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With social media platforms becoming popular in recent years, Big Data has
become an effective way to explore human-oriented service capability of parks.
In this research, the spatial accessibility of urban parks under four different travel
modes (driving, transiting, biking, and walking) and multiple modes was
analyzed by integrating the actual experiences of visitors and real travel
time. We took the built-up area of Chengdu, Sichuan Province, China as the
research area and drew conclusions as follows: 1) park accessibility of Chengdu
still has a large space for promotion. 2) Residents living in the east region of
Qingyang District and Wuhou District, north area of Jinniu District, and
Chenghua District are more convenient to visit parks, as well as the
population center of Longquanyi District, Shuangliu District, and Pidu
District. In addition, riders and walkers are more likely to go to the nearest
park. 3) Accessibility of parks would be affected significantly during peak hours
and weekends by driving and multiple modes, while the other travel modes had
little influence. 4) Spatial aggregation was more obvious during the peak hours
of weekdays under driving modes, while there were obvious cold spot areas
distributed continuously for riders. 5) Park desert was found in Yongquan
Subdistrict, Jitougiao Subdistrict, and Chenglonglu Subdistrict, which were
near the downtown. Overall, Chengdu must make rational use of small and
micro spaces in the city to add greenery to the corners of the city and integrate
parks with other surrounding industries to inspire the entertainment, economy,
and tourism function of parks. Through the modified 2SFCA method, this study
provide a more realistic and human-oriented way to demonstrate the
accessibility. Also, the results can guide cities to understand what reasonable
and appropriate parks they need to build to achieve the equalization of park
recreation services.
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1 Introduction

Since urban space is one of the most over-populated living
environments, urban green spaces, especially parks, play a vital
and natural

role in the relationship between humans

environment. They also bring various benefits to the
ecosystem and urban development (Wright Wendel et al,
2012; Hartig et al, 2014; Bertram and Rehdanz, 2015; Wu
2017). illustrated that

establishment of urban parks contribute to decreased physical

et al, Numerous studies have
and psychological illnesses (Zhang et al., 2018) and improved air
quality (Kroeger et al, 2014; Zhang et al., 2014). In addition,
economic and social return could also be provided through
strengthening social connection (Moulay et al, 2017) and
economic vitality of the surrounding areas by parks (Wu
et al, 2017; Aram et al, 2019). In China, there is an
imbalanced relationship between the spatial distribution of
parks and people’s needs in the urban space because of rapid
development of urbanization (Li et al., 2019a; Xiao et al., 2019).
Therefore, the Chinese government initially proposed the
concept of “Park City” in 2018, which advocates balanced
allocation, harmony, and sharing in urban planning and
construction. Within this context, exploring whether the
current urban parks can meet the recreational needs of
residents all over the city has become the precursor task to
build the Park City. Accessibility is a common measure to
indicate convenience for city residents to parks. So, it is
necessary to analyze park accessibility and how it differs
under different conditions. Also, these results could be a key
for urban planners to understand what reasonable and
appropriate parks they need to build in the goal of Park City.

The concept of accessibility was initially used to describe
“population potential” in the population gravity model by
Stewart (Stewart, 1948). After that, accessibility to facilities or
services was defined as the potential of opportunities for
1959). Then,
developed to evaluate the accessibility, which are individual-

interaction (Hansen, two categories were
based accessibility and location-based (place-based) accessibility
(Geurs and Van Wee, 2004; Wang et al., 2018; Gong et al., 2021;
Li et al, 2021). Individual-based accessibility defines attraction
for each individual movement between locations. Also, it prefers
to reflect the freedom of individuals to reach different activities
and benefit from them (Berechman, 2010). In contrast, location-
based accessibility has been applied to reveal the relationships
between locations, which measures the ability to visit specific
facilities or services according to travel distance and population
from residential areas or workplaces (Dalvi and Martin, 1976;
Wang et al., 2018). Thus, the measurements of accessibility have
emerged with plenty of ideas. The most common of them include
1) population-to-provider ratios (Ngui and Vanasse, 2012;
McGrail and Humphreys, 2014), which can also be seen as
the supply capacity of facilities or services, while it is hard to
reveal the spatial heterogeneity and spatial interactions between
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the geographic units; 2) spatial proximity (Onega et al., 2008),
which means the travel distance to nearest facilities or services
represents accessibility. However, there are various choices when
people decide to visit them, not only the nearest one; 3) the
gravity-based methods (Hansen, 1959; Joseph and Bantock, 1982;
Geurs and Van Wee, 2004), which considered both supply
capacity and distance decay effect. However, the impedance
parameter 5 of this method requires prior knowledge and has
no clear geographical meaning. In order to overcome these
shortages, Radke and Mu (2000) proposed the two-step
floating catchment area (2SFCA) method, which was then
improved by Luo and Wang (2003). The method used a
floating catchment area searching the starting points (the
potential demand) and the destinations (the possible supply).
Afterward, this method and its improvements have become the
most typical model to measure accessibility.

There is a problem in the classic 2SFCA model that is how to
depict the distance decay effect in an exact way. At the beginning,
Luo and Qi (2009) proposed an enhanced two-step floating
catchment area (E2SFCA) using weights to different travel
costs to account for distance decay. After that, a continuous
function was employed to describe distance decay instead of a
discrete one. Some studies used a kernel density function
(Guagliardo, 2004; Xia et al, 2019), a power function (Luo,
20145 Dony et al., 2015; Tao et al,, 2018), or a Gaussian-based
function (Dai, 2011; Cheng et al., 2016; Li et al., 2019b; Bryant
and Delamater, 2019; Hu et al., 2020) to simulate travel cost. In
particular, Gong et al. (2021) improved the distance decay
function with the actual travel behavior from trajectories to
reflect the real travel distance impedance (Li et al., 2021).
Another solution is changing the catchment area wherein
different people would accept different travel costs in terms of
different conditions (McGrail and Humphreys, 2009). As a
result, the idea of variable catchment area was involved in the
2SFCA model called V2SFCA, which was applied to fit the travel
distance (McGrail and Humphreys, 2009; Luo and Whippo,
2012; McGrail and Humphreys, 2014; Dony et al.,, 2015; Bauer
and Groneber, 2016).

Moreover, individuals might choose different travel modes
when they visit facilities or services due to urban development,
while the classic 2SFCA method failed to consider the situation.
Therefore, scholars have taken multiple travel modes into
account on accessibility. For example, Liang and Nekorchuk
supposed that different transport modes could provide more
realistic accessibility estimations and integrated travel time by car
and bus in the 2SFCA method (Mao and Nekorchuk, 2013).
Dony et al. (2015) compared park accessibility under four travel
modes (car, public transportation, bike, and walk). Xing et al.
(2018) also believed that there is a better explanation through
separately exploring the access to urban parks by car, bike, and
walk. Another study calculated the accessibility influenced by
driving, riding, and walking, and the results showed that the
patterns of spatial accessibility under different travel modes were
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apparently variant (Li et al,, 2019a). At the same time, Qin et al.
(2020) combined the driving and transiting ways to evaluate the
accessibility of parks with a comparison between any single
mode. Similarly, there is a study that integrated the multi-type
travels into the traditional 2SFCA method and provided a more
accurate result of accessibility (Hu et al., 2020).

Although research has found that travel distance was one of
the most important factors associated with the likelihood when
people visit places, especially public parks (Giles-Corti et al.,
2005), non-spatial factors often influence spatial accessibility to
urban facilities, such as the size and amenities of them, the
distribution of population, and the other metrics of access (Li
et al., 2019a; Li et al., 2019b). For instance, some research
illustrated that there were numerous impacts that influence
park accessibility, including the size of the park, the number
of amenities, landscape quality, points of interest (POIs) around
the parks, and functions and public’s psychological perceptions
(Dony et al., 2015; Xing et al., 2018; Hu et al., 2020; Li et al., 2019;
Wang et al., 2015a). As a result, they mixed these factors for
significance into the traditional 2SFCA method. According to
Zhang et al. (2020a),inconspicuous places in the city might be
more popular for local visitors rather than those big and
remarkable places because they may prefer a peaceful and
lively space for relaxation or social interactions Zhang et al,
2020). Meanwhile, some studies indicated that perceived or
psychological accessibility is as essential as geographic distance
in determining attitudes to public facilities (Wang et al., 2015b;
Cw et al.,, 2020). Wan et al. adopted emotions and memories to
evaluate the psychological impact toward urban parks (Cw et al.,
2020). However, there are few studies that considered the
comments and emotions from visitors when they analyzed
spatial accessibility. It is necessary for researchers to improve
the 2SFCA method with those contributors.

Due of
communication technologies (ICTs), daily activities of city

to rapid development information and
dwellers have become easy to capture and collect (Liu et al,
2015). These huge amounts of data with spatio-temporal
characteristics could help understand deeply the travel
patterns and emotions of various places. They also bring a
new opportunity to the study field of accessibility in recent
years. For example, there are numerous studies that replace
travel distance as actual travel time rather than the Euclidean
distance or network distance in those conventional analyses of
accessibility (Cheng et al., 2016; Xu et al., 2017; Li et al., 2019a;
Qin et al., 2020). At the same time, social media data could record
the actual feelings when people visit and interact with natural
environment and measure their preferences (Wood et al., 2013;
Zhang and Zhou, 2018), which is also feasible and time-saving
than traditional surveys. Therefore, evaluating emotions of
visitors from social media data has already become a common
way in previous studies.

To sum up, the purpose of this study is to analyze the spatial

accessibility of urban parks which integrated actual experiences
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of visitors and real travel time under four different travel modes
to explore the convenience of residents to parks and reveal the
unbalanced supply-demand problem between parks and
residential areas. This study can be described as follows: 1) we
chose Chengdu, China, Park City Demonstration Area, as the
study case; 2) we added experience scores from actual comment
data of social media as the park attractiveness into the Huff
Model and took the actual travel cost between parks and
population points by driving, transiting, riding, and walking
as distance decay to improve the 2SFCA method to calculate
the accessibility of residents; 3) we further compared the park
accessibility for visitors in different periods (peak periods and
non-peak periods and weekdays and weekends); and 4) we finally
explored the spatial autocorrelation of park accessibility and how
other factors (population and house price) are associated with
accessibility.

2 Materials and methods
2.1 Materials

2.1.1 Study area

Chengdu is one of the biggest city in the southwest region of
China with 1,421.6 square kilometers of built-up area until 2021,
which is a well-known place to live. The subtropical monsoon
climate leads to rich flora and fauna resources in Chengdu and
provides a great natural background as a solid foundation for city
park establishment. In recent years, enormous green spaces and
parks have also boomingly developed or planned for urban
dwellers in Chengdu. By the end of 2018, the per capita green
area and parks has already reached 14.58 square meters, and
43.36% of the built-up area has been covered by the green space.
At the same time, the idea of “Park City,” that represents the
cooperation with humans, urban space, and parks, has been
originally introduced by President Xi of China in 2018. It means
that human-environment relationship has a high priority rating
in urban planning and development. Also, Chengdu has become
a “Park City Demonstration Area” in China due to its favorable
natural conditions. However, the crowded population brings a
huge number of problems to this city. How to balance the green
needs of residents and the social fairness of this service has
become an essential question for planners and administrators.
Therefore, we select the built-up area of Chengdu as our study
area. It could provide a case study to analyze the spatio-temporal
characteristic of accessing the park. Figure 1 shows the
study area.

2.1.2 Dataset
2.1.2.1 Parks

The information about the 55 parks used in this study is
obtained from Chengdu Government website (http://www.cddata.
gov.cn/). All the parks here are recorded in the “Chengdu Urban
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FIGURE 1

Study area in Chengdu.

Park Directory,” so they have a high local reputation. The data of
each park contain names, types, and areas. According to the related
guidelines of China, these parks are divided into three types:
comprehensive parks, specialized parks, and community parks
(CJJ/185-2017, 2017). Furthermore, through the POI (Point of
Interest) dataset from BaiduMap, we obtained the geographic
coordinate information of these parks and abstracted the park
center into points for spatial representation. The spatial
distribution of parks is shown in Figure 2.

2.1.2.2 Population

Population is normally used in accessibility assessment to
characterize the actual demand of the assessment object. To
maximize the spatial distribution of the population, we used the
POI data of apartment complex from the website (https://cd.ke.
com/) [(Xia et al, 2019), (Wong, 2004), (Larsen and Gilliland,
2008)], and each record of data includes attributes such as names,
coordinates, house price, and number of apartments in one
complex. In addition, as the basic statistics unit of population
in spatial distribution, the difference in the shape and size of the
spatial statistics unit causes various results (Rankin, 1964). There is
a research which indicated that a hexagon could balance the
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sampling bias caused by the boundary effect to make the final
sampling value of each spatial statistics unit more accurate Wong
(2004). Thus, we chose hexagons as basic spatial statistics units and
divided the study area into 16,523 hexagons with 500 lengths per
side. By integrating the POI data of apartment complex and
eliminating the hexagon without population, there are
3,041 population hexagons as a result. The geographic
distribution of those population hexagons is shown in Figure 3.
However, only one specific coordinate point would be the origin or
destination in the accessibility model, while there are many
coordinate points of the apartment complex in one hexagon.
Therefore, the weighted mean of coordinates of the apartment
complex in each population hexagon were used to represent the
population center, as well as the origin of travel, in this study.
Figure 3 illustrates the conception of weighted mean coordinates in
one hexagon, and the specific calculation is shown as Eqs 1, 2.

Xp = Zinplfl, (1)
o= 2B, @

frontiersin.org
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where x, and y, are the coordinates of population-weighted
centroids, x; and y; represent the locations of complex i, and p;
represents the weight at complex i.

2.1.2.3 Public comments of parks

Ctrip.com is one of the most popular trip information
websites in China, which has a large number of users. People
prefer to comment their experience after they visit
somewhere. As a result, a great collection of actual
comment data could be borrowed to reflect the emotions
and feedback of visitors. We obtained 16,084 comments
from Ctrip.com, and each comment data record the user’s
ID, the content of comment, and the number of likes. Each raw
data must be preprocessed before evaluating their emotions
and experiences, which contains cleaning, segmentation, and
removing stop words. After that, the quantitative analysis for
those comments was applied to observe the experiences of
park visitors. In recent years, natural language processing
(NLP) has become the widely used text-analyzed method
due to development of machine learning. BosonNLP is one
of the most well-known platforms in the field of Chinese-
based sentiment analysis. In this study, we adopted this semi-
supervised artificial neural network method through the
Boson platform and quantified those comments as an
experience score. The truth is that there are both positive
comments and negative comments on each park, and they
would equally influence the judgement of visitors. Therefore,
the experience scores of parks are calculated as Eq. 3.

m n
Spark = Zi SposiWi + stnegjwj: (3)
where spq represents the total scores of parks; sposi and Spey;
separately represent the sentiment score of each positive
comment and negative comment of one park, respectively;
and w; and w; are the weight which represents the liked

number of each comment after normalization.

2.1.2.4 Travel time dataset

The acquisition of travel time plays a significant role in
accessibility. The travel cost is usually defined as the
traditional geographic distance such as Euclidean distance,
even some network distance or hypothetical speed based on
network roads. In fact, it is extremely complex for traffic
conditions on the road in different time periods. Those
conventional travel costs cannot depict the travel behavior
of park visitors. In this study, the actual travel time from
population hexagons to parks was used instead of the
traditional ones. At the same time, BaiduMap, as the data
provider, brings dynamic traffic information by four travel
modes that are driving, public transiting, riding, and walking.
Some research also claimed that there is spatio-temporal
characteristics of accessing to urban facilities (Yu and
Shaw, 2007; Li et al., 2019b; Li et al., 2021). Thus, many
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research studies used different time periods to study tourists’
recreational activities. For example, four periods, weekday
morning (9:00 a.m. to 1:00 p.m.), weekday afternoon (1:
00 p.m. to 7:00 p.m.), weekend morning (9:00 a.m. to 1:
00 p.m.), and weekend afternoon (1:00 p.m. to 7:00 p.m.),
were mentioned by Vidal to highlight the differences of
visitors’ behavior in public urban green spaces with
different times (Guedes Vidal et 2022). Pham
administered the questionnaires three busiest
periods of park usage to conduct surveys for visitors in

al.,

during

Hanoi: weekday morning (5:30-8:30 a.m.), weekday
afternoon (5:30-8:30 p.m.), and weekend afternoon
(4-7  p.m.) (Thanh-Hien  Pham et al, 2019).

Comprehensively considering the current standard of China
and the actual situation of Chengdu (GA/T 115-2020, 2020),
three time periods are selected in this study, peak periods (7:
00-9:00), non-peak periods (9:00-11:00 and 13:00-16:00),
and normal periods (10:00-11:00 and 14:00-16:00) to
reveal the temporal characteristics of park accessibility.
There are a total of 152,132 routes from population
hexagons to parks in each period used in this research.
Figure 4 shows the distribution of travel time by four travel
modes in different periods.

2.2 Methods

2.2.1 The original two-step floating catchment
area method

The 2SFCA method measures the accessibility from the
perspective of spatial interaction between supply and demand.
In this study, the accessibility is evaluated in two steps
considering the parks as the supplier and population centers
as the demander. The first step calculates the supply-demand
ratio between parks and population centers. A catchment is
established for each park as the center and the farthest
distance within a given travel time as the radius. All
population sites within the catchment are considered the
demand of parks. Eq. 4 shows the calculation of this step.

Si

R,‘ Il — >
Zke{dk,- <dg) Pk

4
where §; is the ability of the supply at parki. di; and d,, represent
the geographic distance between park i and population center k
and the radius of catchment area dy, respectively. py represents
the population of population center k.

The second step aims to measure the accessibility of the
population site. All the supply-demand ratios of parks within the
same catchment as step 1 of each population center are
summarized, which denotes the number of services for the
park which the population center received. The specific
calculation is illustrated as Eq. 5.
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A= Zie{dijidg}Ri’ (5)
where R; is the supply-demand ratio of park i in the first step. d;;
is the geographical distance between park i and population center
j» and do represents the radius of catchment for population
center j.

However, it has been pointed out that the assumption of
equal access of all population locations within the catchment is
problematic (Luo, 2014). Various research studies proposed that
an appropriate function f(d) could describe the influence of
distance decay, especially for people who live far away from parks
or other facilities. As a result, the measurement of the 2SFCA has
changed as a generalized form (shown as Eq. 6).

S:f(dy)
A5 = D gy canyRif (dis) = Zie{d[jgda}m’ ©)
where f(d;;) represents the distance decay function and other
parameters are the same as those of the original 2SFCA method.

2.2.2 The modified two-step floating catchment
area method

As mentioned in Section 2.1.1, there is a distance decay
function [f (d)] in the 2SFCA. In this study, the f(d) is mainly
related to the following factors: 1) the attraction of the parks and
2) geographical distance between parks and population centers.
Compared with previous research, we improved the 2SFCA
method with the following aspects.
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2.2.2.1 Huff model

To measure the attraction of the parks, visitors’
experiences need to be integrated in the accessibility model.
People would be recommended by others’ comments when
they select a particular park. Also, the mentioned experience
scores could be seen as a measure of attractiveness of parks.
Therefore, we take the Huff model as the function of the f (d).
The Huff model is a famous quantification based on the
gravity model and involves the attractors of facilities and
distance decay effects between spatial entities (Luo, 2014)
(Huff, 1963). Although there were many improvements of
the Huff model after it was proposed, the simplest Huff model
was an easy and common form. Wang employed it to measure
the facility crowdedness with the 2SFCA method (Huff, 1963).
Luo and Subal et al. also quantified the probabilities of visiting
healthcare influenced by their attractiveness with the classic
Huff model (Luo, 2014), (Wang, 2018). In general, it is
suitable for our research to understand the trend of
attractiveness and chosen probabilities on visitors. The
original Huff model was defined as Eq. 7.

Q,‘(d,‘j)iz

e 7
Zkepaek (dik)_z @

p?’Ob,‘ =

where prob; represents the probabilities of visitors’
selections; e; and ex represent the experience score of park

j and park k,respectively; d;; and djy represent the travel cost
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between park j/k and population site i with D, catchment
area, respectively; and the actual travel time would replace
the traditional distance in this research.

In addition, some research illustrated that the willingness of
visitors would only decrease out of a certain threshold (Li et al.,
2019a; Li et al., 2021). We would draw this characteristic with a
hybrid Gaussian function. Assuming that there is no travel cost in
a certain distance, this means that the probabilities of visitors’
selections are equal to 1, and the travel cost would increase with
the Gaussian function to a limited threshold (catchment size)
where the probabilities are 0. Eq. 8 illustrated the hybrid
Gaussian function f (d) in this study.

1, ds< dnunfdecu 'y threshold

2

d—-d,
d) = 4 (ondecayiiresoa)”
f( ) e B > Aoy decay threshold <d< dlimited threshold,

0) d> dlimitedthreshald
®)

where d is the travel cost between one park and one population
Site; dpon-decay threshold aNd diimited threshola Tepresent the threshold
without distance decay and the unreachable threshold,
respectively; and f3 represents the distance impedance coefficient.

2.2.2.2 Distance decay effects with different travel
modes

There are different distance decay effects when people travel
on different modes. For instance, people could bear driving
30 min to a park or other facilities while mostly confuse a 30-
min walk to the park, even the geographical distance by walking
is five times shorter than it is by driving. As a result, distance
impedance coefficient § in the function would fit the needs of
different travel modes. The modified 2SFCA method with the
Huff model can be revised as Eq. 9:

4= Zie{d,,sdo}pmj"/'Rif(d"i)

-y proji;Sif(dy)
ie{di]gdo}Zke{dk;Sda} projk,-pkf (dki)’

)

where proj;; and projy; represent the probabilities of visitors’
selections from population site k/j to park i, S; represents the area
(m?) of park i, f (d; ;) and f (dy;) are the distance decay function,
and py represents the population of site k.

In addition, research shows that there is distinct accessibility
for one population site between travel selection as a single way
and multiple ways (Xing et al., 2018; Hu et al., 2020; Qin et al,,
2020). In this article, we further integrate the four travel modes as
a multi-mode model based on the modified 2SFCA method with
the Huff model for single mode. The formula for multi-mode is
as follows:

Step 1:
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Si
er{car, trans,bike,walk} Zke{dk, <dy} p?’Ojk,' (x)pkfx (dki).
(10)

Ri(x) =

Step 2:

Aj= z z projij (X)Ri(x)fx(dij)

x¢&{car, trans,bike,walk} ig{dij < dx}
projijSifx(dij)
x€&{car, trans,bike,walk} ie{dij < dx} Zke{dk,- <d} Projii (X)Pkfx (dki)

1m

where R; (x) represents the supply-demand ratio of park i under
the single travel mode x, proj; (x) and proji; (x) represent the
probability that visitors from population site k/j select park i by
travel mode x, and f (dy) and f (d;;) represent the distance
decay function under travel mode x, and other parameters are the
same as those of the modified 2SFCA method with the Huff
model for the single travel mode.

3 Results
3.1 Parameters

There are several parameters in the modified 2SFCA model
with the Huff model discussed in detail, including the travel cost
range without distance decay (the non-decay threshold), the
travel cost range without visiting chance (the catchment size),
and the distance impedance coefficient 8 in the distance decay
function.

First, the non-decay threshold should be determined, which
can be considered the start of the accessibility discount.
Governments and urban planners prefer to enclose an
appropriate area to meet the convenient demands of residents
in daily life. Residents avoid worrying about their time cost in this
area. Recently, it has become popular for metropolitans to plan a
15-min community-life circle, which means urban dwellers could
access any basic service for their lives with a 15-min walk. Given
the related policy of Chinese metropolitans, this circle is a success
to arrive at a consensus in the modern society. Also, the standards
from acts and regulations pertaining to urban parks are indicative
references for researchers (Li et al., 2019a; Subal et al., 2021; Lee
and Hong, 2013). Assuming that people who visited a park
located in their own 15-min community-life circle take no
account of the effects of distance decay, we utilized the actual
travel time from the population site to the edge of the circle by
other three travel modes (driving, transiting, and riding) as the
non-decay threshold. When the travel time was less than this
threshold, people would visit these parks with the same chance.

Then, the catchment size (the unreachable threshold) should
be defined as the visiting chance, which would vanish out of a
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TABLE 1 Average travel cost and minimal travel cost by four travel modes.

Non-peak period on weekdays

Peak period on weekdays

10.3389/fenvs.2022.924996

At weekends (mins)

(mins) (mins)
Mean Minimal mean Mean Minimal mean Mean Minimal mean
Car 41.557 11.650 52.947 14.426 45.276 12.285
Transit 90.236 36.974 92.155 37.789 90.995 37.254
Bike 126.365 24.597 126.322 24.589 126.341 24.603
Walk 42.895 32.800 42.705 32.804 42.855 32.794
1.0
[
e 0.8 -
©
hel
a8 0.6
E
3 0.4 1 _
c
8 —
0w =
. 0.2 .
0.0 1 -
0 20 40 0 25 50 75 0 10 20 0 10 20 30
Travel time by car Travel time by public transportation Travel time by bike Travel time by walk
FIGURE 5

Patterns of distance decay of travel cost.

particular travel cost. The choice of the unreachable threshold
normally varies among authors. For the catchment size, some
borrowed the rules from related policies as the informed
determination (Li et al, 2019a; Hu et al,, 2020) and some
confirmed the experience-based threshold in accordance with
the actual travel patterns (Li et al., 2021). However, most research
studies used the average travel time from the population sites to
parks due to their easy acquisition (Qin et al., 2020). To begin
with, we calculated the average travel time of all population sites
by different travel modes in different periods. Importantly, the
average travel time by driving and transiting slightly fluctuated in
different periods, while a steady cost was discovered by riding
and walking in the same periods. It means that travelling to parks
by car or bus would also be influenced by traffic congestion.
Compared with that, the eco-friendly travel modes such as riding
are unaffected by traffic conditions. More interestingly, a 126-
min riding and a 42-min walk to visiting parks are usually outside
residents’ time cost range. As a result, we need to find another
catchment size for these two travel types. The truth is that more
riders and walkers would choose the nearest attractive park as the
routine in daily life. In this study, we made further effects on
calculating the mean of the minimal travel cost from each
population site. Table 1 illustrates the average travel cost and
minimal travel cost by four travel modes. Then, the average travel
time from the population sites to parks was chosen to detail the

Frontiers in Environmental Science

09

catchment size by driving and transiting, and this threshold
under the bike mode and walk mode was matched with the
average minimal travel time.

More importantly, the distance impedance coefficient f3
would have a greater impact on the spatial characteristics of
distance decay and accessibility, especially in the Gaussian-based
function (Wan et al., 2012). Owing to the different catchment size
under different travel modes, the parameter 8 should be suitable
for different travel patterns by the four travel types. Figure 5
describes the patterns of distance decay of travel cost when
choosing different B by driving, transiting, riding, and
walking. Based on the curves of different § in the range of
catchment, 300, 1,200, 80, and 60 were, respectively, employed
in the distance decay function when travel modes are by car,
public transportation, bike, and foot.

3.2 Park accessibility by different travel
modes

There are various spatial distribution of park accessibility
when people travelled by different modes. First of all, we divided
the degree of accessibility into six classes for each mode (shown
in Figure 6). Also, the results can be described as follows: 1)
Chengdu has many population sites with low park accessibility,
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Difference of park accessibility by four travel modes between the peak period and non-peak period.
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and park accessibility gradually decreased from downtown to
suburb under the four travel modes. 2) Specifically, residents
living in these regions are more convenient to visit parks because
of high park accessibility, which are Qingyang district and
Wuhou district, north area of Jinniu district and Chenghua
district, and local area of Longquanyi District, Shuangliu
District, and Pidu District in each travel mode, while the
population centers in the west area of Longquanyi District,
the south area of Shuangliu District, Wenjiang District, and
the east area of Shuangliu District have low park accessibility.
3) For each travel mode, park accessibility by riding has a more
unbalanced spatial distribution in the whole urban area [shown
in Figure 6-(3)], while accessibility of driving mode and public
transportation mode have a similar distribution in most regions
of Chengdu [shown in Figure 6-(1) and Figure 6-(2)]. Compared
with the results of spatial access to parks by car and public
transportation, the number of residents with high park
accessibility was less for riders, especially for those living in
the center of Longquanyi District and Pidu District. It is
interesting that the east region of the boundary area linked to
Wuhou District and Shuangliu District accessed to parks with
more opportunities for riders rather than drivers and travelers by
transiting. 4) In terms of walking, the accessibility of parks in the
study area was generally low [shown in Figure 6-(4)]. The spatial
distribution of high-access zones was similar with those by riding
but significantly reduced, which means that the high-accessibility
centers by bike also easily acquired the park services through
walking. 5) The spatial pattern of accessibility of multiple modes
was followed by the characteristics of each of the four travel
modes [shown in Figure 6-(5)]. For instance, population sites
with high park accessibility by driving and public transportation
distributed in the suburb area were also discovered as high-access
zones by multiple modes, such as the center of west Shuangliu
District and Longquanyi District. Overall, park accessibility of
Chengdu still has a large space for promotion. In addition,
instead of private car and public transportation, the park
accessibility geographically tended to an uneven distribution
for riders and walkers. Meanwhile, the number of high-access
hotspots with green travel modes was greater than that of others.

3.3 Difference of park accessibility
between different periods

In order to explore the impact of travel periods on parks’
accessibility of the Chengdu urban area, the research selected 7:
00-9:00 as the peak period for daily travel. As shown in Figure 7, the
research found that accessibility of drive and multiple travel modes is
more susceptible to peak periods: park accessibility of drive and
multiple modes was significantly reduced in the peak period
especially in Jinniu District and Jinjiang District, while accessibility
of bike, public transportation, and walk mode is almost constant at
all. As for multiple travel modes, except for several areas with
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increased park accessibility, during the peak period, they are
scattered sporadically within urban area, and almost all regions
showed a decreasing trend of park accessibility in Chengdu. In
addition, compared with the private car, the park accessibility by
public transportation was unaffected by traffic conditions.

Meanwhile, by revealing the difference of parks accessibility
between weekdays and weekends, the research found accessibility
of driving and multiple modes was reduced, which is similar with
the results of travel periods. As shown in Figure 8, park
accessibility of most areas in the Chengdu urban area was
decreased except for the north of Jinniu District, west of
Chenghua District, and northeast of Shuangliu District in
driving mode. Almost all spots of Chengdu urban areas were
reduced with varying degrees in multiple travel modes. The most
obvious decrease of accessibility is the northwest of Shuangliu
District and the population gathering area of Longquanyi
District. The same conclusion can be drawn that the park
accessibility by public transportation hardly varied with the
change of weekdays and weekends.

4 Discussion

4.1 Spatial autocorrelation analysis for
park accessibility

In order to identify the spatial clustering patterns of spatial
access to urban parks, the spatial autocorrelation analysis for
park accessibility was applied in this section. Local Moran’s I
(local indicator of spatial association or LISA) is an improvement
of Global Moran’s I (a spatial autocorrelation statistic), developed
by Anselin (1995). There are four types in the LISA, namely,
high-high clusters, high-low clusters, low-high clusters, and
low-low clusters. High-high clusters and low-low clusters
represent clusters with high values and low values in the
geographical space, respectively. In other words, these two
clusters reveal the hot spots and cold spots for one attribute
in the study area. We used Local Moran’s I in GeoDa software
and generated LISA cluster maps. Section 3.3 indicated that the
accessibility would be generally influenced when people traveled
to park by car or multiple modes, while there is little influence for
park accessibility by the other three modes. As a result, we further
analyzed the spatial aggregation under different periods by
driving and multiple modes and under single periods
(weekdays) by the other three modes. Figure 9 and Figure 10
illustrated spatial clustering by driving and multiple modes,
respectively. The spatial distribution of clusters with high
accessibility and low accessibility by other three eco-friendly
types is shown in Figure 11.

At the beginning, we explored the spatial patterns of
accessibility by a private car in the different time periods. As
shown in Figure 9, although the difference of park accessibility
between three periods was great, the trend of them was similarly
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Difference of park accessibility by four travel modes between weekdays and weekends.
changed. On the one hand, traffic condition might have a regions. For example, hotspots with “high-high clustering” such
negative influence on spatial access when people drive to as Qingtong Subdistrict narrowed on peak periods during
parks, while the population sites are clustered at the similar weekdays and weekends. On the other hand, some residents

Frontiers in Environmental Science 13 frontiersin.org


https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://doi.org/10.3389/fenvs.2022.924996

Tan et al. 10.3389/fenvs.2022.924996

" 77 SN v
) J U,\:\_é” f': e, J J \_G fh o
1 ucheng ucheng
r\- Ve Sab dao;yan : Dawam Datobg ;\\\\) San dacyan Dawam Datong

‘\\ P|toni;? ‘ ﬁ;a"ﬁe ; BanzhuyuanQ\ ’?\ \\‘i Pig‘oni o anjie s Banzhuyuan é\ /k
’ ¢ & . % .
. Deyuam g 2 ’ ianhui “, \\ Deyu: o g, ; . e

% ) \
v: 'J“ 3 by
Tianfu g | R 5 Bl 5
A TPJitouqiao 50 o Xihe \r?}\ E " ditdugiao F5C oXibe \r?}\
finmia t cujin N ";) finoia ;:, CUJIn . N ,VJ)
QOHQS%\‘ Damjan | gngquan /~ QOHQS% 'y Damjan 1 | gngquan /-~
) ; /SanEReng H ; > ) . Sar;}'ﬁeng H ,' >
X thagggang p 4 3 \ thanggang i p L
. N 2 T o
\\ Huayang Wan ;\\tg e T \’\\ Huayang: Wan;\v AN S
K 7 & 7
) o ! It ¢
Local Moran's | / / Local Moran's |
k¢ / Not significant ’\ / Not significant
N 7 N /7
\,\ 4 Low-Low ‘,\ / Low-Low
0 5 10 km \,,»\,\\L. / Low-High 0 5 10 km \,,.w.‘\. (/ Low-High
1 s M High-High —J S M High-High
Non-peak periods on weekdays by car Peak periods on weekdays by car

oo ™
/ . uc eng
Q\/J Sandaoyan i Dawan- Dét‘gng

I~
U Pltong - Tuamle Banzhuyuan

D yua» & Tianhuizhen S
x,puAn 9. ! *Sanhe |
\
\ Gorsg way, Qdtong 3
Tianfu \ﬁ‘&g =, ![*’ %‘
i 15 ilditougiao A Xine \'f\\
\B* Y i i) vj
a L Cujin | ~
Rongshéng | Dam;an L ngquan [~
) ¢ san‘§ﬁeng( ﬂ !
\ thanggang <
\\'\ Huayang Wana /\ )> ~
5 %
N p
/ [ Local Moran's |
(\ / Not significant
\k ] Low-Low
0 510km o/ Low-High
L1 “/ W High-High
Weekends by car

FIGURE 9
Partial clustering of park accessibility by driving in three periods.

are superior to the traffic condition due to the short distance the other two travel periods, Guixi Subdistrict, Huayang
between homes and parks, and the population sites increased Subdistrict, and Wanan Subdistrict have more high-low
insignificantly during the peak periods on weekdays and clustering spots during the peak of weekdays. The reason may
weekends such as those surrounding at Longquan Subdistrict. be that this area is located in the high-tech development region of
In addition, there are cold spots gathering in Huayang, Damian, Chengdu, and traffic jam is greater than that of other areas in the
and Xipu subdistricts. Park accessibility in these areas is peak period, which leads to more obvious differences in local
inherently low, so it did not show a downward trend on peak accessibility.
periods of weekdays and weekends. It means that residents living There are three green travel modes in the modern society:
in these places found it inconvenient to access the parks for each public transportation, bike, and walk. As a result, the pressure of
of the three periods. accessibility to parks by them would not meet the threat in terms
The study measured Local Moran’s I of multiple travel mode of traffic condition. However, it is different for these three types
accessibility at different time periods, and the results in Figure 10 to shape the spatial distribution of park accessibility (shown in
showed that there was no significant difference in the distribution Figure 11). For public transportation, hot spots were mainly
of hot spots and cold spots in the three periods. Compared with clustered in Dongsheng Subdistrict and Longquan Subdistrict
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FIGURE 10
Partial clustering of park accessibility by multiple modes in three periods.

like driving mode, while cold spots expanded at the west region sites near the junction of downtown and suburb experienced low
such as Anjing Subdistrict. Comparing with driving and public accessibility by any of the four modes. The reasons might be the
transporting, residents are more willing to walk and ride to parks unbalanced supply-demand problems and unreasonable
near their home. However, in cycling and walking mode, there distribution of parks. It means that the high-density
are only few scattered hotspots with high-high park accessibility. population living in the downtown area allocated limited
This also reflects the uneven distribution of parks in Chengdu. public parks, and the suburb population sites with low density
There is a new region considered high-access spots located at near the public parks could enjoy the parks both in downtown
downtown (Caotang subdistrict) by riding and walking. This and suburb. To further understand the inequality in park
region was also detected for walkers as one of the few hotspots by accessibility due to unbalanced distribution, which could bring
this travel mode, such as Dongsheng and Dawan. a better opportunity for residents to balance the life quality of

them, “park deserts” was proposed by this study.
There are some studies that discussed about food deserts
4.2 Park deserts (Walker et al., 2010) and healthcare deserts (Li et al., 2021). The
public services are not enough for people who lived in these desert

The results of Section 3.2 showed that the spatial access to areas. Similarly, we proposed the “park deserts” to describe an area
parks in the suburb area was similar to some sites in downtown, devoid of a park or access to park services is limited. Many
even higher by driving and transiting. However, the population socioeconomic factors could be involved in the inequality

Frontiers in Environmental Science 15 frontiersin.org


https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://doi.org/10.3389/fenvs.2022.924996

Tan et al.

™S ek |
JEEE i SV \,.,
< Gucheng

Sandagyan y Dawam Datobg
Tuanjie =

\ i ' P> Banzhu uan g,,‘
\ij“i‘ 3 Y <
| Do 7 o R
\ S\ XipuAUHggl IS

= Ly = Jitougiao

' u]n i N ,;’(
Dongsrlag Dam;an ~ Lgogquan
San‘&ﬁeng - ?

\ thanggang L J\\
™\ e N 5
T\ Huayang' & wan'a VC/\ e
N 7
\ e

' Local Moran's |

i f Not significant
N S Low-Low
0 510km ../ Low-High
L1 T M High-High

public transportation

10.3389/fenvs.2022.924996

e L
< iy A
Sanc;%/an Jj Dawans D \ﬁo“g

2N 9 Banzhuyuan o

Hongguang

eylian An;mg {“\ ‘Sanhe

3 st P<§\| Sbﬁang’srtyln;an A £y
‘Gongping 0 Hehuachi 4
R < i kﬁx\r
A LTianf, Shillng

ljiang® LJvtouqlao % ( “ong' an)

Damlan X
L‘ngquan ;

Dongsl%:y ck’n‘g

\ thanggang @uﬁu

\—

N
u\'\ Huayang: wan'a \}'/\j“r B
7
i Local Moran's |
< ). Not significant
N / Low-Low
0 510km .. =/ Low-High
L1 T M High-High

1 o
RS - -
\a
\ Y 3
“\\ ¢ .Pitong’\ ’\q
} ~ > £ & ﬂL\ -
\ yuan ¥ ‘
AN PN - \.
Lluche_pg}ﬁuangllanda I 52
{ >\Jy§ha aotang .~ ﬁx\‘?'
J/ o ¢ Shuangguilu
T J,
\ Donﬂshﬁjgﬂfg’yangcha g LOngquan #
‘ )
{ /i ,‘
™ \ﬁ Sy
N /
) r
7 Local Moran's |
"?\ /:/ Not significant
- p
1§ / Low-Low
0|_5 PR e, Low-High
B High-High

walk

FIGURE 11

Partial clustering of park accessibility by public transportation, bike, and walk.

measurement of park accessibility. In this study, we evaluated the
influence from population and house price to park accessibility. On
the one hand, high-density population sites should receive
appropriate park accessibility. At the same time, population sites
with high house prices should also be full of a range of public
services, including public parks. Comparing the spatial access to
parks with these two factors, we attempt to identify park deserts with
a simple spatial statistic method, Bivariate Local Moran’s I, for
different populations. The non-peak park accessibility on weekdays
would be employed to discover the relationship. There are two
reasons: 1) the result in this period could describe the normal
phenomenon and 2) the tendency of park accessibility in the study
area follows a set pattern in different periods, which means that the
population sites with high accessibility at the non-peak weekday
period would share the same accessibility but with different values.

Because of different travelling results, we identified the park
deserts determined by population under four travel types and
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multiple modes at the beginning. Figure 12 shows the number
of population sites which are tagged as park deserts under
different travel modes. The blue line indicated a slight
fluctuation between those modes. As a result, we chose these
park deserts caused by population under multiple travel
modes, as illustrated in Figure 12. The population sites
distributed in the city center such as Yongquan Subdistrict,
Jitougiao Subdistrict, and Chenglonglu Subdistrict are mainly
identified as park deserts. Also, some population sites near
downtown are high-density population yet with low-level
accessibility. In the study area, park accessibility affected by
house price was similar under different modes (Figure 12).
Residents living at the city center, the middle region in Jinniu
District, and the north region in Jinjiang District experienced
an inadequate park service while they still need to pay more
on their houses (as shown in Figure 12). However, the high
house price might be influenced by educational resources and
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convenient transportation systems. It is interesting and crucial
for the researcher to focus on the impact of park accessibility
on house price in the future. In addition, increasing the
density of the road network, adding pedestrian bridges,
adding park entrances and exits, and adding small and
micro public green spaces along the roads can effectively
improve park deserts.

4.3 Limitations

Although our study was carefully executed, there is still
room for improvement in future research. The first challenge
is a typical limitation of the big-data-based research, the data
bias problem. For instance, it is a key issue on how to eliminate
the difference between the number of positive comments and
negative comments despite applying normalization before
calculating the experience score. Also, most comments are
generated by young adults or teenagers, and we hardly
understand the experiences of elders who visited a park.
Second, the experience score using BosonNLP could be seen
as a new shot to reflect the intuitive attractiveness of parks.
However, some machine learning methods (Wang et al., 2021)
and extractions from geo-tagged images (Zhang et al., 2020b)
could evaluate the satisfaction of city dwellers to parks from
multidimensional indicators. Further research needs to
pay more attention to fine evaluation of the attractors
influencing the emotions of residents. More importantly, this
study focused on the famous parks with a relatively large area,
while the trend is that road-side parks and micro public green
space play a vital role in fitting the needs of leisure in urban
construction. In the equation of 2SFCA, the area of parks is the
predominated parameter. It means that parks with large area
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could supply more populations rather than those with small
area. The small parks might give people more potential
psychological support in reality. As a result, how to measure
the correct supplements of the small landscape in the 2SFCA
method would be an interesting question to solve in the future.

5 Conclusion

Unbalanced supply-demand problem between urban parks
and residential areas is common in many cities of China.
By taking “Park City” construction of Chengdu as an
opportunity, we choose accessibility to reveal the unbalanced
distribution of urban parks, guiding Chengdu to planning and
constructing parks scientifically and rationally. With social media
platforms becoming popular in recent years, people would be
categorized as sensors to freely express their feelings. In this
research, the spatial accessibility of urban parks under four
different travel modes (driving, transiting, biking, and
walking) and multiple modes was analyzed by integrating the
actual experiences of visitors and real travel time. It offers a more
realistic and human-oriented way to understand the accessibility
and opportunities that residents acquired in the urban area.

At the beginning, this research abstracted the comments
of visitors from social media data as the experience scores
with BosonNLP and the Huff model, which attracts parks
to those visitors. Then, it was introduced into the 2SFCA
method as a parameter to reflect the park accessibility. We
selected the built-up area of Chengdu as the study area. After
comparing and analyzing park accessibility under different
travel modes and periods, the conclusions were drawn as
follows: 1) park accessibility of Chengdu still has a large space

for promotion. 2) Residents living in these regions are
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more convenient to visit parks because of high park accessibility,
which are Qingyang District and Wuhou District, north area of
Jinniu District and Chenghua district, and local area of
Longquanyi District, Shuangliu District, and Pidu District.
In addition, riders and walkers are more likely to go to the
nearest park. 3) The spatial access to parks would be affected
significantly during the peak hours and weekends by driving
and multiple travel modes, while the accessibility of other travel
modes had little influence. 4) The spatial aggregation was
more obvious during the peak hours of weekdays under
the driving modes, while there are obvious cold spot areas
distributed continuously for riders. 5) Park deserts were found
in Yongquan Subdistrict, Jitougiao Subdistrict, and Chenglonglu
Subdistrict which are near downtown. The results of this study can
be the reference for rational distribution of urban parks and
provided scientific support for Chengdu to build a park city
and realize the equalization of park recreation services in the
build-up area. Overall, the accessibility of parks within the central
urban area of Chengdu needs to be improved. In the downtown,
due to the contradiction between the huge population base and the
limited use of space, the service capacity of the park is unable
to bear the strong demand of the public. On the one hand,
Chengdu must make rational use of small and micro spaces
in the city to add greenery to the corners of the city, and on
the other hand, as a pilot project for the construction of park city in
China, Chengdu needs to integrate parks with other surrounding
industries to inspire the entertainment, economy, and tourism
function of parks and achieve the goal of city—park integration.
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