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Abstract: Land use types other than specialized athletic fields provide a variety of jogging envi-
ronments, addressing the shortage of urban fitness facilities and promoting urban health as well as
sustainability. Currently, there is limited research comparing the differences in jogging support among
various land use types, which can assist decision-makers in setting priorities and targeted strategies
for urban renewal, especially in urban built-up areas with limited land resources. Initially, spatial
information, statistical data, and recommendation reason text were extracted from recommended
routes in mobile fitness apps and categorized into six land use types. Subsequently, spatial potential
was measured through descriptive statistics, buffer area analysis, spatial autocorrelation analysis,
and line density analysis. Environmental preferences were gauged by text analysis using jieba word
segmentation and grouped word frequency calculation. Finally, the measurement results of different
land uses were compared, including scale differences, spatial differentiation, environmental percep-
tion, and environmental elements. The research found that streets, residential areas, campuses, parks,
and greenways possess significant potential to support jogging, particularly streets. These types of
land use exhibit varying spatial potentials and attractions in environmental preferences. Targeted
recommendations have been proposed to support the renewal of urban built-up areas and research in
related fields.

Keywords: built environment; urban health; crowd-sourcing data; physical activity; urban sustainability

1. Introduction

Research indicates that the environment can influence individuals” enthusiasm for
participating in physical activities, thereby facilitating improvements in health [1-3]. Fur-
thermore, the capacity of urban areas to support health is considered a crucial indicator
for assessing urban sustainability [4,5] and urban resilience [6]. Jogging is widely rec-
ognized as a daily physical activity [7,8], offering well-documented positive effects on
health improvement [9,10]. Although athletic fields and gymnasiums offer professional
venues for jogging, ensuring comprehensive coverage proves challenging, especially in
urban built-up areas. Such areas often lack sufficient available land to meet the growing
population and demands, thus opting to refurbish existing land use. It is noteworthy that
jogging is characterized by its versatility, as it does not require highly specialized venues,
thus enabling its practice in diverse land use types, such as parks, streets, residential areas,
campuses, etc. These locations are now increasingly recognized as more accessible and
attractive compared to formal athletic venues [11]. By enhancing these lands to support
jogging, it is possible to effectively bolster urban support for fitness activities. In some
studies, it is referred to as Temporary Appropriation (TA) [12], or the utilization of informal
sports activities [13], and is considered to enhance social resilience and urban sustainability.

Recent studies have explored the relationship between the built environment and
jogging [14-18]. Some environmental factors related to jogging have already been stud-
ied, such as accessibility [19], temperature [20], air quality [21,22], greenery [23,24], and
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slope [25]. However, these studies often concentrate on a single type of land use environ-
ment, such as streets [15], parks [26], or greenways [27], with limited analyses comparing
different land use types. Given that different lands are managed by various sectors, this
study can significantly enhance collaboration among different sectors [28] to promote the
efficient and integrated use of land. On one hand, the potential for developing jogging
environments varies across different land uses, necessitating prioritized attention from
policymakers towards lands with higher potential. The characteristic constraints of land in
built-up areas make spatial potential particularly crucial. On the other hand, the impact
of certain environmental factors on running has been demonstrated, such as greenery in
streets [23] and parks [29,30], the importance of factors may vary across different land use
types. This implies distinct orientations to guide urban renewal in an efficient, cost-effective
manner. Therefore, discussing the distinctions among various land uses is crucial, including:
(1) the spatial potential of different lands to support jogging, which aids decision-makers
in identifying valuable lands and setting priorities for land renewal; (2) the environmental
preference in supporting jogging, to offer targeted strategies for the enhancement of jogging
environments in various land use types.

Traditional methods for estimating social behaviors in linear network spaces are
generally more complex than those for point-shaped and polygon-shaped spaces [31],
frequently necessitating extensive and intricate data collection efforts [32,33]. In recent
years, crowd-sourcing data analysis has emerged to explore the relationship between urban
environments and physical activities [28,34]. The use of crowd-sourcing data, facilitated
by the widespread availability of mobile phones, enables the efficient delegation of tasks
usually performed by professional teams to a broad user base [35,36]. Many fitness apps
have introduced recommended route platforms, allowing users to compile and endorse
their preferred fitness routes, which represent a form of crowd-sourced data with diverse
information, offering a valuable resource for understanding users’ preferences.

2. Materials and Methods
2.1. Research Framework

The research seeks to compare differences in jogging support across six land use
types, categorized into two aspects: spatial potential and environmental preference. Dif-
ferences in spatial potential comprise scale differences and spatial differentiation. Scale
differences involve descriptive statistics including the number and jogging frequency of
recommended routes across different land use types. Spatial differentiation concerns the
spatial impact range of these routes and their geographic distribution differences within
the city. Environmental preferences are illustrated by comparing the word frequency of
different environmental factors from the recommended reason text, categorized into two
categories: environmental perception and environmental elements (Figure 1).

6 land use types
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Figure 1. Research framework.
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2.2. Data Sources and Land Use Types Classification

The research is centered on the central urban area of Shanghai, as defined by the
Shanghai Urban Master Plan (2017-2035) [37]. This area is considered a typical urban built-
up area. The primary dataset employed in this study comprises the recommended route
data sourced from the mobile fitness application, KEEP 7.30.0. The recommended routes are
entirely user-generated. Users typically need to use the app for a period of time and reach
a certain user level to create routes. Once created, the usage of these routes is continuously
monitored and recorded. This dataset features a range of attributes, including route paths
and geographical locations, frequency of usage, route length, recommended reason text,
and the date of creation. The collection of research data involved a manual process, wherein
data collectors utilized georeferencing techniques to trace route trajectories using images
sourced from the fitness app on the ArcGIS 10.8 platform. In total, 1067 recommended
routes have been collected, as shown in Figure 2.

- s
greenway route athletic field route
05 10 15km

Example of typical routes

Figure 2. Overview of the research area and recommended route data.

Land use types have been categorized into six classes: street, residential area, cam-
pus, park, greenway, and athletic field, based primarily on the classification description
of recommended routes in recommended reason text, route names, and the geographic
locations of the routes (Table 1). Data collectors manually determine the classification types
during the data collection process. When encountering routes that meet multiple types,
priority is assigned to the type that meets the most criteria. Among them, athletic fields are
the most formal jogging venues with a clear functional orientation. Greenways are often
designed with jogging support in mind [38], followed by parks [26]. Conversely, the design
of streets, residential areas, and campus roads primarily focus on commuting, with jogging
serving as an added value rather than their primary function. These six types account
for 99.63% (1063 routes) of the recommended routes within the study area. While jogging
routes may be found in spaces with different land use types, their limited presence in this
sample required their exclusion from the study.

2.3. Spatial Analysis

Based on the statistical data provided by recommended routes, the Jogging Frequency
(JE), which assesses the frequency of route usage, is determined using the route creation
time (¢p), data collection time (¢;), and the total route usage count (s):

o S
Ch—1

JE

)

The number of routes, JF, and length are subjected to descriptive statistics to assess
and compare the scale differences of recommended routes across different land use types.
JF and length are evaluated from both the total and average perspectives.
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Table 1. Basis for land use classification.
Classification Basis
Land Use Types Description in R
P escription in Recommended Route Name Geographic Location of the Route
Reason Text
street street named after xxx road occupies no less than 50% on streets
. . . . i less th, % i
residential area community roads named after xxx community occupies no less than 50% in
residential areas
named ?fter X occupies no less than 50%
campus campus roads university /high
on campuses
school/elementary school
park park roads named after xxx park occupies no less than 50% in parks
located along rivers or green belts
greenways, waterfront paths, . .
greenway . . named after xxx greenway (not along carriageways) occupying
riverside walkways o
no less than 50%
3 O,
athletic field athletic field named after xxx athletic field ~ OSCUPies 1O less than 50% on

athletic field

Buffer area analysis, spatial autocorrelation analysis, and line density analysis are
employed to compare the spatial differentiation of recommended routes across different
land use types.

The average buffer area of single routes and the total buffer area were computed to
compare the sizes of urban areas affected by the routes. The buffer area is defined by
calculating the buffer zones around the recommended routes. Notably, the buffer zone
radius, set at 800 m, adheres to the 15-min radius convention within the community life
circle framework in Chinese community management [39].

Spatial autocorrelation analysis was employed to observe the geographic distribution
differences of jogging routes across various land use types. Global Moran’s I index [40]
and Local indicators of spatial association (LISA) [41] were used to detect the clustering
of routes with JF, and the average nearest neighbor analysis [42] was utilized to examine
the clustering of routes in ArcGIS 10.8. The Global Moran’s I index was initially applied
to assess the distribution across the entire study area. LISA was calculated to further
analyze clustering outcomes, with results visually expressed on maps to identify local
clustering patterns.

Routes density and JF density were calculated and visualized to compare the geometric
distribution. Routes density was depicted using line density analysis [43] in ArcGIS 10.8.
JE density was also calculated by line density, incorporating JF as a weighting factor.

2.4. Text Analysis

The recommended reason is text related to the route illustrates the main reason for the
user’s recommendation, and text analysis [44,45] can help identify the joggers’ preferences.

Before text analysis, irrelevant descriptions were manually omitted, such as descrip-
tions of the campus route like “XXX University, a key university with a profound history
and culture. ..”. A specialized dictionary was created specifically for this research.

This study utilized the jieba word segmentation [46] algorithm for Chinese word
segmentation. The jieba algorithm employs dictionary and maximum matching methods
for word segmentation. Effective segmentation of Chinese text is achieved by creating a
dictionary and considering both forward and reverse maximum matching results. Addition-
ally, it incorporates the Hidden Markov Model to refine segmentation position judgments,
enhancing segmentation accuracy. The algorithm demonstrates strong performance in
segmentation effectiveness, efficiency, and reliability, substantially supporting Chinese text
analysis in this research.
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After completing the word segmentation, word frequency was calculated on the
overall text. Based on word frequency results and literature review, 25 key factors were
identified and categorized into two groups: environmental perception and environmental
elements (Table 2). Words were classified into these 25 factors, allowing for the grouped
calculation of the frequency of different factors.

Table 2. 25 factors and their corresponding words.

Group Factor Words List Example !
safety safe, secure, dangerous, protected, stable, unsafe
vibrancy bustling, deserted, lively, crowded, sparsely populated
cleanliness clean, tidy, orderly, sanitary, immaculate, unblemished
slope uneven, bumpy, gentle, flat, level, slope, ramp, gentle slope, etc.
width narrow, open, empty, wide, spacious, broad, expansive, wide, etc.
accessibility convenient, easy, handy, accessible, practical

Environmental Perception connectivity impassable, smooth, unimpeded, continuous, unhindered, etc.
air quality stinky, fragrant, fresh, smelly, foul, malodorous

scenic beauty

picturesque, scenic, beautiful, wonderful, pretty, elegant, etc.

Environmental Elements

greenery luxuriant, tree-shaded, greenery, thriving, etc.
lighting dark, very bright, dim, bright, etc.
soundscape quiet, noisy, silent, tranquil, peaceful, secluded, serene, etc.
temperature cool, shady, hot, warm, etc.

. vehicles, car, motor vehicle, non-motor vehicle, automobile, bicycle,
vehicles . . L. S

electric vehicle, train, airplane, electric bike, etc.

pedestrians pedestrian, pedestrian flow, crowd, people, crowd, passerby, etc.

traffic infrastructure

traffic light, intersection, crossroad, street, road condition, parking lot,
subway station, etc.

landscape

landscape, view, scenery, scenic spot, beautiful view, line of sight,
view, etc.

green space

park, green space, garden, forest, expo garden, garden, botanical
garden, etc.

waterfront space

river, riverside, bay, water, river, beach, lake, hydrology,
both banks, etc.

service facilities

toilet, station, seat, street sign, etc.

lighting facilities light, streetlight, lighting, illumination, night view, lamp, etc.
pavement plastic, road surface, ground, asphalt, track, tar, cement, rubber, etc.
culture history, culture, local customs, art, heritage, etc.

buildings building, architecture, skyscraper, architecture, construction, etc.

vertical elements

stages, ramp, terrain, mountain road, steps, slope, etc.

! These words were originally in Chinese and have been translated for the convenience of readers.

The classification of environmental perception and environmental elements was pri-
marily based on the part of speech of the words, while the categorization of factors mainly
stems from the study of literature related to jogging. Environmental perception factors
involve abstract spatial sensations, predominantly represented by adjectives, including
safety [47,48], vibrancy [28], cleanliness [49], slope [25], width [15,50], accessibility [14,19],
connectivity [28], air quality [22,51], scenic beauty [14,18], greenery [23,24], lighting [52,53],
soundscape [28], and temperature [20,54]. Environmental elements factors primarily in-
clude concrete spatial entities, represented mostly by nouns, including vehicles [51,53],
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pedestrians [14,32], traffic infrastructure [28,55], landscape [14], green space [24,50], wa-
terfront space [26,32], service facilities [14,15], lighting facilities [52,53], pavement [48,56],
culture [57], buildings [15,58], and vertical elements [25].

To control the number of factors, we selected the top 25 factors based on a comparison
of all word frequencies. As a result, some factors that have been proposed in other studies
may not be within the scope of our research. These terms, despite receiving significant
attention from experts, are mentioned less frequently by users when describing their
preferred routes, which may be related to cultural differences and the specificity of language.
For example, animal-related terms were scarcely mentioned in all the texts, although some
studies have shown a correlation between animals such as dogs and jogging [48,53,59].
This may be related to variations in the management and perception of pets in different
countries. Therefore, this study did not include it as a factor.

Based on the 25 factors from Table 2, grouped calculations of the frequency of different
factors were conducted across various land uses. The word frequency f; of a certain factor is
determined by the ratio of the number of recommended routes n; containing words related
to that factor to the total number of recommended routes n, with the formula as follows:

ni
fi= o (2)

Due to the involvement of multiple variables in the research, Sankey diagrams were
utilized to visualize the results of word frequency comparisons, providing an intuitive
display of the differences between various contents. It is noteworthy that the interpretation
of word frequency analysis results requires caution: (1) Within the same land use types,
it is possible to compare which factors are more of concern to people. For instance, some
people may prefer crowded places while others prefer less crowded ones. The study cannot
determine whether more or fewer pedestrians are better, but it can reveal that most people
mention pedestrians more frequently than greenery when recommending street routes;
(2) When comparing the performance of the same factor across different land use types,
we can identify which land use has advantages. For example, if the greenery f; in parks is
higher than that in streets, it indicates that greenery in parks is more likely to be used as a
reason for recommending jogging routes, highlighting the characteristic features of parks.

3. Results
3.1. Scale Differences

Table 3 shows that, regarding the number of routes, street routes are the most prevalent,
followed by park routes and residential area routes. Athletic field routes exhibit the highest
average JF per route, followed by greenway routes and park routes. However, regarding
total JE street routes lead, with athletic field routes in second place, showing a narrow
margin from the third-placed park routes. Furthermore, street routes are generally longer
than other types of routes, both in total and in average length per route.

Table 3. The descriptive statistics results of scale differences.

Land Use Street Route E(e’ili ential Area Campus Route Park Route  Greenway Route gg:titlc Field
number of routes 634 94 38 156 62 76

average JI' per route 341 2.57 458 7.50 9.78 16.97
(times/day)

total JF (times/day) 2163.13 241.97 17411 1170.61 606.66 1289.50
average length of single 241 0.87 137 117 237 0.39

route (km) ’ ’ ’ ' ’ ’

total length (km) 1524.79 81.64 51.96 182.74 147.01 29.77
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3.2. Spatial Differentiation

Figure 3 illustrates the buffer area of routes across different land use types. From
the perspective of the buffer area of single routes, greenway routes have the largest area,
followed by street routes and campus routes. Athletic field routes have the smallest buffer
area of single routes. In terms of the total buffer area, street routes cover the largest area,
followed by parks and greenways. Campus routes have the smallest total buffer area. From
the map, street routes form a large area-shaped buffer zone, while greenway routes create a
concentrated T-shaped strip in the center of the city. Routes within other types of land use
form point-shaped buffer areas distributed throughout the urban area.

® buffer area of single route (km?)

greenway athletic
route field route
2:33
. . O
residential e
area route
street parlt(
route route  ginn
4.59
3.20
street route residential area route campus route campus route

o total buffer area (km?)

campus route athletic
field route

6.68
142.79

residential area 20080

route

8 street

greenway
route S 209.97

park route greenway route athletic field route 34235
park
18km research area buffer area recommended route route

Figure 3. Buffer area in different land use types.

Table 4 presents the results of the spatial autocorrelation detection. Per the Global
Moran’s I, significant spatial autocorrelation of JF is exhibited only by street routes. All land
use types are shown to be clustered according to the average nearest neighbor analysis.

Table 4. Spatial autocorrelation detection results.

Global Moran’s I Average Nearest Neighbor

Land Use Moran’s I z 4 Result z p Result

street 0.141096 6.12129 0 Clustered —12.38 0 Clustered
residential area 0.023202 0.541673 0.588044 Random —4.31 0.000017 Clustered
campus —0.13178 —0.92755 0.35364 Random —2.59 0.009548 Clustered
park —0.013416 —0.0211 0.983167 Random —491 0.000001 Clustered
greenway —0.019852 —0.01899 0.98485 Random —4.69 0.000003 Clustered
athletic field —0.157119 —0.28865 0.772846 Random —4.22 0.000025 Clustered
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Figure 4 presents the results of the LISA index, revealing complex local clustering
patterns of features within street routes. Most high-high and high-low clusters were located
in the city center and slightly north of the center, whereas low-high clusters are primarily
found in the city center. Low—low clusters are mainly on the eastern and western sides of the
research area. Residential areas and park routes exhibit high-high and high-low clusters at
the edges of the research area. High—high clusters of greenways are predominantly situated
in the very center of the city, closely surrounded by some low-high clusters. Athletic fields
and campuses do not show significant high—high and high-low clustering, only featuring
sporadic low-high clusters.

S

street route residential area route campus route

park route greenway route athletic field route
Figure 4. Results of the LISA index.

The line density of various route types was further visualized as shown in Figure 5.
Among these analyses, line density mapping of JF density specifically targeted street routes
due to their significant global spatial autocorrelation. Line density mapping for route
density was applied to all route types.

3.3. Environmental Perception

Figure 6 illustrates the variations in focal points between environmental perception
and land use types. In this Sankey diagram, the total sum of the frequency (f;) of factors
across all routes was also calculated, and this was used to rank the factors on the right
side of the diagram, in order to observe which factors are more frequently considered
on a general level. Overall, among the six land use types, slope, soundscape, safety, and
width almost always received high levels of attention. Greenery, scenic beauty, accessibility,
lighting, and cleanliness were given moderate attention but may exhibit differences in
certain land uses compared to others. Vibrancy, connectivity, air quality, and temperature
were mentioned only in specific land uses and generally received lower levels of concern.
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Figure 5. Line density analysis results.

land use environmental perception

street
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0.66 slope
N
—_— \\\\\\ < > < p—
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AV &
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0.24 greenery
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greenway . \ )
route 0 > A\\\\ —_—T— 0.21 scenic beauty
0.20 accessibility

athletic field 0.19 cleanliness
route

0.12 lighting

0.06 vibrancy
0.05 connectivity
0.03 air quality
0.01 temperature

Figure 6. Sankey diagram between environmental perception and land use types.

The distinct differences observed across six land use types are as follows: in streets,
most factors were mentioned, including some rarely discussed factors such as vibrancy,
connectivity, air quality, and temperature. In residential areas, scenic beauty, which was
mentioned in most land uses, was not mentioned. Air quality, less frequently mentioned
across all land use types, was noted in residential areas. On campuses, many elements
that were of concern in other land types were not mentioned, including width, lighting,
and accessibility. In parks, greenery received particular attention. Vibrancy and air quality,
less noted in other land uses, were also addressed. In greenways, scenic beauty and
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cleanliness were particularly noted. Connectivity, less mentioned in other land use types,
was highlighted in greenways. Lighting was not mentioned in greenways. In athletic fields,
slope, widely mentioned in general, was not mentioned at all. The scenic beauty was also
not noted. Vibrancy, generally less concerned with other land use types, received attention.
Moreover, cleanliness received relatively more attention in athletic fields compared to other
land use types.

3.4. Environmental Elements

Figure 7 illustrates the variations in focal points between environmental elements
and land use types. Overall, in the six types of land use, pedestrians, pavement, traffic
infrastructure, and lighting facilities almost always received high levels of attention. Vehi-
cles, green spaces, landscapes, and waterfront spaces were given moderate attention but
may exhibit differences in certain land uses compared to others. Vertical elements, culture,
buildings, and service facilities were mentioned only in specific land uses and generally
received lower levels of concern.

land use environmental elements

street

route 1.93 pedestrians

residential area
route

1.85 pavement

campus
route

1.81 traffic infrastructure

g 1.74 lighting facilities
park
route

1.38 vehicles

greenway

route 1.29 green space

0.73 waterfront space

route 0.50 landscapes

\‘&— 0.23 vertical elements
’ = 0.13 culture

0.07 buildings

0.05 service facilities

atletc fied IS = \{\\\\\

Figure 7. Sankey diagram between environmental elements and land use types.

The distinct differences observed across various land use types are as follows: in
streets, all factors were considered, including vertical elements, culture, buildings, and
service facilities, which generally attract less attention in other land use types. In residential
areas, landscapes are mentioned less frequently compared to other land uses. Vertical
elements and culture, which are less frequently mentioned across all types, have received
attention. On campuses, vertical elements and culture were noted. In parks, vehicles
attracted less interest compared to other land use types. Green spaces were highly focused
on. Buildings and service facilities, which received less attention in other land types, were
mentioned. In greenways, waterfront spaces were primarily the focus. Buildings and
service facilities were also noted. In athletic fields, traffic infrastructure, widely noted in
other land use types, was mentioned only minimally. Vehicles and green spaces attracted
minimal attention, and landscapes were not mentioned.
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4, Discussion
4.1. Spatial Potential

The results of the scale differences reveal that athletic fields have the highest jogging
frequency among land use types, yet the total volume of jogging remains highest on streets,
which also offer the most extensive coverage of jogging support services, demonstrating
prominent potential. In contrast to the limited number of athletic fields, a significant
number of people opt for the streets, parks, greenways, and residential areas as their
jogging venues. The number and JF of campus routes are the smallest, possibly limited by
the number of campuses in urban areas.

From the comparison of buffer areas, routes in different land use types have created
distinct spatial distribution patterns. Street routes feature extensive coverage, making
them the land-use type with the greatest potential to enhance jogging support coverage.
Greenways form linear, long corridor spaces, with individual greenways having the highest
impact range, facilitating the formation of continuous jogging environment support. How-
ever, at present, this corridor space is primarily composed of a T-shaped backbone. These
large-scale greenways can further increase accessibility and connectivity with surrounding
greenways [60], thereby forming a broader network structure. The buffer areas of routes in
other land uses are scattered, mainly limited by the land’s own layout.

Significant global spatial autocorrelation in JF was observed in street routes, indicating
a weaker correlation between JF and the geographical locations of other land use types
on a city-wide scale. The results of LISA reveal that highly utilized routes are clustered in
the city center, yet segments of the city center also exhibit clusters of low JF routes. The
intermingling distribution of different cluster types suggests that streets in various districts
of the city center provide markedly different levels of support for jogging, necessitating
further refined assessments to identify more precise differences between neighborhoods.
High JF routes in parks and residential areas are locally clustered at the edges of the study
area, likely due to the lack of attractive parks and residential areas for jogging in the city
center. High JF routes in greenways are concentrated in the city center. This is likely heavily
reliant on the city’s two major rivers: the Huangpu River and the Suzhou River, along
whose banks numerous greenway projects have been developed in recent years, forming
large-scale greenways [61]. The construction of such projects has evidently had a positive
impact on jogging support. High JF routes in athletic fields and campuses did not show
significant local spatial autocorrelation, which may be due to the dispersed distribution of
these two land use types.

In street routes, a higher JF density is concentrated in the city center, suggesting a
higher occurrence of jogging activity, potentially due to the area’s appealing environment
or substantial demand. However, the center of route density distribution differs from JF
density distribution, indicating that the current supply level of street routes may deviate
from people’s demand in these mismatched areas. Residential and park routes show
distribution patterns distinct from other types, not centered on urban core areas. This
could suggest a shortage of parks and residential areas conducive to jogging in city centers,
as indicated by the LISA results. Campus routes and athletic field routes have a similar
distribution, likely due to overlapping geographical locations of campuses and athletic
fields, alongside a scarcity of athletic field venues beyond campuses. Street routes and
athletic field routes also share a similar focus, indicating that numerous athletic fields do
not deter the exploration of street routes; instead, areas with athletic fields may actually
encourage the exploration of nearby street routes. Greenway routes are primarily found in
central urban areas, where a distinct T-shaped center can be observed, consistent with the
results of the buffer area study and LISA index.

4.2. Environmental Preference

Overall, across the six land use types, environmental perceptions of slope, soundscape,
safety, and width, as well as environmental elements of pedestrians, pavement, traffic
infrastructure, and lighting facilities, received widespread attention, in alignment with
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current research [21,25,32,47,48,50,52]. These factors are widely mentioned by users across
various types of land use and are frequently focused on. They need to be prioritized in
the process of environmental improvement for almost all types of land use. Greenery,
scenic beauty, accessibility, lighting, cleanliness, vehicles, green space, landscapes, and
waterfront spaces garner less attention. These environmental factors, while not as promi-
nently regarded as the previous category, still hold significant influence, reflecting findings
from existing studies [14,16,19,24,52,56,62]. Most of these factors exhibited variations in
performance across different land use types and need to be considered separately in the
process of environmental improvement for each land use type. Air quality, temperature,
connectivity, vibrancy, vertical elements, culture, buildings, and service facilities are less
emphasized and exhibit significant variation across different land uses. Specific factors
such as air quality [20], temperature [63], connectivity [28], culture [57], architecture [64],
and service facilities [15] have been the focus of detailed studies, yet their impact appears
limited to a few land use types compared to other factors. Thus, these factors warrant
careful consideration in the decision-making process for environmental improvement.

Building upon the overall trends, different land uses exhibit distinct differences from
each other. We further discuss the potential reasons behind these differences:

In streets, a range of factors—such as air quality, temperature, connectivity, vibrancy,
waterfront spaces, buildings, and service facilities, often overlooked in other land uses—are
taken into account, likely due to a broader array of street routes. This diversity could
also be attributed to the street environment’s complexity. It is worth mentioning that
temperature is only mentioned in street routes, possibly because the climatic conditions
on streets are poorer, being closer to large areas of hard surfaces and relatively lacking in
greenery. Therefore, people are concerned about whether the recommended street routes
offer a favorable temperature environment.

In residential areas, scenic beauty and landscapes in residential areas garner less
attention, likely because there are fewer iconic landmarks set up within residential areas.
In residential areas, air quality received attention, possibly because people consider a good
air environment to be an advantage for this type of land use. The culture received attention,
traced back to a comment stating, “Running at night allows one to see the lights of homes,
experience the community culture, and find oneself”, which depends on the user’s personal
feelings and might not be directly related to the residential land use itself. Vertical elements
also received minimal attention, originating from a comment that mentioned, “There are
steps at the entrance, which require caution”.

On campuses, accessibility is given notably low priority, likely due to the close proxim-
ity of users’ (primarily students) living spaces to available jogging environments, rendering
convenience a non-issue. on campuses, the width was not a primary focus, likely due to
the lower building density within campuses, where most spaces are relatively spacious.
Lighting was not mentioned in the context of campuses, possibly because the illumina-
tion level of streetlights is not a concern for users, as campuses are generally considered
safer and removed from traffic and potential criminal activity. Vertical elements received
attention, likely because there are some significant slopes within campuses, as highlighted
by a recommendation that mentioned, “There are a few corners with uphill and downhill
paths, which are more strenuous to run on”. The culture was noted, as campuses often
contain many elements related to culture, with a recommendation stating, “Located within
the campus, it is quiet and safe, elegant and artistic”.

Parks particularly emphasize greenery and green space, which is evident. Air quality
has garnered attention, likely due to the high-quality air environment in parks, especially
with the presence of fragrant plants capturing interest, as evidenced by comments stat-
ing, “This season there’s a strong fragrance of osmanthus. It’s pretty suitable for night
jogging...”. Vibrancy is emphasized because vibrant parks likely attract more joggers,
as observed in comments, “When the weather is nice on weekends, many parents bring
their kids over to play. It’s very lively...”. In parks, buildings and service facilities, which
are typically of lower concern, received attention. This may be due to the presence of
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landscape architecture, seating, restrooms, and other amenities within the parks. Vehicles
were overlooked, owing to the usual absence of vehicles.

In greenways, scenic beauty, cleanliness, and waterfront spaces are particularly em-
phasized. This likely stems from the fact that most greenways are constructed along rivers,
offering excellent views. This also facilitates easy views of the city skyline and connections
to landmark buildings, leading to an increased focus on buildings, “You can see the Central
Building, it’s a very good route...”. The quality of the river water may be the reason
cleanliness is mentioned, as seen in comments such as “The clean Suzhou River and the
lush greenery on both sides create an ecological environment that’s perfect for jogging...”.
Greenways frequently feature accompanying service facilities, exemplified by “There are
benches and trash cans along the greenway. ..”. Connectivity receives attention in green-
ways, possibly because such environments are particularly susceptible to interruption by
intersections and other traffic infrastructure. Lighting is not mentioned in greenways, and
the reasoning may be similar to that of campuses.

In athletic fields, slope is not a concern because athletic fields provide standard tracks
with fixed gradients. Athletic fields rarely offer high-quality scenery and green spaces and
lack traffic infrastructure as well as vehicles, so these factors are seldom or not mentioned
at all. People in athletic fields pay attention to vibrancy, likely because the abundance of
joggers and other athletes contributes to a conducive fitness atmosphere. Cleanliness also
receives relatively more attention compared to other types of land use, possibly because
people are more concerned about whether the sports venues are managed and maintained
in a clean condition.

4.3. Limitations and Future Perspectives

Due to space constraints, some deeper research needs to be continuously conducted.
Firstly, this study focuses primarily on subjective evaluations by users, offering a bottom-up
reference for decision-makers. This approach results in the identification of environmental
elements and perceptions largely stemming from non-professional, everyday vocabulary,
potentially overlooking some abstract, professional factors such as living units in the area,
the relationship between the ground floor of buildings, and public spaces. Therefore,
expert opinions should be incorporated into practical planning and design applications.
Secondly, the study’s engagement with a broad range of factors and comparisons between
land use types necessitated a generalized analysis of similar factors. For instance, traffic
infrastructure encompasses the relationship between the sidewalk and the road, traffic
lights, and street crossings. Future research needs to analyze these more specific factors
under different land use types, particularly within streets to determine which transportation
facilities have significant impacts. Thirdly, this study mainly focuses on whether people
pay attention to environmental factors rather than analyzing the correlation between these
factors and jogging behavior. This necessitates further research, especially on factors that
receive high levels of public attention. Finally, the data utilized is derived from mobile
applications, potentially overlooking certain populations such as the elderly who do not
use smartphones. Targeted surveys could refine the related results.

5. Conclusions

In summary, the study revealed that land use types including streets, residential areas,
campuses, parks, and greenways have the spatial potential to support jogging. Among
them, streets can provide the largest total and widest-ranging jogging support services.
A mismatch between supply and demand for jogging environments exists on streets in
some areas, indicating significant potential for improvement in the environmental quality
of jogging support provided by streets. Parks and residential areas in the city center
have limited capacity for jogging environments. There is a potential shortage of athletic
fields open to the public beyond campuses. The construction of greenways effectively
supports jogging, necessitating further development of the existing greenway backbone
structure. Regardless of scale or spatial distribution, different land use types possess their
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own characteristics, providing references for decision-makers to categorize and zone these
lands for improvement.

From the perspective of environmental preferences, the study compared the overall
variations in attention paid to different environmental factors and revealed the factors that
significantly differ in specific land use types compared to others. Slope, soundscape, safety,
width, pedestrians, pavement, traffic infrastructure, and lighting facilities were widely
considered across all types of land use types. Greenery, scenic beauty, accessibility, lighting,
cleanliness, vehicles, green spaces, landscapes, and waterfront spaces received moderate
attention but exhibited differences across different land use types. In practice, determining
the priority for the improvement of these environmental factors requires consideration
of the differences among land use types. Air quality, temperature, connectivity, vibrancy,
vertical elements, culture, buildings, and service facilities were less frequently mentioned
and only concerned with specific land use types. The prioritization of these factors should
be judiciously determined, based on the differences in land use. We have listed factors that
significantly differ among each land use type compared to others, facilitating easy querying
and reference. This has implications for planning decisions, especially in determining mea-
sure priorities in urban built-up areas, and aids researchers in identifying and investigating
key environmental indicators relevant to jogging.
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