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ARTICLE INFO ABSTRACT

Keywords: Regular visits to park green space offer remarkable benefits for the physical and mental health of
Pﬁﬂf green space urban residents. Achieving a comprehensive understanding of the utilization across the entire city
Trajectory big data is a prerequisite for improving the overall utilization rate of park green spaces. Traditional social

Distance threshold

. . survey methods are limited by their sample size and time-consuming nature, while methods based
Compensation hypothesis

on geographic location big data are gaining momentum. This study focuses on Xuchang, a
medium-sized city in China, and systematically analyzes the current state and influencing factors
of park green space utilization by mining GPS trajectory big data from April 3 to 12, 2022. Results
indicate that residents’ choices of park green spaces are highly diverse. Approximately 20% of
visitors on holidays and weekends, and about 25% of visitors on weekdays, prefer the park green
space closest to their homes. Notably, the distance threshold for park green space visits on
weekdays, weekends, and holidays is 3633, 3824, and 4127 m, respectively. These distances are
significantly higher than the several hundred meters specified in planning documents or
commonly used in accessibility analyses. For individuals who frequently visit park green spaces,
distance is the most critical influencing factor. Conversely, for those who occasionally visit,
distance is not the primary consideration. For individuals who rarely or never visit park green
spaces, personal attitudes play an essential role. In comparison to weekdays, the number of
visitors on holidays and weekends is larger, the travel distance is longer, and they are more in-
clined to choose larger parks. Visits are concentrated in the afternoon and evening, and weather
changes remarkably affect park green space utilization. Importantly, no compensatory effect is
observed between the frequency and duration of park green space visits. These findings hold
important implications for urban planning, management, and the promotion of park green space
utilization.

1. Introduction

The world’s urban population continues to grow[1], and the increasing size of cities, along with their highly concentrated pop-
ulations, presents contemporary urban centers with a range of complex environmental and social challenges [2]. As a crucial ecological
component of the urban built environment, urban park green spaces contribute to residents’ well-being by enhancing the ecological
environment, promoting physical health, and alleviating mental stress. The ecological and environmental advantages of urban park
green spaces manifest in various aspects, including temperature regulation, humidity maintenance, carbon sequestration, oxygen
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production, noise reduction, pollution mitigation, and biodiversity preservation [3]. Urban park green spaces primarily enhance
physical and mental health by reducing environmental pollutants, providing spaces for physical activities, leisure, and social in-
teractions, as well as offering aesthetic experiences. Individuals who regularly utilize these green spaces are less likely to be overweight
or obese[4] and have a reduced risk of developing various chronic diseases (Sugiyama et al., 2018). Public green spaces in urban areas
have a positive effect on reducing the prevalence of heart disease, chronic pneumonia, and hypertension (Wang and Lan, 2019), and
residing in greener locales may lower overall mortality rates [5]. Furthermore, urban green spaces can alleviate loneliness[6], reduce
the odds of depression and suicide [7]. Regular outdoor recreation in nearby natural settings positively influences the emotional
well-being and mental resilience of urban residents (Buchecker and Degenhardt, 2015; [8]. The longer individuals spend in urban open
green spaces, the less they are susceptible to the effects of stress[9]. Forestry Commission Scotland even launched a Woods In and
Around Town (WIAT) programme aiming to lower levels of stress, and improve mental health and wellbeing of local residents[10-12].
Therefore, ensuring an appropriate number and equitable distribution of urban park green spaces, as well as encouraging their use, is a
vital prerequisite for these spaces to benefit urban residents.

Several factors influence people’s choices and usage of park green spaces, with distance/accessibility being one of the most crucial
determinants [9,13-16] or, more precisely, perceived distance/accessibility [17,18]; Wan et al., 2020). The proximity to park green
spaces is directly linked to the frequency of visits[14,19], and generally, a distance of 300-400 m [14,20-22] is considered the access
threshold, beyond which usage sharply declines [19]. However, recent research has indicated that the threshold for park green space
visitation extends much farther, sometimes reaching 1400-1900 m [23], 2000 m [24], or even greater distances [25,26]. Simulta-
neously, some studies have found no significant correlation between distance/accessibility and park green space access[27,28],
suggesting that personal attitudes play a decisive role in this regard [29,30]. Therefore, in addition to optimizing the layout of green
spaces within urban parks, publicity campaigns should also be carried out to change users’ attitudes and positioning the use of urban
green spaces as a social trend[31,32].

Research on the utilization of park green spaces encompasses various aspects, including visit distance, time, duration, and fre-
quency. Generally, the use of green spaces in urban parks exhibits a phenomenon known as distance attenuation[4,15,20,23,24,33].
This phenomenon entails a decrease in the frequency of park green space visits as the distance between one’s residence and the nearest
park green space increases. In terms of seasonal patterns, people typically favor visiting parks and green spaces during weekends and
holidays[34]. However [24], demonstrated that the number of visitors on weekends is lower than on weekdays. Regarding the daily
variation in visitation times, the majority of visits are concentrated in the afternoon and evening[28,35], with a notably high average
number of nighttime visitors in the Latin American region [36]. A compensation hypothesis regarding the relationship between visit
frequency and duration exists. This hypothesis suggests that residents with fewer green spaces in proximity to their homes are more
likely to visit more distant parks [37]. It also posits that residents spend less time visiting nearby urban green spaces frequently and
more time occasionally visiting distant urban green spaces, resulting in an equal total time spent in urban green spaces[19]. However,
the validity of this hypothesis is not universally confirmed. Some studies support it[38,39], while others refute it (e.g., Ref. [9]; Muniz
et al., 2013; [40], and some studies arrive at inconclusive findings (Maat and Vries, 2006; [41-44].

The aforementioned studies primarily rely on traditional questionnaire surveys and on-site observations, which possess certain
limitations, including small sample sizes, potential data validity and reliability issues, and being time-consuming and labor-intensive
[28,34]. However, with the emergence of the era of big data, some researchers have started to leverage geolocation social media data
and mobile phone data to investigate the utilization of urban parks and green spaces. Geographically tagged social media big data from
platforms, such as Instagram [45,46], Flickr [46,47], Twitter [47], Weibo check-in data [48]; Lyu and Zhang, 2019; [49,50], Baidu
Heatmap (Lyu and Zhang, 2019), Ctrip [50], and Dianping [50], as well as Tencent’s Real-Time User Density per hour [28], are
frequently employed to estimate the number or density of visitors to urban parks. When it comes to mobile phone location big data,
there are two primary positioning principles. One relies on base station positioning, where the location of the mobile phone is
determined by the base station it’s connected to. Positioning accuracy depends on the base station interval, which is typically 100-300
m in the central city and around 1000-3000 m in suburban areas[51]. The other principle is based on GPS positioning, offering ac-
curacy within tens of meters[52,53]. Mobile phone location big data is often used to analyze various aspects of urban parks, including
their service area[24-26,51-54], the number of visitors [24,53], visitation rates [51], and visitation durations [51], among others.
However, it’s important to note that social media location data only records visitor check-ins or location information within the park,
enabling analysis of visitor numbers or densities within the park itself. On the other hand, mobile phone data records visitor activity
trajectories. Nonetheless, most studies rely on mobile phone data based on base stations, which is constrained by positioning accuracy.
Consequently, these studies often focus on several large parks within a city, leaving a gap in comprehensive research on the utilization
of park green spaces across the entire city.

This study utilizes high-precision mobile phone trajectory data to conduct a comprehensive analysis of park green space utilization
across the entire central urban area of Xuchang, a medium-sized city in China. The primary objectives of this research are as follows:
Analyze the accessibility distance threshold based on actual park green space visitors. Investigate the impact of various objective
factors such as distance, park green area, holidays, weather, and others on the utilization of park green spaces. Evaluate the validity of
the compensation hypothesis concerning park green space utilization.

2. Materials and methods
2.1. Data sources

The mobile phone location data used in this research was sourced from Guangzhou Mengxiang Network Technology Co., LTD. This
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company collaborates with mobile phone manufacturers to offer intelligent scene recognition services to mobile phone users. This
service involves embedding a software development kit into the mobile phone system to obtain user location information. It’s
important to note that when users initiate the scene recognition service for the first time, it is only activated after the user consents to
the license agreement. The data used in this study comprises half-hourly positioning trajectory data for the permanent population
residing in the central urban area of Xuchang and its 2 km buffer zone. This data was provided by the company for the period from
April 3 to April 12, 2022. This timeframe encompasses a 3-day Qingming Festival holiday, 5 working days, and 2 weekends, totaling 10
days of data collection. The positioning accuracy is approximately 10 m in open outdoor areas and, in locations with numerous ob-
stacles, the maximum error does not exceed 20 m. It’s important to highlight that all trajectory data used in this study lacks any
personal attribute information. During data analysis, a total of 256,423 permanent residents were identified, with 186,970 individuals
residing in the central city, representing 33.72% of the permanent population within the region (which stood at 554,465 people, as per
the seventh national population census data from 2020). To validate the accuracy of the sample data, Pearson correlation analysis was
conducted between the resident population identified through mobile big data and the resident population derived from the seventh
population census data for each district [55]. The results yielded a correlation coefficient of 0.963 (n = 15, p = 0.000), indicating that
the sample data effectively reflects the spatiotemporal distribution characteristics of the actual resident population. This demonstrates
that the sample data accurately captures the spatiotemporal distribution characteristics of the real resident population.

The administrative division data utilized in this study were sourced from the Xuchang Municipal Bureau of Natural Resources and
Planning. For other foundational data, including road networks, park green spaces, residential areas, and more, please refer to the
research conducted by Ref. [56].

2.2. Methods

On the basis of the mobile phone location data and foundational data, first identify park visitors and their home addresses. Then
count the number of visitors per day and summarize the visit frequency. Next, the network analysis method is used to calculate the
shortest home-to-park distance and actual visit distance. Finally analyze the influence of distance, park green space area and other
factors on park green space utilization. These processes are implemented by ArcGIS Pro 3.0.2 and SPSS 22.0 software.

(1) Visitor identification: Individuals who enter the park green area after 5:00 a.m. on any given day will be classified as visitors.
Among these visitors, those who have spent more than 6 consecutive hours in the park on at least 5 out of 10 days will be
categorized as the working population. This specific group will be excluded from the overall visitor count.

(2) Home-Park distance: Initially, the mobile phone location data is integrated with the spatial distribution information of resi-
dential neighborhoods. The residential quarter where a user’s device registers the most frequent presence during the residential
period (between 22:00 p.m. and 7:00 a.m.) over the last three months is designated as the device’s residence. Subsequently,
starting from the entrance of the residential quarter and concluding at the gate or entrance of the park green space (as per [56], a
network analysis method is employed to determine the path distance from the residence to the park green space.

(3) Visit time: Consider the time when visitors initially enter a park green space as their time of arrival.

(4) Duration: The visit duration is approximated based on the frequency of visitor appearances in the park green space each day.
Given that this dataset records locations once every half hour, the visit duration is calculated as = the number of locations x 0.5.
This approximation yields an error of less than 0.5 h. For instance, if a visitor is only recorded once in the park green space, their
visit duration would fall within the range of 0-1 h. If a visitor appears twice in the park green space, their visit duration would
span from 0.5 to 1.5 h, and so forth.

(5) Frequency: The visit frequency represents the number of times residents visited the park green space during April 3-12, 2022,
computed on a daily basis. For each day, if a person visits the park green space, irrespective of the number and duration of visits,
the value is set to 1. If an individual does not visit the park green space on a given day, the value is recorded as 0. The data for the
10 days are then aggregated, resulting in a visit frequency value range of [0, 10].

(6) Travel rate: The proportion of individuals visiting park green spaces in relation to the total population.

2.3. Study area

The study area encompasses Xuchang city center, covering an approximate area of 97 square kilometers. Situated in central China,
Xuchang holds several prestigious titles, including being designated as a “national ecological garden city,” a “National Forest City,” a
“National Health City,” and a “National civilized city.” Xuchang city is a microcosm of small and medium-sized cities in China [57]. As
an ancient civilization with a long history, China emphasizes the harmonious coexistence of humans and nature, and pursues the unity
of heaven and humanity. Most residents have a clear cognition of the ecosystem services provided by urban park green spaces, and are
even willing to pay for the conservation of urban park green spaces[58]. And parks green spaces have a positive effect on house prices
[59]. Compared with Western countries where urban park green spaces are generally used for walking, dog walking, sports activities
and exercise [60], people in China use urban park green spaces generally for walking, having a trip with children, exercising, and
enjoying the scenery [15]. As per the seventh population census of China in 2020, the permanent population of Xuchang city stands at
554,465, classifying it as a medium-sized city based on population size (State Council of China, 2014). The city’s total GDP amounts to
44.842 billion yuan (Chen and Cui, 2022). The study area has a flat terrain with an elevation range of 65-95 m. The detailed infor-
mation about the topographic and climatic characteristics can be found in the research conducted by Ref. [56]. Within this study area,
there are 1300 residential quarters and 93 park green spaces, encompassing a combined area of roughly 774 ha. To mitigate
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boundary-related effects, a 2 km buffer was applied to the outer limits of Xuchang’s central urban area. Consequently, 291 residential
quarters and 24 park green spaces, accounting for approximately 363 ha, have been included in the statistical assessment of park green
space usage within the buffer zone. figure Alillustrates the statistical relationship between the path distance from the residences of
256,423 permanent residents to the nearest park green space, as identified through mobile phone big data. Notably, over half of the
population resides within a distance of less than 500 m from a park green space, nearly 80% of the population lives within a distance of
less than 1000 m from a park green space, and only 3.04% of residents have a distance exceeding 2000 m to the nearest park green
space.

The weather conditions observed from April 3 to April 12, 2022, during the research period, are detailed in table A1l. At this time,
the season is spring, marked by blossoming flowers and steadily rising temperatures. The prevailing weather consists of a mix of
sunshine and clouds, occasionally transitioning to overcast conditions. It’s worth highlighting that following several consecutive days
of warming weather, a significant temperature drop of 16 °C occurred on April 12th. This abrupt change also resulted in a steep decline
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Fig. 1. Spatiotemporal distribution of residents visiting park green space from April 3 to April 12, 2022. (For interpretation of the references to
colour in this figure legend, the reader is referred to the Web version of this article.)
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in the number of visitors to the park green spaces on that particular day.

3. Results

3.1. Spatial and temporal distribution pattern of park green space use

Fig. 1 illustrates the spatial and temporal distribution of the number of residents visiting various park green spaces in each resi-
dential quarter. Regarding spatial distribution, residents in each residential quarter exhibit diverse preferences when choosing park
green spaces. Even within the same residential quarter, different individuals may opt for different park green spaces. The number of
park green spaces visited by residents in a given residential quarter varies widely, ranging from a few to over 30, primarily linked to the
population size of the residential quarter. Larger populations tend to result in more varied choices of park green spaces. The number of
people visiting specific park green spaces within each residential quarter follows a pyramid-shaped distribution, with a broad base
primarily consisting of 1-2 visitors and a much smaller peak featuring more than 15 visitors. The distribution of visitors across park
green spaces is not uniform, with the majority of visitors concentrated in a select few parks. Among the total number of visitors over the
ten-day period, West Lake Park in the central study area attracts the most visitors, accounting for 9.92%. Following closely is Luming
Lake Park in the northeast, making up 4.18% of the total. Dihao Plaza in the central region and Central Park (Chenzhuang Street to
Yongchang Road section) in the northeast account for 3.11% and 2.97%, respectively. Additionally, there is a strong correlation
between the daily number of visitors in each park, and this relationship remains relatively stable, displaying a significant positive
correlation with the park’s area (see table A2). Furthermore, the ranking of park popularity remains consistent, also demonstrating a
significant positive correlation with their respective areas (see table A2). Regarding temporal variations, the number of park visitors is
notably higher during the Qingming Festival (Fig. 1 (1)-(3)) and weekends (Fig. 1 (7)—(8)) in comparison to regular working days.
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Fig. 2. The number (a) and proportion (b) of visitors under different dates and different distance thresholds.
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Visitors also cover longer distances during these periods.
3.2. Travel distance analysis

Dates exert a significant influence on the number of park visitors (Fig. 2 (a)). The highest visitor count occurs on holidays, followed
by weekends, both of which significantly surpass the numbers seen on working days. The visitation rate on holidays and weekends
ranges from 3.33% to 3.80%, whereas on working days, it ranges from only 1.76%-2.84%. Additionally, weather conditions also have
anoticeable impact on the visitation rate. For instance, compared to April 11, the maximum temperature on April 12 dropped by 16 °C,
accompanied by a shift from cloudy to overcast weather (Table 1A). This change led to a sharp decline in the number of park visitors. In
terms of travel distance, as the distance from one’s residence increases, the corresponding number of visitors decreases. On holidays
and weekends, the number of visitors in each distance segment is higher than on weekdays. Considering the proportion of visitors at
different distance thresholds (Fig. 2 (b)), when the travel distance is less than 2000 m, the proportion at different distance thresholds
on holidays and weekends is lower than that on working days. However, when the travel distance exceeds 2000 m, the proportion on
holidays and weekends is higher than that on working days. For visitors at the 25th percentile, the home-park path distances were 440
m, 585 m, and 664 m on weekdays, weekends, and holidays, respectively. For those at the 50th percentile, the distances were 1528 m,
1840 m, and 2059 m on weekdays, weekends, and holidays, respectively. Lastly, for visitors at the 75th percentile, the distances were
3633 m, 3824 m, and 4127 m on weekdays, weekends, and holidays, respectively. Taking into consideration the proximity of the
nearest park green space to one’s residence, approximately 20 percent of visitors utilize the nearest park on holidays and weekends
(fig. A2), compared to around 25 percent on weekdays.

3.3. Analysis of the use of park green spaces

3.3.1. Access time analysis

Overall, individuals tend to visit park green spaces predominantly in the afternoon (between 13:00 and 18:00) and in the evening
(from 18:00 onwards), accounting for roughly two-thirds of the total number of visitors (Fig. 3). Following this, there’s a preference for
the morning (8:00 to 11:00), which represents approximately 18.74% of the total, as well as the early morning (5:00 to 8:00) and noon,
constituting 6.09% and 8.89%, respectively. During holidays (April 3-4), the morning period sees the lowest number of visitors, at
approximately 4%, while the afternoon experiences the highest number of visitors, at around 43%. In contrast, on weekdays and
weekends (April 6-12), the number and proportion of visitors during the morning (about 7%) are notably higher than those on
holidays. The evening remains the peak visiting time (around 34%), closely followed by the afternoon (about 30%), with the morning
accounting for approximately 20%. The noon and morning periods have the fewest number of visitors during this time frame.

3.3.2. Duration analysis

As depicted in Fig. 4, over half of the visitors spend approximately half an hour (0-1 h) in the park green space, while more than
20% of visitors stay for around 1 h (0.5-1.5 h). Fewer than 30% of visitors extend their visits beyond 1.5 h (1-2 h). This proportion
exhibits slight variations on different dates. On holidays and weekends, people tend to spend more time in the park green space. The
only exception is that the proportion of tourists who visit for about 0.5 h (0-1 h) is lower than that on working days, while the
proportion of visitors who stay for other durations is higher than that on working days.

3.3.3. Frequency analysis

Throughout the study period, over 85% of the residents did not visit the park green space within the span of 10 days (Table 1). In
contrast, less than 15% of the residents made at least one visit. Approximately 7.36% of the residents visited the park green space once,
around 3.11% visited twice, and roughly 1.55% visited three times. A mere 2.13% of residents visited the park green space more than
three times, with only 0.34% making more than seven visits, and a mere 0.11% of residents visited the park green space every day.

Table 1

Statistics on the frequency of residents using park green spaces.
Frequency Number of visitors Proportion
0 220141 85.85%
1 18871 7.36%
2 7975 3.11%
3 3979 1.55%
4 2149 0.84%
5 1248 0.49%
6 740 0.29%
7 450 0.18%
8 342 0.13%
9 242 0.09%
10 286 0.11%
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Fig. 4. Duration statistics of visitors’ use of park green space on different days. (For interpretation of the references to colour in this figure legend,
the reader is referred to the Web version of this article.)

3.3.4. Analysis of the relationship between visit duration and frequency

The relationship between visit duration and frequency is presented in Fig. 5. In general, the median visit duration shows an upward
trend as visit frequency increases. For visitors who only visit the green space once, the median duration is 0.5 h, and it increases
gradually with higher visit frequencies. When the visit frequency reaches 7 times, the visit duration exceeds 1 h, and from there, it
increases rapidly with further increases in visit frequency. When the visit frequency reaches 10 times, meaning visitors went to the park
green space every day, the median duration for these visitors in the park green space surpasses 2 h. In essence, the more frequently
individuals visit the park green space, the longer their average duration during each visit. Conversely, lower visit frequencies are
associated with shorter average visit durations. Consequently, this study contradicts the compensation hypothesis for park green space
usage.

3.4. Factors affecting the use of park green spaces

Many factors affect the use of park green space, including personal factors, distance, park area, etc. Studies have shown that the
frequency and duration of visits to park green space are influenced by personal factors such as gender, age, education level, occupation,
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and income[13,16,20]. Since the trajectory data used in this study does not contain any personal attribute information, only objective
factors such as distance and park area are analyzed here.

3.4.1. The relationship between visit frequency and distance

The shortest home-to-park distance has a significant impact on the frequency of park use (Fig. 6). As the shortest home-to-park
distance shortens, the frequency of park use notably increases. Visitors who visited the park green space only once had a median
shortest home-to-park distance of 475 m, whereas those who visited the park green space daily had a much shorter median distance of
only 136 m. However, since only approximately 20-25% of visitors choose the park green space closest to their homes (fig. A2), the
actual distance they cover is much greater than the shortest distance. For visitors who visited the park green space only once, the
median actual visit distance is nearly 2.5 km. In contrast, for daily visitors to the park green space, the median actual visit distance is
only 383 m, and this actual visit distance decreases rapidly with increasing visit frequency. This observation suggests that for those
who occasionally visit park green spaces, distance is not the primary constraint. However, for those who frequently visit park green
spaces, distance plays a crucial role as a constraint.

3.4.2. Relationship between the visit frequency and the area of park green space
There is also a significant relationship between the area of park green space and visit frequency (Fig. 7). As visit frequency in-
creases, the area of the park green space that is actually visited becomes closer to that of the nearest park green space. This observation
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Fig. 6. The relationship between the visit frequency of and the shortest home-park distance.
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raises two key points. First, visitors who frequently visit park green spaces tend to have a relatively large park located closest to their
homes. Conversely, visitors who infrequently visit park green spaces typically have a relatively small park near their homes. Second,
visitors who frequently visit park green spaces tend to visit relatively small park green spaces, whereas those who occasionally visit
park green spaces often choose larger, more distant park green spaces. This suggests that occasional users are more inclined to select
larger, more distant park green spaces, while frequent users often opt for park green spaces that are close to their homes. It’s important
to note that visitors who visit park green spaces every day have the smallest area of park closest to their home, suggesting that distance
may be a more significant factor in their choice of park green spaces.

4. Discussion
4.1. Accessibility distance threshold of park green space

Choosing an appropriate distance threshold is crucial when assessing the accessibility of park green spaces, as it determines
whether these spaces are considered reachable (Dai, 2011). However, as [56] have outlined, the current research displays a wide range
of distance thresholds, including 300 m, 400 m, 500 m, 600 m, 800 m, 1000 m, 1200 m, 1600 m, or time-based thresholds like 10-20
min and 15 min of walking distance. The selection of these thresholds is primarily based on three criteria: firstly, national or city
regulations and recommendations (e.g. Refs. [14,21,51,61], secondly, data from social surveys (e.g. Refs. [17,23], and thirdly, ref-
erences to practices adopted in other studies (e.g., Refs. [22,62-64]. Among these thresholds, the range of 300-400 m has gained
widespread acceptance. However, recent analysis of actual park green space visitors based on big data indicates that the distance
threshold is often significantly larger. For instance Ref. [25], examined the distance thresholds (corresponding to the 75th percentile
visitor) for elderly and typical visitors in Beijing when visiting green parks of various sizes using mobile phone signaling data. They
found these thresholds to be 5.3021-7.807 km for the elderly and 8.7419-10.1677 km for typical visitors, significantly greater than the
traditional 300-400 m threshold [26]. utilized mobile phone signaling data to distinguish visitors in various park types and their
respective homes. They assessed the service areas of these parks in Beijing using one-standard deviation ellipses (encompassing about
68% of visitors) and found that the average service radius for each park ranged from 5.63 to 9.00 km on weekdays and from 5.52 to
9.22 km on weekends. In another study [24], investigated the distance threshold for residents’ access to different park green spaces in
Fuzhou based on mobile phone signaling data, and they consistently found this threshold to be 2 km (corresponding to 75-84% of
visitors). Similarly [54], assessed the service range of parks in Shanghai using mobile phone signaling data and discovered that the
home-park Euclidean distance for the 70th percentile of visitors in various parks within the inner ring road ranged from 6.0 to 10.5 km.
Moreover, Guan et al. analyzed the service areas of parks in central Tokyo using the density threshold method based on mobile phone
signaling data. They found that the average service area for six small parks was 3.17 km (2020), while for six medium-sized parks, it
ranged from 2.81 to 17.97 km (2021). In our study’s results (Fig. 3), the home-park path distance corresponding to the 75th percentile
of visitors was 3633 m, 3824 m, and 4127 m on weekdays, weekends, and holidays, respectively. The reasons for the long travel
distance to the park green spaces in our research area may be as follows: (1) The area is flat with an elevation between 65 and 95 m,
which is conducive to walking. (2) There is a public bicycle network covering the whole area. Public bicycle stations are set up in bus
stations, park greenspaces, supermarkets, schools, large residential quarters and other places with large traffic flow. On average, there
is a station every 450 m, with a total of 359 public bicycle stations, about 8200 public bicycles and a total length of more than 200 km
of public bicycle dedicated greenway. One can ride for free for 1 h at a time, with no limit on the number of rides per day, greatly
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Fig. 7. The relationship between the visit frequency and the area of nearest and avtually visited park green space. (For interpretation of the ref-
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facilitating green travel for citizens[65]. (3) The park green space is mainly distributed in the urban fringe, with wide and smooth roads
and convenient parking, making driving very efficient.

This study diverges from the aforementioned studies in several key aspects. First, it examines medium-sized cities, whereas the
earlier studies primarily focused on megacities and super-large cities (State Council, 2014). This distinction encompasses both scale
and population size, with medium-sized cities being considerably smaller in both regards. The second distinction pertains to the
varying positioning accuracy of data sources. With the exception of [52,53]; who used mobile phone big data with a positioning
accuracy of 15-30 m, other studies relied on data sources with positioning accuracies ranging from several hundred meters in urban
areas to several kilometers in rural areas [51]. In contrast, the maximum positioning error for the data source in this study does not
exceed 20 m. Thirdly, this study employs a different distance metric. While [25] used path distance, several other studies employed
Euclidean distance. In contrast, this study uses real path distance. Despite these distinctions, a shared characteristic of the distance
thresholds derived from real-world trajectory data is that they are considerably larger than the few hundred meters typically specified
in planning documents or widely used in accessibility analyses. This observation holds true across cities of various sizes, and it
warrants attention from researchers in this field. For example, for the park green spaces with high number of visitors in this study area,
those located in the downtown area can further improve the cycling and bus routes passing through the area, providing convenience
for residents to walk, ride bicycles, or take public transportation. Those located on urban fringe can build sufficient parking lots to
facilitate residents’ driving trips.

4.2. Influence of distance and park green space area on the frequency of visits

The distance between one’s home and the nearest park green space significantly affects the frequency of park green space visits
(Fig. 6). Those who visit the park green space more frequently tend to have shorter distances to the nearest park green space, and their
actual visit distances closely match the nearest distance. Conversely, individuals who visit the park green space less frequently have
longer distances to the nearest park green space, and their actual visit distances are farther from the nearest distance. These findings
align with the research results of [4,15] and confirm the distance decay phenomenon commonly observed in the use of urban park
green space [15,33]. The influence of park green space area on visit frequency is primarily as follows (Fig. 7): Individuals who
frequently visit park green spaces tend to visit relatively small park green spaces, whereas those who occasionally visit park green
spaces prefer larger park green spaces. These findings are consistent with the research results of [15]. In summary, distance emerges as
the most significant influencing factor for frequent park green space visitors, while distance is not the primary consideration for oc-
casional park green space visitors, who are more attracted to larger park green spaces.

It’s noteworthy that the overall visitation rate in the study area is relatively low (Fig. 2), with a substantial 85.85% of individuals
not visiting the park green space within the ten-day period (Table 1). The distribution of distances to the nearest park green space
among this group of non-visitors aligns with that of the entire population in the study area (fig. A3), indicating that, for this de-
mographic, distance is not the primary factor influencing park green space usage. An ongoing social survey on park green space
utilization in the study area (not shown) reveals that among individuals who visit park green space less than once a week (442 valid
responses thus far), the main influencing factors (multiple choices allowed) for their infrequent or non-visitation to park green space
are “busy with work and study, lack of time (67.87%)," followed by “not inclined to go out (36.65%)." Only 15.38% of respondents
selected “distant from park green space,” and a mere 4.52% opted for “limited nearby park green space area.” Therefore, for those who
rarely visit park green space, personal attitude plays a decisive role in their park green space utilization[29,31]. To encourage park
green space utilization among this demographic, it is essential to not only enhance the park green space environment and accessibility
but also bolster awareness campaigns [66] to firmly establish the concept that “utilizing park green spaces is beneficial for physical and
mental health” in people’s minds.

4.3. Influence of holidays, time and weather conditions on park green spaces use

The impact of holidays on the utilization of urban park green spaces manifests primarily in three aspects: Firstly, there is a notable
increase in the number of park visitors during holidays and weekends compared to working days. The travel rate on holidays and
weekends ranges from 3.33% to 3.80%, whereas it’s only 1.76%-2.84% on working days. Secondly, during holidays and weekends,
individuals tend to choose larger parks, and there is a stronger correlation between the number of park visitors and the park’s area
(table A2). Thirdly, people tend to travel greater distances and spend longer durations in parks on holidays and weekends as compared
to weekdays. Approximately 20% of tourists use the park green space closest to their home on holidays and weekends, while on
weekdays, this proportion is approximately 25%. These findings align with previous research summarized by Ref. [34]; which suggests
that people globally prefer visiting parks and green spaces on weekends and holidays. However, it’s worth noting that [24] reported
lower visitor numbers in park green spaces on weekends compared to weekdays. This discrepancy may arise from differences between
cities and the possibility that Lin et al. counted visitors only between 6:00 and 18:00 during the week. In this study, park visitors on
weekdays and weekends are primarily concentrated in the evening after 18:00. Overall, residents’ visits to park green spaces are
concentrated in the afternoon and evening, consistent with the findings of [28,35]. During holidays, the highest number of people visit
park green spaces in the afternoon, while on weekdays and weekends, the evenings see the highest footfall [36]. conducted a survey on
green space utilization in parks in Santa Cruz, Latin America, and found that the average number of visitors was highest during the
night. Weather conditions also exert a significant influence on travel rates. For instance, the sharp drop in maximum temperature on
April 12 by 16 °C led to a substantial 31.42% decrease in the number of park visitors compared to the previous day. Nevertheless, the
impact of weather conditions on park green space utilization remains less pronounced.
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Considering the seasonal and daily variations in park green space visitors in the study area, specific measures can be devised to
enhance the utilization of park green spaces and provide a better travel experience for visitors. Here are some recommendations:
Enhance Existing Park Quality: Given the low travel rate in the study area, simply building more park green spaces to reduce distances
may not be the most effective strategy. Instead, focus on improving the quality of existing park green spaces. Consider adding leisure
and entertainment facilities, as well as fitness equipment, to attract more users. Create an environment that encourages people to visit
and spend time in these parks. Holiday and Weekend Programs: Since holidays and weekends experience a higher number of visitors,
organize special programs and promotional activities during these periods to encourage more citizens to use park green spaces. These
initiatives can include cultural events, sports activities, or family-friendly programs that cater to diverse interests. Nighttime Facilities
and Lighting: Recognizing the popularity of park visits during the evening and night, invest in the construction and enhancement of
park green spaces specifically designed for nighttime use. Improve lighting facilities in and around parks to enhance safety and create a
welcoming atmosphere for nighttime visitors.

4.4. The compensation hypothesis of park green space use

According to the compensation hypothesis of park green space use, residents with less green space around their residence are more
likely to visit distant parks [37]. Alternatively, residents will spend less time frequently visiting nearby urban green spaces and more
time occasionally visiting distant urban green spaces. This compensates for the total time spent in urban green spaces[19]. However,
the results of this study indicate a different pattern: the more frequently people visit park green spaces, the longer the average duration
of each visit. Conversely, the lower the frequency of visits, the shorter the average duration of each visit, directly challenging the
compensation hypothesis. Several factors may contribute to these findings, including personal habits, beliefs, and available leisure
time. Similar conclusions have been reached in related studies. For instance Ref. [9], study demonstrated that people typically do not
compensate for the lack of green environment in their residential areas by visiting more public parks. The research results of [67] also
strongly oppose the compensation hypothesis, as does the study conducted by Ref. [40]. These findings collectively challenge the
traditional compensation hypothesis regarding park green space use.

4.5. Merits and limitations

Using trajectory data with high positioning accuracy and large sample sizes, this study conducted a comprehensive analysis of park
green space usage during holidays, weekends, and working days in Xuchang City. This approach offers distinct advantages over
traditional social survey methods. It boasts a substantial effective sample size, representing approximately one-third of the permanent
population, and is based on actual population activity trajectories. Furthermore, in contrast to social media big data that merely re-
cords visitors’ check-ins or location information within the park, the data source employed in this study documents complete popu-
lation activity trajectories. This allows for a more effective analysis of how distance impacts green space utilization in the park.
Additionally, compared to mobile signaling big data that relies on base station positioning, this method provides superior positioning
accuracy and can better identify park green space visitors and their residential addresses.

This study has a few limitations worth noting. Firstly, due to privacy protection measures, the trajectory data used in this study do
not contain any personal attribute information, such as gender, age, occupation, and economic status. Consequently, the study cannot
analyze the influence of these factors on park green space usage. Further analysis would require the integration of social survey data.
Secondly, the study exclusively focuses on public park green spaces and does not account for green spaces within residential quarters.
Some individuals may frequently use green spaces within residential areas, but this study does not capture such cases. Lastly, the
accessibility distance considered in this study pertains to the distance from home to park green spaces. Some individuals may visit park
green spaces from their workplaces or other locations, which could result in a small number of people frequently visiting park green
spaces located far from their homes. This aspect may warrant more in-depth exploration in future research endeavors.

5. Conclusions

Based on high-precision and large-sample trajectory big data collected from April 3 to 12, 2022, this study serves as the primary
data source. Through data mining, the study identified the actual visitors to park green spaces and their places of residence. Subse-
quently, the study conducted a systematic analysis of the usage patterns and influencing factors of park green spaces in the central
urban area of Xuchang, a medium-sized city in China. The key findings are summarized as follows.

(1) Residents exhibit diverse preferences in selecting park green spaces. During holidays and weekends, approximately 20% of
visitors opt for the park green space nearest to their residences, while on weekdays, this proportion increases slightly to about
25%. It’s important to note that distance represents just one of the various factors influencing residents’ choices regarding park
green spaces.

(2) The distance threshold for accessing park green spaces based on real trajectory data is 3633 m on weekdays, 3824 m on
weekends, and 4127 m on holidays. It is noteworthy that a consistent feature of these distance thresholds derived from people’s
actual trajectory data is that they are significantly greater than the several hundred meters typically specified in urban planning
documents or commonly used in accessibility analyses, irrespective of the city’s size or level.

11



S. Xu et al. Heliyon 10 (2024) e26445

(3) Distance emerges as the paramount factor for individuals who frequently visit parks. Conversely, for those who make occasional
park visits, distance is not their primary concern, and they are more inclined to be drawn to larger parks. For individuals who
seldom or never visit parks, their personal attitudes and preferences exert the most significant influence on park usage.

(4) Holidays significantly impact the utilization of urban park green spaces in several ways: there’s a higher number of visitors on
holidays and weekends compared to working days, with these visitors traveling greater distances and opting for larger park
green spaces. Residents predominantly visit park green spaces in the afternoon and evening, and weather fluctuations also wield
a substantial influence on park green space utilization.

(5) There is no compensation effect observed between the frequency and duration of park green space use. In contrast, individuals
who visit park green spaces more frequently tend to have longer average visit durations, while those who visit less frequently
have shorter average visit durations.

Our findings offer empirical evidence to establish service scope and accessibility distance thresholds for park green spaces in
medium-sized cities. They also shed light on the impact of factors such as home-park distance, park green space area, holidays, time
periods, and weather on park green space utilization. These insights are highly valuable for urban park green space planning, man-
agement, and the promotion of park green space usage.
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