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Abstract: With the rapid development of the Yangtze River Delta urban agglomeration, sustainability
and high-quality development have become the key paths to regional development. The urban forest,
referring to the sum of trees, forests, and green space in an urban area, provides a series of ecological
benefits and economic values and is essential to the urban ecological system. In the post-urbanization
period, the integrated development of urban forests and the city is attached with great importance to
long-term development. From the perspective of regional and coordinated development, this research
constructed an evaluation index system of urban development and urban forest development. Then,
a comprehensive evaluation model and coordination degree model were adopted to systematically
study the temporal and spatial characteristics and policy influencing factors on the coordination
degree between urban development and urban forest development in the Yangtze River Delta urban
agglomeration from 2005 to 2021. The results showed that from 2005 to 2021, urban development
displayed continuous growth, while urban forest development exhibited a fluctuating increase and
the level of urban forest generally lagged behind that of urban development. From 2005 to 2021, the
coordination degree of the Yangtze River Delta urban agglomeration showed a fluctuating trend,
of which the maximum value was 0.999 in 2012, the minimum value was 0.730 in 2021, and the
coordination degrees were all at the level of good coordination or high-quality coordination except
for 2021. In terms of spatial distribution, three provinces and one city all showed a fluctuating
increase at first, followed by a downward trend, while Shanghai showed the highest coordination
level. From the perspective of policy on urban forests, the Shanghai government showed the best
effort, while the Jiangsu government still needs improvement. This research provides a scientific
basis for coordinating the relationship between urban development and the environment and for
realizing regional sustainable and high-quality development.

Keywords: urban forest; coordination analysis; Yangtze River Delta urban agglomeration

1. Introduction

A city is a large and highly complex system composed of many subsystems, such as
society, economy, ecological environment, and population [1]. The balanced development
of each component of a city is related to the sustainability of the city system [2]. As an
inevitable process of social and economic development, urbanization presents different
characteristics in different stages wherein the speed goes from slow to fast and then
gradually falls to stability [3]. After 45 years of tortuous development since the reform
and opening up, China’s urbanization rate reached 65.22% by the end of 2022, including
a period of rapid growth in the past decade. Although China’s urbanization level has
exceeded the world average, the challenge of balancing urban environmental protection
and urban development is becoming increasingly severe. The 14th Five-Year Plan of China,
released in 2021, attaches great importance to sustainable urban development and the
coordinated development of urban agglomerations, which is the most important strategic
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document for China’s development in the next 5 to 15 years. Therefore, a sustainable,
healthy, and coordinated urban development mode is of great importance in the critical
transition period of China’s urbanization process.

Urban forests, as the main body of the urban ecological environment, provide a series
of ecological benefits [4-11], such as improving urban air quality, alleviating the urban
heat island effect, purifying urban water quality, and enhancing urban biodiversity, as
well as adding social and economic values [12-17], such as providing recreation places,
promoting tourism development, reducing energy consumption, and providing employ-
ment opportunities. The concept of the urban forest originated in North America in the
1960s, and it can be defined as the sum of the trees and vegetation in the urban geographic
area, including forests and green space as the main body, its surrounding environment,
and related infrastructure [18-31]. After the concept of urban forests was introduced in
China in the 1980s, research institutions on urban forests were gradually established in the
following 10 years, and the construction of urban forests became increasingly important in
the policy-making process in China. The campaign of “National Forest City” was launched
in 2004 by the National Forestry and Grassland Administration of China, becoming a
prominent mechanism for the construction of urban forests, and lead to 219 cities being
designated as a “National Forest City” by the end of 2022. China’s area of urban green space
increased from 1321.9 thousand hectares in 2004 to 3479.8 thousand hectares in 2021, and
the urban greening coverage rate increased from 31.15% to 42.4%. China has achieved great
progress from the perspective of the key indicators of urban forests, but the sustainability
and quality of urban forest construction remain a challenge.

The core of urban ecology is to regulate the city and coordinate the contradiction
between socioeconomic development and the urban environment from the perspective of
the system to promote the sustainable development of the city and the harmony between
humans and nature [32-34]. Synergetics points out that in a complex and open system,
the regulation and optimization of the system refer to the interaction and cooperation
between subsystems to achieve coordination, order, and balance [35]. Many scholars have
explored the coupling coordination mechanism between urbanization and the ecological
environment [36-38]. The scope of the studies has also expanded from a single city [39-41]
to urban agglomerations or larger regions [42—47], and the studies have extended to a more
focused field, such as urban resilience, urban ecological security, and urban forests [48-50].
Many empirical analyses have linked urban socioeconomic development with the ecological
environment and have explored the coordinated relationship between them, thus proposing
an optimized, sustainable, and balanced urban development path for future construction.

China proposed building national forest urban agglomerations in 2016, emphasizing
regional urban forest planning and construction by breaking the boundaries of administra-
tive areas instead of focusing on data growth. As the main body of the urban ecosystem,
urban forests provide a series of ecological benefits and social and economic values for the
city, but the excessive pursuit of urban forest construction also hinders the overall devel-
opment of the city. It is critical to the sustainability of the city to coordinate and balance
the development of urban forests and socioeconomic progress. Under the scale of urban
agglomerations, the construction of urban forests can carry out overall and systematic
planning according to the characteristics and economic development status of different
cities to achieve regional optimization.

The Yangtze River Delta urban agglomeration is one of the most economically devel-
oped regions in China, with a much higher degree of urbanization and population density
than the average, and it is also one of the earliest areas to initiate the construction of urban
forests. This research focuses on urban forests, and the “urban system” hereinafter referred
to is the integrated urban system other than the urban forest system; that is, the urban
forest system and urban system together constitute the whole integrated urban system.
A comprehensive evaluation index system is established for the two systems. The urban
system includes three parts: economic development, societal development, and nature
and the environment. The urban forest system includes two parts: forest scale and forest
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management and conservation. Then, the principal component analysis method is applied
to calculate the urban development index and the urban forest development index of the
Yangtze River Delta urban agglomeration and the four provincial administrative regions
included in the urban agglomeration. Finally, the coordination degree model is applied to
calculate the change trend of the coordination degree. We then analyze the spatiotemporal
characteristics and the policy influencing factors based on the research results and propose
policy recommendations to optimize the path of sustainable urban development.

2. Research Area, Data Sources, and Research Methods
2.1. Overview of the Research Area

In accordance with the outline of the integrated regional development of the Yangtze
River Delta urban agglomeration released in 2019, the research area of this study covers
all areas of three provinces (Jiangsu, Zhejiang, and Anhui) and one city (Shanghai) in the
Yangtze River Delta urban agglomeration (Figure 1).
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Figure 1. Location map of the Yangtze River Delta urban agglomeration.

The land area of the Yangtze River Delta urban agglomeration is 358,000 km?, ac-
counting for approximately 3.7% of the total land area, nearly 20% of the GDP, and 17%
of the permanent resident population of China. It is one of the most important engines
leading China’s economic and social development. Here, the urbanization rate has been
approximately 10% higher than the national average, and the per capita GDP has been
approximately 1.4 times higher than the national level (Figure 2).
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Figure 2. Per capita GDP and urbanization rate of China and the Yangtze River Delta urban agglom-
eration from 2005 to 2021.

The Yangtze River Delta urban agglomeration is the earliest demonstration and leading
region in China to promote regional integration and urban agglomeration development,
which took shape as early as the 1980s, as well as the planning and construction of urban
forests. By 2022, 39 cities in the Yangtze River Delta urban agglomeration will be entitled
a “National Forest City”, accounting for nearly 20% of the total amount in China. As a
leading area of economic and social development and urban forest construction, it is of great
significance to explore the spatiotemporal evolution characteristics and influencing factors
of the coordinated relationship between urban development and urban forest development
of the Yangtze River Delta urban agglomeration.

2.2. Data Sources

This research includes the dates of urban development and urban forest development
of three provinces and one city in the Yangtze River Delta urban agglomeration from 2005
to 2021. The statistical data of China before 2005 have not been collected, and the data
indicators of urban forests in 2022 are still not public, so the time range of this research
is from 2005 to 2021. All data and indicators were derived from the China Statistical
Yearbook of Cities, the China Statistical Yearbook of Forestry and Grassland, the Ecological
Environment Bulletin, and the statistical yearbooks and statistical bulletins of provinces
and cities in the Yangtze River Delta urban agglomeration. Individual outliers and missing
data were represented by using a regression fitting function according to the type of
data missing.

2.3. Research Methods

In this research, a comprehensive evaluation index system was established for urban
systems and urban forest systems. Then, the principal component analysis method was
applied to calculate the urban development index and the urban forest development
index of the Yangtze River Delta urban agglomeration and four provincial administrative
regions included in the urban agglomeration. Finally, the coordination degree model was
applied to calculate the coordination degree between the two systems, and the uniform
distribution function method was used to determine the classification standard of the
coordination degree.

2.3.1. Construction of the Evaluation Index System

Referring to the existing research [51-55] and integrating the main indicators of eco-
nomic and social development in the period from China’s 11th Five-Year Plan to China’s
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14th Five-Year Plan, which are the most critical policy guidance documents in China, the
urban development indicators are divided into three aspects: economic development, social
development, and nature and environment. Seventeen indicators are selected, with the
principles of science, objectivity, and accessibility, to represent the urban development of
the Yangtze River Delta urban agglomeration. The economic development part includes
six indicators to reflect the level of urban economic development: per capita GDP, pro-
portion of value added of tertiary industry, urban registered unemployment rate, annual
per capita disposable income of urban residents, total retail sales of consumer goods, and
total labor productivity. The social development part includes six indicators to reflect
the basic construction, science and technology, education, and health of the city: urban
population density, per capita urban road area, gas coverage, research and development
expenditure, ratio of government spending on education to GDP, and number of medical
and health institutions (excluding village clinics). In the nature and environment part, a
typical indicator is selected from the five aspects of exhaust gas emission, air quality, urban
sewage, urban solid waste, and energy consumption to reflect the quality of the urban
environment, the treatment capacity, and the energy utilization efficiency of the city.

The selection of urban forest development indicators mainly refers to the main indi-
cators in China’s five-year forestry development planning as well as the evaluation index
system issued by the National Forestry and Grassland Administration of China for the
assessment of a “National Forest City”. A total of six indicators are selected from two
aspects: forest scale and forest management and conservation. The forest coverage rate,
urban greening coverage rate, area of urban green space, and per capita park green area
reflect the number of urban forest resources and the state of construction; the regional
forestry and grassland investment and area of artificial afforestation reflect the level of
government input in the field of urban forest. The specific indicators are shown in Table 1.

Table 1. Evaluation index system of urban development and urban forest development.

Target Layer Criterion Layer Index Level Unit Data Resource
Per Capita GDP Yuan
Proportion of Value Added of o

Tertiary Industry °
Urban Registered Unemployment Rate Y%

Economic Development Annual Per Capita Disposable Income of Yuan

Urban Residents
Total Retail Sales of Consumer Goods Billion Yuan
.. 10 thousand
Total Labor Productivity Yuan,/Person China Statistical
Urban Population Density Person/km? Yearbook of Cities
Per Capita Urban Road Area m?
Urban System
Evaluation Index Gas Coverage %
Society Development Research and Development Expenditure 100 million Yuan
Ratio of Government Spending on Education o
to GDP °
Number of Medical and Health Institutions s
(Excluding Village Clinics) p
Sulfur Dioxide Emissions Per Unit of Gross s
Industrial Output Value £/100 million Yuan
i 3
Average Annual Concentration of PM10 pg/m China Ecological
Nature and Environment Daily Treatment Capacity of Urban Sewage 10 thousand m? Environment
Bulletin

Annual Harmless Treatment Capacity of

Urban Domestic Waste 10 thousand t

Energy Consumption Per 10,000-yuan GDP Ton Standard Coal
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Table 1. Cont.
Target Layer Criterion Layer Index Level Unit Data Resource

Forest Coverage Rate Y%
Forest Scale Urban Greening Coverage Rate %

Urban Forest Area of Urban Green Space 10 thousand hm? y CILinakSti‘tli:stical

; earbook of Forestr

Systen}fdveaiuanon Per Capita Green Park Area m? and Grassland Y

Forest Management and Regional Forestry and Grassland Investment 10 thousand Yuan
Conservation

Area of Artificial Afforestation Thousand hm?

2.3.2. Comprehensive Evaluation Model

In this paper, a comprehensive evaluation model is used to calculate the level of urban
development and urban forest development in the Yangtze River Delta urban agglomera-
tion. First, all indicators are standardized, considering the different dimensions and sizes
of the selected indicators. The specific formula is as follows:

Xji — X
Zjj = = Sj ' (1)
where x;; is the value of the j indicator in year i, z;; is the value after standardization of
xjj, Xj represents the average of the j indicator in a total of i years, and S; is the standard
deviation of the j indicator.

Second, in the index system of urban and urban forests, there may be correlations
among various indicators. Since the traditional subjective valuation method assigns weights
to each indicator based on the subjective judgment of the rater, thus causing certain insta-
bility and interference factors, SPSS 25 software is used to adopt the principal component
analysis method on standardized data, and the effective information of the original vari-
ables is then extracted. Through orthogonal transformation, based on the dimensionality
reduction in data, a group of possibly correlated variables is transformed into a group
of new, unrelated comprehensive variables, the original information is retained and re-
flected as much as possible, and the corresponding weights are obtained to obtain the
comprehensive development index of cities and urban forests.

If the eigenvalue corresponding to the principal component >1, the cumulative vari-
ance contribution rate };_; p, > 80%, indicating that the first k components have been
able to basically reflect the main information related to the original variables. Therefore,
the score value F;, of the first k principal components and their corresponding weight
pr = (1,2,...,k) can be used. According to the following equation, the indices of urban
development and urban forest development in each year are obtained:

k 14
F = Zr:l pr X FirrFi, = Zr:l p:’ X Fi,r )

where F; is the urban development index (i = 1,2,...,n) of year i and F; is the urban forest
development index (i = 1,2,...,n) for year i.

2.3.3. Coordination Degree Model

In this research, the concept of the “membership function” in fuzzy mathematics
was introduced, and the coordination degree of indices between urban development
and urban forest development was calculated with reference to the relevant studies [53].
First, a regression fitting analysis of the urban and urban forest development index was
carried out. Y and X were used to represent the urban development index and urban
forest development index, respectively. With X as the independent variable and Y as
the dependent variable, the development index Y’ of the urban forest development level
relative to the urban development level can be obtained by regression fitting; with Y as
the independent variable and X as the dependent variable, the development index X’ of
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the urban forest development level relative to the urban forest development level can be
obtained by regression fitting. Through the calculation of the coordination degree between
the urban development level and the urban forest development level, the development
coordination state between the two systems is reflected. The equation for calculating the
coordination degree is as follows:

X-X')? Y—Y')?
Uy = exp{‘(sf)}"’”@) - e"”{‘(szz)}'

oc = MU Ui}
max{ Uiy Uiy ¥

®)

where Uj; ) is the state coordination degree between the urban forest development level
and the urban development level, X is the urban forest development index, X' is the de-
velopment index of the urban development level relative to the urban forest development
level, and S, is the variance of the urban forest development index. Uj,i) states the coor-
dination degree between the urban development level and the urban forest development
level, Y is the urban development index, Y’ is the development index of the urban forest
development level relative to the urban development level, and S,? is the variance of the
urban development index. Based on the state coordination degree and referring to the
existing research [56,57], the formula for calculating the coordination degree C between the
urban system and urban forest system is then determined.

2.3.4. Coordination Level Classification

In this research, the uniform distribution function method was used to determine the
classification standard of the coordination degree. With reference to existing research [58,59],
the classification standard of the coordination degree between the urban development level
and the urban forest development level was determined, as shown in Table 2.

Table 2. Development level coordination degree criterion.

Coordination Degree Grade

0-0.09 Extreme Disorder
0.1-0.19 Severe Disorder
0.2-0.29 Moderate Disorder
0.3-0.39 Mild Disorder
0.4-0.49 Borderline Disorder
0.5-0.59 Bare Coordination
0.6-0.69 Primary Coordination
0.7-0.79 Intermediate Coordination
0.8-0.89 Good Coordination

0.9-1 High-Quality Coordination

3. Results
3.1. Spatio-Temporal Characteristics of the Urban Development Level and Urban Forest
Development Level

According to the evaluation index system in Table 1, the principal component analysis
method is first used to calculate the index weight. Then, the urban development level
and the urban forest development level of the Yangtze River Delta urban agglomeration
from 2005 to 2021 are calculated with the comprehensive evaluation model (Table 3 and
Figure 3). By using the principal component analysis by the SPSS software, the average
value of the development indices for each data group is 0, and the difference between the
development index and the average value reflects the development level. For example, the
urban development index of the Yangtze River Delta urban agglomeration was —1.017 in
2007, and the urban development level in 2007 was lower than the average level from 2005
to 2021.
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Table 3. Urban development and urban forest development index of Yangtze River Delta urban
agglomeration from 2005 to 2021.

Year Urban Development Index Urban Forest Development Index
2005 —1.690 —1.467
2006 —1.494 —1.608
2007 -1.017 -1.135
2008 —0.858 —0.968
2009 —0.701 —0.291
2010 —0.483 —0.403
2011 —0.236 -0.119
2012 —0.002 0.024
2013 0.104 0.764
2014 0.213 0.882
2015 0.433 0.808
2016 0.568 0.553
2017 0.728 0.497
2018 0.887 0.471
2019 1.055 0.591
2020 1.139 0.863
2021 1.355 0.538

2.0 A

1.5

1.0 4

0.5

0.0 T T | —— T T — 1 1 Year

—F T T = =" T " ' i
D005 2006 2007 2008 @009 2010-M011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

-0.5

=10+

159

—&— Urban Development Index
—&— Urban Forest Development Index|

-2.0

Figure 3. Urban development and urban forest development index of the Yangtze River Delta urban
agglomeration from 2005 to 2021.

From the temporal perspective, the urban development index of the Yangtze River
Delta urban agglomeration increased year by year from 2005 to 2021, from —1.690 to 1.355.
The urban forest development index showed a fluctuating upward trend: it first decreased
from 2005 to 2006, with a minimum of —1.608 in 2006, then increased from 2006 to 2009,
followed by a fluctuating upward trend from 2009 to 2013, and finally fluctuated at a
relatively high level after 2013, with a maximum of 0.882 in 2014.

To better analyze the spatial pattern and dynamic evolution of the urban development
index and urban forest development index, this research used ArcGIS 10.6 software and
visualized the levels of urban development and urban forest development in 2005, 2009,
2013, 2017, and 2021 (Figures 4 and 5).

From the temporal perspective, the urban development of the three provinces and one
city in the Yangtze River Delta urban agglomeration showed a simultaneous upward trend.
The indices of the five equidistant years of the three provinces and one city were all in the
same range, which indicates a balanced and similar growth speed in the Yangtze River
Delta urban agglomeration in terms of urban development. The urban forest development
of the Yangtze River Delta urban agglomeration showed variations in terms of growth
speed. With all three provinces and one city showing an upward trend, Shanghai and Anhui
showed a more solid foundation. Shanghai showed steadier growth, while the growth
speeds of Jiangsu and Anhui were relatively higher, and Zhejiang showed a fluctuating
upward trend.
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Figure 4. (a). First panel shows the spatial patterns of urban development in the Yangtze River Delta
urban agglomeration in 2005; (b). Second panel shows the spatial patterns of urban development in
the Yangtze River Delta urban agglomeration in 2009; (c). Third panel shows the spatial patterns of
urban development in the Yangtze River Delta urban agglomeration in 2013; (d). Fourth panel shows
the spatial patterns of urban development in the Yangtze River Delta urban agglomeration in 2017;
(e). Fifth panel shows the spatial patterns of urban development in the Yangtze River Delta urban
agglomeration in 2021.

a.2005 b. 2009 €.2013
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Figure 5. Spatial patterns of urban forest development in the Yangtze River Delta urban agglomera-
tion in (a). 2005, (b). 2009, (c). 2013, (d). 2017, and (e). 2021.
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3.2. Spatial-Temporal Characteristics of the Coordination Degree between Urban Development and
Urban Forest Development

Temporal Evolution of the Coordination Degree

The coordination degree model was used to determine the coordination between urban
development and urban forest development in the Yangtze River Delta urban agglomera-
tion from 2005 to 2021 (Figure 6). According to the coordination degree grade standard of
Table 2, except for the level of intermediate coordination in 2021, the coordination degrees
are all at the level of good coordination and high-quality coordination. The maximum
coordination degree is 0.999 in 2012, and the minimum coordination degree is 0.730 in
2021. From a temporal perspective, the coordination degree showed a significant periodic
fluctuation in the 16 years: it showed upward trends from 2006 to 2012, from 2014 to 2016,
and from 2019 to 2020, and downward trends in the rest of the years. The downward trend
appeared when the difference between the maximum and minimum coordination degree
values among the three provinces and one city was relatively larger.

09999 09914 0999 0.9914 (9796 09746 09714 o759 09921

0.9919
0.9594

07715 0.7784

2005

0.4530

2006

0.4684

2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

mmmmm Max & Min Coordination Degree Value among 3 provinces and 1 city

=== Coordination Degree of the Yangtze River Delta urban agglomeration from 2005 to 2021

Figure 6. Temporal evolution of the coordination degree between the urban development and urban
forest development of the Yangtze River Delta urban agglomeration from 2005 to 2021.

To better explore the spatiotemporal evolution and characteristics of the coordination
degree from 2005 to 2021, the coordination degree of three provinces and one city is shown
in Table 4. This research selected nine years from 2005 to 2021 at a two-year interval to
visualize the spatial distribution of the coordination degree through ArcGIS10.6 software
(Figure 7).
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Table 4. Coordination degree between the urban development and urban forest development of three provinces and one city of the Yangtze River Delta urban

agglomeration from 2005 to 2021. (The highest coordination degree among the three provinces and one city of each year is marked in green, and the lowest is marked

in orange).
Year Shanghai Grade Jiangsu Grade Zhejiang Grade Anhui Grade
2005 0.977 High-Quality Coordination 0.654 Primary Coordination 0.977 High-Quality Coordination 0.963 High-Quality Coordination
2006 0.976 High-Quality Coordination 0.453 Borderline Disorder 0.956 High-Quality Coordination 0.665 Primary Coordination
2007 0.922 High-Quality Coordination 0.808 Good Coordination 0.730 Intermediate Coordination 0.815 Good Coordination
2008 0.946 High-Quality Coordination 0.974 High-Quality Coordination 0.812 Good Coordination 0.838 Good Coordination
2009 0.946 High-Quality Coordination 0.830 Good Coordination 0.941 High-Quality Coordination 0.941 High-Quality Coordination
2010 0.999 High-Quality Coordination 0.895 Good Coordination 0.982 High-Quality Coordination 0.984 High-Quality Coordination
2011 0.991 High-Quality Coordination 0.959 High-Quality Coordination 0.989 High-Quality Coordination 0.976 High-Quality Coordination
2012 0.989 High-Quality Coordination 0.999 High-Quality Coordination 0.912 High-Quality Coordination 0.998 High-Quality Coordination
2013 0.991 High-Quality Coordination 0.905 High-Quality Coordination 0.909 High-Quality Coordination 0.897 Good Coordination
2014 0.980 High-Quality Coordination 0.808 Good Coordination 0.896 Good Coordination 0.771 Intermediate Coordination
2015 0.952 High-Quality Coordination 0.875 Good Coordination 0.952 High-Quality Coordination 0.778 Intermediate Coordination
2016 0.915 High-Quality Coordination 0.966 High-Quality Coordination 0.975 High-Quality Coordination 0.883 Good Coordination
2017 0.946 High-Quality Coordination 0.892 Good Coordination 0.909 High-Quality Coordination 0.971 High-Quality Coordination
2018 0.916 High-Quality Coordination 0.814 Good Coordination 0.844 Good Coordination 0.920 High-Quality Coordination
2019 0.976 High-Quality Coordination 0.682 Primary Coordination 0.825 Good Coordination 0.781 Intermediate Coordination
2020 0.992 High-Quality Coordination 0.693 Primary Coordination 0.888 Good Coordination 0.603 Primary Coordination
2021 0.842 Good Coordination 0.468 Borderline Disorder 0.669 Primary Coordination 0.536 Bare Coordination
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Figure 7. Spatial patterns of the coordination degree between urban development and urban forest
development in the Yangtze River Delta urban agglomeration from 2005 to 2021. Key: 0.4-0.49
represents borderline disorder; 0.5-0.59 represents bare coordination; 0.6-0.69 represents primary
disorder; 0.7-0.79 represents intermediate coordination; 0.8-0.89 represents good coordination; and
0.9-1.0 represents high-quality coordination.

The coordination degree between the urban development and urban forest devel-
opment of the Yangtze River Delta urban agglomeration reached good coordination or
high-quality coordination in 2009, 2011, 2013, and 2017, and the coordination degree was
relatively low in 2021, experiencing a rise followed by a downward trend with fluctuation.
Specifically, Shanghai showed the highest coordination level, as its coordination degree
reached high-quality coordination in every year except in 2021. The coordination degree of
Zhejiang ranked second only to Shanghai, except for intermediate coordination in 2007 and
primary coordination in 2021, of which the coordination degrees in all other years were at
the level of high-quality coordination or good coordination. Jiangsu showed the lowest
coordination degree in 2005, followed by steady growth from 2007 to 2013 and a rapid
descent from 2015 to 2021; its coordination degree in 2021 was at the level of borderline
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disorder. Anhui showed a fluctuating trend from 2005 to 2021 and was at the level of
intermediate coordination and bare coordination in 2015 and 2021, respectively.

3.3. Policy Formulation on the Urban Forest of the Yangtze River Delta Urban Agglomeration

In general, from 2005 to 2021, the urban development of the Yangtze River Delta
urban agglomeration was in a steady growth period, while urban forest development
showed obvious fluctuations and spatial differentiation. Unsynchronized development
led to spatiotemporal differences in the coordination degree between urban development
and urban forest development. From the campaign of “National Forest City” launched in
2004 to the “Forest-Chief” scheme proposed in 2021, characterized by the chief executive
responsibility system, the role of government in the practice of urban forest development
in China has been increasingly strengthened in recent decades [60]. To further explore
the influencing factors on urban forest construction, this research listed the policies and
plans for urban forests in the three provinces and one city of the Yangtze River Delta
urban agglomeration.

3.3.1. Policy Formulation for the Urban Forests of Shanghai

Shanghai’s municipal government was one of the earliest in China to pay attention to
urban ecological and environmental protection. Shanghai’s first city master plan in 1986
had already focused on the construction of an urban green system. In the early 21st century,
three special plans on urban forests and green space were issued to demarcate the green line
and plan the structure and layout of urban forests. Over the next two decades, the Shanghai
Municipal government and Shanghai Forestry Bureau issued a series of regulations and
plans aimed at different subdivided parts of urban forests, such as forestland protection,
ecological networks, boulevards, ecological corridor systems, greenway construction, and
ecological ren lines, thus gradually forming the policy system of urban forests. Table 5
shows the main policies, regulations, and management measurements related to urban
forests in Shanghai since 2000.

Table 5. Policies, regulations, and management measurements on the urban forests of Shanghai
since 2000.

Year Name of Policy Department
2001 Shanghai City Master Plan (1999-2020) Shanghai Municipal People’s Government
2001 Shanghai City Center Public Green Space Planning Shanghai Landscaping and City Appearance

2002 Shanghai Urban Green Space System Planning (2002-2020)

Administrative Bureau and Shanghai Forestry Bureau
Shanghai Landscaping and City Appearance
Administrative Bureau and Shanghai Forestry Bureau
Shanghai Landscaping and City Appearance

2003 Shanghai Urban Forest Planning Administrative Bureau and Shanghai Forestry Bureau
. . Shanghai Landscaping and City Appearance
2008 Regulations on Park Management of Shangha Administrative Bureau and Shanghai Forestry Bureau
2008 Regulations on Greening of Shanghai Shanghai Municipal People’s Government
2009 Regulations on Forest Management of Shanghai Shanghai Municipal People’s Government
2011 Shanghai Forest Land Protection and Utilization Planning Shanghai Landscaping and City Appearance
(2010-2020) Administrative Bureau and Shanghai Forestry Bureau
o . . Shanghai Landscaping and City Appearance
2012 Shanghai Basic Ecological Network Planning Administrative Bureau and Shanghai Forestry Bureau
. Shanghai Landscaping and City Appearance
2014 Management Measures on Boulevard of Shanghai Administrative Bureau and Shanghai Forestry Bureau
2016 Shanghai City Master Plan (2016-2040) Shanghai Municipal People’s Government
2017 Shanghai City Master Plan (2017-2035) Shanghai Municipal People’s Government

2017 Shanghai Ecological Corridor System Planning (2017-2035)

2018

Shanghai Landscaping and City Appearance
Administrative Bureau and Shanghai Forestry Bureau

Management Measures on Greenway Construction Projects Shanghai Landscaping and City Appearance

of Shanghai Administrative Bureau and Shanghai Forestry Bureau

2021 Shanghai Ecological Space Special Planning (2021-2035) Shanghai Municipal People’s Government
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Table 5. Cont.

Year

Name of Policy Department

2021  Technical Guidelines for Construction of Pocket Park of Shanghai

Shanghai Landscaping and City Appearance
Administrative Bureau and Shanghai Forestry Bureau

2021 Guidelines on Promoting the Construction of Park City Shanghai Landscaping and City Appearance
of Shanghai Administrative Bureau and Shanghai Forestry Bureau
3.3.2. Policy Formulation for the Urban Forests of Jiangsu
Jiangsu promoted the construction of “Grenn Jiangsu” and 10 major forestry projects

in 2004 and started the construction of the “National Forest City” in 2008. The Five-Year
Forestry Development Planning of Jiangsu has been formulated since 2006, mentioning the
significance of urban forest construction. Until now, Jiangsu has not issued specific policies
or plans for urban forests or their components. Table 6 shows the main policies, regulations,
and management measurements related to urban forests in Jiangsu since 2000.
Table 6. Policies, regulations, and management measurements for the urban forests of Jiangsu
since 2000.

Year Name of Policy Department

2003 Notice on Issues related to Forest Land Management Jiangsu Forestry Bureau

2006 Opinions on Strengthening the Management of Forest Resources Jiangsu Forestry Bureau

2006 The 11th Five-Year Forestry Development Planning of Jiangsu Jiangsu Forestry Bureau

2010 Jiangsu Forest Land Protection and Utilization Planning Jiangsu Forestry Bureau

2012 The 12th Five-Year Forestry Development Planning of Jiangsu Jiangsu Forestry Bureau

2013 Management Measures on Forest Parks of Jiangsu Jiangsu Forestry Bureau

2013 Jiangsu Ecological Civilization Construction Planning (2013-2022) Jiangsu Provincial People’s Government

2014 Jiangsu Ecological Protection and Construction Planning (2014-2020) Jiangsu Provincial People’s Government

2016 The 13th Five-Year Forestry Development Planning of Jiangsu Jiangsu Forestry Bureau

2021 The 14th Five-Year Forestry Development Planning of Jiangsu Jiangsu Forestry Bureau
3.3.3. Policy Formulation for the Urban Forest of Zhejiang

As early as 1995, the Zhejiang Provincial government issued Management Measures

on Urban Greening, proposing the systematic construction of urban forest systems. In the
first decade since 2000, Regulations on Forest Management and Forest Land Protection
and Utilization Planning were issued, building the foundation of urban forest construction
in Zhejiang. During the process of constructing the “National Forest City”, Zhejiang
also actively promoted the construction of a forest city agglomeration, emphasizing the
systematic layout and regional construction of urban forests. The development of forest
resources was an important indicator in the assessment of the Zhejiang government at
all levels. Table 7 shows the main policies, regulations, and management measurements
related to urban forests in Zhejiang since 2000.
Table 7. Policies, regulations, and management measurements for the urban forests of Zhejiang
since 2000.

Year Name of Policy Department

2003 Regulations on Returning Farmland to Forests Zhejiang Provincial People’s Government

2004 Regulations on Forest Management of Zhejiang Zhejiang Provincial People’s Government

2007 The 11th Five-Year Forestry Technology Planning of Zhejiang Zhejiang Forestry Bureau

2010 Zhejiang Forest Land Protection and Ultilization Planning (2010-2020) Zhejiang Forestry Bureau

2011 Urban System Planning of Zhejiang Province (2011-2020) Zhejiang Provincial People’s Government

2012 The 12th Five-Year Forestry Development Planning of Zhejiang Zhejiang Provincial People’s Government

2014 Opinions on Accelerating Forestry Reform and Development and Zhejiang Provincial People’s Government

Greening and Forest Construction of Zhejiang
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Table 7. Cont.

Year Name of Policy Department
2016 The 13th Five-Year Forestry Development Planning of Zhejiang Zhejiang Forestry Bureau
2017 Regulations on Public Welfare Forests and Forest Parks of Zhejiang Zhejiang Provincial People’s Government
Zhejiang Medium and Long-term Development Planning on Forestry .
2021 Technology Promotion (2021-2035) Zhejiang Forestry Bureau
2021 The 14th Five-Year Forestry Development Planning of Zhejiang Zhejiang Forestry Bureau
Implementation Plan for Comprehensive Forestry Reform in .
2021 Zhejiang (2021-2025) Zhejiang Forestry Bureau
3.3.4. Policy Formulation for the Urban Forests of Anhui
In the early 21st century, Anhui still focused on the economic benefits of forestry.
Until approximately 2010, the planning on forestry in Anhui had shifted the emphasis on
forestry to ecological construction and the integrated pattern of urban and rural greening;
the Five-Year Forestry Development Planning was first proposed in 2012. In 2017, Anhui
took the lead in piloting the “Forest-Chief” scheme, further strengthening the role of
the government in terms of urban forest construction. Table 8 shows the main policies,
regulations, and management measurements related to urban forests in Anhui since 2000.
Table 8. Policies, regulations, and management measurements for the urban forests of Anhui
since 2000.
Year Name of Policy Department
2000 Regulations on Forest Land Protection and Management of Anhui Anhui Provincial People’s Government
2004 Opinions on Implementing the Decision of Accelerating Anhui Provincial People’s Government
Forestry Development
2006 Regulations on Forest Park Management of Anhui Anhui Provincial People’s Government
2007 Opinions on Promoting the Reform of Collective Forest Rights System Anhui Provincial People’s Government
2009 Opinions on Accelerating Forestry Reform and Development Anhui Provincial People’s Government
2011 Anhui Forest Seedling Development Planning (2011-2020) Anhui Forestry Bureau
2012 Anhui Forestry Economic Development Planning (2012-2016) Anhui Forestry Bureau
2012 The 12th Five-Year Forestry Development Planning of Anhui Anhui Forestry Bureau
2012 Master Planning on Forest Growth Project of Anhui Anhui Forestry Bureau
2016 The 13th Five-Year Forestry Development Planning of Anhui Anhui Forestry Bureau
2017 Opinions on Establishing the “Forest-Chief” Scheme Anhui Provincial People’s Government
Opinions on Adhering to Ecological Green Development and . - ,
2019 Strengthening the Management of Nature Reserves Anhui Provincial People’s Government
Implementation Plan on Establishing Protected Natural Areas System with . o ,
2020 National Parks as the Main Body Anhui Provincial People’s Government
2021 The 14th Five-Year Forestry Development Planning of Anhui Anhui Forestry Bureau

4. Conclusions and Discussion
4.1. Conclusions

A sustainable, balanced, and healthy urban development mode has become an impor-
tant issue in modern cities. Therefore, the coordinated development between cities and
urban forests, the main body of the urban ecological environment, is of great significance
for the construction of green, healthy, and sustainable urban ecological environments. This
research constructed a comprehensive evaluation index system to measure the develop-
ment level of urban systems and urban forest systems in the Yangtze River Delta urban
agglomeration from 2005 to 2021 and analyzed their spatiotemporal evolution characteris-
tics. On this basis, the spatiotemporal evolution characteristics of the coordination degree
between the two systems were analyzed, and the influencing factors were analyzed from
the perspective of government policy. The following conclusions were then drawn:

1. From 2005 to 2021, the development level of the urban system and urban forest system
of the Yangtze River Delta urban agglomeration generally showed an upward trend.
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The urban development index continued to rise from —1.677 to 1.370 (taking O as the
average value), and the growth trends of the three provinces and one city were similar.
The urban forest development index showed a fluctuating upward trend from —1.467
to 0.538, with a maximum value of 0.882 in 2014. From the spatial perspective, the
three provinces and one city all showed a fluctuating upward trend, and Shanghai
and Anhui showed the best urban forest development level. In general, the level of
urban forest development lagged behind the level of urban development, indicating
that the construction of urban forests in the Yangtze River Delta urban agglomeration
was still relatively extensive, and it is necessary to further improve the construction of
urban forests on the premise of meeting the needs of urban development.

2. From 2005 to 2021, the coordination degrees between the urban development and
urban forest development in the Yangtze River Delta urban agglomeration were all at
the level of high-quality coordination or good coordination, except in 2021. From the
temporal perspective, the coordination degree showed a significant fluctuation trend,
with a maximum value of 0.999 in 2012 and a minimum value of 0.730 in 2021. The
spatial differentiations were significant, while Shanghai showed the best coordination
level among the three provinces and one city, and the coordination degree of Jiangsu
was at the level of borderline disorder in 2006 and 2021.

3. The analysis of the policies on urban forest development showed that the urban forest
development of the Yangtze River Delta urban agglomeration largely depended on
the government’s regulation and policy promotion. The systematic planning and
refined management of urban forests in Shanghai and Zhejiang greatly facilitated the
development of urban forests. Jiangsu lacked specific policies or regulations as well
as systematic planning for the construction of urban forests. The Anhui government
attached great importance to the development of urban forests, but it was still in the
transition period from the forestry economy to forestry ecology.

4.2. Discussion

As a world-class urban agglomeration, the Yangtze River Delta urban agglomeration
has a high level of urbanization and economic development. From 2005 to 2021, the
urban development level of the Yangtze River Delta urban agglomeration increased year
by year, while the urban forest development level showed an upward trend in general,
with obvious fluctuations, lagging behind the urban development. This unsynchronized
development led to significant fluctuations in the coordination degree between them. To
further explore the evolution characteristics, a spatiotemporal analysis was conducted,
and policy formulation on the urban forests of the three provinces and one city of the
Yangtze River Delta urban agglomeration was reviewed. Among them, Shanghai showed
the highest level of coordination, indicating a virtuous cycle and coordinated development
between these two systems. With early overall planning for urban forest construction, the
policy system was gradually improved by issuing a series of regulations and management
measures on the subdivided part of the urban forest. With the limitation of land resources,
Shanghai has promoted the construction of three-dimensional greening since the early 21st
century, with the carrier from the roof to the exterior wall of buildings and elevation of roads.
Additionally, Shanghai proposed the construction of pocket parks in 2016 through the
transformation of roadside green space and sharing of public green space and introduced
relevant guidelines for construction. Thus, the combination of systematic planning and
the refined management of urban forest construction in Shanghai should be taken as a
demonstrative example of a sustainable development mode.

The development of urban forests in the other three provinces was facilitated by
the construction of the “National Forest City”. The urbanization rates of Zhejiang and
Jiangsu were less than 50% in the early 21st century and exceeded 70% in 2019. During
rapid urbanization, the construction mode of urban forests should adapt to the process of
development. On the basis of the issue of policies on urban greening and forest management
in the early stages, Zhejiang shifted its emphasis to systematic planning and the regional
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integrated construction of urban forests, promoting balanced and coordinated development.
However, the development pattern of urban forests in Jiangsu basically remained the same,
and specific policies or plans for urban forests had not been formulated by the Jiangsu
government, which led to significant fluctuations in the coordination degree between urban
development and urban forest development. Regarding Anhui, the overall development
level lagged behind the others; the urbanization rate was lower than 30% in 2000 and was
over 60% for the first time in 2022. In the early 21st century, Anhui still focused on the
economic benefits of forestry. Until approximately 2010, the planning on forestry in Anhui
had shifted the emphasis on forestry to ecological construction and integrated patterns of
urban and rural greening. The exploration of the “Forest-Chief” scheme in Anhui, initiated
in 2017, indicated the strengthening of the role of government in urban forest construction.

The coordinated development of cities and urban forests is directly related to the
security and sustainable development of urban agglomerations. Based on the research
results of this study, the following policy recommendations are put forward: (1) the
combination of systematic planning and the refined management of urban forests should
be introduced based on the different objective conditions and stages of development; (2) to
support the formulation of policies, the academic research and scientific and technological
resources in this field should be strengthened; (3) on the basis of policy promotion, it is
necessary to strengthen the internal driving force of urban forest construction by cultivating
new modes of urban forest development such as “ecology +”, “Internet +”, and “forest
+” and enhance the public’s recognition and participation in the construction of urban
forests; and (4) for integrated developing areas such as urban agglomerations, mutual
complementarity within the region should be strengthened.

The data calculation results and theoretical analysis of the research will help optimize
the treatment between cities and the environment in the process of urbanization to achieve
the goal of high-quality and sustainable development in the Yangtze River Delta urban ag-
glomeration. The research also provides data-based support for government administrators
to adjust policies on sustainable urban development.

Compared with other studies, this research is innovative. This research focuses on
urban forests and discusses the relationship between urban forests and urban development.
Through the combination of a comprehensive evaluation model and a coordination degree
model, the coordination relationship between these two systems and their spatiotemporal
characteristics are analyzed, and the factors affecting the development of urban forests are
analyzed from the perspective of policy.

Due to the complexity of the urban system and urban forest system and the limita-
tion of data, with the data before 2005 and after 2021 unable to be obtained, this paper
only preliminarily discusses the coordination degree between the urban and urban forest
development level and its influencing factors in the Yangtze River Delta urban agglom-
eration from 2005 to 2021. In the future, it is necessary to further optimize the index
system, include more perspectives, compare different urban agglomerations, and more
systematically explore the internal mechanism and influencing factors of urban and urban
forest development.

Author Contributions: Conceptualization, methodology, validation, formal analysis, writing—original
draft preparation, R.C.; writing—review and editing, X.C.; writing—review and editing, Y.L. All
authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: Data are available on request.

Conflicts of Interest: The authors declare no conflict of interest.



Sustainability 2023, 15, 15165 18 of 20

References

1. Zuo, Z.; Wen, T. Mixed landform with high-rise buildings: A spatial analysis integrating horizon-vertical dimension in natural-
human urban systems. Land Use Policy 2023, 132, 106806.

2. Hu, R,; Han, X. Toward a “Smart-Green” Future in Cities: System Dynamics Study of Megacities in China. Energies 2023, 16, 6395.
[CrossRef]

3. Ran, L.; Xiao, D.; Xue, W.; Peng, Z.; Meng, L.; Ying, Z. Relationship and driving factors between urbanization and natural
ecosystem health in China. Ecol. Indic. 2023, 147, 109972.

4. Sugawara, H.; Shimizu, S.; Takahashi, H.; Hagiwara, S.; Narita, K.-I.; Mikami, T.; Hirano, T. Thermal Influence of a Large Green
Space on a Hot Urban Environment. J. Environ. Qual. 2016, 45, 125-133. [CrossRef]

5. Jaganmohan, M.; Knapp, S.; Buchmann, C.M.; Schwarz, N. The Bigger, the Better? The Influence of Urban Green Space Design on
Cooling Effects for Residential Areas. J. Environ. Qual. 2016, 45, 134-145. [CrossRef] [PubMed]

6. Xiao, Q.; McPherson, E. Surface Water Storage Capacity of Twenty Tree Species in Davis, California. J. Environ. Qual. 2016, 45,
188-198. [CrossRef]

7. Denman, E.; May, P.; Moore, G. The Potential Role of Urban Forests in Removing Nutrients from Stormwater. J. Environ. Qual.
2016, 45, 207-214. [CrossRef]

8.  Park, C,; Schade, G. Anthropogenic and Biogenic Features of Long-Term Measured CO, Flux in North Downtown Houston,
Texas. . Environ. Qual. 2016, 45, 253-265. [CrossRef]

9. Xiao, J.; Kang, W.; Ying, S. Carbon Fixation and Oxygen Release Functions Valuation of Urban Forests—An Empirical Analysis of
Changsha City Which the Third National Forests Cities of China. Issues For. Econ. 2009, 29, 129-132.

10. Tian, X.; Hu, X.; Wu, X. A Preliminary Study on the Allocation Model of Noise-reducing Tree Species in Modern Urban Forest
Landscape in the Pearl River Delta. Environment 2006, S2, 26-27.

11. Zhang, H.; Zhao, D.; Lu, Z. Relationship between Urban Forest Structure and Bird Habitat in Autumn in Hefei City. J. Zhejiang AF
Univ. 2022, 39, 571-581.

12.  Han, M.; Li, Z. Ecological Benefits Evaluation of Urban Forest and Its Models. World For. Res. 2011, 24, 42—-46.

13.  Hao, P; Liu, Y;; Wang, C. Meta Analysis of Effects of Urban Forest Environment on Positive and Negative Emotional States. For.
Ecol. Sci. 2023, 38, 106-115.

14. Deng, J.; Arano, K,; Pierskalla, C.; McNeel, J. Linking urban forests and urban tourism: A case of Savannah, Georgia. Tour. Anal.
2010, 15, 167-181. [CrossRef]

15.  Scott, T.; Goldman, G. Estimating Economic Activity and Impacts of Urban Forestry in California with Multiple Data Sources
from the Early 1990s. Arboric. Urban For. 1996, 22, 131-143.

16.  Seo, Y. Varying Effects of Urban Tree Canopies on Residential Property Values across Neighborhoods. Sustainability 2020, 12, 4331.
[CrossRef]

17. Ram, P,; Laband, D. Energy Savings from Tree Shade. Ecol. Econ. 2010, 69, 1324-1329.

18. Love, N.; Nguyen, V.; Pawlak, C.; Pineda, A.; Reimer, J.L.; Yost, ].M.; Fricker, G.A.; Ventura, ].D.; Doremus, ].M.; Crow, T.; et al.
Diversity and Structure in California’s Urban Forest: What over Six Million Data Points Tell Us about One of the World’s Largest
Urban Forests. Urban For. Urban Green. 2022, 74, 127679. [CrossRef]

19. Wirtz, Z.; Hagerman, S.; Hauer, R.; Konijnendijk, C.C. What Makes Urban Forest Governance Successful?—A Study among
Canadian Experts. Urban For. Urban Green. 2021, 58, 126901. [CrossRef]

20. Threlfall, C.G.; Kendal, D. The Distinct Ecological and Social Roles That Wild Spaces Play in Urban Ecosystems. Urban For. Urban
Green 2018, 29, 348-356.

21. Steenberg, ].W.N.; Duinker, PN.; Nitoslawski, S.A. Ecosystem-based Management Revisited: Updating the Concepts for Urban
Forests. Landsc. Urban Plan 2019, 186, 24-35. [CrossRef]

22.  Konijnendijk, C.; Nilsson, K.; Randrup, T. Urban Forests and Trees; Springer: Berlin/Heidelberg, Germany, 2005; pp. 9-21.

23. Miller, RW. Urban Forestry; Prentice Hall: Upper Saddle River, NJ, USA, 1996.

24. Wang, M.; Miao, R. The Components of Urban Forest and Its Types. For. Res. 1997, 5, 82-87.

25. Su,].; Sun, B.; Huang, J. Development of Urban Forests with Lingnan Cultural Characteristics in Guangzhou. Trop. Geogr. 1998, 3,
216-220+231.

26. Liu, C; Li, H,; He, X. Concept Discussion and Analysis of Urban Forest. Chin. J. Ecol. 2003, 5, 146-149.

27.  Konijnendijk, C.; Ricard, R.; Kenney, A.; Randrup, T.B. Defining urban forestry—A comparative perspective of North America
and Europe. Urban For. Urban Green. 2006, 4, 93-103. [CrossRef]

28. Rowntree, A. Ecology of The Urban Forest-Introduction to Part I. Urban Ecol. 1984, 8, 1-11. [CrossRef]

29. Brack, C.L. Pollution Mitigation and Carbon Sequestration by an Urban Forest. Environ. Pollut. 2002, 116, 195-200. [CrossRef]

30. Tzoulas, K,; Korpela, K.; Venn, S.; Yli-Pelkonen, V.; Kazmierczak, A.; Niemela, J.; James, P. Promoting Ecosystem and Human

Health in Urban Areas Using Green Infrastructure: A Literature Review. Landsc. Urban Plan 2007, 81, 167-178. [CrossRef]


https://doi.org/10.3390/en16176395
https://doi.org/10.2134/jeq2015.01.0049
https://doi.org/10.2134/jeq2015.01.0062
https://www.ncbi.nlm.nih.gov/pubmed/26828169
https://doi.org/10.2134/jeq2015.02.0092
https://doi.org/10.2134/jeq2015.01.0047
https://doi.org/10.2134/jeq2015.02.0115
https://doi.org/10.3727/108354210X12724863327641
https://doi.org/10.3390/su12104331
https://doi.org/10.1016/j.ufug.2022.127679
https://doi.org/10.1016/j.ufug.2020.126901
https://doi.org/10.1016/j.landurbplan.2019.02.006
https://doi.org/10.1016/j.ufug.2005.11.003
https://doi.org/10.1016/0304-4009(84)90003-2
https://doi.org/10.1016/S0269-7491(01)00251-2
https://doi.org/10.1016/j.landurbplan.2007.02.001

Sustainability 2023, 15, 15165 19 of 20

31.

32.

33.

34.
35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

Dobbs, C.; Escobedo, FJ.; Zipperer, W.C. A Framework for Developing Urban Forest Ecosystem Services and Goods Indicators.
Landsc. Urban Plan 2011, 99, 196-206. [CrossRef]

Yan, J.; Wang, R. The Connotation and Intention of Ecocities and Ecological Development of Cities. Mod. Urban Res. 2004, 03,
33-38.

Yang, L.; Zhang, Z.; Lei, M. On the Developing Process of Conception of Urban Ecological Building. J. Nanjing Coll. Popul.
Programme Manag. 2007, 01, 63-66.

Huang, Z.; Yang, D. The Theoretical Approach of the Ecological City. City Plan. Rev. 2001, 01, 59-66.

Wu, Y,; Lang, D.; Zhang, Z. Coordinative Degree Model of Environment-Economy System and Its Application. China Popul.-Resour.
Environ. 1996, 02, 51-54.

Huang, J.; Fang, C. Analysis of Coupling Mechanism and Rules Between Urbanization and Eco-environment. Geogr. Res. 2003, 2,
211-220.

Zeng, F; Ming, Q.; Lu, B. Study on the Coupling and Coordinated Development of Urbanization and Ecological Environment in
Yunnan Province. Yunnan Geogr. Environ. Res. 2022, 34, 24-31.

Wu, Y.; Bai, L. Coupling and Coordination Measurement and Interactive Analysis of Urbanization and Environment System in
Guangxi Province. Sci. Geogr. Sin. 2011, 31, 1474-1479.

Zhu, S.; Huang, J.; Zhao, Y. Coupling Coordination Analysis of Ecosystem Services and Urban Development of Resource-based
Cities: A Case Study of Tangshan City. Ecol. Indic. 2022, 136, 108706. [CrossRef]

Sang, Q.; Zhang, P; Su, F. Coordination Degree of Urban Population, Economy, Space and Environment in Shenyang Since the
1990s. China Popul. Resour. Environ. 2008, 2, 115-119.

Yi, T.; Zhao, Y.; Wu, J. The Response of Ecological Environment and Urbanization Coupling Coordination to Ecological Red Line
Delineation: A Case Study of Shenzhen City. Ecol. Econ. 2022, 38, 182-190.

Zhang, Y.; Zhu, T.; Guo, H.; Yang, X. Analysis of the Coupling Coordination Degree of the Society-Economy-Resource-
Environment System in Urban Areas: Case Study of the Jingjinji Urban Agglomeration, China. Ecol. Indic. 2023, 146, 109851.
[CrossRef]

Su, Z.; Chen, Y.; Wu, X. Analysis of Coupling between Ecological Environment and Urbanization Characteristics in the Guangdong-
Hong Kong-Macao Greater Bay Area. Surv. Mapp. Geol. Miner. Resour. 2022, 38, 1-6.

Sun, B.; Xu, W.; Xue, J. Prediction of Coupling and Coordination Between Urbanization and Eco-environment of Urban
Agglomerations in Yellow River Basin, China. J. Earth Sci. Environ. 2021, 43, 887-896.

Li, X,; Long, X.; Qi, X. Dynamic Evolution and Analysis of Coupling Development of Economy, Society and Environment in
Yangtze River Economic Belt. Resour. Environ. Yangtze Basin 2019, 28, 505-516.

Gu, G.; Wang, J.; Liu, D. An Empirical Analysis of Coordination Relationship between Economic Development and Environment
in Northeast China. East China Econ. Manag. 2016, 30, 63-70.

Liu, Y.; Gao, M. Analysis of Coupling and Coordinated Development of Economy and Environment in Jingjinji Urban Agglomer-
ation and Its Spatio-temporal Evolution. Stat. Decis. 2019, 35, 134-137.

Shen, C.; Zhang, X.; Li, X. Revisiting the Regional Sustainable Development from the Perspective of Multi-system Factor
Flows-Evidence in the Yangtze River Delta of China. Heliyon 2023, 9, e18893. [CrossRef]

Luo, X.; Cheng, C.; Pan, Y.; Yang, T. Coupling Coordination and Influencing Factors of Land Development Intensity and Urban
Resilience of the Yangtze River Delta urban agglomeration. Water 2022, 14, 1083. [CrossRef]

Zhao, Z.; Han, E; Feng, ]. Study on Coordinative Development between Urbanization and Urban Forestry in Beijing from 2000 to
2014. Ecol. Econ. 2017, 33, 118-122.

Fang, C.; Zhou, C.; Gu, C. Theoretical Analysis of Interactive Coupled Effects Between Urbanization and Eco-environment in
Mega-urban Agglomerations. Acta Geogr. Sin. 2016, 71, 531-550. [CrossRef]

Lu, Y,; Zhou, X.; Chen, X. Analysis of the Driving Path of Urban Forest Health Development to Urban Quality Improvement in
China. World For. Res. 2020, 33, 74-79.

Deng, Z.; Zong, S.; Su, C. Research on Coupling Coordination Development between Ecological Civilization Construction and
New Urbanization and Its Driving Forces in the Yangtze River Economic Zone. Econ. Geogr. 2019, 39, 78-86.

Zhu, J.; Wang, X.; Fan, Z. Research Progress in Developing Indicators Studies for Urban Assessment. J. Chin. Urban For. 2003, 1,
36-38+43.

Liu, X.; Sun, M,; Zhu, ]. Studies on Comprehensive Evaluation Index System for Urban Forest in Shanghai. J. Fudan Univ. (Nat.
Sci.) 2004, 6, 988-994.

Lu, H.; Wang, D. Analysis and Evaluation of the Coordination for Development of Urbanization and Ecological Environment in
Shanghai from 2000 to 2009. J. Fudan Univ. (Nat. Sci.) 2004, 51, 363-369.

Li, Y.;; Zeng, Z.; Wu, Y. Study and Application of Evaluation Method of Coordinated Development of Economy-Environment
System. Syst. Eng.-Theory Pract. 2003, 5, 54-58.

Wu, W.; Niu, S. Evolutional Analysis of Coupling between Population, Resources and Environment in Gansu Province. Chin. J.
Popul. Sci. 2006, 2, 81-86+96.


https://doi.org/10.1016/j.landurbplan.2010.11.004
https://doi.org/10.1016/j.ecolind.2022.108706
https://doi.org/10.1016/j.ecolind.2022.109851
https://doi.org/10.1016/j.heliyon.2023.e18893
https://doi.org/10.3390/w14071083
https://doi.org/10.1007/s11442-017-1445-x

Sustainability 2023, 15, 15165 20 of 20

59. Qin, Z,; Zhang, J.; Luo, S. Study on Coordinative Development Between Urbanization and Eco-Environment in Guangdong
Province. Ecol. Sci. 2012, 31, 43-48.

60. Zhang, Y.; Zhang, T.; Zeng, Y.; Cheng, B.; Li, H. Designating National Forest Cities in China: Does the policy improve the urban
living environment? For. Policy Econ. 2021, 125, 102400. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1016/j.forpol.2021.102400

	Introduction 
	Research Area, Data Sources, and Research Methods 
	Overview of the Research Area 
	Data Sources 
	Research Methods 
	Construction of the Evaluation Index System 
	Comprehensive Evaluation Model 
	Coordination Degree Model 
	Coordination Level Classification 


	Results 
	Spatio-Temporal Characteristics of the Urban Development Level and Urban Forest Development Level 
	Spatial-Temporal Characteristics of the Coordination Degree between Urban Development and Urban Forest Development 
	Policy Formulation on the Urban Forest of the Yangtze River Delta Urban Agglomeration 
	Policy Formulation for the Urban Forests of Shanghai 
	Policy Formulation for the Urban Forests of Jiangsu 
	Policy Formulation for the Urban Forest of Zhejiang 
	Policy Formulation for the Urban Forests of Anhui 


	Conclusions and Discussion 
	Conclusions 
	Discussion 

	References

