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Optimal site selection strategies
for urban parks green spaces
under the joint perspective of
spatial equity and social equity

Yougiang Zhao and Peng Gong*

College of Gardening and Arts, Jiangxi Agricultural University, Nanchang, China

Urban park green spaces (UPGS) are a crucial element of social public resources
closely related to the health and well-being of urban residents, and issues of
equity have always been a focal point of concern. This study takes the downtown
area of Nanchang as an example and uses more accurate point of interest (POI)
and area of interest (AOI) data as analysis sources. The improved Gaussian two-
step floating catchment area (G2SFCA) and spatial autocorrelation models are
then used to assess the spatial and social equity in the study area, and the results
of the two assessments were coupled to determine the optimization objective
using the community as the smallest unit. Finally, the assessment results are
combined with the k-means algorithm and particle swarm algorithm (PSO)
to propose practical optimization strategies with the objectives of minimum
walking distance and maximum fairness. The results indicate (1) There are
significant differences in UPGS accessibility among residents with different
walking distances, with the more densely populated Old Town and Honggu Tan
areas having lower average accessibility and being the main areas of hidden
blindness, while the fringe areas in the northern and south-western parts of the
city are the main areas of visible blindness. (2) Overall, the UPGS accessibility in
Nanchang City exhibits a spatial pattern of decreasing from the east, south, and
west to the center. Nanchang City is in transition towards improving spatial and
social equity while achieving basic regional equity. (3) There is a spatial positive
correlation between socioeconomic level and UPGS accessibility, reflecting
certain social inequity. (4) Based on the above research results, the UPGS layout
optimization scheme was proposed, 29 new UPGS locations and regions were
identified, and the overall accessibility was improved by 2.76. The research
methodology and framework can be used as a tool to identify the underserved
areas of UPGS and optimize the spatial and social equity of UPGS, which is in
line with the current trend of urban development in the world and provides a
scientific basis for urban infrastructure planning and spatial resource allocation.

KEYWORDS

urban park green spaces, park quality, Gaussian two-step floating catchment area,
accessibility, spatial equity, social equity

1 Introduction

Urban densification has emerged as a prevailing global development trend (1), wherein
the concentration of buildings and populations exacerbates the conflict between the provision
of public resources and population demands (2). Particularly in China, ensuring an equitable
and just allocation of social public resources has become a pivotal focus in formulating urban
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development plans by the Chinese government (3). Urban park green
spaces (UPGS), as the fundamental building block of social public
resources, carry many benefits for urban ecology, economy, and
society (4-6). They provide urban residents with places for daily
activities are important in enhancing the health and well-being of
urban residents, and are regarded as a key factor in ensuring their
physical health and well-being (7). However, in high-density urban
environments, the mismatch between social supply and demand
constrains the fairness of residents’” enjoyment of UPGS resources and
undermines their right to enjoy social public resources equally (8).
Therefore, it is of great significance to study the supply-demand
relationship of UPGS and optimize the spatial layout of UPGS to
improve the well-being of residents, promote the fairness of supply-
demand, and the sustainable development of the city.

The study of UPGS equity has its origins in the “environmental
equity” movement in the United States (9). Up to now in development,
research on UPGS equity measures has undergone three stages:
territorial equality, spatial fairness, and social fairness (10). Among
these stages, territorial equality emphasizes the equitable distribution
of UPGS quantity and area in the macro-geographical space (11).
Spatial equity introduces the important indicator of accessibility,
which reflects the interrelationship between the supply of UPGS and
the demand of the population, intending to seek a balance between
the two (12). Social fairness primarily addresses disparities in UPGS
service levels among different types of residents, shifting focus from
objects to individuals (13). Overall, UPGS equity research has evolved
from the initial geographical parity to the use of accessibility modeling
to explore spatial equity, to social equity that simultaneously considers
spatial layout, group differences, and human needs (14). At this stage,
research has focused on the relationship between accessibility equity
and resident attributes, such as the fact that racial minority
communities have less access to UPGS resources and recreational
programs than white communities in some racially discriminatory US
cities (15) and that the poor have less access to UPGS than the rich in
cities with uneven regional economic development (16, 17). In
addition, statistical analyses of major cities in Germany have shown
differences in access to UPGS between groups of different genders and
different levels of education (18); some studies in China have also
disclosed that individual physical factors can lead to greater resistance
to accessing high-quality UPGS for disadvantaged groups, such as
children, the older adult, and pregnant women (19, 20). Thus, it can
be seen that there are large differences in accessibility equity and
resident attributes under different cities, and research on UPGS equity
under different cities is also necessary.

Accessibility serves as a core measure for spatial equity and
social fairness, which was first introduced in 1948 as a measure of
“human participation potential” (21) and has progressively evolved
into a critical reference factor for UPGS planning (22). Traditional
approaches to measuring UPGS accessibility include methods such
as the minimum distance approach (23), buffer analysis (24), gravity
modeling (25), network analysis (26), and the two-step floating
catchment area (2SFCA) (27). Among them, both the minimum
distance method and buffer analysis method do not consider the
actual road network. The former uses Euclidean distance as a
criterion to calculate the straight-line distance from residents to
supply points, while the latter employs a predetermined search
radius to identify the number and area of public facilities within that
radius or calculate the number of settlements within a certain service
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radius of a public facility (28). On the other hand, although the
network analysis method considers the actual road network by
calculating service range at a predetermined time or distance based
on supply points, it fails to account for supply-demand relationships.
In contrast, the gravity model method measures spatial accessibility
by summing up probabilities associated with multiple facility choices
at each demand location, taking into consideration attraction, supply
and demand impacts as well as spatial friction. However, this
approach requires complex data, and determining resistance
coeflicients is challenging (29). Based on two searches centered
around demand and supply points, respectively, using road
networks, 2SFCA builds upon the gravity model method to
determine convenience between supply and demand. It also
integrates urban public facility scale, demand scale, and distance
relationship between supply and demand (30). Nevertheless, this
method does not consider distance attenuation but defaults to
assigning an equal probability of choice for residents within the
same search range (28). To solve these problems, scholars have
introduced various forms of extensions into the 2SFCA model, and
the main directions of the extensions include the introduction of
different search radii (14), the introduction of differential traveling
modes (31), and the introduction of geographic impedance decay
functions (32). Enhanced 2SFCA based on 2SFCA (33), Variable
2SFCA (34) Gaussian 2SFCA (G2SFCA) (35), and so on appeared.
Among them, G2SFCA, compared to the other two improved
models, introduces Gaussian equations based on 2SFCA, which not
only takes into account the spatial barrier between supply and
demand points but also captures the phenomenon that people’s
willingness to travel gradually decreases with the increase of
distance. Therefore, its accessibility results are closer to the real
situation (36, 37). Thus, after comparing the existing accessibility
measurement models, we chose G2SFCA, which considers the
supply-demand equilibrium and attenuation distance, as our
measurement model to be improved. However, previous studies on
improving UPGS reachability models and measurements have some
limitations. One of the main limitations is that they mainly focus on
factors such as traveling mode, distance, and environmental
resistance while neglecting the impact of UPGS quality attributes on
residents’ probability of choice and visitor capacity. Closer and larger
UPGS facilities tend to attract more visitors and provide a better
experience for residents, and some UPGS infrastructures can also
have limitations on visitor numbers and visitor experience (36, 38).
Therefore, incorporating multidimensional UPGS quality attributes
into the accessibility measurement model can help to
comprehensively capture real-life accessibility resistance, as well as
comprehensively reveal the rationality and fairness of UPGS layout
(39). In addition, the degree of influence of UPGS quality attributes
on the level of accessibility varies widely. With reference to the
relevant literature, we eliminated subjective attributes such as
environmental quality and landscape beauty, and finally refined the
UPGS quality attributes with more objective and influential
ecological service value (ESV) and recreational facility capacities
(FCs), thus proposing a more accurate G2SFCA model (38).
Currently, most studies on the equity of urban parks and green
spaces focus on social equity (14), assessing the reasonableness of the
layout of UPGS by examining the degree of accessibility for specific
groups of residents. However, no matter which attribute of residents
is chosen as the research object, there is a specificity of the research
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FIGURE 1

The location of Nanchang City in China, the research area in Nanchang City, and the spatial distribution of UPGS.

results, which limits the generality and applicability of the research
conclusions to be applied in the construction of urban public space
systems. In contrast, spatial equity research tends to take large-scale
non-specific groups as research objects, making it difficult to
accurately grasp the needs of socially disadvantaged groups.
Combining these two perspectives can solve the spatial equity
problems of ordinary residents with minimal computational costs
while taking into account the social equity problems of special groups,
providing a new direction for optimizing the equity problems in the
construction of UPGS. As an effective tool for socio-economic
differentiation, house prices cover all urban populations, creating
opportunities for the combination of spatial and social equity. In
addition, existing social equity studies have only analyzed differences
in access to UPGS resources from the perspective of different
demographic attributes, ignoring the social inequity situation caused
by differences in economic structure. Exploring the correlation
analysis between community house prices and UPGS accessibility can
effectively fill this gap (36). Particularly in China, house prices
promote socioeconomic redistribution (40), leading to a homogeneous
agglomeration pattern of residents with similar economic conditions
in a given urban area (41-43). On this basis, this study attempts to
quantitatively assess the equity of access to urban public infrastructure
services for different socio-economic groups through spatial
autocorrelation analyses of house prices and accessibility in a
community in Nanchang, China, and to filter out the optimization
objectives under social equity. Then, the UPGS accessibility levels of
all residents were stratified and the optimization objectives under
spatial equity were screened. Finally, using the K-means algorithm and
Particle Swarm Algorithm (PSO) with minimum walking distance and
maximum fairness as the optimization principles, the two objectives
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under this spatial and social fairness are used as optimization objects,
and combined with the green space information in the local urban
land-use plan, the location and area of parks to be built are clarified,
which provide a reference for the fair distribution of high-density
urban public facilities.

Taken together, the new UPGS optimization scheme proposed in
this paper consists of three main parts. (1) Introducing the more
objective UPGS quality attribute to improve the G2SFCA model,
aiming to maximize the replication of real-life UPGS accessibility
resistance. (2) Incorporating a social fairness perspective to determine
the number of settlements to be optimized and their distribution
through the coupling of spatial and social fairness. (3) Through the
combination of the K-means algorithm and PSO as well as the
reference of land use planning layout in the study area, new UPGS
locations, and areas are created for the settlements to be optimized to
guide urban planning (See Figure 1).

2 Study area and research data

2.1 Study area

Earlier research cases on UPGS equity within China have focused
on developed coastal cities in the Yangtze River Delta and Pearl River
Delta, such as Shanghai (44, 45) and Shenzhen (46, 47). With the
increasing imbalance between the supply and demand of public
service resources within each city and the advancement of regional
economic integration, the research has been extended to inland cities
such as Changsha (41) and Wuhan (19). The expansion of the study
cases from developed to sub-developed regions is in line with the
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global trend in public resources research. This group of landlocked
cities, which are economically more underdeveloped and suffer from
a significant imbalance between the supply of and demand for public
service resources, needs to be given greater attention, as they account
for a greater number of cities globally (48).

For our case study, we chose one of China’s most representative
inland cities, Nanchang, the capital of Jiangxi Province. This UPGS
study is directly related to the development of Nanchang’s livelihoods,
as Nanchang is trying to address issues such as uneven distribution of
public resources and residential segregation (49), while actively
developing a UPGS service that is highly relevant to the city’s
inhabitants, namely the ‘Walking Living Circle. According to statistics
from the Nanchang City Planning Bureau, by the end of 2022, the per
capita area of park green space in Nanchang will be 13.05 square
meters, which is significantly lower than the national average of 14.87
square meters per capita. The large population base coupled with the
influx of a large number of foreigners has exacerbated the conflict
between supply and demand for UPGS in Nanchang (48).
Geographically, it spans from east longitude 115°27" to 116°35” and
from north latitude 28°10” to 29°11. This study takes the planning
blueprint presented by the Nanchang Urban Planning Bureau as the
research area, with a total area of 1,005km? including Donghu
District, Xihu District, Honggutan District, Qingyunpu District,
Qingshanhu District, Xinjian District, and parts of Nanchang County.
Among these, Donghu District, Xihu District, and parts of
Qingshanhu District constitute the old city center of Nanchang.
Additionally, considering that residents near the boundaries of the
study area may use UPGS beyond the internal regions, UPGS within
a 3km buffer zone around the research area is also included for
analysis purposes.

2.2 Data sources and processing

2.2.1 Park data

First, Python programming was employed to scrape the Point of
Interest (POI) directory for UPGS in Nanchang City in 2023.
Subsequently, the Baidu Maps open API was utilized to retrieve the
Area of Interest (AOI) data for UPGS. After eliminating charged or
abandoned parks and those with overlapping areas, 91 UPGS were
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acquired. Following the “Nanchang Urban Green Space System
Planning (Revised) (2015-2020)” and “England Natural Green Space
Accessibility Guidelines - Natural Green Space Accessibility
Standards;” the UPGS within the research area were categorized into
four groups based on area parameters: comprehensive parks [>25hm?,
(21)], citywide parks [5-25hm?, (44)], regional parks [2-5hm?, (14)],
and community parks [<2hm? (12)]. Referring to the existing
literature on park service radii (50, 51), walking service radii for
community, regional, citywide, and comprehensive UPGS were set as
follows: 500m, 1,000m, 2,000m, and 3,000m, respectively.
Furthermore, considering that park entrances and exits are more
scientifically relevant supply points than their geographical centers
(52, 53), 394 entries and exits for UPGS were identified through
Google Maps recognition and on-site surveys (Figure 2A). Among
these parks, due to the elongated nature of greenway-type UPGS and
the absence of barriers such as walls or hedges in most areas,
intersections between greenways and main roads were transformed
into supply points (54).

2.2.2 Road data

Download the latest road data for Nanchang City by accessing the
OpenStreetMap website,' and after topological checks, road network
matching, data correction, and elimination import it into ArcMap 10.6
for analysis.

2.2.3 Housing and population data

The Housing POI data were collected from Anjuke, one of China’s
largest platforms for second-hand housing transactions.? This dataset
includes essential information such as the names of housing
communities, latitude and longitude coordinates, construction year,
community household numbers, and housing prices (price per square
metre in RMB). After thorough filtering and cleaning processes, 3,024
residential points were obtained. Previous studies have demonstrated
that utilizing housing unit numbers and prices as proxies for regional
population distribution and residents’ economic conditions can

1 http://www.openstreetmap.org/
2 https://wuhan.anjuke.com/
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TABLE 1 Weights of GS2FCA-related indicators after improvement.

10.3389/fpubh.2024.1310340

Related Indicator Description Weights
N Area size of UPGS 0.7236
FCs Hard site area of UPGS 0.1931
ESV El(comprehensive type) =7.51, E2(city-wide type) =42.74, E3(regional type) = —8.26, E4(community type) =77.53 0.0833

significantly enhance the scientific validity and reliability of UPGS
fairness measurements (55, 56). Therefore, we employed community
housing prices to indicate residents’ financial status (Figure 2B). At the
same time, the total population was estimated by multiplying the total
number of households with administrative unit population data
(Figure 2C). The population data for administrative units were
sourced from the sixth national population census at the block level
in Nanchang City (Nanchang Statistical Bureau).

3 Research methodology

3.1 Improvements to GS2SFCA and
accessibility measurement

The G2SFCA method, which incorporates distance decay and
supply factors, is selected for computation in this study. By integrating
ESV and FCs derived from park quality into the traditional formula,
a more precise G2SFCA accessibility measurement model is
developed. The specific calculation involves three sequential steps.

The first step involves calculating the contribution ratio of the
comprehensive supply capacity of UPGS, which is based on the area
(S), ESV, and FCs. The study shows that the fragmentation of the
green landscape under urban space is an important aspect of
measuring the ecological service value of the UPGS, i.e., the more
fragmented the green space is, the worse the ecological service value
and the social service function are (57). The landscape pattern index,
as a method to quantitatively study the pattern characteristics, can
effectively respond to the degree of green space fragmentation
within the UPGS. Referring to related studies, three major
hierarchical indexes describing patches under landscape pattern:
patch spatial layout, patch shape, and patch area and density were
introduced for assessing the degree of fragmentation of Greenland
patches within the UPGS (58), in which the extraction of the degree
of the landscape of Greenland patches was based on based on China’s
first set of 1 m-resolution nationwide land cover maps (SinoLC-1)
(59). Specifically, mesh size (MESH), split index (SPLIT), aggregation
index (AI) as measures of patch spatial arrangement; weighted patch
area size (AREA_AM), average shape index (SHAPE_MN), division
index (DIVISION) as measures of patch shape; and patch density
(PD), landscape patch index (LPI), and landscape shape index (LSI)
as measures of patch area and density. Among them, AI, LPI, and
MESH are positive indices to evaluate the quality of green space
patches; PD, LSI, AREA_AM, SHAPE_MN, DIVISON and SPLIT
are negative indices to evaluate green space patches there. After
extracting each landscape pattern index, each index was standardized
with positive and negative values, and then integrated using
principal component analysis in SPSS, and finally obtained the ESV
value of each UPGS and the average value of different types of

UPGS: community-type (77.53) > citywide type
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(—8.26)
(Table 1). Furthermore, it has been well-documented that the

(42.74) > comprehensive type (7.51)>regional type
carrying capacity of FCs, as a crucial quality attribute of UPGS,
directly influences residents’ willingness to visit (36, 38) as the
central accommodation for FCs within UPGS, the area of hard
surfaces is positively correlated with the service capacity of open
spaces in most cases (60). Therefore, in this study, the scope of hard
grounds in the UPGS within the study area can be extracted as an
indicator for estimating the carrying capacity of FCs using the raster
calculator in ArcMap 10.6.

Eventually, a judgment matrix based on the De Feur method was
created through AHP (hierarchical analysis) (61) to determine the
weights of park S, ESV, and FCs (Table 1). Additionally, the consistency
ratio (CR) value obtained from this judgment matrix consistency test
was found to be 0.08, below 0.1, and thus passed the one-time test (62).

The second step involves computing the service capacity R; for each
UPGS. A corresponding spatial influence domain is established using
each entrance and exit of a UPGS as a supply point j, with j as the center
and selecting d, as the search radius. Weights are assigned using the
Gaussian equation for all resident demand points k within this domain.
Subsequently, the supply-demand ratio R; is calculated by dividing the
comprehensive supply capacity of UPGS in terms of S, ESV, and FCs
by the population of the weighted demand points (Eq. 1).

_ Sjwy +ESVjw, + FCsjws

NS o) B

ke{ dy<d,}

&

Where R; is the supply-demand ratio, S, ESV}, and FCs; are the
total area, ecological service value, and recreational facilities of the jth
UPGS, respectively; W,, W,, and W; are the weights belonging to the
above variables, respectively; d, denotes the search threshold; dj; is the
actual walking distance from the demand point k to the supply point
7 Py is the total population in the role of the domain of the residents
at the demand point k; and G(dy;d,) is the distance decay function,
and the calculation formula is shown in Eq. 2:

_lx(ﬂjz I
e 2 \d, —e 2
G(dyj.do) = T
l—e 2
0,d; = dy

,dgi < do )

In the third step, the accessibility index for each demand point is
computed. Taking demand point i as the search center, the supply-
demand ratios R; of all UPGSs in the d, spatial domain are weighted
and summed by the Gaussian function, and finally, the accessibility A;
of demand point i is obtained (Eq. 3).
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TABLE 2 Accessibility description statistics of various residential areas under different walking distances.

Walking UPGS accessibility Number of settlements Standard
distance Maximum Minimum with 0 accessibility deviation
500 147.55 0 2.626891 2,138 14.881813
1,000 193.89 0 9.249018 1,013 28.890743
2000 300.62 0 23.440792 157 44263746
3,000 389.91 0 35715331 24 49.61402
A= z [ g (dkj ,do )R J’J 3) the minimum number of UPGS required for these blind zones, and

3.2 Spatial autocorrelation

To identify the mismatch between the accessibility of UPGS and
residents’ socioeconomic levels, we utilized the GeoDa software.
We employed the bivariate local Moran’s index as a measure of spatial
autocorrelation (63), as shown in Eq. 4:

. . n .
Ly =74 Zwijz; (4)
J=1

In the equation, represents the standardized value of the
independent variable x (UPGS accessibility) for region i, Z )], represents
the standardized value of the dependent variable y (community house
prices) for region j, and wy is the spatial weight matrix between regions
i and j. The measurement results of the bivariate local Moran’s index
indicate five types of spatial local associations between UPGS
accessibility and residents’ socioeconomic status: H-H (high
accessibility, high socioeconomic level), H-L (high accessibility, low
socioeconomic level), Not significant (both variables are not essential),
L-H (low accessibility, high socioeconomic status), and L-L (low
accessibility, low socioeconomic level).

3.3 ldentification of supply blind zones

Supply blind zones refer to areas where the supply capacity of
UPGS cannot adequately meet the resident’s needs, and they are
categorized into explicit blind zones and implicit blind zones (64).
Detailed blind zones indicate regions where residents’ distribution
points cannot reach any UPGS within a 3,000 m walking distance.
Implicit blind zones refer to areas where the service range of UPGS
covers residents’ moments. Still, supply imbalances occur due to high
population density or insufficient UPGS capacity, resulting in residents
receiving a lower level of UPGS services.

3.4 Optimisation of supply blind zones
The optimization of the supply blind zones is based on the

Nanchang Land Use Master Plan and uses a combination of the
k-means algorithm and the PSO algorithm. The former determines
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the latter determines the optimal location of UPGS clusters. Among
various clustering algorithms, the k-means algorithm stands out for
its interpretability, simplicity, and efficiency when dealing with large-
scale datasets (65). We use this algorithm to cluster the main factors
affecting spatial and social equity, including spatial accessibility based
on a neighborhood scale and the degree of spatial matching of socio-
economic levels, and the number of clusters is determined based on
the maximum Euclidean distance of the paired samples in the
two-dimensional space consisting of both. The PSO algorithm is a
simulation of a simple social system such as the foraging behavior of
birds and is achieved through an iterative process of Global
optimisation. The algorithm has the advantages of simple
implementation, high accuracy, and fast convergence (66). The PSO
algorithm in this study first needs to generate a certain number of
particles based on the clustering results of the K-means algorithm,
with each particle representing a candidate UPGS siting scheme, and
then calculate the fitness of each particle by using the sum of the
products of the nearest neighbors distances between all particles as the
objective function. Then, during multiple iterations, we update the
velocity and position of each particle using the information of global
optimum and individual optimum until a predetermined iteration
limit or stopping condition is reached. The spatial location information
of a certain amount of particle numbers is finally obtained as the
UPGS pre-siting scheme. However, it is difficult to take into account
the land use information of the city in the PSO algorithm, so the final
optimization scheme is based on the principles of minimum walking
distance and maximum fairness, which is refined and evaluated by the
manual visual method knot and the results of the PSO algorithm with
the land use information of Nanchang City.

4 Results analysis

4.1 Analysis of accessibility differences at
different walking distances

In this study, an improved GS2SFCA method is employed to
calculate the accessibility of UPGS in Nanchang City. We collected
accessibility indicators of residents at different walking distances
(Table 2) and examined the distribution changes in park accessibility
(Figure 3). The standard deviation in the table represents the degree
of dispersion of UPGS accessibility, to some extent, indicating spatial
equity (39).

Results show: (1) at a walking distance of 500 meters, over
two-thirds of the residents have zero accessibility to UPGS,
indicating the lowest overall accessibility. Areas with higher
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accessibility are concentrated in the southern and eastern edge
regions. (2) When the walking distance increases to 1,000 meters,
the number of residents with zero UPGS accessibility decreases
significantly. However, the changes in UPGS accessibility in the old
city area and the central along the Ganjiang River in Honggutan
are still not pronounced. (3) With a walking distance of 2,000
meters, only one-twentieth of the residents have zero UPGS
accessibility, and areas in the old city and Honggutan started to
exhibit higher accessibility for residents. This suggests that the
planned initial UPGS service range in Nanchang City is close to
2,000 meters, and the old city and Honggutan are two areas lacking
internal UPGS supply. (4) When the walking distance extends to
3,000 meters, the number of residents with zero accessibility and
the standard deviation decreases the least, while the average UPGS
accessibility rises significantly. This indicates that changes in
walking distance contribute the least to spatial equity at this stage.
(5) In summary, UPGS accessibility for different walking distances
exhibits a similar spatial pattern. The northern and southwestern
parts of the city are cold spots, representing the main areas of
explicit blind spots, while the eastern and southern regions are hot
spots, where UPGS supply far exceeds residents demand.
Increasing residents’ walking distance results in the spread of
UPGS accessibility distribution from the periphery to the central
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area, indicating that increasing walking distance enhances UPGS
accessibility. Accessibility is positively correlated with walking
distance and the number of UPGS. The old city area and
Honggutan, with the highest population density, require most
residents to walk more than 2,000 meters to access UPGS. This
indicates a severe supply-demand imbalance in these two regions
and serves as the main areas of implicit blind spots. A walking
distance of 2,000 meters provides the most significant improvement
in spatial equity and can inform the determination of the radiation
radius for additional UPGS at a later stage.

4.2 Overall accessibility disparity analysis

To visually represent the spatial distribution of overall
accessibility in settlements, all UPGS accessibility data was overlaid
using ArcMap 10.6 and divided into intervals using the geometric
interval method to generate the UPGS comprehensive accessibility
distribution layer (Figure 4) and hierarchical statistical chart
(Figure 5), with settlements as units. In terms of geographic
distribution, it can be found that the lowest accessibility settlements
are mainly distributed in the fringe areas of settlement clusters,
such as the northern part of Qingshanhu District and the southern
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part of Honggutan District. At the same time, the lower and
medium accessibility settlements are mainly clustered in the old
urban area and the opposite bank of Honggutan District. The
possible reason for this is that residents on the edge of urban
expansion have difficulties in having their needs for urban public
infrastructure met by the government. The old city and Honggutan
District, as the former and current development centers of
Nanchang, are too densely populated, and demand exceeds supply,
the population density directly affects the degree of accessibility.
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In addition, the settlements with higher accessibility on the map
are mainly located around large UPGS. It may be that the
population size of these settlements is smaller, and the large UPGS
have more extensive areas, ESV, and FCs, resulting in an overall
higher level of accessibility for these settlements as a whole.
Overall, the total accessibility of the UPGS in the central region of
Nanchang City shows a spatial pattern of decreasing towards the
main area in the east, south, and west, consistent with the
distribution of the large UPGS.
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As depicted in Figure 5, only 24 settlements exhibit zero
accessibility, indicating that the implementation of UPGS in Nanchang
City has essentially extended to all accommodations, achieving
geographical parity. However, it is noteworthy that a significant
majority (over 80%) of settlements fall into the categories of low, lower,
and general accessibility levels. This suggests a deficiency in adequate
UPGS accessibility throughout Nanchang, resulting in spatial inequality
where limited residents enjoy most UPGS resources. Conversely,
settlements with high and higher accessibility levels comprise merely
304 and 90, respectively, but the quality of accessibility provision is
much higher than the other types. In conclusion, while achieving
geographic parity through existing UPGS construction has been
accomplished mainly in Nanchang City, future optimization should
focus on enhancing spatial equity and social fairness.

4.3 Analysis of social equity in UPGS

The GeoDa software was utilized to investigate the spatial
autocorrelation between the socioeconomic status of residents in the
study area and UPGS accessibility. The binary global Moran index for
their spatial coupling was 0.290, which passed the significance test at
0.01, indicating a positive overall spatial correlation (36). In other
words, higher economic levels in an area corresponded to greater
UPGS accessibility. Figure 6 illustrates a spatial mismatch between
socioeconomic status and UPGS accessibility in Nanchang. Specifically,
there were 192 high-high communities primarily concentrated in the
southwest region near the river greenway, suggesting a shift in
Nanchang’s economic development from its old urban area towards the
southwest. Additionally, there were 390 low-low communities mainly
located within the senior city center and on the outskirts of settlement
clusters, aligning with areas exhibiting lower accessibility; this
represents a significant imbalance in social equity. Furthermore, there
were 395 high-low neighborhoods predominantly reliant on high-high
communities due to their access to UPGS resources enjoyed by

10.3389/fpubh.2024.1310340

economically prosperous areas; finally, there were 277 low-high
neighborhoods, which are more centrally distributed and spatially
similar to the distribution of low-low communities.

5 UPGS accessibility optimization
strategies

5.1 Analysis of adding UPGS quantity and
site selection

To comprehensively balance the spatial equity and social equity of
UPGS in Nanchang, 731 residential points that require improvement
were identified by combining low accessibility residential points
(0-6.311369) with low-low type communities that exhibit a
socioeconomic mismatch. Subsequently, the K-means clustering
algorithm in Matlab (67) was employed to determine the optimal
number of UPGS through the maximum Euclidean distance in a
two-dimensional space composed of accessibility and socio-economic
adaptability levels of paired samples. After multiple iterations, the
K-means clustering curve for optimizing UPGS in Nanchang was
obtained (Figure 7A). The curve’s horizontal axis represents the number
of newly added UPGS, the vertical axis represents the average farthest
distance from sample points to cluster centers, and the slope of the curve
indicates the impact of increasing the number of cluster centers on
clustering effectiveness. Due to the construction of a “20 min walking
time circle” and the standard deviation of the accessibility under
different walking distances, it is finally confirmed that 18 new UPGS
with a radial range of 2,000 m will be added based on the original one.

The K-means algorithm addresses the issue of determining the
number of new UPGS but lacks specific location information to
guide practical planning. To overcome this limitation, we employed
the versatile and robust PSO, known for its effectiveness in highly
nonlinear and discontinuous situations (68). Therefore, the PSO in
Matlab was applied to take the spatial locations of the 18 UPGSs as
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FIGURE 6

Spatial autocorrelation between accessibility and residents’ socioeconomic status.
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the final output. The sum of the products of the population of a
settlement with weak accessibility and the distance from that
settlement to the nearest particle among the 18 particles was used
as the objective function of optimization. The spatial information
of the 18 new UPGS locations was finally obtained after nearly
2,000 iterations of the model (Figures 7B, 8A). However, the
initially designated UPGS locations were all citywide parks with a
radial range of 2,000 meters, which did not suit all areas of
Nanchang. By integrating green space information from
Nanchang’s latest planning blueprint, 18 citywide UPGS locations
were selected as reference centers for positioning, ultimately
yielding 12 community-type UPGS, 4 regional UPGS, and 13
citywide UPGS, totaling 29 UPGS (Figure 8B). Among these,
community-type UPGS primarily target areas like the old city
center characterized by complex land use and land scarcity,
adopting an “acupuncture” approach to disperse resources and
alleviate issues of high population density and associated social
inequity driven by housing prices. Regional UPGS primarily
comprise small greenways, enhancing landscape continuity by
incorporating the city’s internal river network, and their
distribution is relatively scattered. The citywide UPGS are situated
in areas boasting natural beauty, convenient transportation, and a
high concentration of nearby residents. They are primarily located
at the periphery of residential clusters, eliminating implicit and
explicit blind spots in accessibility and thus playing a crucial role
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in improving overall accessibility for residents. In summary, as
evident from Figure 8C, the radiation ranges of the newly added
UPGS substantially overlap with the existing UPGS, highlighting
that this optimization primarily focuses on addressing implicit
blind spots in accessibility, with the optimization concentrating on
the old urban area and the northern part of the Qingshanhu District.

5.2 Optimization results analysis

Figure 9A shows the improvement of spatial equity in Nanchang
by the new UPGS, which is the optimization of accessibility to both
explicit and implicit blind zones, and the overall average accessibility
rises by 2.76. However, the magnitude of the improvement varies
across walking distances, with the new UPGS increasing the
accessibility of residents at walking distances of 1,000 m and 2,000 m
the most, followed by those at walking distances of 500m and
3,000 m. This is because the new UPGS types are mainly citywide
parks with a more extensive service radius and carrying capacity
than community-based UPGS. In addition, for neighborhoods with
0 accessibility, the most excellent elimination occurs within a 500 m
walking distance and then decreases as the distance increases.
However, there are still 11 settlements with 0 accessibility not
eliminated even after increasing to 3,000 m, which may be due to the
poor connectivity of the road network in these settlements, which
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FIGURE 9
The comparison before and after UPGS optimization (A) and comparison of socioeconomic equity before and after UPGS optimization (B).

makes it difficult to solve the problem of accessibility provision by
increasing the UPGS. For these suburban settlements with poor
spatial connectivity, the focus should be on improving the service
capacity of the transport road network, which will, in turn, improve
the traveling efficiency and accessibility of the residents.

Figure 9B shows how the addition of UPGS has improved social
equity in Nanchang City, with the most significant changes being in
spatially mismatched low-low and high-low type neighborhoods.
Specifically, the number of low-low-type communities decreased from
390 to 167, while the number of high-low-type communities increased
from 395 to 752. These findings indicate a gradual reduction in the
disparity of UPGS resources resident groups enjoy across different
economic levels. Moreover, it highlights the significant impact of
optimizing UPGS on enhancing social equity in Nanchang.

6 Discussion

This study explores the optimization of UPGS in Nanchang
under the common goal of spatial and social equity and has three
primary research outcomes in the process. The first is optimizing
the accessibility calculation model using more objective and
easier-to-calculate ESVs and FCs. The second is that the selection
of optimization objectives considers both spatial and social
fairness. The third is to combine the local green space planning
of Nanchang City with the K-means algorithm and particle swarm
algorithm to target the minimum walking distance and maximum
fairness, and to propose a more suitable local optimization scheme
for UPGS.

In the allocation of public resources between multiple cities,
existing improvements to UPGS accessibility measurement models
primarily focus on reducing resistance to accessibility by incorporating
physical and environmental factors beyond city public space stations,
while neglecting the influence of UPGS’s quality attributes (52, 69).
However, a few studies on accessibility models based on quality
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attribute optimization often include subjective qualities, leading to
significant cognitive biases in determining the importance of multiple
factors (46). In contrast, we adopt the G2FCAS method with supply-
demand improvement to evaluate the accessibility and fairness of
UPGS. This approach introduces more objective factors on the supply
side of UPGS, such as ESV and FCs, which are more focused on
expressing “bottleneck” limiting factors related to visitor capacity. At
the same time, quantifying these quality attributes differs from
previous methods relying on expert evaluations or offline
questionnaires (36, 39). Instead, it utilizes landscape pattern indices
and hard surface area data as substitutes that are more transparent and
easily accessible within UPGS. Therefore, this improved accessibility
model ensures its potential replicability and convenience when
applied in other cities. On the demand side of UPGS, the area and
entrance information of the UPGS is obtained by web-crawled AOI
combined with offline research to ensure the reliability of the data
compared with manual depiction and purely offline survey (54, 58,
70); the population of the community is accepted as the product of the
population of the administrative unit accurate to the neighborhood,
and the number of households, instead of the population estimation
of the homogenized distribution with the minimum unit of the district
(71); and the socioeconomic level of the residents is obtained by using
web-crawled community house prices as the estimation index, which
ensures the heterogeneity and accuracy of each community point
compared to some social equity studies that ignore group distribution
patterns (45). In conclusion, the UPGS is statistically improved in
both supply-side and demand-side measurements and data. However,
in selecting optimization objectives, previous studies primarily
focused on accessibility under spatial equity or accessibility under
social equity, lacking a comprehensive consideration of both (23, 72).
This study used 3,024 residential points as the foundational unit of
data, overlaying both objectives for optimization, aiming to minimize
computational costs while considering spatial fairness and social
equity. Furthermore, this overlay optimization approach is not only
applicable to the socio-economic perspectives investigated in this
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experiment but also extendable to other demographic groups with
large population bases, such as educational attainment and gender.
Subsequently, a more scientifically grounded approach was employed,
combining the K-means algorithm and PSO with actual land use
considerations, aiming for enhanced equity and minimized walking
distance. Multiple iterations were conducted to determine the location
and area of new UPGS with greater practical significance, and the
validity of the optimization method was verified through measurement
statistics. This study demonstrates both the feasibility and limitations
of our accessibility measurement model within a research framework
for evaluating UPGS accessibility and equity in Nanchang City;
moreover, it highlights that this framework and methodology can
be flexibly applied to other cities utilizing reasonable data.

It is worth noting that there is still considerable flexibility in
determining the final area and location of the new UPGS. In
addition to ensuring that the k-means algorithm results closely
approximate the minimum distance in practical scenarios, it is
essential to consider the following recommendations: (1) In
densely populated and congested urban settings, new UPGS
additions should primarily take the form of community parks, with
a more significant proportion of hard surface area to enhance
UPGS accessibility and tourist capacity. Additionally, addressing
the pressure on UPGS supply can be achieved through developing
rooftop gardens or sharing certain types of open spaces (such as
those in communities and educational institutions) (73). (2) When
the k-means algorithm results are close to existing UPGS locations,
increasing the area of existing UPGS or modifying the internal
hard surface areas can enhance park service capacity. Previous
research has shown that transforming existing parks can enhance
the fairness of park resource utilization (74). (3) For suburban
residential areas with zero accessibility and poor urban
connectivity, improving the service capacity of road networks is
more effective than adding new UPGS. (4) Since the ESVs and FCs
of UPGS also affect residents’ willingness to choose and limit the
number of residents (3, 36), the service capacity of UPGS can all
be enhanced by increasing the number, type, and patch quality of
facilities within UPGS. Apart from the research outcomes, this
paper has certain limitations. First, no established metric exists in
model optimization to quantify the substitution effect of landscape
pattern indices and hard surface area in place of ESV and FCs.
Furthermore, the determination of the UPGS service radius was
made hastily. Currently, mobile phone signal data can provide the
movement trajectories of UPGS users, allowing for the
identification of more precise UPGS service radii (20, 75). Third,
other modes of transportation, such as cycling, public transit,
automobiles, and subway travel (47), were not considered. Finally,
there is still significant flexibility in determining the location of the
new UPGS. Future research could potentially involve the
development of an app that integrates local land use planning and
input regarding existing UPGS supply and demand to calculate
new UPGS location information directly.

7 Conclusion

In this study, taking Nanchang City as an example, we have
developed a systematic procedure and framework for constructing
the accessibility analysis and fairness evaluation and optimization
of UPGS based on multi-source big data. By combining the
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improved G2SFCA model with K-means and PSO algorithms,
we have obtained more accurate and, objective, and reasonable
results. Through such objective factors as landscape pattern index
and UPGS hard site area, the quality attributes ESV and FCs of the
UPGS itself are estimated and incorporated into the existing
GS2SFCA accessibility measurement model to comprehensively
analyze the spatial distribution characteristics of the accessibility
level of the UPGS in the study area. The results show that the
distribution of UPGS accessibility in Nanchang is uneven,
generally showing a spatial pattern of decreasing from east, south,
and west towards the center. The spatial autocorrelation model
between socioeconomic status and accessibility is used to uncover
the degree of spatial coupling between the two. A significant
positive correlation was found between socio-economic level and
UPGS accessibility. On this basis, the community is used as a
medium to couple the pending optimization objectives of spatial
and social equity, and 29 new UPGS with specific locations and
areas are obtained by combining the K-means algorithm with the
particle swarm algorithm based on the land use data of Nanchang
City. The optimization process is highly reliable and easy to
operate and applies to the optimization of UPGS accessibility in
other cities, which is beneficial for urban planners to develop
effective improvement strategies for poorly served communities to
achieve equity in the UPGS enjoyed by all residents within
the city,,

Data availability statement
The original contributions presented in the study are included in

the article/supplementary material, further inquiries can be directed
to the corresponding author.

Author contributions

YZ: Conceptualization, Data curation, Formal analysis,
Investigation, Methodology, Project administration, Software,
Visualization, Writing — original draft, Writing - review & editing. PG:
Funding acquisition, Resources, Supervision, Writing — review &
editing.

Funding

The author(s) declare that no financial support was received for
the research, authorship, and/or publication of this article.

Acknowledgments

Thank you to the teachers and students in the school for their help.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

frontiersin.org


https://doi.org/10.3389/fpubh.2024.1310340
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Zhao and Gong

Publisher’'s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated

References

1. Jim CY. Green-space preservation and allocation for sustainable greening of
compact cities. Cities. (2004) 21:311-20. doi: 10.1016/j.cities.2004.04.004

2. Mears M, Brindley P, Maheswaran R, Jorgensen A. Understanding the
socioeconomic equity of publicly accessible greenspace distribution: the example of
Sheffield, UK. Geoforum. (2019) 103:126-37. doi: 10.1016/j.geoforum.2019.04.016

3. Yang Y, He R, Tian G, Wang X, Fekete A, Fekete A. Equity study on Urban Park
accessibility based on improved 2SFCA method in Zhengzhou, China. Land. (2022)
11:2045. doi: 10.3390/land11112045

4. Carmona M. Place value: place quality and its impact on health, social, economic and
environmental outcomes. J Urban Des. (2019) 24:1-48. doi: 10.1080/13574809.2018.1472523

5. Chiesura A. The role of urban parks for the sustainable city. Landsc Urban Plan.
(2004) 68:129-38. doi: 10.1016/j.landurbplan.2003.08.003

6. Huang J, Lin ], Tao Z, Yang J. Evaluation of park green space accessibility in
Shenzhen from the perspective of social equity. Sci Geogr Sin. (2022) 42:896-906. doi:
10.13249/j.cnki.sgs.2022.05.015

7. Zhou CH, Zhang Y. Mini-Park layout formation method in high-density cities.
Chinese Landscape Architecture. (2021) 37:60-5. doi: 10.19775/j.cla.2021.10.0060

8. Li W, Bai Y, Zhou W, Han C, Han L. Land use significantly affects the distribution
of urban green space: case study of Shanghai, China. ] Urban Plan Dev. (2015)
141:A4014001. doi: 10.1061/(ASCE)UP.1943-5444.0000246

9. Agyeman J, Evans B. Just sustainability’: the emerging discourse of environmental
justice in Britain? Geogr J. (2004) 170:155-64. doi: 10.1111/j.0016-7398.2004.00117.x

10.Niu S, Tang XM. Research on the equity measurement of park green space
distribution in high-density urban areas—a case study of Huangpu district, Shanghai
China. Landsc Archit. (2021) 37:100-5. doi: 10.19775/j.cla.2021.10.0100

11. Jiang HY, Zhou CS, Gao JB. Advance in the equity of spatial distribution of urban
public service in western countries [J]. City Plan. Rev. (2011) 35:72-77.

12. Hansen WG. How accessibility shapes land use. J Am Inst Plann. (1959) 25:73-6.
doi: 10.1080/01944365908978307

13.Feng S, Chen L, Sun R, Feng Z, Li J, Khan MS, et al. The distribution and
accessibility of urban parks in Beijing, China: implications of social equity. Int ] Environ
Res Public Health. (2019) 16:4894. doi: 10.3390/ijerph16244894

14. Dony CC, Delmelle EM, Delmelle EC. Re-conceptualizing accessibility to parks in
multi-modal cities: a variable-width floating catchment area (VFCA) method. Landsc
Urban Plan. (2015) 143:90-9. doi: 10.1016/j.Jandurbplan.2015.06.011

15. Talen E, Anselin L. Assessing spatial equity: an evaluation of measures of accessibility
to public playgrounds. Environ Plan A. (1998) 30:595-613. doi: 10.1068/a300595

16. Talen E. Visualizing fairness: equity maps for planners. ] Am Plan Assoc. (1998)
64:22-38. doi: 10.1080/01944369808975954

17. National Recreation and Park Association. Parks & Recreation in underserved
areas: A public health perspective; National Recreation and park association: Ashburn.
USA: VA (2011).

18. Wiistemann H, Kalisch D, Kolbe J. Access to urban green space and environmental
inequalities in Germany. Landsc Urban Plan. (2017) 164:124-31. doi: 10.1016/j.
landurbplan.2017.04.002

19.Xie B, An Z, Zheng Y, Li Z. Healthy aging with parks: association between park
accessibility and the health status of older adults in urban China. Sustain Cities Soc.
(2018) 43:476-86. doi: 10.1016/j.5¢s.2018.09.010

20.Guo S, Song C, Pei T, Liu Y, Ma T, du Y, et al. Accessibility to urban parks for
elderly residents: perspectives from mobile phone data. Landsc Urban Plan. (2019)
191:103642. doi: 10.1016/j.landurbplan.2019.103642

21. Stewart JQ. Demographic gravitation: evidence and applications. Sociometry.
(1948) 11:31-58. doi: 10.2307/2785468

22.Paez A, Scott DM, Morency C. Measuring accessibility: positive and normative
implementations of various accessibility indicators. J Transp Geogr. (2012) 25:141-53.
doi: 10.1016/j.jtrange0.2012.03.016

23.Khan AA. An integrated approach to measuring potential spatial access to health
care services. Socioecon Plan Sci. (1992) 26:275-87. doi: 10.1016/0038-0121(92)90004-O

24. Nicholls S. Measuring the accessibility and equity of public parks: a case study
using GIS. Manag Leis. (2001) 6:201-19. doi: 10.1080/13606710110084651

25. McCormack GR, Rock M, Toohey AM, Hignell D. Characteristics of urban parks
associated with park use and physical activity: a review of qualitative research. Health
Place. (2010) 16:712-26. doi: 10.1016/j.healthplace.2010.03.003

Frontiers in Public Health

13

10.3389/fpubh.2024.1310340

organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

26. Miyake KK, Maroko AR, Grady KL, Maantay JA, Arno PS. Not just a walk in the
park: methodological improvements for determining environmental justice implications
of park access in new York City for the promotion of physical activity. Cities Environ.
(2010) 3:1-17. doi: 10.15365/cate.3182010

27. Radke J, Mu L. Spatial decompositions, modeling and mapping service regions to
predict access to social programs. Geographic Inf Sci. (2000) 6:105-12. doi:
10.1080/10824000009480538

28.Zhao M, Yao Z, Mao D. Spatial accessibility analysis of urban green space under
walking condition in Xinxiang main urban area based on i2SFCA. J Nanjing Forestr
Univ. (2022) 46:227.

29. Hillsdon M, Panter J, Foster C, Jones A. The relationship between access and
quality of urban green space with population physical activity. Public Health. (2006)
120:1127-32. doi: 10.1016/j.puhe.2006.10.007

30. Song ZN, Chen W, Che QJ, Zhang L. Measurement of spatial accessibility to health
care facilities and defining health professional shortage areas based on improved
potential model—a case study of rudong county in Jiangsu province. Sci Geogr Sin.
(2010) 30:213-9. doi: 10.13249/j.cnki.sgs.2010.02.013

31. Fransen K, Neutens T, De Maeyer P, Deruyter G. A commuter-based two-step
floating catchment area method for measuring spatial accessibility of daycare centers.
Health Place. (2015) 32:65-73. doi: 10.1016/j.healthplace.2015.01.002

32. Dai D, Wang E Geographic disparities in accessibility to food stores in Southwest
Mississippi. Environ Plan B. (2011) 38:659-77. doi: 10.1068/b36149

33.Luo W, Qi Y. An enhanced two-step floating catchment area (E2SFCA) method
for measuring spatial accessibility to primary care physicians. Health Place. (2009)
15:1100-7. doi: 10.1016/j.healthplace.2009.06.002

34. Luo W, Whippo T. Variable catchment sizes for the two-step floating catchment area
(2SFCA) method. Health Place. (2012) 18:789-95. doi: 10.1016/j.healthplace.2012.04.002

35.Xing L, Liu Y, Wang B, Wang Y, Liu H. An environmental justice study on spatial
access to parks for youth by using an improved 2SFCA method in Wuhan, China. Cities.
(2020) 96:102405. doi: 10.1016/j.cities.2019.102405

36. Wang Z, Li Z, Cheng H. The equity of Urban Park green space accessibility in large
Chinese cities: a case study of Wuhan City. Prog Geogr. (2022) 41:621-35. doi: 10.18306/
dlkxjz.2022.04.007

37.Dai D. Racial/ethnic and socioeconomic disparities in urban green space
accessibility: where to intervene? Landsc Urban Plan. (2011) 102:234-44. doi: 10.1016/j.
landurbplan.2011.05.002

38. Giles-Corti B, Broomhall MH, Knuiman M, Collins C, Douglas K, Ng K, et al.
Increasing walking: how important is distance to, attractiveness, and size of public open
space? Am ] Prev Med. (2005) 28:169-76. doi: 10.1016/j.amepre.2004.10.018

39. Qiu W, He LP, Zhong L, Wang S. Comprehensive evaluation of accessibility of
urban parks in Nanchang. Landscape Arch. (2023) 30:78-86.

40. Fleischer E. To choose a house means to choose a lifestyle, the consumption of
housing and class-structuration in urban China. City Society. (2007) 19:287-311.

41. Tuofu H, Qingyun H, Dongxiao Y, Xiao O. Evaluating the impact of urban blue
space accessibility on housing price: a spatial quantile regression approach applied in
Changsha, China. Front Environ Sci. (2021) 9:164. doi: 10.3389/fenvs.2021.696626

42.Long Y, Qin J, Wu Y, Wang K. Analysis of Urban Park accessibility based on space
syntax: take the urban area of Changsha City as an example. Land. (2023) 12:1061. doi:
10.3390/land12051061

43.Zhang S, Yu P, Chen Y, Jing Y, Zeng E. Accessibility of park green space in Wuhan,
China: implications for spatial equity in the post-COVID-19 era. Int ] Environ Res Public
Health. (2022) 19:5440. doi: 10.3390/ijerph19095440

44. Chen Y, Yue W, La Rosa D. Which communities have better accessibility to green
space? An investigation into environmental inequality using big data. Landsc Urban
Plan. (2020) 204:103919. doi: 10.1016/j.Jandurbplan.2020.103919

45.Xiao Y, Wang Z, Li Z, Tang Z. An assessment of urban park access in Shanghai —
implications for the social equity in urban China. Landsc Urban Plan. (2017) 157:383-93.
doi: 10.1016/j.Jandurbplan.2016.08.007

46. Xu M, Xin J, Su S, Weng M, Cai Z. Social inequalities of park accessibility in Shenzhen,
China: the role of park quality, transport modes, and hierarchical socioeconomic
characteristics. J Transp Geogr. (2017) 62:38-50. doi: 10.1016/j.jtrangeo.2017.05.010

47.Tong D, Sun Y, Xie M. Evaluation of green space accessibility based on improved
Gaussian two-step floating catchment area method: a case study of Shenzhen City,
China. China Prog Geogr. (2021) 40:1113-26. doi: 10.18306/dlkxjz.2021.07.004

frontiersin.org


https://doi.org/10.3389/fpubh.2024.1310340
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://doi.org/10.1016/j.cities.2004.04.004
https://doi.org/10.1016/j.geoforum.2019.04.016
https://doi.org/10.3390/land11112045
https://doi.org/10.1080/13574809.2018.1472523
https://doi.org/10.1016/j.landurbplan.2003.08.003
https://doi.org/10.13249/j.cnki.sgs.2022.05.015
https://doi.org/10.19775/j.cla.2021.10.0060
https://doi.org/10.1061/(ASCE)UP.1943-5444.0000246
https://doi.org/10.1111/j.0016-7398.2004.00117.x
https://doi.org/10.19775/j.cla.2021.10.0100
https://doi.org/10.1080/01944365908978307
https://doi.org/10.3390/ijerph16244894
https://doi.org/10.1016/j.landurbplan.2015.06.011
https://doi.org/10.1068/a300595
https://doi.org/10.1080/01944369808975954
https://doi.org/10.1016/j.landurbplan.2017.04.002
https://doi.org/10.1016/j.landurbplan.2017.04.002
https://doi.org/10.1016/j.scs.2018.09.010
https://doi.org/10.1016/j.landurbplan.2019.103642
https://doi.org/10.2307/2785468
https://doi.org/10.1016/j.jtrangeo.2012.03.016
https://doi.org/10.1016/0038-0121(92)90004-O
https://doi.org/10.1080/13606710110084651
https://doi.org/10.1016/j.healthplace.2010.03.003
https://doi.org/10.15365/cate.3182010
https://doi.org/10.1080/10824000009480538
https://doi.org/10.1016/j.puhe.2006.10.007
https://doi.org/10.13249/j.cnki.sgs.2010.02.013
https://doi.org/10.1016/j.healthplace.2015.01.002
https://doi.org/10.1068/b36149
https://doi.org/10.1016/j.healthplace.2009.06.002
https://doi.org/10.1016/j.healthplace.2012.04.002
https://doi.org/10.1016/j.cities.2019.102405
https://doi.org/10.18306/dlkxjz.2022.04.007
https://doi.org/10.18306/dlkxjz.2022.04.007
https://doi.org/10.1016/j.landurbplan.2011.05.002
https://doi.org/10.1016/j.landurbplan.2011.05.002
https://doi.org/10.1016/j.amepre.2004.10.018
https://doi.org/10.3389/fenvs.2021.696626
https://doi.org/10.3390/land12051061
https://doi.org/10.3390/ijerph19095440
https://doi.org/10.1016/j.landurbplan.2020.103919
https://doi.org/10.1016/j.landurbplan.2016.08.007
https://doi.org/10.1016/j.jtrangeo.2017.05.010
https://doi.org/10.18306/dlkxjz.2021.07.004

Zhao and Gong

48. Wei Y, Huang C, Li J, Xie L. An evaluation model for urban carrying capacity: a
case study of China's mega-cities. Habitat Int. (2016) 53:87-96. doi: 10.1016/j.
habitatint.2015.10.025

49. Lvshui Z, Zhongjian YIN, Chen C, Huixia HU, Hao LIU. Accessibility evaluation
and layout optimization of urban parks in Xihu District, Nanchang City based on
walking of the elderly people. ] Landscape Res. (2020) 12

50. Van Herzele A, Wiedemann T. A monitoring tool for the provision of accessible
and attractive urban green spaces. Landsc Urban Plan. (2003) 63:109-26. doi: 10.1016/
S0169-2046(02)00192-5

51.Ren J, Wang Y. Spatial accessibility of park green space in Huangpu District of
Shanghai based on modified two-step floating catchment area method. Prog Geogr.
(2021) 40:774-83. doi: 10.18306/d1kxjz.2021.05.005

52. Boone CG, Buckley GL, Grove JM, Sister C. Parks and people: an environmental
justice inquiry in Baltimore, Maryland. Ann Assoc Am Geogr. (2009) 99:767-87. doi:
10.1080/00045600903102949

53.Niu Q, Wang Y, Xia Y, Wu H, Tang X. Detailed assessment of the spatial
distribution of urban parks according to day and travel mode based on web mapping
APIL: a case study of main parks in Wuhan. Int J Environ Res Public Health. (2018)
15:1725. doi: 10.3390/ijerph15081725

54. Lu M, Liang L. Relationship between supply and demand of green open space in
Haidian District of Beijing based on accessibility. ] Beijing Forestr Univ. (2023) 45:108-19.

55. Wang F, Gao XL, Yan BQ. Research on urban spatial structure in Beijing based on
housing prices. Prog Geogr. (2014) 33:1322-31.

56. Li H, Wei YD, Wu Y, Tian G. Analyzing housing prices in Shanghai with open data:
amenity, accessibility and urban structure. Cities. (2019) 91:165-79. doi: 10.1016/j.
cities.2018.11.016

57. Weng M, Li L, Su S. Spatial data analysis case-based experimental tutorial. (2019)

58. Wu W, Ding K. Optimization strategy for parks and green spaces in Shenyang City:
improving the supply quality and accessibility. Int ] Environ Res Public Health. (2022)
19:4443. doi: 10.3390/ijerph19084443

59.Li Z, He W, Cheng M, Hu J, Yang G, Zhang H. SinoLC-1: the first 1-meter
resolution national-scale land-cover map of China created with the deep learning
framework and open-access data. Earth System Science Data Discussions. (2023)
2023:1-38.

60. Li L, Du Q Ren E, Ma X. Assessing spatial accessibility to hierarchical urban parks
by multi-types of travel distance in Shenzhen, China. Int ] Environ Res Public Health.
(2019) 16:1038. doi: 10.3390/ijerph16061038

61. Zhang J, Cheng Y, Li H, Wan Y, Zhao B. Deciphering the changes in residential
exposure to green spaces: the case of a rapidly urbanizing metropolitan region. Build
Environ. (2021) 188:107508. doi: 10.1016/j.buildenv.2020.107508

Frontiers in Public Health

14

10.3389/fpubh.2024.1310340

62.Wang ], Foley K. Assessing the performance of urban open space for
achieving sustainable and resilient cities: a pilot study of two urban parks in
Dublin, Ireland. Urban For Urban Green. (2021) 62:127180. doi: 10.1016/j.
ufug.2021.127180

63. Shiode N, Morita M, Shiode S, Okunuki KI. Urban and rural geographies of aging:
a local spatial correlation analysis of aging population measures. Urban Geogr. (2014)
35:608-28. doi: 10.1080/02723638.2014.905256

64. Zhao B, Li LL, Cao L. GIS-based analysis of city park green space service range
and layout optimization: a case study in Huagqiao international business city. Chin
Landscape Arch. (2015) 31:95-9.

65. MacQueen J., Some methods for classification and analysis of multivariate
observations, Proceedings of the fifth Berkeley symposium on mathematical statistics
and probability (1967), 1: 281-297

66. Clerc M. The swarm and the queen: Towards a deterministic and adaptive particle
swarm optimization, Proceedings of the 1999 congress on evolutionary computation-
CEC99 (cat. No. 99TH8406). IEEE, (1999), 3: 1951-1957

67.Bock HH. Clustering methods: a history of k-means algorithms, selected
contributions in data analysis and classification. Biophys Rev. (2007) 15:161-72. doi:
10.1007/978-3-540-73560-1_15

68. Liu Z, Zhang W, Wang Z. Optimal planning of charging station for electric vehicle
based on quantum PSO  algorithm(C)//Zhongguo Dianji ~Gongcheng
Xuebao(proceedings of the Chinese Society of Electrical Engineering). Chin Soc Electr
Eng. (2012) 32:39-45. doi: 10.13334/j.0258-8013.pcsee.2012.22.004

69. Zhang J. Evaluating spatial disparity of access to public parks in gated and open
communities with an improved G2SFCA model. Sustain For. (2019) 11:15910. doi:
10.3390/su11215910

70.Mu L, Xing L, Jing Y, Hu Q. Spatial optimization of park green spaces by an
improved two-step optimization model from the perspective of maximizing accessibility
equity. Land. (2023) 12:948. doi: 10.3390/1and12050948

71. Ma LB, Cao XS. A GIS-based evaluation method for accessibility of urban public
green landscape. Acta Sci Nat Univ Sunyatseni. (2006) 45:111-5.

72. Maas J, Verheij RA, Groenewegen PP, de Vries S, Spreeuwenberg P. Green space,
urbanity, and health: how strong is the relation? J Epidemiol Community Health. (2006)
60:587-92. doi: 10.1136/jech.2005.043125

73. Harnik P. Urban green: innovative parks for resurgent cities [M]. Island Press (2012).

74. Wu J], Plantinga AJ. The influence of public open space on urban spatial structure.
] Environ Econ Manag. (2003) 46:288-309. doi: 10.1016/S0095-0696(03)00023-8

75.Lin Y, Zhou Y, Lin M, Wu S, Li B. Exploring the disparities in park accessibility
through mobile phone data: evidence from Fuzhou of China. J Environ Manag. (2021)
281:111849. doi: 10.1016/j.jenvman.2020.111849

frontiersin.org


https://doi.org/10.3389/fpubh.2024.1310340
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://doi.org/10.1016/j.habitatint.2015.10.025
https://doi.org/10.1016/j.habitatint.2015.10.025
https://doi.org/10.1016/S0169-2046(02)00192-5
https://doi.org/10.1016/S0169-2046(02)00192-5
https://doi.org/10.18306/dlkxjz.2021.05.005
https://doi.org/10.1080/00045600903102949
https://doi.org/10.3390/ijerph15081725
https://doi.org/10.1016/j.cities.2018.11.016
https://doi.org/10.1016/j.cities.2018.11.016
https://doi.org/10.3390/ijerph19084443
https://doi.org/10.3390/ijerph16061038
https://doi.org/10.1016/j.buildenv.2020.107508
https://doi.org/10.1016/j.ufug.2021.127180
https://doi.org/10.1016/j.ufug.2021.127180
https://doi.org/10.1080/02723638.2014.905256
https://doi.org/10.1007/978-3-540-73560-1_15
https://doi.org/10.13334/j.0258-8013.pcsee.2012.22.004
https://doi.org/10.3390/su11215910
https://doi.org/10.3390/land12050948
https://doi.org/10.1136/jech.2005.043125
https://doi.org/10.1016/S0095-0696(03)00023-8
https://doi.org/10.1016/j.jenvman.2020.111849

	Optimal site selection strategies for urban parks green spaces under the joint perspective of spatial equity and social equity
	1 Introduction
	2 Study area and research data
	2.1 Study area
	2.2 Data sources and processing
	2.2.1 Park data
	2.2.2 Road data
	2.2.3 Housing and population data

	3 Research methodology
	3.1 Improvements to GS2SFCA and accessibility measurement
	3.2 Spatial autocorrelation
	3.3 Identification of supply blind zones
	3.4 Optimisation of supply blind zones

	4 Results analysis
	4.1 Analysis of accessibility differences at different walking distances
	4.2 Overall accessibility disparity analysis
	4.3 Analysis of social equity in UPGS

	5 UPGS accessibility optimization strategies
	5.1 Analysis of adding UPGS quantity and site selection
	5.2 Optimization results analysis

	6 Discussion
	7 Conclusion
	Data availability statement
	Author contributions

	 References

