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Abstract: Urban green space (UGS) provides a wide range of ecosystem services for human beings.
The fairness of UGS distribution has important implications for sustainable urban development and
human well-being. However, many current studies on green space fairness are limited to within
specific cities, and UGS fairness in rapidly developing metropolitan areas is still largely neglected.
This study quantifies the change in green space fairness in the Wuhan metropolitan area from 2000
to 2020 based on a long time series of land cover and population spatial distribution products. We
incorporated green space types and population distribution into the fairness evaluation framework,
quantified the value of green space ecosystem services available to people through nested buffers,
and analyzed the spatial and temporal variation of green space fairness in the study area based on
the Gini coefficient of each city. The results show that the supply of green space services in most cities
has shown a trend of “decreasing and then increasing” in the past 20 years. The fairness of green
space in three cities has shown an improving trend, and the Gini coefficient in four cities is still above
0.50 in 2020. Based on the current green space and related indicators in each city, we propose future
greening policies for each city. The methodology and conclusions of this study will help improve
future green space planning recommendations in metropolitan areas and urban agglomerations, thus
promoting regional public infrastructure coproduction and sharing.

Keywords: urban green space; fairness; Gini coefficient; ecosystem service; Wuhan metropolitan area

1. Introduction

Urbanization has become a common phenomenon worldwide. The United Nations
predicts that the global urban population will reach nearly 5 billion by 2030, and the
metropolitan land area will reach 1.5 million square kilometers [1]. Urban green space
(UGS) is an essential component of the urban landscape and the recreation of residents
which can be defined as all types of spaces in which a large amount of green vegetation
grows in the urban environment [2,3]. Numerous studies have shown that cities with
more green space per capita provide more significant health benefits and improve the
quality of life of their residents [4–6]. Ecosystem services are life-supporting goods and
services obtained directly or indirectly through the structure, processes and functions of
ecosystems [7]. Millennium Ecosystem Assessment classifies ecosystem service functions
into four major categories: provisioning services, regulating services, cultural services
and supporting services [7]. UGS can provide a variety of ecosystem services to cities [8].
The regulation services provided by UGS can mitigate the urban heat island effect [9,10],
reduce noise [11,12], improve air quality [13–15], improve soil water storage capacity and
groundwater quality [16,17], and resist urban flooding [18]. UGS’s provisioning and sup-
port services include providing food [19] and improving habitat for various organisms [20].
In addition, UGS’s sociocultural services are focused on improving residents’ physical
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and mental health and enhancing social cohesion. There is clear evidence that UGS can
attract people to participate in physical activity outdoors [21,22], and relieve the stress of
living and working. Most studies believed that increasing urban green spaces can promote
communication and connection among residents [23]. Other studies have verified UGS can
significantly reduce the probability of crime and violence [24]. Although a large number of
studies have identified UGS as important public infrastructure and a key aspect affecting
human well-being, with the increasing global urbanization and regional differences in
the level of economic development, the original UGS can no longer meet the needs of the
growing population, and there are significant differences in the green space services avail-
able to people [25,26], and these issues pose a tremendous threat to green justice [27,28].
Therefore, there is an urgent need to consider the relationship between the supply and
demand of green space and population when evaluating the equity of urban green space
and formulating UGS fairness promotion policies.

UGS fairness means that urban residents should have equal access to the ecosystem
services provided by green spaces, regardless of the city’s size, natural endowment, and
geographic location. Current research on the UGS fairness can be broadly divided into three
analytical perspectives: regional equity based on equal resources, spatial structural equity
based on residents’ demand for services, and social structural equity based on differences
in group needs [29,30]. Resource quantity parity mainly considers indicators such as green
space per capita and green space ratio [31], which does not consider the actual spatial
layout of the UGS [32]. The perspective on the equity of spatial structure mainly relies on
the advancement of GIS technology and the development of various scientific evaluation
methods, focusing on balancing public green services with the spatial distribution of the
population [26,33]. Social structural equity emphasizes the need to focus on equity in equal
access to public green space resources across gender, race, and income groups [34,35]. Like
many other developing countries in the world, China is suffering from regional develop-
ment imbalances. Quite a few cities in China are experiencing unprecedented population
migration and area expansion, and regional development faces severe inequalities in the
local population, resident income, and well-being [36]. Among the above analytical per-
spectives, the spatial equity perspective enables quantitative and objective research on
green space equity by integrating UGS distribution and population distribution [37], which
can undoubtedly provide an efficient and consistent policy framework into urban planning
and management for promoting coordinated supply in the UGS region.

Most previous quantitative studies of UGS spatial equity are based on calculating the
distance or time for residents to access public green service points from their residences,
often by delineating UGS buffers to quantify the accessibility of residents to green space
services [2,26,38,39]. Many scholars have found that UGS access thresholds can signifi-
cantly affect residents’ access to green space benefits [5,40]. A review by Browning and
Lee statistically analyzed hundreds of findings on UGS-related topics, and they found that
using nested buffers with thresholds between 1000 and 1999 m better assessed the quantify
of green vegetation people enjoy around them [41]. Based on Browning and Lee’s findings,
Zhang and Tan evaluated the relationship between UGS in nested buffers and people’s
enjoyment of the benefits of green space using the most representative sample of 1000 peo-
ple across Singapore, and they found that people’s physical and mental health showed
the use of a nested buffer was not necessary within 400 m and the strongest correlation
with UGS within a nested buffer with a threshold of 1600 m [42]. In addition, some studies
incorporate the per capita UGS indicator from the regional equity perspective into the
spatial equity evaluation system [43]. The German city of Berlin has set two different targets
between near-residential and near-development green space, which is 6 m2 of green space
per inhabitant within a near-residential area and 7 m2 per inhabitant in near-development
area [44]. The Dutch government recommends that every resident should have 60 m2 of
green space within a 500 m radius of their home [26]. Some scholars also point out that
the space for the majority of people should be considered when quantifying the equity
of green space use [3]. In terms of the trajectory of people’s daily activities, apart from
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residential areas, people spend most of the day in places where they go to school or work,
which include impermeable artificial surfaces such as office buildings, schools, factories,
and shopping malls [45]. People who are permanently in these places should also have
equal access to the services provided by the surrounding green spaces.

It is important to note that most UGS equity studies tend to quantify the green space
services available to residents based on the number of green spaces, ignoring the variability
in services provided by different types of green spaces. However, a study in Tokyo,
Japan, shows that it is the type of green space rather than the amount of green space
that has the most significant impact on human well-being [46]. A New York City survey
comparing the relationship between trees and grass and the health status of residents
showed that trees are better for physical and mental health than grass [2]. Furthermore,
green space services in existing studies usually refer to a dimension of support or socio-
cultural services [19,20,47], failing to reflect the integrated dependence of urban residents
on green spaces in a comprehensive manner. Economic valuation of green space ecosystem
services can quantify the benefits provided by different green spaces [43,46–48]. The
concept of ESV per unit area has made it possible to quantify the value of ecosystem
services for different land cover types [49,50]. Therefore, when evaluating the equity of
urban green space based on a spatial perspective, we can differentiate different types of
green space based on the ecosystem service value theory.

From the scale of research on spatial equity of UGS, most current studies are limited
to specific cities in a static time perspective [35,51,52]. Few studies focus their perspectives
on metropolitan areas under rapid development to analyze the equity of green space
in different cities within metropolitan areas or urban agglomerations. Differences in
historical policy contexts and physical geography have given rise to a range of different
development types of cities and have determined these cities’ green space planning policies
in different contexts [53,54]. In the global context of urban expansion and transformation
and upgrading, a detailed understanding of the evolution of past green spaces in different
cities is necessary for a more precise formulation of urban greening policies for the future.
Therefore, it is necessary to analyze the equity of people’s access to UGS on a larger
temporal and spatial scale [26,53]. In 2019, the Chinese government proposed to foster the
development of modern metropolitan areas with the integrated infrastructure and a shared
ecological environment [55]. As an important part of public infrastructure and ecological
environmental protection, UGS is crucial to the coordinated development of metropolitan
area regions and the enhancement of residents’ well-being. In-depth analysis of the spatial
and temporal variation of green space equity among different cities within the metro area
and rational metropolitan area green space planning and policy recommendations based on
quantitative scientific findings are essential for promoting and improving the high-quality
and sustainable development of the metro region in the future.

This paper first constructs a theoretical framework for evaluating and promoting
UGS equity in metro areas based on the perspective of human activities. Then we select
Wuhan metropolitan area (including nine cities) in central China as an empirical study
area to test the theoretical framework. Compared with the existing literature, the new
contributions of this paper are as follows: first, we proposed an integrated framework
to evaluate and improve the equity of UGS, which can be used by local governments to
quickly and objectively evaluate UGS fairness and provide corresponding urban greening
recommendations. Second, based on the ecosystem service value theory, we can quantify
green space fairness by differentiating different types of green spaces and considering the
value of services provided by green spaces in an integrated manner. Finally, the nested
buffer algorithm we designed considers the effects of multiple distances and the spatial
distribution of population activities when quantifying the Green Space Ecosystem Service
Value (GSV) around residents.
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2. Materials and Methods

According to the research background and research objectives, a research framework
was designed in this paper, including the following four steps (Figure 1): (1) reclassification
and data processing of time-series land cover and population distribution products of the
study area, and assigning values to different types of green space pixels based on ecosystem
service value theory; (2) quantifying GSV around residents at the pixel level, considering the
difference in distance from green space to artificial surfaces and the influence of population
size; (3) based on the results of the buffer analysis, calculating the Gini coefficient of green
space distribution at the city level, and analyzing the spatial and temporal changes of
green space equity in the study area; (4) suggesting future greening policies for cities in the
Wuhan metropolitan area concerning the above analysis results.

Forests 2021, 12, x FOR PEER REVIEW 4 of 16 
 

 

algorithm we designed considers the effects of multiple distances and the spatial distri-
bution of population activities when quantifying the Green Space Ecosystem Service 
Value (GSV) around residents. 

2. Materials and Methods 
According to the research background and research objectives, a research framework 

was designed in this paper, including the following four steps (Figure 1): (1) reclassifica-
tion and data processing of time-series land cover and population distribution products 
of the study area, and assigning values to different types of green space pixels based on 
ecosystem service value theory; (2) quantifying GSV around residents at the pixel level, 
considering the difference in distance from green space to artificial surfaces and the influ-
ence of population size; (3) based on the results of the buffer analysis, calculating the Gini 
coefficient of green space distribution at the city level, and analyzing the spatial and tem-
poral changes of green space equity in the study area; (4) suggesting future greening pol-
icies for cities in the Wuhan metropolitan area concerning the above analysis results. 

 
Figure 1. The research framework. 

2.1. Study Area 
The Wuhan metropolitan area is located in the middle reaches of the Yangtze and the 

eastern part of Hubei province (28°50′–31°57′ N, 112°22′–116°22′ E), with a total area of 
58,052 km2. It is the most promising and dynamic metropolitan area in central China (Fig-
ure 2). For the following reasons, this paper chooses the Wuhan metro area, the largest 
inland area in China, as the study area. First, previous case studies on UGS justice in 
China’s urban agglomerations and metropolitan regions have mainly focused on those 
relatively developed eastern regions, such as the Yangtze river delta urban agglomeration, 
the Guangdong-Hong Kong-Macao greater bay area, and the Shanghai metropolitan area 
[3,56–58]. Therefore, typical case studies of inland metropolitan areas can help enrich the 

Figure 1. The research framework.

2.1. Study Area

The Wuhan metropolitan area is located in the middle reaches of the Yangtze and
the eastern part of Hubei province (28◦50′–31◦57′ N, 112◦22′–116◦22′ E), with a total
area of 58,052 km2. It is the most promising and dynamic metropolitan area in central
China (Figure 2). For the following reasons, this paper chooses the Wuhan metro area,
the largest inland area in China, as the study area. First, previous case studies on UGS
justice in China’s urban agglomerations and metropolitan regions have mainly focused
on those relatively developed eastern regions, such as the Yangtze river delta urban
agglomeration, the Guangdong-Hong Kong-Macao greater bay area, and the Shanghai
metropolitan area [3,56–58]. Therefore, typical case studies of inland metropolitan areas
can help enrich the existing research results. Second, the Wuhan metro area is experiencing
rapid population and economic growth recently. With a resident population of 31.87 million
(55.2% of Hubei province) and a GDP of 2.63 trillion yuan (60.5% of Hubei province) in
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2020, it is significant to improve environmental justice and social equity in the city by
providing adequate urban green space services for a large number of residents. Finally,
the development within the Wuhan metropolitan area has been uneven since its inception,
with Wuhan city occupying more than one third of the metro area’s GDP and population.
In contrast, the eight surrounding cities lag far behind it, and the residents of the metro
area have long suffered from the uneven distribution of green space resources. Therefore,
achieving an equitable distribution of green space resources in the Wuhan metropolitan
area has become a primary goal of the local government.
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2.2. Data Collection and Processing

This study collected a dataset consisting of land cover data and population distribution
data for the study area. The land cover data are derived from the GlobeLand30 dataset pub-
lished by the Chinese Ministry of Natural Resources (http://www.globallandcover.com/,
accessed on 20 December 2020), which includes 10 land cover types for 2000, 2010 and
2020, namely: cultivated land, forest, grassland, shrubland, wetland (with green vegetation
growth), water bodies, tundra, artificial surfaces, bare land, permanent snow and ice. Accu-
racy validation studies in more than a dozen countries/regions worldwide have shown that
the dataset achieves an average accuracy of 80% for all three periods [59,60]. In this study,
impermeable artificial surfaces were defined as human activity areas, and cultivated land,
forest, grassland, shrubland, and wetland covered with green vegetation were classified as
green space [3,54] (Figure 3). In addition, we downloaded population distribution data
from WorldPop (https://www.worldpop.org/, accessed on 22 December 2020) covering
the study area for 2000, 2010, and 2020 with a spatial resolution of approximately 90 m.

http://www.globallandcover.com/
https://www.worldpop.org/
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The WorldPop project is a spatialized population layer that accurately depicts population
distribution and reflects information about people’s daily activities [61,62]. To match the
land cover data, we resampled the spatial resolution of the Worldpop data in the study
area to 30 m.
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2.3. Iterative Buffer-Based Quantification of GSV Around People

Distance and green space type are important factors limiting the use of green space,
and the various services provided by green space show a decreasing trend with increasing
distance in a certain spatial range. Traditional fixed buffers (circles centered on points of a
certain radius) cannot objectively express the degree to which people enjoy the surrounding
green space. Based on the literature review of nested buffers, a nested buffer algorithm
that incorporates different green space types and their different distances from the artificial
surface is designed in this study with a single artificial surface pixel as the center of the circle
(Figure 4). To quantify the ecosystem services provided by different types of green spaces,
we used a valuation method for terrestrial ecosystem services in China constructed by
Chinese scholars Xie et al. [50]. The method lists the value of ecosystem services (including
provisioning, support, cultural and social services) provided per unit area of different land
cover types [50]. The specific steps are as follows: (1) based on different green space unit
area ESV types, assign values to different types of green space pixels (Table 1). (2) Set the
initial buffer radius of the artificial surface pixel and the radius that increases with each
iteration. We set the initial radius to 400 m (about 13 pixels lengths) and the radius to be
increased by 30 m (1 pixel length) for each iteration. (3) Set the number of iterations for
nested buffer analysis. Let i (i = 0, 1, 2, 3, . . . , n) denote the iteration number. An iterative
buffer of radius 1600 m is used to quantify the GSV around the artificial surface pixel, so
the number of iterations n is set to 40. (4) Calculate the green space pixel value Gi (i = 0, 1,
2, 3, . . . , 40) covered by each buffer, and count the green space pixel value ∑40

0 Gi covered
by all buffers. (5) Average ∑40

0 Gi with the number of population distributions of a single
artificial surface pixel and calculate the GSV available to residents.

Table 1. Pixel values of different types of green space.

Type of UGS Ecosystem Service Equivalent Value Green Space Value on Pixel Level ( ESV
3.95 )

Cultivated land 3.95 1.00
Grassland and shrubland 12.38 3.13

Forest 21.19 5.36
Wetland 52.02 13.17
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2.4. Gini Coefficient-Based Green Space Fairness Measurement on City Level

The Gini coefficient is a common indicator used internationally to measure the income
gap between residents of a country or region [63]. As the most widely used index of
inequality, the Gini coefficient has a maximum value of 1 and a minimum value equal
to 0. The closer its value to 0 indicates that the income distribution tends to be more
equal [64]. The Gini coefficient was initially used in economics as a measure of the fairness
of economic income distribution. In recent years, the Gini coefficient has also been gradually
applied to evaluate the equity of spatial distribution of education [65], health [66], and
biodiversity [67]. Based on the statistical results of GSV around residents, we used the
Gini coefficient to measure the equity of green space distribution among cities in the
Wuhan metropolitan area. The Gini coefficient Gcity is calculated according to the following
formula [68].

Gcity = 1 +
1
q
−

(
2

P · q2

) q

∑
j=1

[
(q− j + 1) · Pj

]
(1)

where Gcity represents the inequity of green space distribution within the city, q is the num-
ber of artificial surface pixels within the administrative boundary of the city, Pj represents
the GSV around the inhabitants of the jth artificial surface pixel, and P is the average of the
GSV around the inhabitants within the city.

2.5. Green Space Optimization Measurement on City Level

Cities with higher green space equity do not necessarily mean that they can provide
sufficient green space for their residents. In order to provide objective and different
greening policy recommendations for each city, this study further constructs two objective
and rigorous indicators Ecity and Tcity based on Sections 2.3 and 2.4. Ecity consists of two
parameters within a single city. The first type of parameter is the mean P of GSV around
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inner-city residents based on nested buffers derived in this study, which we define as GSV
provision in a single city. The second type of parameter is the mean value F of GSV around
inner-city residents quantified based on a fixed buffer of 1600 m radius. The ratio Ecity of
the two types of parameters can quantify the optimization effect of the current green space
layout within the city. In addition, for cities where the green space provision is significantly
lower than the metropolitan area average, the greening policy focuses on optimizing
the layout of existing green space and increasing the amount of green space adjacent to
people’s activity areas. Most cities currently implement optimization of green space layout
by planting trees and grasses [14]. Given the large differences in ecosystem service values
of different green spaces, we further construct a green space optimization path indicator
Tcity based on the nested buffer algorithm in Section 2.3. This optimization path indicator
can help those cities with low GSV provision identify the types of green spaces that need
to be increased as a priority. The calculations of Tcity is shown in Formula (3). Lcity is the
mean value of GSV supply provided by forest within a single city, Ccity is the mean value
of GSV supply provided by grassland and shrubland within a single city, and Scity is the
mean value of GSV supply provided by wetland within a single city.

Ecity =
P
F

(2)

Tcity = Min
(

Lcity, Ccity, Scity
)

(3)

3. Results and Analysis
3.1. Disparities in GSV Provision on City Level

We calculated the results of GSV distribution in Wuhan metropolitan area for three
periods according to the method in Section 2.3 (Figure 5), and the pixel value represents the
GSV around each resident. Based on these results, we further analyzed the distribution of
GSV supply and its degree of variation among the nine cities in the metropolitan area. The
histogram of GSV supply on city level from 2000 to 2020 is given in Figure 6. The results
showed that there were large temporal and spatial differences in GSV provision among
cities in the Wuhan metropolitan area. The supply of GSV in most cities was significantly
lower in 2010 than in the other two years. Except for Tianmen and Xianning, the supply
of GSV in other cities showed a trend of “decreasing and then increasing” in the past
20 years. As a whole, the total GSV provision in Wuhan metropolitan area is ranked by
year: 2010 < 2000 < 2020, and the GSV provision in Xianning, located at the southern end
of the metropolitan area, has been leading in the three periods, while the GSV supply in
Wuhan, the central city, has been at the middle level in all three periods.
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3.2. Temporal and Spatial Changes of Green Space Fairness on City Level

We plotted the Gcity spatial distribution of cities in the Wuhan metropolitan area in
2000, 2010 and 2020 based on the calculation results (Figure 7). Although the total GSV
supply in the Wuhan metro area peaked in 2020, the Gcity of most cities did not decrease in
this year, but increased slightly. Figure 8 shows the city-level Gcity histogram from 2000 to
2020. Overall, the Gcity maximum value appears in Wuhan in 2020, indicating that its urban
green space equity is the worst among all cities in the last three periods, while the minimum
value appears in Tianmen in 2000, indicating that its equity is optimal. From 2000 to 2020,
the Gini coefficients of Tianmen, Wuhan and Qianjiang, increased year by year, indicating
a decreasing trend of fairness in these cities, and only three cities (Xiaogan, Huanggang
and Ezhou) showed an improving trend of green space fairness (Gini coefficient decreased
year by year).
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3.3. Green Space Policy Recommendations for Different Cities

Based on the results of the GSV supply and equity indicators at the city level, this
study analyzed and compared the Ecity and Tcity indicator values of each city to identify the
current problems in the distribution of green space in each city and to develop strategies
for future green space planning (Table 2). For example, Huanggang and Xianning, which
have high GSV provision but low equity and poor green space layout optimization, should
tilt their future green space resources toward areas with low GSV values for residents.
On the other hand, for cities with better green space equity and layout optimization but
GSV provision far behind the metropolitan area average, such as Tianmen and Qianjiang,
these cities should gradually expand tree planting and wetland development in the future
without changing the current green space layout.

Table 2. Statistical indicators and future policy recommendations for different cities.

Cities GSV Provision
for 2020 (×103) Gcity for 2020 Ecity for 2020 Tcity for 2020 Policy Recommendations

Average value 135.68 0.52 10.71 − −

Xiaogan 62.00 0.46 9.19 Ccity
Increase GSV and optimization

and plant grass and bush

Huanggang 289.21 0.55 6.93 − Improve fairness and
optimization

Tianmen 50.31 0.43 14.52 Lcity Increase GSV and plant trees

Wuhan 77.44 0.72 8.92 Ccity

Increase GSV and Improve
fairness and optimization and

plant grass and bush

Qianjiang 60.93 0.44 14.57 Scity
Increase GSV and increase

wetland
Xiantao 57.33 0.46 13.95 Lcity Increase GSV and plant trees

Ezhou 45.85 0.41 12.64 Ccity
Increase GSV and plant grass

and bush

Huangshi 219.52 0.60 8.80 − Improve fairness and
optimization

Xianning 358.51 0.59 6.86 − Improve fairness and
optimization
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4. Discussion
4.1. Quantification of UGS from a ESV Perspective

In general, the services provided by different types of green spaces to humans vary
significantly. People often perceive and evaluate green spaces based on the services
provided by different UGS; for example, some studies have found that the frequency
with which people visit open spaces varies with the type of green space and landscape
characteristics [48,69]. However, most existing studies evaluated the equity of green spaces
singly from the perspective of the UGS area [3,26] or the view of support or sociocultural
services [46,47]. Those studies could hardly reflect the dependency of urban systems on
UGS in a true and multidimensional way. The multiple services provided by UGS, such
as support, provisioning, and sociocultural services, fall under the category of ecosystem
services. The monetary quantification of ecosystem services has been fruitful in recent
years. Therefore, to make the research results more objective and rigorous, we applied
the value of ecosystem services to quantify the services provided by different types of
green spaces.

4.2. Comparison in Fairness under Demographic Factors

Previous research on the UGS fairness has centered on a socioeconomic perspec-
tive [35,70]. However, as one of the important influencing factors affecting green space
equity, few studies have spatially considered the impact of population size on green space
fairness. Even fewer quantitative studies on green space fairness are based on fine-grained
data on spatial population distribution. Existing studies spatially treat artificial surface
pixels as human activity areas and treat different types of artificial surfaces (e.g., factories,
schools, residential areas) equally [3]. However, the reality is quite different, where hu-
man activity areas with lower population numbers undoubtedly enjoy more green space
services in a similar green space layout scenario. Here, we remove the population factor
to obtain the corresponding findings and then compare and analyze the differences in
green space equity between cities in 2020 under the two scenarios (Figure 9). The results
show that the differences in green space equity between the two scenarios are significant.
After disregarding the population factor, the Gini coefficients of most cities in the Wuhan
metropolitan area experienced a certain increase and were mostly concentrated in the range
of 0.50 to 0.70.
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4.3. Differences in Research Perspectives between China and Developed Countries

Most previous studies on UGS equity have focused on more urbanized countries [26,71]
and wealthy cities [53,72] in North America and Europe. These UGS equity studies focus on
the rights of low-income and minority groups to access UGS services and highlight public
participation mechanisms in their recommendations for improving UGS equity [36,39,52].
However, studies on UGS equity in those less urbanized and economically underdeveloped
areas are still relatively lacking. Unlike some developed cities in Europe and the United
States, specific factors such as natural endowments, land policies, and significant strategic
development plans influence UGS equity in China’s regional development process [73].
China is a developing country with a vast territory and a large population. Its central
and eastern cities are in a rapid growth phase, and these rapidly urbanizing regions are
currently facing severe UGS imbalances. The Chinese government has been taking policy
measures to alleviate such inequities [36]. Thus, the research perspective of UGS equity in
this paper is based on the latest national strategic planning of metropolitan area integration
construction and regional balanced development. This paper focuses on some top-down
policy recommendations to improve the current situation of inequitable UGS in the Wuhan
metro area and achieve balanced regional development in the Wuhan metro area based
on the position of local governments. This paper’s research methods and findings could
be a reference for promoting regional integration and formulating UGS equity policies
in other metropolitan areas in China and research on UGS equity in other developing
countries and regions with uneven regional development. It is worth noting that the
relevant policy research of UGS should further draw on the useful results of bottom-up
and public participation in Europe and the United States, and other countries.

4.4. Contributions and Limitations of this Study

The scarcity of UGS can lead to inadequate ecosystem services, which in turn affects
the well-being of residents. As the largest developing country, the central government
of China has proposed a series of strategic goals for sustainable and coordinated urban
development, involving the construction of ecologically civilized cities, green cities, and
sponge cities. However, due to the core orientation of economic development by various
local governments in the past and the lack of effective monitoring mechanisms, the effects
received by these policies are usually limited. Central China has long suffered from the
dilemma that economic development and equitable resource distribution play against
each other. For example, as the core economic zone of the metro area in central China,
Wuhan brings together many population and industrial resources from neighboring cities.
Yet, its uneven construction of public infrastructure services has seriously lagged behind
the city’s development. In the context of China’s current efforts to establish a number of
inclusive cities that attract global talent and investment by formulating the territorial space
planning for different administrative levels of the country, it is crucial to use territorial
space planning to strengthen the control of urban green space planning and thus improve
the UGS fairness. In February 2021, the Ministry of Natural Resources of China officially
released the draft of the “Regulations for the preparation of territorial spatial planning
in metropolitan areas” for public consultation, which focuses on promoting the common
construction and sharing of regional infrastructure [74]. Therefore, it is important to study
the spatial and temporal changes of green space equity in the Wuhan metropolitan area
in the past 20 years, especially to propose corresponding policy recommendations for
different cities to improve the equity of green space allocation.

This study attempted to construct a simple and easy-to-use theoretical framework to
evaluate the level of UGS fairness and its improvement measures at the city level, using
long-time series remote sensing images from a rich source and easily accessible database.
Therefore, this study will benefit those developing countries and regions undergoing
unbalanced UGS development and urgently need to promote the equitable sharing of UGS
in a quick and easy way.
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However, there is still a certain degree of deficiency in this paper. Due to the limitation
of the spatial resolution of the long-time remote sensing impact obtained for free, the land
cover data we got did not take into account the UGS less than 900 m2 in size. Therefore,
some small and micro-sized parks, including community parks, private gardens, and road-
side green belts, may be excluded from our study, which will undoubtedly lead to some bias
in our findings. To overcome this limitation, we will combine higher precision multisource
data for coverage analysis to consider small parks and green belts in future studies.

5. Conclusions

This study quantifies the changes of green space equity in Wuhan metropolitan
area from 2000 to 2020 based on long time series land cover data and population spatial
distribution data. The results show that there are significant differences in fairness among
different cities, and the fairness of the same city shows large ups and downs in the last
20 years, and most of the cities have not achieved better results in guaranteeing residents’
access to adequate amount of UGS services and improving fairness while developing at a
high rate. We further suggest future UGS planning for each city based on the current status
of each city’s green space. This study has some theoretical value for public infrastructure
planning in metropolitan areas and urban agglomerations, and future research work should
consider numerous small and micro-sized green spaces. In addition, since metropolitan
areas are an important part of the formation and development of urban agglomerations,
the next relevant research can be considered within the context of urban agglomerations.
With the current open-source and free multisource global land cover and population spatial
distribution products, we can successfully achieve this goal.
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