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Abstract: The urban park is the main leisure and entertainment place in residents’ daily lives. The
accessibility of parks is closely related to the physical and mental health of the residents. Although
many scholars have conducted a great deal of research on the spatial accessibility of urban parks,
they have rarely considered the supply competition among different parks and the impact of multiple
travel modes on the spatial accessibility of parks. Therefore, based on Baidu map navigation data, in
this paper, the park Baidu score is used to represent the competitive relationship among different
parks, and the impact of multiple travel modes on the spatial accessibility of parks is considered. A
supply competition and multiple travel modes Gaussian two-step floating catchment area (SCM-
G2SFCA) model is established to evaluate the spatial accessibility of the parks in the Wuhou District,
Chengdu, China. The results show that (1) compared with traditional methods, the SCM-G2SFCA
model can obtain more accurate results using Baidu map navigation data. (2) There are obvious
spatial differences in the accessibility distribution of the parks in the Wuhou District, Chengdu,
with high accessibility in the south and low accessibility in the north. The Jinyang and Huaxing
sub-districts in the southern suburbs have the highest park accessibility and can obtain more adequate
park services. The Fangcaojie and Cujin sub-districts in the northern urban areas have the lowest
park accessibility and are relatively lacking in park services. The research results of this study have
important reference value for the rational planning of urban parks and the improvement of the spatial
accessibility of urban parks in the Wuhou District of Chengdu and similar urban areas.

Keywords: Baidu map navigation data; park Baidu score; supply competition; multiple travel modes;
SCM-G2SFCA; spatial accessibility

1. Introduction

Urban parks are a key element of urban greening and low-carbon emission reduction,
and they play an important role in recreation and support urban ecological integrity [1,2].
Numerous studies have shown that parks are the main leisure and entertainment place for
residents, are an important medium for residents to interact with the natural environment,
and affect the physical and mental health of residents [3-5]. The participation of residents
in daily exercise in parks can effectively promote physical health, improve physical fitness,
reduce the incidence of cardiovascular disease and obesity, and play an important role in
the health of residents [6—8]. Therefore, studying the spatial distribution of urban parks
and the actual service efficiency can help assess whether urban parks meet the actual living
needs of residents and can assist relevant departments in planning and improving the
distribution of urban parks [9,10]. The spatial distribution of urban parks is usually related
to the difficulty of reaching public facilities, and accessibility is generally used to measure
the spatial distribution of urban parks. Accessibility assessments measure the access, cost,
and ease of access to parks [11]. Therefore, studying the spatial accessibility of urban parks
is of great significance to economic development and public health [1,12].
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Spatial accessibility refers to the size of the interaction opportunity of each node
in the transportation network, which can be measured using the travel distance and
time [13]. The level of accessibility determines the closeness of the social transportation
and the economic connection between the origin and the destination, and it also reflects
the convenience of travel for residents in the area, affecting the economic development
of the area and the happiness of residents, which is a key factor for measuring the space
fairness of public service facilities [14,15]. Therefore, spatial accessibility has received
extensive attention from scholars in China and abroad. From the perspective of passenger
flow, Cui et al. used machine learning and linear regression models to evaluate public
transportation accessibility and to improve the efficiency of public transportation [16].
Aiming at the road impedance problem, Hou et al. proposed a travel time function based
on micro-traffic simulation, using which they more accurately predicted the travel time
and evaluated the post-disaster traffic demand in Colorado [17]. To study the relationship
between the spatial accessibility and service radius, several scholars have carried out
research on distance attenuation and the search radius [18-23]. Wang et al. used a distance
attenuation function to represent the trend of the weight attenuation with increasing
distance, which improved the distribution and supply of medical care [24]. Luo et al.
proposed a variable radius based two-step floating catchment area (V2SFCA) method
for the single search radius problem, which reduces the accessibility error by changing
the search radius [25]. McGrail et al. proposed a dynamic search radius 2SFCA method
(D2SFCA), which calculates the facility service capacity based on the population density,
to assess the medical accessibility in rural Australia [26]. The abovementioned studies
mainly improved the accuracy of the accessibility by simulating the effects of the distance
attenuation and search radius. However, several important factors affecting the spatial
accessibility have rarely been addressed.

Therefore, to more accurately and comprehensively evaluate the spatial accessibility,
several scholars have researched factors that affect spatial accessibility, such as the supply
relationships, travel modes, and personal preferences [27-33]. From the perspective of
facility service competition, Wan et al. proposed a three-step floating catchment area
(B3SFCA) method to evaluate the accessibility of medical spaces in Texas [27]. Luo et al.
comprehensively considered the impacts of travel cost and park service capacity on travel
choices and proposed a Huff 2SFCA (Huff2SFCA) method, which effectively alleviated
people’s demand for park services [28]. Shao et al. proposed a supply and demand
adjustment 2SFCA (SDA-2SFCA) method according to the number of doctors and the
demand population, which better reflects the actual supply and demand for medical
services [29]. Considering the impact of travel behavior on park accessibility, Fransen
et al. proposed a commuter-based 2SFCA (CB2SFCA) method to evaluate the spatial
accessibility in Flanders [30]. Hu et al. assessed the spatial differences between parks
and the population in Changchun, China, based on three travel modes (walking, public
transportation, and driving) [31]. Considering the travel behavior, mode choice, speed, and
travel time, Zhang et al. proposed a travel behavior-based G2SFCA (TB-G2SFCA) method
to evaluate park accessibility in Nanjing, China [32]. On this basis, Li et al. evaluated
the spatial aggregation pattern of park accessibility in central Nanjing from a community
perspective [33]. The abovementioned studies mainly focused on a single factor, such as
supply, demand competition or travel modes, to conduct detailed research on accessibility,
but few comprehensively consider the impact of multiple factors on the spatial accessibility,
and thus, their research results are not sufficiently comprehensive.

In this study, multiple travel modes (driving, public transportation, riding, and walk-
ing) were combined to consider the competitive relationship among different parks based
on public road data, Baidu map navigation data, and park Baidu score data in the Wuhou
District, Chengdu City, Sichuan Province, China. A supply competition and multiple
travel modes Gaussian 2SFCA (SCM-G2SFCA) model was established to comprehensively
evaluate the accessibility of urban parks in the Wuhou District and to analyze the spatial
accessibility of the parks in 17 sub-districts of the Wuhou District. The main contributions
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of this study are as follows. (1) Baidu map navigation data were used to more realistically
simulate people’s travel information. (2) Based on the park Baidu score and various travel
modes, an SCM-G2SFCA model was established to evaluate the spatial accessibility of
urban parks more realistically and comprehensively. (3) Empirical verification was carried
out in Wuhou District, Chengdu City, Sichuan Province, China. The research results provide
data support and a reference for the rational planning of the distribution of urban parks
in the Wuhou District and similar urban areas and for improving the efficiency of urban
park services.

2. Materials and Methods
2.1. Study Area

The Wuhou District is the urban area of Chengdu City, Sichuan Province, China. It is
named after the Wuhou Temple within the territory. The Wuhou District (30°34'-30°39’ N,
103°56'-104°05" E) is located in the center of Chengdu, faces the Jinjiang District across the
river to the east, is adjacent to the Qingyang District to the north, borders the Shuangliu
District to the southwest, and is connected to the Gaoxin District to the southeast. It is
about 13 km long from east to west and 10 km wide from north to south, with a total area
of 76.36 km?. The Wuhou District is flat and slightly inclined from northwest to southeast.
The administrative area is butterfly-shaped, with an average altitude of 570.50 m (Figure 1).
By the end of 2020, the permanent population of the Wuhou District was 1,206,568 people.
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Figure 1. The study Area: the Wuhou District.

2.2. Data Sources

The data used in this study mainly included Baidu map navigation data (derived from
the Baidu map application programming interface, https:/ /Ibsyun.baidu.com/, accessed
on 8 August 2022), parks, residential areas, population, road network, and other data
(Figure 2). Data for 902 residential areas and 31 parks in the Wuhou District, Chengdu,
China, were collected, and the park Baidu score was obtained. The population data were
derived from China’s seventh census data, and the permanent population of each residential
area was divided according to the areas of the 902 residential areas. Inspired by a previous
study [34], the road network, residential area, and park entrances and exits were used to
obtain a more realistic spatial accessibility of the urban parks. Taking the centroids of the
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residential area and park as the origin and destination, the planning path function of the
Baidu map navigation data was used to realize travel from the entrances and exits of the
residential areas and parks. Therefore, to enable the Baidu map navigation data to select
suitable entrances and exits and formulate the best travel route, in this study, the centroids
of residential areas and parks were used as the supply locations.
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Figure 2. Data sources.

The travel mode is an essential factor in measuring the spatial accessibility of urban
parks. Residents’ choices of different travel modes determine the travel time cost from the
residential area to the park. According to a previous study [35], we obtained the proportion
and frequency of the travel modes in the main urban area of Chengdu, Sichuan Province,
China (Table 1). Among them, driving accounted for 25.7% of the total sample, public
transportation accounted for 43.2%, riding accounted for 8.6%, and walking accounted for
22.5%. Table 1 shows that public transportation has accounted for the highest proportion
and was the primary travel mode.
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Table 1. Travel modes.

Travel Mode Driving Public Transportation Riding Walking
Proportion 25.7% 43.2% 8.6% 22.5%
2.3. Methods

In this study, Baidu map navigation data, park data, residential area data, and park
Baidu score data were used as the input data. According to the centroid coordinates
of the residential areas and parks, the path planning of the Baidu map navigation data
was established to determine the travel factors of the four travel modes (driving, public
transportation, riding, and walking). Then, according to the population of the residential
area, the park area, and the park Baidu score, the supply-to-demand ratio of each park was
determined. Based on the G2SFCA method, a supply competition G2SFCA method was
established to obtain the spatial accessibility of the parks via the four travel modes. Finally,
according to the proportions of the travel modes in the daily travel, a supply competition and
multiple travel mode G2SFCA (SCM-G2SFCA) model was established to obtain the spatial
accessibility of the parks in the study area. In addition, the spatial accessibility distribution
of the urban parks was investigated in depth. Figure 3 presents the technical framework of
the spatial accessibility research on urban parks based on the SCM-G2SFCA model.
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Figure 3. The technical framework of the spatial accessibility research on urban parks based on the
SCM-G2SFCA model.



Int. |. Environ. Res. Public Health 2023, 20, 714 60f 17

2.3.1. G2SFCA Method

The G2SFCA method is based on the 2SFCA model and uses the Gaussian function as
the distance attenuation function to obtain more realistic accessibility results [21,22].

The 2SFCA method is as follows. (1) For each supply location of a park j, all of the
demand locations of residential areas k that are within the threshold travel distance d
from location j are searched, and the supply-demand ratio R; is calculated. (2) For each
demand location of residential areas i, all of the supply locations of parks j that are within
a threshold travel distance dj are searched, and all of the supply-demand ratios R; are
summed to obtain the accessibility A; of the residential area i. According to previous
studies [36,37], the formulas of the 2SFCA method are as follows:

Ri= (1)
g A"
m
Ai = je{dij<do} Rj )

where i is the demand location of the residential areas, j is the supply location of the parks,
Aj is the accessibility of demand location i calculated using the 2SFCA method, d; is the
distance between demand location i and supply location j, R; is the ratio of the facility size
of supply location j to the population served within the threshold travel distance dy, S; is
the supply scale of supply location j, and Dy, is the demand scale of demand location .

The G2SFCA method uses a Gaussian function as the distance attenuation func-
tion within the threshold travel distance of the 2SFCA method. According to a previous
study [22], the formulas of the G2SFCA method are as follows:

S

R: — J 3)
] k
Eie{di/‘fdo} Dk X G(dl])
m
Ap = Z]‘e{d,-jgdo} Rj x G(djj) @)
*(1/2)><(di/'/d0)27 —(1/2)
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where G(dij) is the Gaussian distance attenuation function from demand location i to
supply location j.

2.3.2. G2SFCA Method Based on Supply Competition

Inspired by the study of Shao et al. [29], considering the competitive relationship be-
tween different parks, in this study, a supply competition G2SFCA method was developed
based on the G2SFCA method. This model replaces the travel distance of the G2SFCA
method with the actual travel time from the Baidu map navigation data and uses the park
Baidu score to represent the competitive relationship among the different parks. The park
Baidu score is a total score evaluated by residents based on the park area, greening, service
facilities, and parking location, and it reflects the popularity of each park. In this study, the
park Baidu score was taken as the weight of the supply location, which indicates the com-
petitive relationship among the supply locations. The formulas of the supply competition
G2SFCA method are as follows:

S] X I/V']
Rj= D
Zie{t,‘jﬁt(]} kX G(tl])

(6)

Ai = Yic(ryzm) i % G(t) @
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where W; is the weight of the supply point, ; is the travel time from the Baidu map
navigation data from demand location 7 to supply location j, t( is the time threshold, and
G (t,'j) is the Gaussian attenuation function of the travel time from demand location i to
supply location j.

2.3.3. SCM-G2SFCA Model

The residents’ choice of travel mode is also a significant factor affecting the accuracy of
the spatial accessibility of urban parks. Inspired by previous studies [32,33], based on the
supply competition G2SFCA method, in this study, we comprehensively considered four
travel modes, i.e., driving, public transportation, riding, and walking. The proportion of
four travel modes is obtained, and the proportion is used as the weight of the accessibility
of travel modes. Weighting the accessibility of different travel modes, a supply competition
and multiple travel modes G2SFCA (SCM-G2SFCA) model is obtained. The formulas of
the SCM-G2SFCA model are as follows:

Rern = k S] . ‘/VJ (9)
Yie (tyan, <to) Dk % G (i1, )
m
Aidy = Ve, <10 Ridt X G (tij1,) (10)
I 2
~hx(B) 1y
¢ 0 —e 2 .. <
G(tijm,) = Y Jigm, St (11)
O 7 tij,M;1 > t()
A=Y Wi, X Ay, (12)

where tj; 5, is the travel time of travel mode M;;, Wy, is the proportion of travel mode
My, in daily travel, G (t;um,) is the Gaussian time attenuation function of travel mode My,
Rj m, is the supply-to-demand ratio of travel mode My, A; w1, is the spatial accessibility of
travel mode M,,, and A is the park’s spatial accessibility for the four travel modes.

3. Results
3.1. Park Spatial Accessibility Analysis of a Single Mode Based on the Supply Competition
G2SFCA Method

To explore the differences in the park accessibility among the four travel modes, in
this study, the supply competition G2SFCA method was used to compare the spatial
accessibility of the parks for each travel mode. According to the Sichuan Daily ranking of
100 cities’ travel time in 2021, the average travel time in Chengdu is 39 min, and the average
travel distance is 9.1 km. Therefore, in this study, the threshold travel time was set to
39 min. Taking Shenxianshu Park in the center of the study area as the origin, the threshold
travel time of the four travel modes in 39 min is shown in Figure 4. As can be seen from
Figure 4, at the fastest driving speed, all of the residential areas within the study area can
be reached within 39 min. The speed of walking is the slowest, and the residential areas
within about 2.7 km around Shenxianshu Park can be reached within 39 min. The speed of
riding is moderate, and the residential areas within about 7 km around Shenxianshu Park
can be reached within 39 min. Public transportation is greatly affected by the distributions
of the subway system and bus lines, and the residential areas along the subway and bus
lines can be reached.
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Figure 4. The search radius.

Based on the supply competition G2SFCA method, in this study, the spatial accessibil-
ity of the park in residential areas was calculated. The kriging interpolation method was
used to obtain the spatial distribution of the park accessibility in the study area (Figure 5).
Figure 5a shows the spatial distribution of the park accessibility for the driving mode.
Residents can get to the park faster because the driving mode has the fastest speed and a
shorter travel time. The spatial accessibility of the parks is high, and the accessibility factor
is above 1.26. Therefore, all of the residential areas can obtain better park services. Figure 5b
shows the spatial distribution of the park accessibility for the public transportation mode.
Compared with the driving mode, the public transportation mode is greatly affected by
the distributions of the subway system and bus lines, and the traffic conditions in the
residential areas around the subway and bus lines are better. The park accessibility around
Shiyangchang and Guixi in the southeastern part of the study area is higher, and sufficient
park services can be obtained. By contrast, the park accessibility around Fangcaojie and
Cujin in the north is the lowest, and park services are relatively scarce. Figure 5c,d show
the spatial distributions of the park accessibility for the riding and walking modes. The
park accessibility in the northern part of the study area is low, and the park accessibility in
the southeast is higher. Residential areas with a park accessibility of 0 cannot obtain park
services within 39 min in the northern part of the study area. The results show that there are
obvious spatial differences in the distribution of the park accessibility in the study area. For
example, the northern part of the study area is the central urban area of Chengdu City. Its
traffic patterns are very developed, but the park area is small, the number is scare, and the
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park accessibility is low. The southern part of the study area contains the two parks with
the largest area in the Wuhou District, Jincheng Park, the Guixi Ecological Park, and other
parks, and thus, this area has the highest park accessibility and adequate park services.

Legend
[ sub-district
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- 262
- 1.6 0051 2 3 4km

(a) Accessibility of driving

Legend
[ sub-district

Accessibility

- 16.20
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(b) Accessibility of public transportation
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(c) Accessibility of riding

(d) Accessibility of walking

Figure 5. Park accessibility based on supply competition G2SFCA method.
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3.2. Analysis of Park Spatial Accessibility Based on the SCM-G2SFCA Model

Residents generally do not use only one travel mode in their daily travel. Therefore,
in this study, multiple travel modes were considered to establish an SCM-G2SFCA model
to further explore the park spatial accessibility in daily travel and to obtain the spatial
distribution of the park accessibility in the study area (Figure 6). Figure 6 shows that
the minimum comprehensive park spatial accessibility in the study area is 0.62. These
areas are mainly located in the northern and northwestern urban areas, in which park
services are relatively scarce. The maximum comprehensive park spatial accessibility is
8.99. These areas are mainly distributed in several large park clusters in the southeastern
part of the study area, which have sufficient park services. The comprehensive park spatial
accessibility is greater than 0 in the study area. Residents can obtain park services within
39 min of daily travel in the study area.

Legend
[ ] Sub-district

Accessibility

- 8.99

0:0:5 1 2 3 4
- 0.62 I ki

Figure 6. Park spatial accessibility based on SCM-G2SFCA model.

In order to further explore the advantages of the SCM-G2SFCA model, the Euclidean
distance G2SFCA method is used for comparison. In this study, the Euclidean distance
G2SFCA method is used to calculate the park accessibility of each residential area, and the
Kriging interpolation method is used to obtain the park spatial accessibility in the study
area (Figure 7). Compared with the SCM-G2SFCA model (Figure 6), the Euclidean distance
G2SFCA method only considers the spatial distance, and cannot consider the impact of the
road network on accessibility. For the Huochezhannan sub-district in the middle of the
study area, the Euclidean distance G2SFCA method considers that the area is far away from
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the large parks in the south of the study area, so it is difficult to obtain park services, and
the park accessibility is low. In fact, although the Huochezhannan sub-district is far away
from the large parks in the south, the area has developed subway and bus lines, and it
takes a short time to reach the park, which can provide better park services. Therefore, the
Euclidean distance G2SFCA method will lead to some errors, and the SCM-G2SFCA model
can solve this problem well. In the SCM-G2SFCA model results, there is high accessibility
in the Huochezhannan sub-district, which is in line with the actual situation. Therefore, the
SCM-G2SFCA model can obtain more accurate results.

Shiyangchang

Legend
[ ] sub-district

Accessibility

o 498
L 003

0051 2 3 4
B km

Figure 7. Park spatial accessibility based on Euclidean distance G2SFCA method.

3.3. Park Spatial Accessibility Analysis of Sub-Districts in the Wuhou District

The sub-district is the smallest administrative unit in China. Therefore, to quantita-
tively study the differences in the park spatial accessibility in the different sub-districts, the
distribution of the park spatial accessibility was obtained using the weighted average of
the park spatial accessibility in the residential areas in the sub-districts (Figure 8). Figure 8a
shows the spatial distribution of the park accessibility for the driving mode in the sub-
districts. The park spatial accessibility in Jiangxilu, Guixi, Cuqiao, Wangjianglu, Jinyang,
and Huaxing is characterized by oversupply, and adequate park services are available.
Figure 8b shows the spatial distribution of the park accessibility for the public transporta-
tion mode. The park spatial accessibility in Shuangnan, Jitougiao, Jinyang, and Huaxing in
the south is characterized by oversupply, and sufficient park services are available. The
park spatial accessibility in Wangjianglu is very good. The park spatial accessibility in eight
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sub-districts in the northern part of the study area is weak. Furthermore, the Fangcaojie,
Cujin, Xiaojiahe, and Hongpailou sub-districts are far from the parks, resulting in a lack of
park services in these areas. Figure 8c shows the spatial distribution of the park accessibility
for the riding mode. Only the park spatial accessibility in Jinyang and Huaxing in the south
is characterized by oversupply, and sufficient park services can be obtained in these areas.
However, the park spatial accessibility is low in the northern sub-districts, and park services
are relatively scarce. Figure 8d shows the spatial distribution of the park accessibility for
the walking mode, which is similar to that of the riding mode, but the spatial distribution
of the park accessibility is more uneven. The park services in the southern sub-districts in
the study area are sufficient, and the park services in the northern urban areas are seriously
lacking. The research results reveal that there are noticeable spatial differences in the park
accessibility in the study area, with high accessibility in the south and low accessibility in
the north. The northern part of the study area is the central urban area of Chengdu, and
the park accessibility is low. By contrast, the southern sub-districts of Jinyang and Huaxing
are suburbs of Chengdu and have a high accessibility.

At the sub-district scale, which is the smallest administrative unit, in this study,
multiple travel modes were considered to further explore the park accessibility in each
sub-district during daily travel. An SCM-G2SFCA model was established to obtain the
spatial distribution of the comprehensive park accessibility in the sub-districts (Figure 9).
As can be seen from Figure 9, the park accessibility in Jinyang and Huaxing is characterized
by oversupply. The park accessibility in Shuangnan, Jitougiao, Guixi, and Wangjianglu is
very good. The park accessibility in Fangcaojie and Cujin is weak. These results indicate
that there are noticeable spatial distribution differences in the park accessibility in the
Wuhou District, with high accessibility in the south and low accessibility in the north. The
park spatial accessibility in Jinyang and Huaxing in the southern suburbs is characterized
by oversupply, and more adequate park services can be obtained. However, the park
accessibility in Fangcaojie and Cujin in the northern urban area is weak, and the park
services are relatively scarce.
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Local Moran'l index is used to carry out spatial autocorrelation analysis on accessibility
in this study in Wuhou District, Chengdu City, and the cluster type is divided into four
types: HH cluster, LL cluster, HL outlier and LH outlier, and not significant (Figure 10). The
red area is the HH cluster type, which indicates the residential areas with high accessibility
in this area. The blue area is the LL cluster type, which indicates that the area is clustered
with residential areas with low accessibility. The grey area is the not significant type,
indicating that there are no residential areas with significant high accessibility or with low
accessibility. It can be seen from the cluster type in Figure 10 that there are obvious spatial
differences in park accessibility. The Shiyangchang and Guixi sub-districts in the south
cluster high accessibility residential areas, which can obtain sufficient park services and are
the most ideal residential areas. The five sub-districts in the north, Jinyang, Shuangnan,
Hongpailou, Jitouqgiao and Jiangxilu, lack parks with large area and high service quality,
clustering a large number of low-accessibility residential areas, and the park services are
scarce. Therefore, relevant departments should plan new parks with high service quality
in the Hongpailou sub-district in the north, Cugiao sub-district in the southwest and
Wangjianglu sub-district in the northeast. The number of parks should be increased to
meet the park service needs of low accessibility residential areas and better allocate urban
park resources.

Jinhuagiao y Tiaosanta

Legend
Cluster types of accessibility

D Not Significant
- Low-Low Cluster

[: Hign-Low & Low-High Outlier
I High-High Cluster

0051 2 3 4

km

Figure 10. Cluster types of park spatial accessibility.
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4. Conclusions

Urban parks are the main leisure and entertainment sites in the daily lives of residents,
and the spatial accessibility of urban parks is closely related to people’s physical and mental
health. Therefore, to comprehensively evaluate the spatial accessibility of urban parks, in
this study, Baidu map navigation data and the park Baidu score were used to establish an
SCM-G2SFCA model and to evaluate the park accessibility in the Wuhou District, Chengdu
City, China. The distribution of park spatial accessibility in the study area was obtained.
The main conclusions of this study are as follows.

(1) An SCM-G2SFCA model was developed, and a more realistic park spatial accessi-
bility and distribution in the Wuhou District were obtained. The Baidu map navigation
data were used to identify the actual entrances and exits of the parks and residential areas
and to achieve access from the entrance and exit. According to the residents’ preferences
in choosing parks and travel modes, the spatial accessibility of the urban parks can be
evaluated more realistically and accurately.

(2) There are noticeable spatial distribution differences in the park accessibility in the
Wuhou District in Chengdu, with high accessibility in the south and low accessibility in the
north. Jinyang and Huaxing in the southern suburbs have the highest park accessibility
and provide more adequate park services. Fangcaojie and Cujin in the northern urban
areas have the lowest park accessibility and lack park services.

Although the method used in this study obtained more accurate spatial accessibility
results for the urban parks in the study area, it does not consider the differences in the
travel modes of different groups of people, and the elderly may pay more attention to the
distance to parks and may tend to preferentially use walking and public transportation to
travel in daily lives. At the same time, due to the blocking of districts caused by COVID-19,
the local government advocates not to travel across districts, and this study only considers
the traveling plans in Wuhou District. When everything returns to normal, the possibility
of traveling plans across districts should be considered, and more accurate results will be
obtained. In addition, Baidu Map data is used as the only data source in this study, which
may have some impact on the results. Therefore, in the future, the mutual cooperation of
multi-source map data, the choice of travel modes by different groups and the traveling
plans across districts will be considered to more comprehensively assess the accessibility of
urban parks and provide data support for urban park planning and construction.

Author Contributions: Conceptualization, Z.Z., X.Z., X W. and M.L.; methodology, Z.Z. and X.Z,;
software, Z.Z. and X.W,; validation, Z.Z., X.Z., X.W. and M.L.; formal analysis, Z.Z., X.Z., X.W. and
M.L,; investigation, Z.Z. and M.L.; resources, Z.Z. and X.Z.; data curation, Z.Z. and M.L.; writing—
original draft preparation, Z.Z. and X.Z.; writing—review and editing, Z.Z., X.Z., XW. and M.L.;
visualization, Z.Z.; supervision, X.Z.; project administration, X.Z.; funding acquisition, X.Z. All
authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by the Major Project of High-Resolution Earth Observation
System (Grant no. 07-Y30B03-9001-19/21) and Classification Development Quota Project-Postgraduate
Innovative Research Project (2022) (No. PG2022104 and PG2022121).

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: The administrative division data used in this article can be found
at: https:/ /www.resdc.cn/, accessed on 8 August 2022; Baidu map navigation data can be found
at: https://lbsyun.baidu.com/, accessed on 8 August 2022; population data can be found at: http:
/ /www.cdwh.gov.cn/, accessed on 8 August 2022.

Acknowledgments: We would like to thank the reviewers for very constructive and detailed comments.

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


https://www.resdc.cn/
https://lbsyun.baidu.com/
http://www.cdwh.gov.cn/
http://www.cdwh.gov.cn/

Int. |. Environ. Res. Public Health 2023, 20, 714 16 of 17

References

1.  Sadeghian, M.M.; Vardanyan, Z. The Benefits of Urban Parks, a Review of Urban Research. J. Nov. Appl. Sci. 2013, 7.

2. Park, H-M.; Jo, H-K. Ecological Design and Construction Strategies through Life Cycle Assessment of Carbon Budget for Urban
Parks in Korea. Forests 2021, 12, 1399. [CrossRef]

3. Xie, J.; Luo, S.; Furuya, K.; Sun, D. Urban Parks as Green Buffers During the COVID-19 Pandemic. Sustainability 2020, 12, 6751.
[CrossRef]

4. Song, C;Ikei, H.; Igarashi, M.; Takagaki, M.; Miyazaki, Y. Physiological and Psychological Effects of a Walk in Urban Parks in
Fall. Int. |. Environ. Res. Public Health 2015, 12, 14216-14228. [CrossRef]

5. Liu, H,; Li, E; Li, J.; Zhang, Y. The Relationships between Urban Parks, Residents” Physical Activity, and Mental Health Benefits:
A Case Study from Beijing, China. J. Environ. Manag. 2017, 190, 223-230. [CrossRef]

6. Seo, S.; Choi, S.; Kim, K.; Kim, S.M.; Park, S.M. Association between Urban Green Space and the Risk of Cardiovascular Disease:
A Longitudinal Study in Seven Korean Metropolitan Areas. Environ. Int. 2019, 125, 51-57. [CrossRef] [PubMed]

7. Park, S; Lee, J.; Kang, D.Y.; Rhee, C.W.; Park, B.-J. Indoor Physical Activity Reduces All-Cause and Cardiovascular Disease
Mortality Among Elderly Women. |. Prev. Med. Public Health 2012, 45, 21-28. [CrossRef]

8.  Sanchis-Gomar, F,; Lavie, C.J.; Marin, J.; Perez-Quilis, C.; Eijsvogels, TM.H.; O’Keefe, ]. H.; Perez, M.V,; Blair, S.N. Exercise Effects
on Cardiovascular Disease: From Basic Aspects to Clinical Evidence. Cardiovasc. Res. 2022, 118, 2253-2266. [CrossRef]

9.  Tan, PY,; Samsudin, R. Effects of Spatial Scale on Assessment of Spatial Equity of Urban Park Provision. Landsc. Urban Plan. 2017,
158, 139-154. [CrossRef]

10. Sun, R;Li, F; Chen, L. A Demand Index for Recreational Ecosystem Services Associated with Urban Parks in Beijing, China. J.
Environ. Manag. 2019, 251, 109612. [CrossRef]

11. Taleai, M.; Sliuzas, R.; Flacke, ]. An Integrated Framework to Evaluate the Equity of Urban Public Facilities Using Spatial
Multi-Criteria Analysis. Cities 2014, 40, 56—69. [CrossRef]

12.  Chiesura, A. The Role of Urban Parks for the Sustainable City. Landsc. Urban Plan. 2004, 68, 129-138. [CrossRef]

13.  Hansen, W.G. How Accessibility Shapes Land Use. J. Am. Inst. Plan. 1959, 25, 73-76. [CrossRef]

14. Chen, Z; Li, Y.; Wang, P. Transportation Accessibility and Regional Growth in the Greater Bay Area of China. Transp. Res. Part D
Transp. Environ. 2020, 86, 102453. [CrossRef]

15. Seo, W.; Nam, H.K. Trade-off Relationship between Public Transportation Accessibility and Household Economy: Analysis of
Subway Access Values by Housing Size. Cities 2019, 87, 247-258. [CrossRef]

16. Cui, B.; DeWeese, J.; Wu, H.; King, D.A.; Levinson, D.; El-Geneidy, A. All Ridership Is Local: Accessibility, Competition, and
Stop-Level Determinants of Daily Bus Boardings in Portland, Oregon. J. Transp. Geogr. 2022, 99, 103294. [CrossRef]

17. Hou, G.; Chen, S.; Bao, Y. Development of Travel Time Functions for Disrupted Urban Arterials with Microscopic Traffic
Simulation. Phys. A Stat. Mech. Its Appl. 2022, 593, 126961. [CrossRef]

18. Tao, Z.; Cheng, Y. Research Progress of the Two-Step Floating Catchment Area Method and Extensions. Prog. Geogr. 2016, 35,
589-599. [CrossRef]

19. Luo, W,; Qi, Y. An Enhanced Two-5Step Floating Catchment Area (E2SFCA) Method for Measuring Spatial Accessibility to Primary
Care Physicians. Health Place 2009, 15, 1100-1107. [CrossRef]

20. Tao, Z.; Cheng, Y.; Dai, T.; Rosenberg, M.W. Spatial Optimization of Residential Care Facility Locations in Beijing, China:
Maximum Equity in Accessibility. Int. |. Health Geogr. 2014, 13, 33. [CrossRef]

21. Dai, D. Racial/Ethnic and Socioeconomic Disparities in Urban Green Space Accessibility: Where to Intervene? Landsc. Urban Plan.
2011, 102, 234-244. [CrossRef]

22. Dai, D. Black Residential Segregation, Disparities in Spatial Access to Health Care Facilities, and Late-Stage Breast Cancer
Diagnosis in Metropolitan Detroit. Health Place 2010, 16, 1038-1052. [CrossRef] [PubMed]

23. Dai, D.; Wang, F. Geographic Disparities in Accessibility to Food Stores in Southwest Mississippi. Environ. Plann. B 2011, 38,
659-677. [CrossRef]

24. Wang, F. Measurement, Optimization, and Impact of Health Care Accessibility: A Methodological Review. Ann. Assoc. Am. Geogr.
2012, 102, 1104-1112. [CrossRef] [PubMed]

25. Luo, W,; Whippo, T. Variable Catchment Sizes for the Two-Step Floating Catchment Area (2SFCA) Method. Health Place 2012, 18,
789-795. [CrossRef]

26. McGrail, M.R.; Humphreys, J.S. Measuring Spatial Accessibility to Primary Health Care Services: Utilising Dynamic Catchment
Sizes. Appl. Geogr. 2014, 54, 182-188. [CrossRef]

27. Wan, N.; Zou, B,; Sternberg, T. A Three-Step Floating Catchment Area Method for Analyzing Spatial Access to Health Services.
Int. ]. Geogr. Inf. Sci. 2012, 26, 1073-1089. [CrossRef]

28. Luo, J. Integrating the Huff Model and Floating Catchment Area Methods to Analyze Spatial Access to Healthcare Services:
Analyzing Spatial Access to Healthcare Services. Trans. GIS 2014, 18, 436—448. [CrossRef]

29. Shao, Y.; Luo, W. Supply-Demand Adjusted Two-Steps Floating Catchment Area (SDA-2SFCA) Model for Measuring Spatial
Access to Health Care. Soc. Sci. Med. 2022, 296, 114727. [CrossRef]

30. 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. [CrossRef]


http://doi.org/10.3390/f12101399
http://doi.org/10.3390/su12176751
http://doi.org/10.3390/ijerph121114216
http://doi.org/10.1016/j.jenvman.2016.12.058
http://doi.org/10.1016/j.envint.2019.01.038
http://www.ncbi.nlm.nih.gov/pubmed/30703611
http://doi.org/10.3961/jpmph.2012.45.1.21
http://doi.org/10.1093/cvr/cvab272
http://doi.org/10.1016/j.landurbplan.2016.11.001
http://doi.org/10.1016/j.jenvman.2019.109612
http://doi.org/10.1016/j.cities.2014.04.006
http://doi.org/10.1016/j.landurbplan.2003.08.003
http://doi.org/10.1080/01944365908978307
http://doi.org/10.1016/j.trd.2020.102453
http://doi.org/10.1016/j.cities.2018.11.004
http://doi.org/10.1016/j.jtrangeo.2022.103294
http://doi.org/10.1016/j.physa.2022.126961
http://doi.org/10.18306/dlkxjz.2016.05.006
http://doi.org/10.1016/j.healthplace.2009.06.002
http://doi.org/10.1186/1476-072X-13-33
http://doi.org/10.1016/j.landurbplan.2011.05.002
http://doi.org/10.1016/j.healthplace.2010.06.012
http://www.ncbi.nlm.nih.gov/pubmed/20630792
http://doi.org/10.1068/b36149
http://doi.org/10.1080/00045608.2012.657146
http://www.ncbi.nlm.nih.gov/pubmed/23335813
http://doi.org/10.1016/j.healthplace.2012.04.002
http://doi.org/10.1016/j.apgeog.2014.08.005
http://doi.org/10.1080/13658816.2011.624987
http://doi.org/10.1111/tgis.12096
http://doi.org/10.1016/j.socscimed.2022.114727
http://doi.org/10.1016/j.healthplace.2015.01.002

Int. |. Environ. Res. Public Health 2023, 20, 714 17 of 17

31.

32.

33.

34.

35.

36.

37.

Hu, S.; Song, W.; Li, C; Lu, J. A Multi-Mode Gaussian-Based Two-Step Floating Catchment Area Method for Measuring
Accessibility of Urban Parks. Cities 2020, 105, 102815. [CrossRef]

Zhang, F; Li, D.; Ahrentzen, S.; Zhang, J. Assessing Spatial Disparities of Accessibility to Community-Based Service Resources for
Chinese Older Adults Based on Travel Behavior: A City-Wide Study of Nanjing, China. Habitat Int. 2019, 88, 101984. [CrossRef]
Li, Z.; Fan, Z.; Song, Y.; Chai, Y. Assessing Equity in Park Accessibility Using a Travel Behavior-Based G2SFCA Method in
Nanjing, China. J. Transp. Geogr. 2021, 96, 103179. [CrossRef]

Wang, S.; Wang, M.; Liu, Y. Access to Urban Parks: Comparing Spatial Accessibility Measures Using Three GIS-Based Approaches.
Comput. Environ. Urban Syst. 2021, 90, 101713. [CrossRef]

Zhou, N. Impact of residential environment on commuting style under low carbon travel guidance. Shanxi Archit. 2019, 45, 10-12.
[CrossRef]

Radke, J.; Mu, L. Spatial Decompositions, Modeling and Mapping Service Regions to Predict Access to Social Programs. Ann. GIS
2000, 6, 105-112. [CrossRef]

Luo, W.; Wang, F. Measures of Spatial Accessibility to Health Care in a GIS Environment: Synthesis and a Case Study in the
Chicago Region. Env. Plan. B Plan. Des. 2003, 30, 865-884. [CrossRef]

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


http://doi.org/10.1016/j.cities.2020.102815
http://doi.org/10.1016/j.habitatint.2019.05.003
http://doi.org/10.1016/j.jtrangeo.2021.103179
http://doi.org/10.1016/j.compenvurbsys.2021.101713
http://doi.org/10.13719/j.cnki.cn14-1279/tu.2019.20.005
http://doi.org/10.1080/10824000009480538
http://doi.org/10.1068/b29120

	Introduction 
	Materials and Methods 
	Study Area 
	Data Sources 
	Methods 
	G2SFCA Method 
	G2SFCA Method Based on Supply Competition 
	SCM-G2SFCA Model 


	Results 
	Park Spatial Accessibility Analysis of a Single Mode Based on the Supply Competition G2SFCA Method 
	Analysis of Park Spatial Accessibility Based on the SCM-G2SFCA Model 
	Park Spatial Accessibility Analysis of Sub-Districts in the Wuhou District 

	Conclusions 
	References

