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Park green space is an important ecological factor of the urban built-up
environment, and it plays an increasingly important role in improving human
welfare and the quality of urban life. Accessibility analysis of urban park green
space is an issue of social equity and environmental justice that has received
widespread attention. The accessibility of a city’s park green space must be
evaluated under the correct scale and resolution before it can be applied to
urban green space planning. To measure the impact of different research scales
on accessibility, Weidu District of Xuchang City, Henan Province, China, was taken as
the experimental area. The Gaussian-based two-step floating catchment area
method was used to compare and analyze the accessibility differences under
three scales: subdistrict, community, and residential quarter. The influence of the
source and destination point modes on accessibility was analyzed at the residential
quarter scale. Results show that the accessibility of park green space at the subdistrict
scale is different from that at the community and residential quarter scales in terms of
spatial distribution characteristics and quantitative relationship. The accessibility of
the geometric centermode and the entrance and exit mode at the residential quarter
scale is similar in overall distribution and different in local quantity. Overall, the
accessibility of the park green space at the residential quarter scale under the
entrance and exit mode and the spatial fairness of visiting the park green space
are better than that under the geometric mode. Therefore, accessibility analysis of
park green space should be performed cautiously when taking the aggregation unit
as the basic research unit. The accessibility of the aggregation unit is not the
statistical summary of its subunits, especially when the area of the aggregation
unit is far larger than the walking range of residents, and is thus likely to lead to wrong
conclusions. Accessibility analysis should be conducted on the finest scale possible
rather than the aggregation scale and use true distance rather than the centroid-to-
centroid surrogate to obtain reliable results for further guiding urban green space
planning.
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1 Introduction

The World Urban Report 2020 (Knudsen et al., 2020) shows through detailed
demonstration that urbanization will continue to be the driving force of global growth. In
the next 10 years, the proportion of the urban population in the global population will increase
from 56.2% at present to 60.4% in 2030. While providing convenience for people’s lives, high
urbanization also brings a series of environmental pressures, such as the urban heat island effect
and air pollution. Research shows that a causal relationship exists between the increase in lung
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cancer, cardiopulmonary disease, pediatric asthma, and urban air
pollution (Larondelle and Lauf, 2016). As an important ecological
factor of the urban built environment, park green space plays an
important role in improving human wellbeing and urban life quality
by improving the ecological environment, increasing sports activities
and social interaction within the neighborhood, and improving
people’s ability to participate in society (Hunter et al., 2019). Wang
and Lan (2019) showed that the quantity, quality, and accessibility
indicators of urban park green space have a significant negative
correlation with the incidence rate of cardiopathy, chronic
pneumonia, and hypertension. People often engage in outdoor
entertainment activities in the natural environment near their
residence, which can not only increase their health and happiness
but also help them cope better with work pressure, mental fatigue, and
depression (Buchecker and Degenhardt, 2015; Kondo et al., 2018;
Hunter et al., 2019; Wang and Lan, 2019). Therefore, by providing
accessible, attractive, well-maintained green spaces with room for
socialization and encouraging people to use it, urban green spaces
can effectively promote the physical and mental health of urban
residents (Hunter et al., 2015; Kruize et al., 2019).

However, providing adequate park green spaces is challenging
because housing, retail, and commercial developments, and transport
infrastructure are all competing for limited space (Hunter et al., 2019).
In most cases, park green spaces are not evenly distributed in the space
within the cities (You, 2016). Unfair access to park green space may
lead to environmental injustice, which can be accompanied by social
stratification and housing segregation (Xiao et al., 2019). Thus,
analyzing the spatial distribution characteristics of urban park
green space accessibility is of great significance in promoting the
fair and reasonable layout of urban park green space and improving
the overall happiness of urban residents. Access to park green space is
referred to as “accessibility,” which is a key factor that affects the
selection and use frequency of park green space (Žlender and Ward
Thompson, 2016; Agimass et al., 2018; Mears et al., 2019; Tardieu and
Tuffery, 2019; Zhang and Tan, 2019; Tu et al., 2020). Two kinds of
accessibility measure methods exist. Place-based accessibility
measures examine the proximity to desired activity locations from
key locations in an individual’s daily life, such as the home or
workplace. People-based accessibility measures rely on detailed
observations of an individual’s activity schedule and space-time
constraints (Neutens et al., 2010). Place-based accessibility is
affected by the size and location of residential and recreational
areas, the road network between them, and the mode of travel.
Two main methods can be used for early place-based accessibility
analysis: the travel cost and gravity model methods. The travel cost
method determines the nearest park green space from the residential
area according to the principle of minimum cost (distance, time, and
money) (e.g., Ala-Hulkko et al., 2016; Wüstemann et al., 2017).
Information such as the number of people living in the area and
the scale of the park green space is not considered. The gravity model
method assumes that spatial interaction decreases with the increase in
the spatial distance between the residence and the destination. The
gravity model is used to measure the attraction of each park green
space to a certain residence and adds these attractions to obtain the
accessibility of the park green space of the residence (e.g., Lee and
Hong, 2013; Xiao et al., 2017). This method considers the distance
between residence and park green space, number, and scale of the park
green space. However, the influence of the size of the resident
population is ignored. In view of the shortcomings of the above

two methods, the two-step floating catchment area method (Radke
and Mu, 2000), its improved version (the enhanced two-step floating
catchment area method; Luo and Qi, 2009), and the Gaussian-based
two-step floating catchment area method (Dai, 2011) have been
increasingly used in the accessibility analysis of park green space
(e.g., Shen et al., 2017; Wei, 2017; Li et al., 2019). The two-step floating
catchment area method calculates the ease with which each resident
can reach the park green space according to the population of the
residence and the area of the park green space and their spatial
distribution characteristics and path distances.

At present, place-based accessibility analysis of park green space is
mostly based on administrative division units (e.g., You, 2016; Shen
et al., 2017; Wei, 2017; Li et al., 2019; Wang and Lan, 2019; Hu et al.,
2020; Shi et al., 2020; Zhang et al., 2022) or grid units (e.g., Ala-Hulkko
et al., 2016; Xing et al., 2018; Guo et al., 2019; Shi et al., 2020) to analyze
the spatial distribution characteristics, time-varying characteristics,
and the correlation between accessibility and population, and
socioeconomic indicators, and then analyze the spatial and social
fairness of the urban green space distribution. These methods take the
geometric center of the aggregation area as the source point and the
geometric center of the park green space as the destination point to
calculate the accessibility of the park green space of each research unit
at a specific spatial scale. Spatial aggregation can affect the results of
accessibility analysis (Miller, 2016). A major difference exists between
the source and destination points here, and the actual origins and
destinations of travelers in reality, bringing great uncertainty to the
final accessibility results. Ahuja et al. (2021) pointed out the problem
of mismatch between zone and movement scales in place-based
accessibility analysis. This type of research is lacking in operability
to guide the practice of urban green space planning (Liu et al., 2020).
Tan and Samsudin (2017) studied the scale effect of the spatial fairness
of urban park green space and found that the unfairness at the small
scale was more intense than that at the large scale. They also
emphasized the need to guide urban park planning at the
neighborhood scale.

What impact will different research scales have on the accessibility
analysis of urban park green space, and would different location
selection methods of source and destination points have a
significant impact on the accessibility results? In view of this
problem, this paper takes Weidu District of Xuchang City as the
experimental area and analyzes the spatial distribution characteristics
of urban park green space accessibility and their relationship at three
scales, namely, subdistrict (the fourth-level administrative division in
China), community (the fifth-level administrative division in China),
and residential quarter (the most basic population gathering area in
the city). In China, the first two administrative division scales are
frequently used as basic units for the accessibility analysis of urban
park green space. A subdistrict consists of several communities, while
a community consists of several residential quarters. At the residential
quarter scale, the differences and relations between the two modes of
accessibility are compared and analyzed, with one taking the
geometric centers of the residential quarter and the park green
space as the source and destination points (geometric center
mode), and the other taking the entrance and exit of the two as
the source and destination points (entrance and exit mode). The
possible problems in the analysis of different research scales and
accessibility modes are summarized to determine the research scale
and method suitable for guiding the practice of urban green space
planning.
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2 Method and material

2.1 Method

2.1.1 Accessibility model
The accessibility model is used to analyze the access of residents to

the park green space (accessibility). On the basis of the spatial location,
scale, and road network of the park green space and the residence area,
the Gaussian-based two-step floating catchment area method (Dai,
2011) is used to calculate the accessibility of each residence. The
process is divided into two steps.

In the first step, for each park green space j, path distance
threshold d0 is given to form its spatial service range. For the
population of each residence place k falling within its service
range, the Gaussian equation is used to assign the corresponding
weight according to the distance from the park green space. Then,
the weighted sum is derived to obtain the potential users of park
green space j. Next, the size of the green space is divided by the
number of potential users to obtain supply and demand ratio Rj

(m2/person).

Rj � Sj

∑k∈ dkj ≤ d0{ }G dkj, d0( )Pk

(1)

where Pk is the population of residence place kwithin the service scope
of green park j (dkj ≤ d0); dkj is the distance from the geometric center
(or entrance) of residence place k to the geometric center (or entrance)
of park green space j; Sj is the scale of park green space j, which is
expressed by the area; and G(dkj, d0) is a Gaussian equation that
considers the space friction problem. The calculation method is shown
in Eq. 2.

G dkj, d0( ) �
e−

1
2( )× dkj

d0
( )2

− e−
1
2( )

1 − e−
1
2( ) , if dkj ≤ d0

0, if dkj > d0

⎧⎪⎪⎪⎨
⎪⎪⎪⎩

(2)

In the second step, for each residence place i, given path distance
threshold d0, the reachable range is formed. Similarly, the supply ratio
(Rl) of each park green space l within the reachable range is weighted
by the Gaussian equation. Then, the weighted sum of these supply
ratios is used to obtain the park green space accessibility (Ai) for each
residence place i. The size of Ai indicates the per capita occupancy of
the urban park green space in each residence place within its reach,
given in m2/person.

Ai � ∑
l∈ dil ≤ d0{ }G dil, d0( )Rl (3)

where l refers to all the park green spaces within the accessible
space of residence place i (dil ≤ d0). Considering that the
recreational activities of the residents who visit the park green
space are mainly walking and cycling, distance threshold d0 is set
to 1,000 m, that is, approximately 10–15 min’ walk. This threshold
is determined for two reasons. First, 1,000 m (or 10–15 min) is an
acceptable walking distance for residents to visit the park green
space (You, 2016; Žlender and Ward Thompson, 2016; Guo et al.,
2019; Nesbitt et al., 2019; Tu et al., 2020). In addition, the
Gaussian-based two-step floating catchment area method itself
accounts for the travel friction effect. Thus, a longer distance
threshold can reduce the number of residential areas that have
zero accessibility.

2.1.2 Location of source and destination points
In the accessibility analysis of urban park green space, given that the

residence place and the park green space are both polygons, the points
that can represent them must be taken as the source (starting) and
destination (end) points, respectively. In this study, twomethods are used
to select the source and destination points. First, the geometric centers of
the subdistrict, community, and residential quarter areas are used as the
source points and the geometric centers of the park green space are used
as the destination points. Then, the distance between the source and
destination points is the path distance between the two geometric centers
(geometric center mode). Second, at the residential quarter scale, the
entrance and exit positions are used as the source points, and the entrance
and exit positions of the park green space are used as the destination
points. Urban residential quarters are mainly closed, with one or more
gates as entrances and exits. Some open urban villages have no gates.
Thus, one or more intersections of urban roads with the main road
through urban villages are selected as entrances and exits. Parks are also
divided into two categories: closed walled parks with their gates as exits,
and open park green space without enclosures, with the first place along
each road from each direction to it serving as the entrances. Given that the
residential quarter and the park green space may have more than one
entrance and exit, multiple paths from the residential quarter to the park
green space may exist. According to the principle of the best path, the
shortest path distance is selected as the distance between the residential
quarter and the park green space (entrance and exit mode), as shown in
Figure 1.

2.2 Material

2.2.1 Experimental area
Weidu District of Xuchang City, located in the middle of Henan

Province has a long history. The district is an important birthplace of
Chinese culture and has a beautiful environment. Weidu is known as

FIGURE 1
Schematic of the distance between residential quarter and park
green space in entrance and exit mode.
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the “National Ecological Garden City,” which is the highest
comprehensive award in the field of urban construction in China.
The district now has 16 subdistricts (including one economic and
technological development zone) with a total area of 97 km2. In 2020,
the permanent resident population was 598,600, and the gross
domestic product is CNY 42.11 billion (Chen and Cui, 2021).

Weidu District belongs to the warm temperate monsoon zone
with a mild climate. The annual average temperature is 14.7°C, the
number of hours of sunshine is 2,280 h, the annual precipitation is
579 mm, and the frost-free period is 217 days. The district is located
in the hinterland of the Central Plains, which has a flat terrain. The
terrain inclines from northwest to southeast. In the west are gentle
low hills with alluvial deposits in front of mountains, with the
highest elevation of 95 m. The rest of the area is part of the
Huanghuai alluvial plain, with the lowest elevation of 65 m. The
river is part of the Yinghe River system of the Huaihe River Basin
(Weidu District government, 2020).

Weidu District has 115 park and green spaces within 1 km,
covering a total area of about 1,179 ha and mainly composed of
riverside parks and leisure squares. In recent years, Xuchang City
has implemented the river lake water system connection project in the
central urban area. The newly built urban park green spaces are
arranged along the water system, forming a connected open green
leisure space without walls, as shown in Figure 2.

2.2.2 Data sources
The data sources include subdistrict boundaries, community

boundaries, the spatial distribution data of residential quarters, the
population of residential quarters, urban road networks, and park
green spaces. The subdistrict boundary data were obtained from the
Yearbook of Weidu District, People’s Government of Weidu District
Xuchang City, 2018. The community boundary data mainly came
from the subdistrict-by-subdistrict field survey and some from the
Xuchang Natural Resources and Planning Bureau. The spatial

distribution data of residential quarters, urban road networks, and
park green spaces were obtained from QuickBird images (.5 m
panchromatic image and 2 m multispectral image) of the study
area in 2014, and an unmanned aerial vehicle was used to update
the data of the urban fringe to the end of 2020. Given the difficulty of
obtaining the population data of the residential quarter scale in the
study area, the number of residential buildings is used to replace the
population. The number of residential buildings is obtained from three
sources: the real estate service platform HomeLink (https://xc.lianjia.
com/), the planning permission document of the Xuchang Natural
Resources and Planning Bureau (http://zrzyhghj.xuchang.gov.cn/),
and field surveys. The total number of residential buildings in the
subdistrict and community levels is obtained through zonal statistics
(Xu et al., 2017). Therefore, the result of this study is the accessibility
situation of park green space when the occupancy rate reaches 100%.
In addition, to avoid the boundary effect, we buffered the study area
outward by 1 km during data processing. Accessibility analysis is
implemented using ArcGIS10.7 and MATLAB R2015a.

3 Results

3.1 Accessibility difference under different
research scales

The accessibility of the park green space at the subdistrict,
community, and residential quarter scales is shown in Figures
3A–C, respectively. The source points are the geometric centers of
the subdistrict, community, and residential quarter areas, and the
destination points are the geometric centers of the park green space.
The statistics of accessibility at different scales are shown in Table 1.

From the spatial distribution perspective, the subdistrict scale
shows completely different characteristics from the other two
scales. At the subdistrict scale, the accessibility of park green space
is slightly higher in the east-west central region than in the other
regions and low in the south and north regions. At the community and
residential quarter scales, the distribution characteristics are similar,
that is, the accessibility in the east and midwest regions is higher than
that in the other regions.

From the quantitative relationship among different scales, the
accessibility on the subdistrict scale is generally low. The accessibility
in 5 of the 16 subdistricts is 0, indicating that residents in these
5 subdistricts have no park green space to visit within the 1,000 m
distance threshold, the average value is 5.59 m2/household, and the
median value is only 1.73 m2/household. The accessibility at the
subdistrict scale cannot reflect the comprehensive situation of the
communities and residential quarters under its jurisdiction. For
example, the accessibility of Gaoqiaoying subdistrict in the north is
0; among the six communities under its jurisdiction, the accessibility of
the Banqiao community is as high as 1745.30 m2/household and that
of the Daluozhuang community is as high as 694.85 m2/household,
respectively, ranking first and second in accessibility at the community
scale. The accessibility of Weibei subdistrict in the northeast is 0;
among the five communities under its jurisdiction, the accessibility of
the Guolou community is 566.24 m2/household, and that of the Jinwan
and Wangzhuang communities are 59.98 and 15.09 m2/household,
respectively. The accessibility of Banjiehe subdistrict in the southeast is
0, but at the community scale, 14 of the 19 communities under its
jurisdiction are far greater than 0. The accessibility of Beida subdistrict

FIGURE 2
Distribution of subdistrict, community, and residential quarter and
parks in the study area.
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in the center of the study area is 0, but the accessibility of 4 of the
6 communities under its jurisdiction are greater than 0.

To compare the relationship of accessibility between different
scales in a statistical sense, the subdistrict and community scale
accessibilities summarized by the residential quarter are obtained
by weighted averaging the accessibility at the residential quarter
scale according to the population (number of households).
Weighted averaging the accessibility at the community scale
according to the population (number of households) obtains the

overall subdistrict scale accessibility of the community. The
Spearman’s correlation coefficient between original accessibility and
aggregate accessibility at the subdistrict and community scales is
shown in Table 2. No significant correlation exists between the
accessibility at the subdistrict scale and the two kinds of
accessibility obtained by the weighted aggregation of the
communities and the residential quarters, respectively. However, a
significant correlation exists between the latter two, indicating a
significant difference between the accessibility at the subdistrict

FIGURE 3
Figures (A–C) show the accessibility of the park green space at the subdistrict, community, and residential quarter scales under the geometric center
mode. Figure (D) shows the accessibility at the residential quarter scale under the entrance and exit mode.

TABLE 1 Accessibility statistics under different research scales (m2/household).

Level Minimum Maximum Mean Median Standard deviation

Statistics

Subdistrict 0 32.31 5.59 1.73 8.52

Community 0 1745.3 50.95 6.29 187.22

Residential quarter (geometry centers) 0 1624.3 17.36 4.41 72.12

Residential quarter (entrance and exits) 0 1326.7 17.04 6.84 55.49
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scale and the community and residential quarter scales. The latter two
have similar spatial distribution characteristics, which is also
confirmed by the significant correlation between the accessibility at
the community scale and the accessibility summarized by the
residential quarters.

3.2 Accessibility difference of different source
and destination points under the same
research scale

The accessibility at the residential quarter scale is presented in
Figure 3C, which shows that the geometric centers of the residential
area and the park green space are taken as the source and destination
points (geometric center mode), respectively. Figure 3D shows the
entrances and exits of the residential quarter and the park green space
as the source and destination points (entrance and exit mode),
respectively.

From the spatial distribution perspective, overall similarities and
local differences between the two accessibility modes can be observed.
Overall, the south-central regions have poor accessibility, whereas the
surrounding residential areas have good accessibility. This rule is
obvious in the entrance and exit mode. Locally, the former has more
residential quarters with poor accessibility than the latter. For
example, the residential quarters with poor accessibility distributed
at the edge of the study area shown in Figure 3C correspond to the
high accessibility shown in Figure 3D).

From the statistical relationship between the two modes, the
Spearman’s correlation coefficient is .730 (p = .000, n = 1,318),
indicating a significant sequential correlation between the two
modes and confirming their overall similar characteristics. The
hierarchical statistical diagram of accessibility under the two modes
is shown in Figure 4. Under the geometric center mode, many
residential quarters have very low and high accessibility values, and
the accessibility among different residential quarters changes greatly,
indicating the poor spatial fairness of the park green space. However,

TABLE 2 Spearman’s correlation coefficient (p-value) between accessibility at subdistrict and community scales, and the corresponding weighted summary results.

Accessibility Accessibility summarized by
communities

Accessibility summarized by
residential quarters

Subdistrict scale
(n = 16)

Accessibility .167 (.536) −0.015 (.956)

Accessibility summarized by
communities

0.647** (.007)

Accessibility summarized by
residential quarters

Community scale
(n = 123)

Accessibility Accessibility summarized by residential
quarters

Accessibility 0.618** (.000)

Accessibility summarized by
residential quarters

**The correlation is significant at the .01 level (double tailed)

FIGURE 4
Statistical chart of two accessibility levels at the scale of residential area.
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in the entrance and exit mode, few residential quarters have very low
or very high accessibility values, while many residential quarters have
medium accessibility, and the accessibility changes are small, that is,
the spatial fairness of park green space access is good. This finding can
also be confirmed from Table 1.

To sum up, in addition to the overall similarity, the two
accessibility modes also have the following differences: 1) In the
geometric center mode, the accessibility of 236 residential quarters
is 0, indicating that they have no park green space to access within the
1 km distance threshold. In the entrance and exit mode, the number of
residential quarters with accessibility of 0 is reduced to 100. 2) In the
entrance and exit mode, the accessibility of 720 residential quarters is
greater than that of the geometric center mode, that of 498 residential
quarters is less than that of the geometric center mode, and the
accessibility of 100 residential quarters is unchanged (0 in both
modes). 3) Under the entrance and exit mode, the accessibility
difference between residential quarters is small, indicating that the
fairness of accessing the park green space is good, while the
accessibility difference between residential quarters under the
geometric center mode is large, which corresponds to strong spatial
unfairness.

4 Discussion

4.1 Analysis of the influence of research scale
on accessibility

Accessibility reflects the utilization possibilities of the park green
space from a population perspective (Ala-Hulkko et al., 2016). In the
Gaussian-based two-step floating catchment area method, the factors
that affect the accessibility of urban park green space mainly include
the number and spatial distribution of population, the number and
spatial distribution of park green spaces, and the road network. The
space range of the park green space is unchanged, while the population
aggregation can be based on different scales. The impact of scale on
accessibility is mainly manifested in two aspects: One is the scale effect
caused by different levels of population spatial aggregation, and the
other is the distance error between the residential area and the park
green space. Spatial aggregation can affect the results of an accessibility
analysis, with the results varying simply by changing the level of spatial
aggregation (Miller, 2016). This is known as the scale effect in the
modifiable areal unit problem. This study compares the accessibility
results of the park green space under three spatial scales. The
residential quarter is the most basic population gathering area of
the city, while the community and subdistrict are the aggregation-level
units. The population area and the park green space show a discrete or
adjacent polygon distribution in space. In each polygon, the points
that can represent the location of the population gathering area and
the park green space are selected as the source and destination points
in the accessibility analysis. No real starting point exists in the
population aggregation-level units; it is often replaced by its
geometric center. The area of the research unit affects the
accessibility, and the uncertainty increases with the area. The
accessibility on the subdistrict scale in the study area is generally
low, which is different from the other two scales. The accessibility of
5 subdistricts is 0. One of the most important factors is that the area of
the study unit is extremely large. The smallest subdistrict area spans
1.18 km2, the largest subdistrict area is 12.53 km2, and the average

value is 5.72 km2. When the subdistrict area is more than 4 km2 and
the path distance threshold is set to 1 km, the subdistrict has difficulty
accessing the park green space outside its jurisdiction. The park inside
the subdistrict must also be arranged near the geometric center point.
And the road network has to be smooth. Otherwise, the subdistrict has
no park green space to access, such as Gaoqiaoying subdistrict. Weibei
subdistrict and the economic and technological development zone
have many park green spaces. However, because they are far away
from the geometric center and/or have a poor road network, their park
green space accessibility is 0. Therefore, smaller zones or
“homogeneous zones” are preferred in accessibility analysis (Riva
et al., 2009; Ahuja et al., 2021). In our research, the residential
quarter is the smallest and relatively homogeneous research unit
because the house price and residents’ socioeconomic
characteristics of the same residential quarter are relatively similar.

When the geometric centers are used as the source and destination
points, the geometric center is connected to the nearest road when
calculating the path distance between the source and destination
points, with the vertical intersection between them taken as the
starting and end points. The geometric centers of the polygons are
affected by their location, shape, and area. Without changing the
number and distribution of the population, changing the shape of the
population gathering area and its aggregation unit is likely to change
the position of its geometric center. The distributions of the
population in urban space and the urban road network are uneven.
There is a certain randomness in terms of which road the geometric
center is closest to. Moreover, given that the acceptable path distance
for walking to the park green space is mostly within 1 km, the error of
this path distance is sufficient to bring uncertainty to the accessibility
analysis results. Therefore, using true distance between zones rather
than the centroid-to-centroid surrogate can reduce the impact of scale
on accessibility calculation (Miller, 2016). However, as communities
and subdistrict are population aggregation units, there is no real
starting point, and distance error is inevitable. On the scale of
residential quarters, they have real starting points (gates), and the
distance error can be avoided.

4.2 Analysis of the influence of the location of
source point and destination point on
accessibility

The location of different source and destination points affects the
accessibility by affecting the path distance between them. Place-based
accessibility measures depend strongly on how distance is measured
(Ahuja et al., 2021). In particular, the activities of visiting park and
green space by walking in cities are highly sensitive to distance (Grahn
et al., 2003). In the same research scale, the path distances between
different source and destination points also vary, resulting in different
accessibility results. In the geometric center mode, the system is
associated with the geometric center with the nearest road and
takes the vertical intersection of the geometric center and the
nearest road as the starting and end points. The starting and end
points are often not the location of the entrance and the exit.
Therefore, certain differences in the distance between the two paths
exist, thereby affecting the final accessibility. The distance difference
between the two paths is also affected by the area of the residential
quarter. Given that the area of the residential quarter is generally small
relative to the distance threshold (the average value is .02 km2), a
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significant correlation exists between the accessibility under the two
different source and destination point modes, and the spatial
distribution characteristics of the accessibility are similar, but
significant differences in local areas exist. The main reasons are as
follows.

First, the geometric center mode will lead to the error of the path
distance between the residential quarter and the park green space.
Usually, the residential quarter and the park green space have more
than one entrance and exit. Open and fenceless park green spaces have
even more entrances and exits. Thus, multiple paths are available from
the residential quarter to the park green space. According to the
principle that human activities always tend to select the spatial
location with the best effect according to certain goals, one of the
shortest routes is selected as the path distance between the two.
Therefore, the distance between the residential quarter and the
park green space in the entrance and exit mode is usually shorter
than that in the geometric center mode. As a result, the accessibility of
most residential areas in the entrance and exit mode is higher than that
in the geometric center mode. However, some residential quarters in
the entrance and exit mode are less accessible than those in the
geometric center mode. The main reason for this condition is that
under a certain distance threshold (1 km here), many residential
quarters can access the park green space under the entrance and

exit mode (the number of residential communities with accessibility of
0 under the entrance and exit mode is greatly reduced), resulting in the
increased service population of the corresponding park green space.
Accordingly, the accessibility of the residential quarter that is near the
park green space with a very high accessibility is reduced. The
residential quarter with constant accessibility (equal to 0) is far
from the park green space, and the path distance under both
modes is greater than the distance threshold.

Second, in some special but not unusual cases, the geometric
center mode will lead to the path distance mistake, and the final
accessibility result is far from the actual situation. For example, the
seven residential communities in the southeast of the Banjiehe
subdistrict (yellow polygon in Figure 5A) are very near the park
green space, but their accessibility is 0 under the geometric center
mode, which obviously does not conform to the actual situation. The
main reason for this phenomenon is that the geometric center of the
park green space is near the road on the west side, so the end point is
located on its west road. When the residents in the residential quarter
located in the east of the park want to visit the park, they must go
around the end point on the west side, thereby greatly increasing the
path distance. When the path distance exceeds the threshold of 1 km,
the accessibility of the residential quarter is 0, as shown in Figure 5C.
In the entrance and exit mode, the entrance and the exit are located on

FIGURE 5
Figures (A, C) show the pathdistance between residential quarter and park green space under geometric center mode. Figures (B, D) show the path
distance between them in the entrance and exit mode.
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the road, and the above problems do not exist (Figure 5B). The
residential quarter in the figure has one entrance and exit, and the
open park green space without walls has multiple entrances and exits.
After calculation, the path distance from the entrance and exit of the
residential quarter to the five entrances and exits of the park is less
than 1 km, and the shortest one is taken as the path distance between
the two (Figure 5D). Therefore, the accessibility of these seven
residential areas in the entrance and exit mode is greater than 0,
which is in line with the reality.

4.3 Enlightenment to urban green space
planning

In view of the accessibility of park green space and the resulting
spatial fairness, different conclusions may be obtained under different
research scales. Therefore, the following three ideas are proposed for
urban green space planning.

First, the evaluation and planning of urban green space should be
conducted at a suitable scale. Activities such as visiting parks and green
space are considered ecosystem cultural services. The assessment of
urban ecosystem services under the correct scale and resolution is the
premise of the application to urban planning practice (Cortinovis and
Geneletti, 2018). Assessing under an inappropriate scale may even
have a negative impact (Larondelle and Lauf., 2016). For recreational
activities that involve walking as the main travel mode, the activity
range is relatively small. When the basic research unit is far larger than
the activity range, the risk of drawing a wrong conclusion is great. For
example, the accessibility of the park green space calculated at the
subdistrict scale in this study is far lower than that in the actual
situation. The spatial distribution characteristics of the accessibility
obtained at the community scale and the residential quarter scale are
similar, but significant differences in numerical values exist. Therefore,
the larger aggregation unit is unsuitable for the basic unit of
accessibility analysis. The smaller aggregation unit can be used to
analyze the overall characteristics of accessibility distribution, but the
value will have certain errors. Therefore, a better approach would be to
undertake accessibility analysis at the finest possible spatial scales
(Mears et al., 2019). All kinds of life behaviors of urban residents are
carried out around the residential quarters. Accordingly, the
accessibility of park green space must be analyzed and urban green
space planning must be guided by taking the residential quarter as the
basic unit.

Second, the evaluation and planning of urban green space should
not ignore the impact of details. A better approach would be to use the
true distance between zones rather than the centroid-to-centroid
surrogate (Miller, 2016). To our knowledge, place-based
accessibility analysis is mostly based on the spatial aggregation
level: administrative division units (e.g., You, 2016; Shen et al.,
2017; Wei, 2017; Li et al., 2019; Wang and Lan, 2019; Hu et al.,
2020; Shi et al., 2020; Zhang et al., 2022) or grid units (e.g., Ala-Hulkko
et al., 2016; Xing et al., 2018; Guo et al., 2019; Shi et al., 2020), on which
scale centroid-to-centroid surrogate is inevitable. When evaluating the
accessibility of park green space and the fairness of its spatial
distribution under the residential quarter scale, two different
accessibility modes will lead to the difference in the path distance
between the residential quarter and the park green space. This
difference often increases with the area of the residential quarter
and the park green space, thus increasing the difference in accessibility.

In some cases, the accessibility results under the two modes are
different. The accessibility difference between residential quarters
under the geometric center mode is relatively large, corresponding
to the relatively high spatial unfairness of accessing park green space,
while the accessibility difference between residential quarters under
the entrance and exit mode is relatively small, corresponding to a
relatively low spatial unfairness of accessing park green space. For
recreational activities that require people to reach the green space for
experiential interaction to benefit, the consistency of the source and
destination points with the reality will directly affect the scientificity
and accuracy of the evaluation results and further affect the
subsequent green space planning and optimization. For example, in
the geometric center mode, the real situation of some residential
quarters with low accessibility or even 0 is not the case but is caused by
the calculation mode. Therefore, taking the entrance and exit of the
residential quarter and the park green space as the source and
destination points conforms to the daily activities of the residents.
Without changing the existing population and the distribution status
of the park green space, the accessibility of the park green space can be
improved by optimizing the entrance and exit positions of the
residential quarter and the park green space. For residential
quarters with limited access to park green space, the park green
space can be visited by increasing the entrance and exit of
residential quarters, increasing the entrance and exit of park green
space, or changing the closed park green space into an open one.

Third, the conclusions on the fairness of people with different
social and economic backgrounds visiting the park green space
obtained by taking the aggregation area as the research unit should
be treated with caution. The accessibility analysis results are often
further related to the population, social economy, and other factors in
the study area, influencing the conclusion as to whether the access
enjoyed by people with different social and economic backgrounds to
the park green space is unfair. When this activity is performed on the
aggregation area, the conclusions are often uncertain because the
accessibility of the aggregation area is not obtained through simple
summary statistics of the sub-areas, such as the population and other
factors. Shen et al. (2017) analyzed the correlation between the
accessibility of public green space and socioeconomic factors in
downtown Shanghai on the basis of the subdistrict scale. The
results show that the accessibility of public green spaces is related
to social status and family composition. Married couples who have
children have high accessibility, whereas the elderly and the
unemployed population have low accessibility. However, Xiao et al.
(2017) conducted a study based on the community scale in the same
research area and found that the low-income groups in Shanghai are
not at a disadvantage in terms of entering urban parks. In addition to
the research scales, the two studies adopted different accessibility
methods and indicators of social and economic factors.

4.4 Limitations and prospects

The first limitation of this study is the determination of distance
threshold. At present, the distance threshold values that were used
include 300 m (Schipperijn et al., 2010a; Mears et al., 2019), 400 m
(Tan and Samsudin, 2017; Wei, 2017), 500 m (Wüstemann et al.,
2017), 600 m (Schipperijn et al., 2010b), 800 m (Wei, 2017), 1,000 m
(You, 2016; Nesbitt et al., 2019; Tu et al., 2020), 1,200 m (Shen et al.,
2017), 1,600 m (Xiao et al., 2017), or 10–20 min’ walking distance
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(Guo et al., 2019) and 15 min’ walking distance (Žlender and Ward
Thompson, 2016). Given that the Gaussian-based two-step floating
catchment area method itself accounts for the travel friction effect and
a longer distance threshold can reduce the number of residential areas
with zero accessibility, a distance threshold of 1 km was determined in
this study. Because of the space limitation, this study did not compare
the impact of scale on accessibility under other distance thresholds.
From the results of this study, we can infer that the influence of scale
on accessibility increases with the decrease in the distance threshold.
In addition, although not the focus of this study, given the difficulty of
obtaining the permanent population data of each residential quarter in
this study, the number of building households is used to replace the
number of population, that is, with the assumption that the occupancy
rate of each residential quarter is 100% and each household has the
same population, the final accessibility results may have a certain
deviation. Finally, this feature is also a common disadvantage of all
place-based accessibility measures that assume that the residential area
is the most relevant area that affects residents’ behavior, thus facing the
well-known problem of ecological fallacy, which involves erroneously
ascribing attributes of an aggregate unit to individuals (Kwan and
Hong, 2009). With the development of location-aware technologies,
people-based accessibility research is no longer difficult. Place-based
measures should be enhanced and complemented with people-based
measures that are more sensitive to individual activity patterns and
accessibility in space and time (Miller, 2016).

5 Conclusion

Accessibility analysis is one of the important methods of testing
the rationality and fairness of spatial distribution and an important
reference for the optimization of urban park green spaces. This
analysis is the premise of application to urban green space
planning to evaluate the accessibility of a city’s park green space
under the correct scale and resolution. To measure the impact of
research scale on accessibility, on the basis of the Gaussian-based two-
step floating catchment area method, this paper compares and
analyzes the accessibility characteristics of urban park green space
under three spatial scales, namely, the subdistrict, community, and
residential quarter scales, under the 1 km walking distance threshold
in the research area. The influence of the two source and destination
points modes on accessibility is analyzed at the residential quarter
scale. The following conclusions can be drawn from the analysis:

(1) Accessibility analysis of park green space should be performed
cautiously when the aggregation unit is taken as the basic research
unit. The accessibility of the aggregation unit is not the statistical
summary of its subunits, especially when the area of the
aggregation unit is generally larger than the walking range of
residents, and is thus likely to lead to wrong conclusions. In
accessibility analysis, two types of polygon (i.e., population
aggregation unit and park green space) must be abstracted into
two types of points (i.e., source and destination points). A large
area of the polygon corresponds to less representativeness of the
points and to greater uncertainty.

(2) When the finest urban population gathering area (residential
quarter here) is taken as the research unit, the consistency of
the source and destination points with the reality will directly

affect the scientificity and accuracy of the evaluation results. The
accessibility values of the two different source and destination
point modes in the study area are similar in overall distribution
and different in local quantity. Overall, the accessibility of the park
green space in the residential quarter under the entrance and exit
mode is better than that under the geometric mode, and the
accessibility difference between the residential quarters is small,
that is, the spatial fairness of visiting the park green space is good.
The main reason for this finding is that under the entrance and
exit mode, residential quarters and parks often have more than
one entrance and exit, so residents have multiple paths to choose
from. In some cases, the geometric center mode will cause the path
distance to be completely inconsistent with the reality, resulting in
incorrect accessibility results.

(3) Place-based accessibility analysis should be conducted on the
finest scale possible rather than the aggregation scale.
Moreover, a better approach is to use true distance rather than
the centroid-to-centroid surrogate between the source and
destination points. Only when the research scale and distance
measure match the daily travel of residents in reality can reliable
accessibility be obtained, which is also an important prerequisite
for further guiding urban green space planning.
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