in the past 11 years (Figure 3), which
suggests that innovation is no longer as productive as it used to be. This may be related
to the stage of regional development and social development. The reduction of green
innovation will affect the development of the entire regional innovation system and may
further affect the development of new urbanization.
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Table 4. Yangtze River Delta city group’s new urbanization index (2010–2020).

Index 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Wastewater discharge (billion tons) 5.39 4.93 4.71 4.51 4.31 4.34 3.79 3.51 3.43 3.40 3.06

PM2.5 (average annual of PM2.5 for 26 cities) (Mg/m3) 51.17 53.86 47.15 47.92 51.47 46.57 39.17 39.02 36.15 35.24 34.17

The proportion of urban population in the total population (%) 59.11 63.01 62.82 62.64 62.46 62.29 62.13 61.98 61.84 62.79 61.97

The proportion of non-agricultural economy in GDP (%) 89.22 91.59 91.53 91.47 91.42 91.36 91.31 91.26 91.22 91.46 91.06

The proportion of built-up area of the city (%) 6.52 6.43 6.37 6.31 6.25 6.19 6.13 6.07 6.01 6.01 6.00

Retail sales of consumer goods per capita (104 CNY) 2.46 2.85 2.84 2.83 2.82 2.81 2.80 2.79 2.78 2.80 2.84

Park green area per capita (sq.m.per.person) 13.55 13.88 13.91 13.93 13.97 14.00 14.03 14.06 14.10 14.21 14.23

New urbanization is a comprehensive and developmental system index. It consists of
various sub-indexes. It encompasses people, economy, society, ecology, and environment,
which is a new type of people-oriented and eco-environment protection and adapts to the
future trend of social development. Over the last decade or so, China’s environmental gov-
ernance has achieved very good results, especially in some regions. Wastewater discharge
dropped from 5.4 billion tons in 2010 to 3.1 billion tons in 2020 (Table 4), and the average
annual PM2.5 was from 51.17 mg/m3 to 34.2 mg/m3. The retail sales of consumer goods
per capita increased by an average of one per cent each year, which was well below the
inflation rate of the same period in China. Another important indicator of the ecological
environment is park green area per capita growing by over half a square meter. Due to
the continuous expansion of some cities, the proportion of built-up areas has decreased
in recent years. Yangtze River Delta city group is no exception. Of course, there is a little
difference from city to city in this regional area.

3.1.3. Analysis of Green Innovation and New Urbanization Coupling Coordination
Degree Development

To present the green innovation and new urbanization development more clearly, we
use SBM and comprehensive score to reflect the regional development degree of green
innovation and new urbanization. In Table 4, from 2010 to 2020 the results of green
innovation and new urbanization system in the Yangtze River Delta city group were on
the rise, and the green innovation which has been growing for a long time is growing fast.
Although the new urbanization has also been growing, its growth rate was smaller than
that of the green innovation system and decreased gradually, only from a quantitative
point of view. During the study period, the green innovation system developed faster
than the new urbanization system, but the two systems were not generally out of sync and
coordination. It can be seen that the coupling degree (C) fluctuated around the range of 20%.
Table 5 also revealed that the coupling coordination degree (D) of the two systems does not
change much, but it has generally been increasing, and the increase rate is relatively little.

Table 5. Main mean index data of Yangtze River Delta city group from 2010 to 2020.

Year Ui Uu C D

2010 0.383 0.0374 0.285 0.361
2011 0.326 0.0342 0.293 0.363
2012 0.381 0.0387 0.289 0.364
2013 0.409 0.0415 0.289 0.370
2014 0.431 0.0428 0.287 0.374
2015 0.452 0.0439 0.284 0.376
2016 0.599 0.0467 0.259 0.384
2017 0.648 0.0489 0.255 0.388
2018 0.719 0.0506 0.248 0.392
2019 0.823 0.0574 0.247 0.405
2020 0.821 0.0566 0.246 0.403

Ui represents the level of the green innovation system; Uu represents the level of the new urbanization devel-
opment system; C represents the coupling degree between the green innovation system and new urbanization
development system; D is the coupling coordination degree of the green innovation system and new urbanization
development system.
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3.2. The Coupling Coordination Analysis of Green Innovation and New Urbanization in the
Yangtze River Delta City Group
3.2.1. Coupling Coordination Index

To further study the relationship between green innovation and new urbanization, the
coupling coordination degrees (D) of 26 cities from 2010 to 2019 in the Yangtze River Delta
city group were calculated by using formulae (8) and (10). It can be seen from Table 6. for
the coupling coordination degree that the overall upward trend is unstoppable. Among
them, 25 cities were on the rise, while Jiaxing reached its peak of 0.4301 in 2018 and fell a
little (0.4301–0.4291) in 2019. The coupling coordination degree of Nanjing has improved
the fastest (0.385–0.479), both in terms of volume and growth rate. Nanjing was the only
city among the 26 cities in which the growth rate is over 20%.

Table 6. The coupling coordination degree of Yangtze River Delta city group (2010–2020).

Name 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Shanghai 0.4420 0.4459 0.4469 0.4498 0.4501 0.4531 0.4616 0.4744 0.4876 0.4999 0.5020
Nanjing 0.3848 0.3870 0.3882 0.3892 0.3913 0.4021 0.4154 0.4187 0.4290 0.4498 0.4790

Wuxi 0.3859 0.3880 0.3881 0.3885 0.3891 0.3909 0.3996 0.4000 0.4080 0.4187 0.4194
Changzhou 0.3666 0.3634 0.3640 0.3647 0.3701 0.3722 0.3848 0.3868 0.3898 0.4000 0.4002

Suzhou 0.3915 0.3968 0.3980 0.3991 0.3997 0.4095 0.4186 0.4199 0.4236 0.4355 0.4654
Nantong 0.3632 0.3630 0.3631 0.3652 0.3682 0.3697 0.3724 0.3812 0.3883 0.3997 0.3999

Yangzhou 0.3583 0.3590 0.3601 0.3671 0.3690 0.3713 0.3786 0.3812 0.3872 0.3872 0.3897
Zhengjiang 0.3651 0.3680 0.3691 0.3701 0.3751 0.3777 0.3786 0.3790 0.3859 0.3859 0.3869

Tàizhou 0.3493 0.3503 0.3520 0.3600 0.3621 0.3686 0.3690 0.3690 0.3743 0.3755 0.3753
Yancheng 0.3407 0.3418 0.3450 0.3512 0.3551 0.3587 0.3786 0.3859 0.3880 0.3890 0.3888
Hangzhou 0.3947 0.3965 0.3991 0.4014 0.4041 0.4211 0.4252 0.4262 0.4316 0.4447 0.4596

Ningbo 0.3825 0.3871 0.3880 0.3991 0.3995 0.4010 0.4017 0.4029 0.4160 0.4199 0.4265
Jiaxing 0.4057 0.4070 0.4090 0.4091 0.4194 0.4095 0.4096 0.4198 0.4301 0.4291 0.4290

Huzhou 0.3576 0.3593 0.3620 0.3671 0.3675 0.3692 0.3749 0.3821 0.3945 0.3985 0.3955
Shaoxing 0.3560 0.3570 0.3588 0.3601 0.3642 0.3646 0.3686 0.3702 0.3760 0.3780 0.3761
Zhoushan 0.3448 0.3509 0.3520 0.3551 0.3573 0.3594 0.3642 0.3690 0.3697 0.3699 0.3690
Taizhou 0.3563 0.3581 0.3611 0.3674 0.3679 0.3715 0.3773 0.3797 0.3801 0.3831 0.3805
Jinhua 0.3483 0.3501 0.3555 0.3591 0.3601 0.3634 0.3684 0.3712 0.3757 0.3787 0.3877
Hefei 0.3666 0.3700 0.3730 0.3800 0.3833 0.3854 0.3989 0.4010 0.4015 0.4129 0.4224
Wuhu 0.3541 0.3601 0.3614 0.3654 0.3656 0.3657 0.3700 0.3743 0.3748 0.3778 0.3758

Maanshan 0.3288 0.3327 0.3367 0.3401 0.3451 0.3460 0.3583 0.3595 0.3614 0.3654 0.3653
Tongling 0.3387 0.3404 0.3404 0.3441 0.3474 0.3478 0.3541 0.3598 0.3602 0.3642 0.3632
Anqing 0.3198 0.3216 0.3226 0.3232 0.3286 0.3300 0.3372 0.3400 0.3470 0.3479 0.3479

Chuzhou 0.3217 0.3222 0.3223 0.3345 0.3348 0.3366 0.3392 0.3401 0.3500 0.3500 0.3499
Chizhou 0.3151 0.3161 0.3175 0.3290 0.3300 0.3315 0.3413 0.3481 0.3515 0.3575 0.3501

Xuancheng 0.3199 0.3240 0.3252 0.3381 0.3388 0.3426 0.3574 0.3600 0.3685 0.3695 0.3672

Comparing the top three cities and bottom three cities ranked by the coupling coor-
dination degree in each year in Tables 5 and 6, it is observed that the data from 2010 to
2020 can be divided into three levels by variation: (1) there are 13 cities which increased
less than 10%; (2) six cities’ growth is between 10% and 12%, including Ningbo, Jinhua,
Chizhou, Maanshan, Huzhou, and Nantong; (3) with an increase between 12% and 15%
there are Xuancheng, Yancheng, and Shanghai; (4) the top increases are Nanjing (24.47%),
Suzhou (18.88%), Hangzhou (16.45%), and Hefei (15.23%). In 2000, only Shanghai ranks
Preliminary coordination, along with all of the other cities in Preliminary disorder. By 2020,
there was Ningbo, Hangzhou, Wuxi, Suzhou, Nanjing, and Shanghai located in Preliminary
coordination, and the rest are still in their original Preliminary disorder.

3.2.2. Urban Scale Characteristics in the Yangtze River Delta City Group

Comparing the top three cities and bottom three cities ranked by the coupling coordi-
nation degree in each year in Table 7, it is observed that the data from 2010 to 2020 can be
divided into two parts by the ranking. From 2010 to 2014, the top three have always been
Shanghai, Jiaxing, and Hangzhou. In 2016, it turned to Shanghai, Jiaxing, and Nanjing.
In 2018, it became Shanghai, Nanjing, and Suzhou. During the study period, Chizhou
and Anqing were at the lowest level, while Xuancheng and Chuzhou also appeared at the
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bottom. The average of D for the top three cities increased from 0.414 to 0.482 by 13.52%,
while the average of D for the bottom three cities also increased from 0.318 to 0.349 by
9.75%. Therefore, the gap between different cities in the Yangtze River Delta city group has
a further increasing trend.

Table 7. Coupling coordination degree of the top and bottom three in the Yangtze River Delta city
group (2010–2020).

Year The Top Three Average of D The Last Three Average of D

2010 Shanghai Jiaxing Hangzhou 0.414 Xuancheng Anqing Chizhou 0.318
2011 Shanghai Jiaxing Suzhou 0.417 Chuzhou Anqing Chizhou 0.320
2012 Shanghai Jiaxing Hangzhou 0.418 Anqing Chuzhou Chizhou 0.321
2013 Shanghai Jiaxing Hangzhou 0.420 Chuzhou Chizhou Anqing 0.329
2014 Shanghai Jiaxing Hangzhou 0.421 Chuzhou Chizhou Anqing 0.331
2015 Shanghai Hangzhou Jiaxing 0.428 Chuzhou Chizhou Anqing 0.333
2016 Shanghai Hangzhou Suzhou 0.435 Chizhou Chuzhou Anqing 0.339
2017 Shanghai Hangzhou Suzhou 0.440 Chizhou Chuzhou Anqing 0.343
2018 Shanghai Hangzhou Nanjing 0.449 Chizhou Chuzhou Anqing 0.349
2019 Shanghai Nanjing Hangzhou 0.465 Chizhou Chuzhou Anqing 0.352
2020 Shanghai Nanjing Suzhou 0.482 Chizhou Chuzhou Anqing 0.349

3.3. Spatiotemporal Analysis of Coupling Coordination Degree of Green Innovation and
New Urbanization
3.3.1. Evolution Characteristics of Spatial Distribution Differences

By observing the changing trend of coupling coordination degree in Tables 6 and 7 and
Figure 4, the four years of 2010, 2015, 2019, and 2020 are selected as typical years to analyze
the spatiotemporal distribution differences in coupling coordination degree between green
innovation and new urbanization in the Yangtze River Delta city group.
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From Figure 4, in 2010 six cities were at the lowest level (general disorder): Anqing,
Tongling, Chizhou, Xuancheng, Ma’anshan, and Chuzhou; only Shanghai was at the
highest stage of quality coordination; Suzhou, Hangzhou, and Jiaxing were in the moderate
coordination stage. There were eight cities in the preliminary disorder and preliminary
coordination, respectively. By 2020, six cities reached the highest level, namely Hefei,
Ningbo, Suzhou, Hangzhou, Nanjing, and Shanghai, during the study period. In 2020,
due to COVID-19, the Yangtze River Delta city group still maintained strong growth
(see Figure 2), compared with 2019; Hefei and Ningbo entered the quality coordination,
and some cities have also retreated a little in value (see Table 6), but most of them were
still within the same level, and no cities regressed (except Jiaxing). At the beginning of the
study period, six cities were in the general disorder; by 2020, these cities upgraded at least
one level. Some entered the preliminary coordination (e.g., Xuangcheng), and no city was
in the general disorder.

3.3.2. Spatial Autocorrelation Analysis

Based on the data of 26 selected cities regarding the coupling coordination degree
between green innovation and new urbanization system from 2010 to 2020, the spatial
correlation of coupling coordination degree for each city was analyzed. For the systematic
and scientific study, three value points (2010, Average, 2020) are selected to analyze.

In Figure 5, the horizontal axis represents the comprehensive score of coupling coordi-
nation degree between the two systems for the 26 cities and the vertical axis denotes the
comprehensive score of the mean coupling coordination degree for the 26 cities after the
spatial weighting calculation. It can be concluded that the coupling coordination index for
the Yangtze River Delta city group has a certain spatial aggregation. Its spatial correlation
was relatively very strong from the Moran index value, and the tendency was to weaken
(from Moran‘s I 0.321 to 0.094). The correlation is strong to weak, indicating that the synergy
between new urbanization development and green innovation does display a particularly
obvious spatial agglomeration. It can be seen that the spatial concentration force in these
regions is smaller. This also reflects that, to some extent, the gap in development levels of
the local cities and the external effects are weakened.
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Figure 6 is a cluster map of the Yangtze River Delta city group showing the average
scores of the coupling coordination index at a significance level of 5%. It shows that
Shanghai, Suzhou, and Jiaxing are of the High-High type; Hefei and Nanjing are of the High-
Low type; Chizhou, Tongling, and Wuhu are of the Low-Low type; and the correlations in
other cities are not very prominent. In 2010, compared with the average, there is less of
Nanjing’s High-Low type. Similarly, there is less of Suzhou’s High-High type, Nanjing’s
High-Low type, and Tongling’s Low-Low type in 2020. Through the spatial correlation
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analysis of the coupling coordination degree in the 26 cities, the conclusions can be drawn:
from 2010 to 2020, the cities with a relatively high coupling coordination degree between
the green innovation and new urbanization system were Hefei, Nanjing, Shanghai, Jiaxing,
and Suzhou. Comparatively speaking, the coordination between Chizhou, Tongling, and
Wuhan is lower, and its level of coordinated development is not good. On the contrary,
the coordinated governance capabilities of the nearby cities are stronger. They should
keep pace and proactively learn from other cities’ experiences to improve the ability of
coordinated governance of the green innovation and new urbanization system and improve
the level of coordinated development in the region.
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4. Influence of the Index Factors of Coupling Coordination Degree between Green
Innovation (GI) and New Urbanization (NU) of Yangtze River Delta in China
4.1. Variables

To further explore the influence of spatial heterogeneity cities in the Yangtze River
Delta on the coupling coordination of green innovation and new urbanization, according to
existing the relevant articles and conclusions [7,17,71–73], 12 factors are selected from the
three dimensions of natural resources, economic development, and social conditions society
(see Table 8). The level of regional greening is closely related to local natural conditions,
such as forest coverage, which will affect the purification capacity of local air pollution and
has a direct and indirect relationship with the absorption and conversion of carbon dioxide.
Therefore, in terms of natural resources, forest coverage, solar radiation, water resources,
and the temperature as the main factors. In terms of economic factors, it is mainly explored
from four aspects: the level of economic development, industrial structure, industrialization
level, and digital economy development level. The indicators of the city’s digital economy
development and computing method are based on and refer to the relevant literature [74].
In addition, digital financial inclusion is added, because digital finance plays an important
positive role in influencing industrial investment, transformation, upgrading [75], regional
green economy [63], and development of new urbanization [76]. The digital financial
inclusion coefficient cites data from the Peking University Digital Financial Inclusion
Index of China (PKU-DFIIC) [77]. In terms of the social conditions, it mainly includes
the social carrying capacity, the level of government input, people’s wealth level, and
educational standards.
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Table 8. Influence of the index factors of coupling coordination degree between green innovation
and new urbanization of Yangtze River Delta cities in China.

Target Layer System Layer Indicator Layer Unit Code Name

Natural resources

Forest resources Forest coverage % N1
Solar radiation Hours of sunshine Hours/year N2
Water resources annual precipitation Mm/year N3

The temperature conditions Mean temperature ◦C N4

Economic
development

Economic development GDP per capita 104

CNY/person E1

Industrial structure The proportion of the output value of
the tertiary industry in GDP % E2

Industrialization level The proportion of total industrial output value in GDP % E3

Digital economy development level

Number of Internet broadband access users 104 persons

E4
Telecom business revenue 106 CNY

Information transmission, computer services,
and software practitioners 104 persons

Mobile phone penetration 104/person
Digital finance development

Social conditions

Social carrying capacity Density of population Persons/km2 S1
The level of government input The proportion of local fiscal expenditure in GDP % S2

People’s wealth level Average annual savings per capita 104

CNY/person S3

Educational standards Average years of schooling per person Years/person S4

4.2. The Driving Factors of the Coupling Coordination Degree between Green Innovation and
New Urbanization

Using the natural breakpoint method through ArcGIS soft, each factor is discretized
by the quintile, and the GeoDetector is used to detect the influence of each element on the
coupling coordination degree of the two systems and its interaction. Table 6 shows the
q-value measurements of each factor and their interactions by geographic detectors from
2000 to 2020. In general, economic, social, and natural differences are the driving forces that
contribute to the heterogeneity of the coupling coordination degree, and the explanatory
power of economic development (0.370) > the social conditions (0.219) > natural resources
(0.143) (see Table 9). As shown in Table 9, among all of the detection factors, economic
development is the highest (0.116), while the temperature conditions are the lowest (0.025).
In factor interactions, of the 66 interactions groups, 40 groups show nonlinear enhancement,
and the remaining 26 are double-enhanced. In the factors’ interaction, the digital economy
(E4) interacts with the other factors by nonlinear enhancement (except forest resources N1),
but its own is only 0.057, ranking in the middle of all factors (6/12).

Table 9. Each variable factor detection and its interaction value of q.

Detection
Factors N1 N2 N3 N4 S1 S2 S3 S4 E1 E2 E3 E4

N1 0.046
N2 0.097 0.023
N3 0.078 0.089 0.049
N4 0.084 0.077 0.073 0.025
S1 0.930 0.052 0.097 0.075 0.037
S2 0.130 0.100 0.147 0.220 0.126 0.085
S3 0.054 0.050 0.087 0.059 0.080 0.120 0.028
S4 0.117 0.938 0.109 0.104 0.094 0.147 0.104 0.069
E1 0.173 0.138 0.167 0.144 0.096 0.249 0.123 0.230 0.116
E2 0.111 0.106 0.113 0.123 0.108 0.183 0.116 0.114 0.225 0.105
E3 0.114 0.104 0.120 0.108 0.102 0.141 0.179 0.121 0.224 0.215 0.092
E4 0.103 0.081 0.110 0.095 0.089 0.158 0.096 0.127 0.166 0.265 0.171 0.057

The values in bold represent the effect of nonlinear enhancement after the two factors interact.
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5. Discussion
5.1. Green Innovation and New Urbanization Is a Synergistic Effect between the Two

Urbanization development should rely on technological progress and promote eco-
nomic growth through technological progress [78]. Wilson and Vandenabeele [43] analyzed
that technological innovation was the source of power to promote urbanization devel-
opment. Green innovation is based on the regional science and technology innovation
system, which highlights the friendliness and sustainability of the environment. Therefore,
indicator factors such as environmental friendliness and sustainability are highlighted
in the measurement of the green innovation system. The new urbanization is a complex
system, which is quite different from the traditional one only using population as the
measurement index. It includes population urbanization, economic urbanization, spatial
urbanization, social urbanization, ecological urbanization, and environmental pollution.
What is the relationship between the green innovation system and the new urbanization
system? Understanding the relationship between the two becomes meaningful. By using
the coupling degree model in Table 4, it can be known that there is a coupling development
between green innovation and new urbanization. The coupling degree between the two has
always been maintained at around 0.25, and the coupling coordination degree ([0.361 0.403])
has been improved year by year during the study period except for the year 2020 (because
of COVID-19, all parts have been significantly affected, and so the coupling coordination
of the two has been slightly affected [0.405 0.403]. However, this is not the topic of this
paper, and so we do not discuss it). Therefore, there is a clear interaction between the two
systems. Therefore, the synchronization effect of the two systems is obvious. Previous
studies have shown that technological innovation has a significant positive effect on the
quality of the new urbanization development. The communication and mutual promotion
mechanism between the two systems have not been fundamentally changed due to the
additional green indicators. However, compared with the impact of technological innova-
tion on new urbanization, the impact made by green innovation has certain differences
in the coupling degree, coupling coordination degree, and relative development speed
of new urbanization. This may be mainly because the factors such as environment and
sustainability have weakened the interaction between the two.

5.2. The Intensity and Coupling Coordination between Green Innovation and New Urbanization
Are Affected by the Level of Economic Development

Yipiao, et al. [79] found that there is an interaction between new urbanization and
technological innovation which is manifested as a positive bilateral impact. The coupling
coordination between the two is affected by regional economic level, and the smaller the
impact of the developed regions on new technological innovation level, the greater is the
role of urbanization. It can be seen from Table 9 that the level of economic development
is the strongest among all the detected factors. According to the data released by the
National Bureau of Statistics in 2020, there are 16 cities in China with a GDP exceeding
one trillion CNY, eight of which are in the Yangtze River Delta city group. It can also be
seen from Tables 6 and 9 that the level of economic development will affect the degree
of coupling coordination between the two. As the economic level rises, the coupling
coordination degree further improves. It can be found from Figure 5 and Table 5 that
Anqing’s coupling coordination increases accordingly. Anqing’s coupling coordination
stayed at the lowest level throughout the study period, though most of its neighboring
cities were at a higher level. Anqing’s main indicators reflecting the level of economic
development, such as GDP per capita (E1) and digital economy development level (E4),
are at the bottom level among 26 cities in the Yangtze River Delta. Chizhou and Chuzhou
have quite similar situations. In brief, the lower the economic level, the weaker is the
coupling coordination degree accordingly. It can be concluded that the main factor is
the level of economic development, which affects the intensity and coupling coordination
between green innovation and new urbanization. From the existing research (transportation
infrastructure [80]), and environmental pollution [1]. Therefore, the development of the
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green economy is still the most important solution to solve the problems encountered on
the way forward and is an important driving force for promoting green innovation and
new urbanization coupling coordinated development.

5.3. Green Innovation and New Urbanization Have a Positive Spatial Correlation and
Regional Agglomeration

It can be seen from Figure 5 that the global Moran’s I index reflecting spatial auto-
correlation is 0.244, indicating that there is a positive spatial correlation. From Figure 6
LISA cluster map, it can be found that there are high-high, low-low, and high-low clusters.
From the perspective of spatiotemporal patterns, Jiaxing’s coupling coordination has been
maintained at a relatively high level, thanks to the influence of spatial spillover effects
of surrounding cities such as Suzhou and Shanghai. It can be found from Figure 4 and
Table 6 that the overall overflow benefits of space are obvious, and the internal economic
development level is an important factor that affects the coupling coordination between
green innovation and new urbanization; its effect exceeds the external spatial effect.

6. Conclusions and Policy Implication

The relationship between green innovation and new urbanization has not been thor-
oughly and systematically analyzed and discussed in depth. This article first builds scien-
tific indicator systems for green innovation and new urbanization based on the existing
literature and research results; innovatively analyzes the internal relationship between
green innovation and new urbanization system by the methods of coupling and coupling
coordination; and combines the external relationship of these two methods to further ex-
plain whether green innovation and new urbanization achieve synergistic development and
what factors can promote coupling coordination development. Taking the Yangtze River
Delta city group as an example, the green innovation and new urbanization development
and the coupling degree and coupling coordination degree between them were evaluated
in 11 consecutive years from 2010 to 2020, and their spatiotemporal characteristics and
evolutionary laws were investigated as well. The main conclusions are drawn as follows.
(1) Green innovation has facilitated the development of new urbanization, and meanwhile,
new urbanization has also provided beneficial support for green innovation. Therefore,
there is a synergy between the two which advances in the interval of simultaneous de-
velopment. For this reason, green innovation and new urbanization must be supported
simultaneously to achieve coordinated and synchronized development. (2) The interac-
tion and coupling coordination degree between green innovation and new urbanization
is affected by the level of regional economic development, and its influence is greater
than the spatial effect between adjacent cities. Based on this conclusion, the interaction
degree and coupling coordination degree in each region are different, and corresponding
measures should be taken based on the actual conditions of each region to ensure green and
sustainable development. (3) In space, there is a positive relationship between neighbors.
It shows high-high, low-low, and high-low clusters. (4) In the detection of driving factors,
economic development > social conditions > natural resources; 40 groups show nonlinear
enhancement, and the rest of the groups are double-enhanced. The digital economy factor
accounts for the largest proportion.

Based on the previous results, several policy recommendations are made as a practical
reference for policymakers. First, green innovation needs to be taken as seriously as new
urbanization. Innovation is an important driving force for social progress and a major
indicator of society’s future development. Green innovation, the integration of economy
and ecology, is one of the two key components of sustainable development [81]. The process
of urbanization involves the economy and society and is a comprehensive process [11].
There is also a view that urbanization contributes to increased environmental pollution [22].
Therefore, the government must balance it well, as there are internal coupling and coordi-
nation and unity mechanisms between green innovation and new urbanization. If one loses
the other, it will inevitably lead to an imbalance, which will harm economic development,
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ecological harmony, and the realization of new urbanization. Second, more importance
should be attached to green economic development. Economic development is still an
important driving force for promoting coupling coordination between green innovation
and new urbanization. Economic development is an important basis of funding for green
innovation and other things, and it is also an important guarantee for the transformation
and development of new urbanization. Of course, it is high-quality development under
the new normal of economy rather than extensive growth by increasing the input of pro-
duction factors alone. The interaction of the digital economy must be fully recognized and
applied. Third, regional coordination and cooperation should be strengthened to build a
green and high-quality regional integration. Because of positive spatial correlation and
regional agglomeration, the mutual influence between two neighboring regions is obvious.
Therefore, regional coordination can better realize the organic unity of green innovation
and new urbanization overall and promote mutual development.

We would like to notify some limitations in this research. We are trying to build a
more reasonable and perfect indicator system for measuring green innovation and new
urbanization, which is limited by the availability, completeness, and continuity of data.
As more data become available in the future, more relevant variables can be covered to
build a more reasonable indicator system. This research is conducted at the city level in the
Yangtze River Delta city group, which represents China’s future development trend and is
the “barometer” of China’s economic development. Future research may be focused on
the following aspects: choosing different regions and analyzing the topic at the provincial
level from a more macro perspective or at the county level from a more micro perspective
to obtain more accurate, practical, and universal conclusions in this field.
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