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Abstract: The quality of urban green space has an impact on the health and well-being of populations.
Previous studies have shown that consideration of crowd activity characteristics is the key premise of
landscape space design and planning. However, there is limited research on the correlation between
features of the spatial layout of Mini Urban Green Spaces (MUGS) and the behavior of people, and it
is difficult to take into account the possible distribution of people and their activity characteristics
during the design phase of MUGS. This study aims to construct a technical workflow utilizing
the AnyLogic platform and agent-based simulation methods for analyzing the characteristics of
landscape spatial layouts considering dynamic human behavior. One MUGS, named 511 Park in
Nanjing, China, was selected as the case for the application of the method and exploration of the
impacts of spatial elements and layout on crowd activity types and density. We investigated the
impact of four types of spatial elements—paths, facilities, nodes, and entrances—on human activities
in MUGS. The results showed that path layout emerged as the most significant influencing factor.
Changes in nodes and the number of facilities have a relatively minor impact on people’s activities.
There was an apparent impact of changes in path orientation around nodes on the dynamics of the
flow of people. This study could provide valuable insights for landscape designers, aiding informed
decision-making during the construction, renovation, and management of MUGS.

Keywords: Mini Urban Green Spaces; spatial layout; human activity; behavior simulation; agent-based
modeling

1. Introduction
1.1. Definition and Significance of Mini Urban Green Space

As a result of urbanization, most densely populated cities worldwide have recog-
nized the invaluable role of physical exercise in promoting health and well-being [1,2].
Urban green spaces provide opportunities for citizens to immerse themselves in nature and
engage in physical activities essential for a healthy lifestyle [3,4]. The urban built environ-
ment is interspersed with numerous Mini Urban Green Spaces (MUGS) [4–6]. Compared
to large-scale green spaces, MUGS are the most accessible outdoor spaces for residents’
daily exercise and recreation and are better integrated into their surroundings and con-
text. In densely populated urban areas, these intricately distributed MUGS provide more
opportunities for people to interact with nature [4,7–10].

Studies on MUGS (often referred to as “pocket parks”) are mainly geographically
dominated in the Americas, China, and the European region [11,12]. Since the scale of
MUGS lacks a precise universal definition, drawing from descriptions provided in publicly
official documents, several types of MUGS can be summarized as shown in Table 1 [13–16].
In China, there is no explicit definition of the size range for MUGS within the national
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standard for green spaces, with requirements often varying by province and city. This
study adopts the definition of MUGS as outlined in the “Nanjing Pocket Park Construction
Guidelines (Trial)”, which specifies that the area of a MUGS (pocket park) should be less
than 1 hectare (hm2) [17–20].

Table 1. Various descriptions of mini green spaces.

Country Year Name Area/hm2 Source

United States
1965

Playlot 0.02~0.45
Standards for outdoor recreational areasPlayground 0.8~2.8

2020 Pocket park ≤0.4 Pocket park toolkit

United Kingdom 2004 Pocket park ≤0.4
The London plan, spatial development

strategy
for Greater London

Australia 2008 Pocket park 0.25~1 Western Precinct open space and
landscape masterplan

China

2002 Small garden 0.4~1 Code of urban Residential Areas Planning &
Design (GB 50180-93)

2014 Neighborhood park 0.4~1 Standard for greening of residential districts
and companies in Jiangsu province

2022 Pocket park ≤1 POCKET PARK GUIDANCE OF JIANGSU
(Trial 2022)

2023 Pocket park ≤1 POCKET PARK GUIDANCE OF NANJING
(Trial)

Previous studies have indicated that exposure to green spaces positively mitigates
issues such as low blood pressure and negative emotions [21,22] and promotes psychophys-
ical health [2,10,23,24]. Researchers have further pointed out that green spaces within
high-density urban areas, regardless of their size, are crucial factors affecting people’s
perception of green spaces and their mental health [25–29]. This highlights the significant
impact of MUGS on people’s behavior in green areas and their physical and mental health.
Well-designed and strategically located MUGS in these high-density cities can provide
enriching spatial experiences, strengthen the interaction between people and nature, and
effectively meet the local residents’ diverse recreational and social needs [30,31], thereby en-
hancing their sense of belonging, happiness, and overall health benefits [32–35]. Therefore,
MUGS is considered one of the key green space types that promote outdoor activities in
high-density urban areas and assist in the recovery and promotion of mental health [36,37].

1.2. Influences of Green Space Layout on People’s Behavior and Health

Previous studies have pointed out that green space functions [38,39], layout structure,
vegetation coverage [40], and location [1] are significant factors influencing the frequency
and duration of people’s recreation in green spaces, types of activities, and the mental and
physical health of people [41,42]. Higher green and water body coverage, a wealth of facili-
ties, and the accessibility of various paths all contribute to fostering green space behaviors,
enhancing social activities in green environments, and improving mental health [43–45].
Conversely, more hardscapes (sidewalks, structures, etc.) can produce negative effects [1].
Therefore, a well-planned layout of greenspaces should harmonize these different environ-
mental elements to impact walking, resting, and other green exercises positively.

However, there are limited studies focused on the relationship between the layout of
MUGS and people’s behavior. A well-planned layout of MUGS could effectively enhance
the connectivity between the green space and surrounding public and service facilities,
increasing the usage of green spaces by the population [46,47]. Due to the differences in
the spatial components and pedestrian distribution of various green spaces, the methods
used in the study of the spatial layout of large parks could not be applicable to the study of
MUGS [9,48].
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It is notable that in the planning of high-density urban areas in China, a large number
of MUGS are being designed to meet the green space needs of the population (Ministry
of Housing and Urban-Rural Development of the People’s Republic of China. Standard
for Classification of Urban Green Space, 2017). Although massive MUGS have been
constructed, the core issue of whether these spaces truly meet the behavioral needs of the
public for green spaces remains unresolved. In the process of promoting the construction
of MUGS in Chinese cities, problems such as difficulties in operation and maintenance,
blind imitation, and an overemphasis on aesthetics over functionality have emerged [49,50].
Although previous research has explored planning and design strategies for creating MUGS
that meet the activity needs of the population [51,52], these strategies are often obtained
from field research on specific green spaces. The link between the layout of various spatial
elements of the landscape and the distribution patterns of people’s activities in green spaces
has not been established, which is essential for the effective shaping and optimization
of MUGS.

1.3. Layout and Crowd Activities in Mini Urban Green Spaces

The development of digital techniques provides support to the simulation and studies
of people’s behavior and activities in urban green spaces. For instance, researchers use
mobile signaling data or call records to track the distribution and flow changes of people
within green spaces and apply these analyses for green space management and evalua-
tion [53,54]. Some researchers have used the random forest algorithm to predict crowd
movement patterns, but limitations related to the granularity of sample data, difficulty in
data acquisition, and privacy concerns have restricted the widespread application of this
prediction method [55]. Given the uniqueness of MUGS and the diversity of crowd behav-
iors within them, it is necessary to propose a crowd behavior simulation and evaluation
model that is adaptable to MUGS.

In recent years, agent-based modeling techniques have been applied in the planning
and management of large green spaces, natural scenic areas, and theme parks [56–58].
These studies typically focus on the effects of surrounding facilities, evacuation entrances,
and other factors on tourist intensity, density, and crowd dispersal [59–62]. To consider
the individualized needs of green-space usage, some scholars have attempted to discuss
and simulate the distribution of attractions and the organization of pathways within green
spaces using multi-agent systems, starting from the perspectives of tourist needs or the
enhancement of social services provided by green spaces [63–66]. These studies have
demonstrated that multi-agent simulation analyses have the potential to address issues
related to MUGS layout and crowd activity but are currently not being fully explored
in research.

Previous studies have often indicated a link between the behavior of individuals in
MUGS and their spatial layout [67–70], but they have not clearly elucidated the specific
interactions and key influencing factors between the two. Based on this, the aim of this
study is to explore the relationship between the spatial layout of MUGS and crowd activities.
The research questions include: (1) How can crowd behaviors in MUGS be simulated?
(2) Do changes in the spatial layout within MUGS affect the distribution of crowd activities?
(3) How can the spatial layout be adjusted to vary the potential distribution of crowd
activities within MUGS?

To address these questions, this study selected a MUGS in Nanjing as the study
area. After constructing a crowd activity simulation model based on field survey data,
preliminary investigations were conducted on the AnyLogic platform by altering four
variables: entrances/exits, pathways, node areas, and the number of facilities, to explore
their impact on people’s activity and distribution. Further, the key element affecting crowd
activity characteristics (pathway) was selected for an in-depth exploration of its distribution
characteristics and the correlated impacts on crowd behaviors. The innovation of this paper
lies in the use of multi-agent simulation technology to establish the correlation between
the behavior of individuals in green spaces and the spatial elements of mini green spaces,
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and to identify the significant spatial factors that influence activities in these green areas.
The results of this study, as well as the proposed analytical methodology, will potentially
provide decision-making support for the future design, renewal, and management of
MUGS. Meanwhile, the use of multi-agent simulation offers the possibility of designing
MUGS incorporating crowd activities.

2. Methodology
2.1. Research Workflow

To study the relationship between spatial layout and crowd activities in MUGS, this
research has designed a workflow (Figure 1), which includes data collection, data process-
ing, AnyLogic model construction, simulation and visualization, and result analysis. The
research gathered spatial and crowd activity data through field surveys and drone photog-
raphy. Then, we used the AnyLogic platform to construct models of the site and crowd
activities. By altering the spatial layout elements of green spaces, the study simulated
crowd interactions and distributions to explore the relationship between spatial layout and
crowd activities.
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Figure 1. Research workflow.

2.2. Study Area

This study selected one MUGS in Nanjing, China, as the study area. We began with a
preliminary survey of MUGS within the main urban area of Nanjing using satellite imagery.
Based on the local definition of the size of urban MUGS, 15 sites ranging from 0.5 ha to 1 ha
were initially selected. Further field research was conducted on these selected green spaces.
Considering factors such as the usage of the green spaces, function, layout, completeness of
internal service facilities, and the types of surrounding land uses, Park 511 in the Qinhuai
District of Nanjing was ultimately chosen as the research subject (Figure 2).
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Figure 2. Study area.

The 511 Park was formerly the site of Factory 511, now situated at the heart of the
factory area. It is a thematic park that integrates aviation culture with historical landscapes.
Representing the main characteristics of mini green spaces in the Chinese region, the park
covers an area of approximately 0.97 hectares. Surrounded by residential areas to the north
and east, it is adjacent to a technology hub and sports center to the south and close to two
commercial buildings and a major traffic artery to the west. About 400 m to the north is the
Xi’anmen subway station, ensuring convenient transportation. The park is connected to
surrounding roads through multiple entrances and exits and forms a green network within
the Aviation Science and Technology City, linked with adjacent green spaces. The park
boasts well-equipped facilities for recreation and exercise and high-quality plant landscapes.
With low construction intensity and a tranquil environment, the park is primarily used by
local residents. On weekdays in the evenings and during holidays, it also attracts visitors
from other parts of Nanjing to experience its landscape. Overall, it has a high intensity
of use. Internally, the site includes a basketball court, fitness equipment area, hard plaza,
children’s sandbox, and fitness trail, catering to the activity needs of different age groups
with a high frequency of use.

2.3. Data Collection

This study involved the collection of spatial data and crowd activity data from Park
511. The spatial data primarily consists of the park’s site plan and the distribution of
facilities within the area. Initially, CAD drawings were created based on satellite images of
the site. Further differentiation of surface materials (soft and hard), as well as locations of
entrances, seating, and exercise equipment, was achieved through field surveys. Lastly, the
areas accessible to the public were clearly delineated, and the functions of various nodes
were documented.

Unmanned Aerial Vehicle (UAV) digital photography technology allows for rapid
and accurate gathering of information within a small area, covering aspects such as land
use types [71], vegetation coverage [72,73], and crowd activities [74]. This study combines
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UAV photography with on-site surveys to record spatial data and crowd activities in Park
511. In our study, we have deliberately chosen a method of data collection that does not
capture specific individual attribute information, focusing solely on the activities of the
crowd. This approach is distinct from mobile phone signal data, which often includes
personal identifiers such as phone numbers, user names, ages, and other demographic
details. To respect privacy concerns, we have abstracted the individuals within our research
area into “action points”, collecting only the behavioral patterns and spatial distribution
characteristics of the active population. Our field surveys entail direct observation by re-
searchers of the crowd’s activities at the site during the photography period, supplemented
by photographic evidence to assist in assessing and augmenting the statistical data on
crowd dynamics. Researchers specifically selected nonrainy and other extreme weather
conditions based on weather forecasts. During the survey period, the weather generally
ranged from cloudy to sunny, which did not affect the various green-space activities of the
people within the site.

To collect representative data on crowd activities, researchers conducted filming in
clear, windless weather using a DJI Mavic 3 Pro drone to capture real-time video data of the
research site. Filming times were set for the morning (8:00–8:15), late morning (10:00–10:15),
midday (12:00–12:15), early afternoon (14:00–14:15), late afternoon (16:00–16:15), and
evening (18:00–18:15). The drone was flown at an altitude of 340 m, allowing the camera to
cover the entire park and adjacent roads, clearly distinguishing various spatial elements,
vegetation, pets, and types and states of crowd activities within the park. Additionally,
types of crowd behavior in the park, such as walking, running, basketball, chatting, dog
walking, sightseeing, exercising, hanging out, resting, childcare, playing, and using re-
strooms, were recorded through observation.

We collected the data on 8 March, 11 March, 20 March, 2 April, 1 December, 3 December,
15 December, and 17 December 2023, covering four weekdays and four weekends, totaling
eight days of video data. Nanjing experiences spring in March and April, and late autumn
in early December. During these periods, the climate in Nanjing is mild and suitable for
outdoor activities. Springtime, the season for enjoying the greenery, sees an increase in
visitors to parks in Nanjing who engage in social activities. This provides a substantial
volume of data for the study. Moreover, during both spring and late autumn, the shading
effect of deciduous trees in the park is significantly reduced, which helps to decrease data
errors in subsequent statistical steps for crowd activity.

2.4. Data Processing

In terms of crowd activity data, due to the individual variability in crowd behavior,
there is a vast array of crowd subcategories within MUGS. We have selected the most
representative activity types with the highest number of participants. By combining current
status surveys and aerial photography data, this study categorizes the main crowd activities
in the park into five types: walking, resting, group sports, conversing, and exercising
(Figure 3). Each activity type is analyzed in terms of location, setting, rate, duration,
and number of participants. The aerial imagery data samples from various time periods
underwent frame extraction (15 s per frame), resulting in 2880 frame segments, which
adequately cover variations in crowd activities during these times. Using manual counting,
the number of people engaged in each activity type, the walking speed of the crowd, the
duration of activities, the number of facilities at each node, and the crowd flow at entrances
and exits were quantified from the frame data.
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2.5. Construction of the Spatial Behavior Model

This study utilizes the AnyLogic platform to model the space and crowd activities of
Park 511. As a pedestrian simulation software, AnyLogic has been widely used in simulating
landscape space crowd activities and studying the correlation between crowd behavior
and the environment [75–79]. Spatial data were imported into the AnyLogic software for
transformation, primarily defining and clarifying the overall spatial layout, functions and areas
of various nodes, and conditions of site facilities, pathways, and entrances. These definitions
helped form corresponding spatial modules. Elements from the software’s Pedestrian Library
were used to represent impassable features such as planted lawns, landmarks, and fences as
“Wall” modules. Markup tools delineated nodes to define the boundaries of crowd activities,
with four entrance and exit locations and attributes set using “Attractors” to represent service
facilities placed in nodes and pathway modules.

In terms of crowd behavior logic, to more accurately simulate various activities, specific
behavioral processes were established for five types of crowd activity. Based on behavior
observations and data processed from the tables, appropriate movement rules and speeds
were set for different types of activities. According to crowd activity data obtained from
a field survey (Figure 4), it was observed that walking and conversing were distributed
across various nodes, and both group sports and conversations tended to form teams.
Resting and exercising depended on the distribution of facilities within the site, such as
benches and fitness equipment. Additionally, there was a significant amount of walking and
crossing behavior on fitness trails and entrance plazas. Whether inside nodes or on plazas,
walking behavior was random, whereas crossing behavior was purposeful and directional.
The study defined the behavior of crowds entering nodes or pathways from entrances as
driven by self-propelling forces, pedestrian interaction forces, and environmental resistance.
The self-propelling force was directed towards the target node or pathway, pedestrian
interaction forces were defined by the underlying social force model of the software dictating
interactions among individuals, and environmental resistance related to the layout of
surrounding “walls,” i.e., the spatial model (Figure 3).
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Therefore, within the model, once pedestrians enter a node, they engage in activities
according to observed patterns (searching for resting or exercising facilities to engage
in activities, forming teams for group sports or conversational activities, or undertaking
random walking movements within the node). Based on field research findings and
different pedestrian element modules in the analytical platform, the study built a logic
diagram of crowd behavior internal to the research area, completing the setup for crowd
movement (Figure 4).

Further research has found that the type of activities and the number of people
engaging in activities vary across different nodes, and the flow of people through various
entrances and exits differs significantly. It is necessary to calculate the probability of
occurrence of various activities in each node and the probability of people choosing different
entrances and exits. Based on statistical data obtained from the data processing section,
this study inputs parameters for various activities into the crowd behavior logic diagram,
sets attributes and the flow of people for each node and entrance/exit, and links the spatial
model with the modules of crowd behavior logic. With the help of the pedestrian library in
the software, the model’s runtime and speed are set to simulate the behavior of the park’s
crowd. During the simulation run phase, real-time monitoring of the quantified results of
various activities is conducted through the AnyLogic panel, and visualization of the people
flow results for specific time periods is output via a time-series graph according to analytical
needs. The results from the simulation experiments indicate that the simulated people flow,
trajectories of crowd movement, types of activity, and timing of crowd activities closely
match the actual field research conditions of the park, providing an accurate simulation of
the behaviors and states of the park’s crowd.

2.6. A Two-Step Crowd Activity Simulation and Analysis Method

To explore the relationship between the layout of various spatial components and people’s
behavior and distribution in MUGS, we developed a two-step approach. First, we selected
four spatial components of MUGS as variables, including entrances, pathways, nodes, and
facilities. After altering these four types of spatial elements, based on the already constructed
crowd activity model, we analyzed the overall situation of people flow distribution in the
MUGS. In terms of entrances, there is one main entrance on each of the east and west sides
of the park and one secondary entrance on each of the north and south sides. Following the
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principle of consistency in entrance rankings on the same side, additional entrances were
added sequentially in all four directions of the park, connecting the new entrances to the
existing pathways and resulting in five different configurations of entrance numbers and
locations. Regarding pathways, the study increased the paths between nodes and between
nodes and main roads, setting up five different pathway layout patterns. The area of nodes
and the number of facilities were increased proportionally based on their original attributes,
simulating increases from 10% to 50% in five scenarios (Figure 5).
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To characterize the overall crowd activity and distribution within the park, this study
set up pedestrian flow monitoring points both inside various nodes and along the main
loop of the park. These monitoring points (lines) are uniformly distributed in areas where
pedestrian traffic and activities are concentrated (Figure 3). Once the crowd activities in the
model stabilized, the simulation continued to run for one hour. During this time, the total
and peak numbers of people within each node, as well as those passing near the monitoring
points, were collected in real-time. The peak pedestrian density near each monitoring
point was calculated based on the traffic recorded five minutes prior to each specified time
point. The peak and total numbers of people at each point (cross-section of the pedestrian
flow line) were then tallied. It should be noted that with each simulation, the number of
people entering the park in AnyLogic fluctuated by approximately 5–10 individuals; hence,
results for smaller crowds could vary by a margin of 3–5 people. To minimize significant
errors in simulation outcomes, this study averaged results over multiple simulations.
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Following the comprehensive analysis outlined above, the study identified factors that
significantly influence pedestrian distribution. Focusing on individual nodes within mini
green spaces, the study conducted multiple simulation experiments by altering spatial
element layouts (such as position and quantity) around or within the nodes to explore
further the relationship between these factors and crowd activity characteristics.

2.7. Statistical Analysis

The study set up a series of pedestrian monitoring points and used the number of
people passing these points per unit of time to comprehensively describe the crowd activity
characteristics in the green space (Figure 3). Specifically, the study documented the flow of
people within each node and near the monitoring points, as shown in Figure 6, with the
peak traffic near the monitoring points expressed as X persons per hour. (From the default
simulation perspective, when the software simulation reaches approximately five times the
original flow of people (7250 people/day), there will be minimal change in crowd activity.
Our simulation settings are based on the original and twice the original flow of people, and
no congestion was observed at any node during the simulation process).
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3. Results
3.1. Results of the Current Pedestrian Flow Model

Figure 7 illustrates the simulation results of the original green space. No congestion
occurred at any node. Notably, Node D had the highest peak with seven people, which
corresponds with the actual heavy foot traffic observed at this location. In contrast, Node E
experienced the lowest peak with only one person. Considering the total number of people
within the nodes, the average was 21 individuals. Nodes A and B had similar counts,
approximately 18 people each, slightly below the average, while Node C’s total was slightly
above the average. These figures align well with actual observations. The total number of
people in Node D was significantly higher than in other nodes, with 26 people engaged
in activities and 22 merely passing through Node D. Nodes A, B, C, and E each have only
one path connecting them to the main road; thus, all individuals entering or exiting these
nodes were involved in activities, with no through traffic. This means the simulation data
accurately reflected the number of people active within the nodes.
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From the monitoring point data, the peak pedestrian flows near points a, b, d, and
e were quite similar, all around 80 people per hour, indicating a generally low density of
crossing traffic. However, point c exhibited the highest peak at 120 people per hour. Field
observations confirmed that point c was near a large number of people, both crossing and
walking, which also tends to be denser, aligning with the results. The total number of
people passing near these monitoring points generally mirrored the trends in peak flows;
points a, b, and e all saw around 25 individuals, while crowd activities were concentrated
near points c and d, with point c seeing 58 individuals.

In terms of types of crowd activities, Node A has a high proportion of rest and exercise
behaviors, while Nodes B and C are predominantly frequented by walkers, with a few
people engaging in physical activities such as exercise. Specifically, at Node C, the number
of walkers reaches 10. Node D is equipped with a variety of fitness facilities and thus
has the highest number of people engaging in exercise activities, totaling 10 individuals.
In Node E, there are almost exclusively people walking and resting, with the number of
individuals in both activities being less than four.
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The consistency between the simulated situations and the collected statistical data
shows that the simulation closely replicates actual conditions and can quantitatively explain
the distribution of crowd activities in MUGS.

3.2. The Relationship between Four Spatial Layout Elements and Pedestrian Distribution

This study examined how changes in entrances, pathways, node areas, and facilities
affect pedestrian distribution by modifying the spatial model and using the current pedestrian
flow model as a basis to explore the relationship between crowd activity characteristics and
spatial layout. The total number of people at each node and monitoring point after the
simulation is shown in Figure 8. Additionally, we have also output the quantity of five types
of crowd activity at each node under four variable patterns. The simulation data indicates
that the four elements have varying impacts on the overall number of people, with changes to
pathways and entrances exerting a more significant influence on pedestrian distribution.

3.2.1. Entrances

When the number of entrances changes, there is generally a minor variation in the
peak pedestrian flow near nodes and monitoring points, with a consistent trend in changes.
In terms of total numbers, the trend in total people at each node remains the same, with
only slight variations at individual nodes. The overall change in total numbers at each
monitoring point is small, with significant variations at individual nodes. Specifically, the
total number of people inside nodes A, B, and C varies little, not exceeding five people.
Node E, under the E-5 scenario, shows a substantial increase of seven people, a change
exceeding 200 percent. Node D, when the number of entrances increases from five to six,
sees an increase from 48 to 62, a growth of 30 percent. The total number near the monitoring
points shows a clear categorization: numbers are one category when entrances are fewer
than four, and another when there are four or more, with minor differences of less than
eight people within the same category. The main differences between the two categories
are evident near monitoring point b, with variations ranging from 16 to 24 people. From
the distribution of various crowd activities, the types and quantities of crowd activities at
each node are similar to the original conditions.

3.2.2. Paths

When the number of pathways within the park changes, it significantly impacts both
the pedestrian flow near monitoring points and the total number of people within nodes.
For instance, Node B under scenario P-5 has the highest count at 64 individuals. The total
counts in nodes A, D, and E across various scenarios (P-1 to P-5) show small differences,
with the maximum difference in nodes A and E not exceeding seven and four people,
respectively. Nodes B and C display substantial variations in total numbers under different
scenarios. For example, after adding a fifth pathway (P-5), the pedestrian count at Node B
is 64, a difference of 48 from the original count of 16, marking a 300% increase. In contrast,
Node C shows little variation between the original and P-1 scenarios, differing by only
3 people, with an average of 26.5. From scenarios P-2 to P-5, the average count is 61,
exceeding a 100% increase, and the numbers between these scenarios vary little. The trends
in peak and total numbers near pathway points are consistent.

In terms of total numbers near the monitoring points, point c still records the highest
figures, originally reaching 58 individuals. Points a, b, d, and e all experience significant
changes under various scenarios, with points d and e showing the most noticeable changes.
The differences between scenario P-5 and the original scenario (1) are 26 and 27 people for
d and e, respectively. The total count near point e decreases with the addition of pathways
and shows clustering.
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It is noteworthy that changes in total numbers at nodes under different scenarios show
similarities. For example, the original scenario (1) and P-1 form one group, while P-2 to P-5
form another, with little intra-group variation and larger inter-group differences. Regarding
monitoring point data, the trends in peak and total numbers are consistent, and changes
in peaks reflect those in total numbers to some extent. Upon examining the distribution
of various crowd activities, it is observed that the number of people engaging in group
sports at Node C has increased by three individuals, while the crowd activity at other nodes
remains relatively similar to the original conditions.

3.2.3. Node Area

When the area of park nodes is proportionally increased, changes in both the total
number of people within nodes and the pedestrian traffic at monitoring points are minor.
Specifically, the maximum count within nodes is 50 people at Node D under scenario S-5, a
difference of only two people from the original scenario (1). The differences among nodes
A, B, and C are small and consistent with actual conditions, with the total count variations
across scenarios (S-1 to S-5) not exceeding 20%, which is very close to the original scenario
(1). The largest change in monitoring point counts between scenarios S-1 to S-5 and the
original scenario (1) does not exceed 15%.

In terms of the distribution of crowd activities, when the area of the nodes was
increased by fifty per cent, the number of people participating in group sports at Node A
rose by five individuals.

3.2.4. Facilities

When the number of facilities within the park increases proportionally, the resulting
changes in pedestrian traffic at nodes and monitoring points are similar to those observed
with area changes. Specifically, the largest difference in total numbers across nodes in
scenarios F-1 to F-5 is only five people, occurring between scenarios F-1 and F-5 at Node
A. The differences in total numbers near each monitoring point in various scenarios do
not exceed 10 people. The total count changes at both nodes and monitoring points across
scenarios F-1 to F-5 do not exceed 20%. From the distribution of crowd activities, it can be
observed that when the number of facilities was increased by fifty percent, there were no
significant changes in the types and quantities of crowd activities at any of the nodes.

3.3. Results of Pathway Changes around a Single Node

To further investigate the impact of pathways on the distribution of crowd activities,
this study focused on the element of pathways. By altering the number, orientation, and
width of pathways connected to nodes, the study examined the variations in pedestrian
flow within individual nodes and across the MUGS as a whole. Changes were made to
the number and orientation of pathways around nodes A, B, and E. Specifically, fifteen
scenarios (B-1 to B-15) around Node B were evenly divided into five groups (B-1 to B-3,
B-4 to B-6, B-7 to B-9, B-10 to B-12, B-13 to B-15); eight scenarios each around nodes A and
E (A-1 to A-8, E-1 to E-8) were divided into four groups (A-1 to A-2, A-3 to A-4, A-5 to
A-6, A-7 to A-8; E-1 to E-2, E-3 to E-4, E-5 to E-6, E-7 to E-8), with changes in the number
of pathways on the same side within groups and different orientations between groups.
Due to a lack of space to add 6-m-wide roads around nodes C, D, and E, nodes A and
B were selected for changes in pathway width, creating twelve different scenarios. The
final pathway layout changes are illustrated in Figure 9. After simulation (Figure 10), the
results shown in Figures 11 and 12 were obtained. It is noteworthy that the orientation
of pathways has a significant impact on the distribution of pedestrian flow, whereas the
number and width of pathways have minimal effects.
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This study compares the total number of people within the respective nodes and the
total number of people passing through the pathways around these nodes.

3.3.1. Changing Path Orientation

When adding paths in different orientations, both the total number of people within
the corresponding nodes and the total number of people on paths around the nodes undergo
significant changes. When the orientation of paths around node B changes, the total number
of people within the node varies greatly under different circumstances. For instance,
there is a significant difference between the first group of results and the subsequent four
groups, with a variation of 35 people between B-2 and B-5, representing a change of three
hundred percent.

When the paths around node A change, there are relatively small differences in the
flow of people within and between groups of node A. There is a significant variation in the
flow of people on the surrounding paths, with noticeable differences between the first group
(A-1 to A-2) and the subsequent three groups (A-3 to A-8). Upon comparing specific values,
it is observed that the differences in the total number of people within each group of node
A do not exceed five people, and the maximum difference between groups is five people,
with a variation of no more than thirty percent. The differences in the total number of
people on paths around node A are significant, showing distinct categorization between the
first group and the subsequent three groups. The path points with significant fluctuations
in values are A2 and A3. When the orientation of paths around node A changes (A-1 and
A-3), the values of A2 and A3 rapidly decrease from 34 and 46 to 7 and 36, respectively,
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representing changes of eighty percent and twenty percent, respectively. The value of A4
increases from 45 to 52, representing a change of fifteen percent.

When the paths around node E change, the intergroup differences in the total number
of people within node E do not exceed thirteen percent, while there are noticeable changes
in the total number of people on paths around the node. There are significant changes in
the values of groups one and three at point E5. Comparing E-2 with E-4, the value at E5
decreases from 37 to 6, representing a change of over eighty percent.

Based on the intergroup data of nodes A, D, and E, it can be observed that the
orientation of paths can have a certain impact on the flow of people within park nodes and
a greater impact on the distribution of people around the nodes (local areas of the park).

3.3.2. Changing Path Quantity

By comparing the values within groups of nodes A, B, and E, the distribution of
people flows when the number of paths changes can be analyzed. As the number of paths
within node groups increases, the differences in the total number of people within node B
under fifteen scenarios of path changes (five groups) are relatively small, with a maximum
variation of forty percent. When paths around nodes A and E change, the variations in the
total number of people within the respective nodes and the surrounding path points are
relatively small, showing a high degree of consistency in the data trend.

3.3.3. Changing Path Width

This study conducted statistical analysis on six path scenarios for nodes A and B,
categorizing each node’s six paths into two groups (AW-1 to AW-3 and AW-4 to AW-6;
BW-1 to BW-3 and BW-4 to BW-6) based on path orientation. The widths of paths within
each group are 2 m, 4 m, and 6 m, respectively. From specific numerical observations, the
differences in the total number of people within all scenarios at each node do not exceed
three people, and the variations in the values of affected nodes and surrounding paths do
not exceed thirty percent.

4. Discussion
4.1. Relationship between Spatial Layout and People’s Distribution

Previous studies have indicated a correlation between different human activities,
mobility, and park layout elements [3,63,80–82]. Factors such as park accessibility, entrances
and exits, paths, and facilities layout, attractiveness, and quantity are known to influence
the intensity and distribution of green space activities. Similarly, in simulations of human
behavior and crowd evacuation in other urban spaces, spatial layout [83], path structure [84],
etc., are identified as crucial factors affecting human activities. These findings align with
the results of this study on the simulation of human activities in MUGS. However, previous
related research has not delved into the dynamic effects of significant influencing factors
such as paths under variations in attributes like width, length, orientation, and quantity on
human activities.

This study’s simulation analysis of four types of spatial elements—paths, facilities,
nodes, and entrances/exits—demonstrates that all these elements have a certain impact
on the distribution of human activities in MUGS. However, park path layout emerges as
the most significant influencing factor. The quantity and layout of entrances/exits also
influence the distribution of pedestrians and activities. Conversely, changes in the area
of mini green space nodes and the number of facilities have a relatively minor impact on
human green space activities.

Specific simulation data comparisons reveal significant changes in the total number
of people within nodes as path layout changes. When paths increase to one or more (P-1
to P-5), node B becomes a node with traffic properties as it connects with the main paths
within the park. Although the number of people engaging in activities within node B
remains unchanged, the increase in the number of people passing through node B to other
nodes and paths leads to an increase in the total number of people within node B. When
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paths increase to two or more (P-2 to P-5), node C becomes connected to node B, linking
the two main entrances/exits and activity areas of the park. In essence, the significant
impact of path changes on human activities is mainly attributed to altering the overall flow
dynamics of the park, particularly as additional local paths modify accessibility to roads
and nodes, resulting in systemic changes in the types and intensity of green space activities
in different nodes. Previous studies utilizing spatial syntax analysis have also suggested
that path changes affect green space traffic distribution [85–88].

Furthermore, when changing entrances/exits, the number of people passing through
point b increases sequentially in scenarios E-2 and E-3. This is because, compared to the
original scenario, in E-1 and E-2, the flow of people near point b is redistributed to other
entrances/exits (passing through point b). It is noteworthy that although simulation results
suggest that area and facilities have a minor impact on green space human activities, studies
on green spaces in densely populated cities [89,90] have identified these as important
influencing factors. This study speculates that this may be because, for MUGS, the number
of users is far lower than that of larger parks in urban areas. Taking the example of the
511 Park studied in this paper, under normal circumstances, the nodes are not crowded,
and existing facilities are sufficient to meet the needs of users. Therefore, increasing node
area or facilities in this study may result in lower attractiveness for human activities.

4.2. Relationship between Path and People’s Distribution

Upon recognizing paths as pivotal influencers shaping both the activities and flow
distribution of individuals within MUGS, it becomes imperative to delve further into how
alterations in path spatial attributes directly impact green-space activities. Through a
classification simulation study exploring diverse spatial changes in width, quantity, and
orientation of paths surrounding key nodes within MUGS, it was discerned that path
orientation emerges as a critical determinant affecting the flow dynamics and spatial
distribution of individuals around these nodes.

From the research findings, the simulation data across the three path widths exhibit
a high degree of consistency. Variations in green space activities and pedestrian flow
are primarily observed in scenarios involving changes in the number of paths and their
orientation. Taking this study as an example, altering the number of paths on the same
side of Node B does not significantly affect the distribution of pedestrian flow within
the node and its surrounding area. When new directional connections are established at
Nodes A and E, the total number of people within these nodes does not change noticeably.
However, when a new path is added to one side of Node B, there is a significant change in
the pedestrian flow around Node B. Comparing the fifteen path layout patterns of Node
B (B-1 to B-15) reveals that, as the number of paths on the south side of Node B increases
from zero, the pedestrian flow near the north side count point B1 decreases, while the
flow near the same side B2 significantly increases. The newly added paths have a clear
regulatory effect on the distribution of pedestrian flow around Node B. This phenomenon
occurs because Node B is centrally located within the park; when the path layout is altered,
Node B becomes a transportation hub, increasing the flow of pedestrians through it. Node
A, being on the edge of the site, has its path layout changes affecting only the flow around
its vicinity, with minimal impact on other nodes. Node E, with existing paths on both the
north and east sides, does not experience a significant change in the surrounding pedestrian
flow distribution when additional paths are added to either side.

Observations indicate that the orientation of paths around nodes in MUGS significantly
influences the distribution of pedestrian traffic. Notably, when nodes are centrally located,
their impact on the total pedestrian count within the node is most pronounced. For new
green space design, focusing on the central node design can enhance traffic flow and meet
the needs of traversing individuals. Strategic placement and optimization of central nodes,
along with the surrounding path structure, can effectively manage pedestrian movement
and mitigate activity conflicts, thereby improving node vitality and efficiency. In the context
of green space renovations, a comprehensive assessment of the current layout is essential.
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By identifying areas prone to congestion or uneven distribution of pedestrian activity,
targeted interventions such as adding or reorienting paths at specific nodes can alleviate
existing issues and optimize the utilization of the green space.

4.3. Limitations

This study employs an agent-based model to investigate the correlation between the spatial
layout of urban MUGS and the activities of the population within them. However, certain
limitations persist in both the selection of the research subject and the methodology utilized.

Regarding the research subject, the choice of 511 Park in the densely populated urban
area of Nanjing was made. While the park is surrounded by a vibrant residential area and
exhibits a distinct spatial pattern of paths and nodes within its green space, it is crucial
to acknowledge the inherent variability among different MUGS. Factors such as location,
surrounding environment, site layout, and size contribute to variations in population
size and activity types within these spaces. Therefore, future research could benefit from
considering a broader array of factors, including the location of MUGS, characteristics of
the surrounding environment, and green space size. Such considerations would enable the
extraction of diverse spatial patterns of MUGS, facilitating further analysis and validation
across a more representative research sample.

Concerning the methodology, this study categorized population greenspace activities
into five types, with data collection conducted at 15-minute intervals. However, the in-
tricacies of population activities within MUGS are characterized by their complexity and
diversity, often exhibiting instantaneous and stochastic behavior. While the study broadly
covers population activities and behavior changes within MUGS during typical time pe-
riods on weekdays and weekends, certain limitations persist. Future research endeavors
could entail a more nuanced classification of population activities and distribution periods.
This study’s approach to characterizing the crowd did not account for the nuances of de-
mographic attributes such as gender, age, occupation, and income, which may significantly
affect the way individuals engage with green spaces, their movement patterns, and density.
The distinct behaviors of individuals could be shaped by these attributes. Subsequent
studies could benefit from incorporating comprehensive surveys and interviews to delve
into the specific behaviors of different demographic groups, such as the elderly or women.
This line of inquiry could refine the planning and enhancement of MUGS, offering insights
into creating “age-friendly” and “women-friendly” green environments, thereby guiding
the development of superior green spaces.

5. Conclusions

In densely populated urban areas, the significance of MUGS as pivotal spatial entities
accommodating population activities underscores the need to explore their spatial layout
and its correlation with such activities. This study employs field survey alongside sim-
ulations of population behavior under varying flow volumes and layout configurations
in MUGS, establishing a research framework applicable to MUGS. A typical MUGS in
Nanjing was chosen as the study area. Systematic surveys of the population in this green
space were conducted during different typical time periods on weekdays and weekends,
identifying five typical green space activities. Subsequently, leveraging an agent-based
model, a simulation platform for spatial population behavior in MUGS was developed.

By manipulating the layout of various elements within MUGS to generate multiple
spatial scenarios, simulations of population green space activities were performed, followed
by comparative analysis. The findings reveal a certain degree of correlation between the
spatial layout of MUGS and people’s activities, particularly evident in factors such as paths
and entrances. Unlike other types of green spaces, neither node area nor the number of
green space facilities significantly influences population activities and flow distribution
within MUGS. Further discussion emphasizes the profound impact of path orientation on
the distribution of population green-space activities within different nodes in MUGS.
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This study on the relationship between population green space activities and the
layout and elements of MUGS will provide valuable insights for landscape designers,
aiding informed decision-making during the construction, renovation, and management
of MUGS. At the current stage, targeted enhancement suggestions can be proposed for
Park 511. Specifically, we have increased the unit area within Node E of the park by 20%
and added two pathways, each 4 m wide, surrounding Node B. Through computational
simulation, based on the aforementioned optimization model, the area south of Node B,
which was previously underutilized in terms of pedestrian activity, saw an approximate
increase of 30% in pedestrian flow. The construction regulations for MUGS in Nanjing
explicitly stipulate that the facilities and layout of pocket parks, regardless of size, should
meet the public’s need for convenient usage. This includes ensuring adequate paved
areas and a sufficient number of pathways, while also aiming to reduce park construction
costs. To achieve this, it is essential to establish an assessment system and simulation
methods that correspond with the behavioral characteristics of users before initiating
the construction of pocket parks. Furthermore, larger pocket parks, such as Park 511,
which ranges from 0.5 to 1 hectare in size, should incorporate well-planned landscape
pathways and emergency evacuation routes to enhance safety and functionality. In future
research and application scenarios, the multiperiod and multitype activity simulation paths
and data results employed in this study can be further enhanced from various aspects,
such as population activity attributes. Additionally, they can be integrated with different
application scenarios, such as post-use evaluation of MUGS and assessment of their age-
friendliness, catering to diverse research and practical needs. By focusing on the demands
of population green-space activities, this research contributes to improving the allocation
of mini green space resources in high-density urban environments.
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