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Abstract
Violent crime poses a significant barrier to the equitable use of urban park amenities 
and access to their associated benefits. While machine learning has emerged as a 
promising tool for exploring the relationship between park environments and crime, 
the opaque nature of many models has hindered insights into underlying mecha-
nisms. Moreover, most existing studies have concentrated on parks in central urban 
areas, overlooking peri-urban parks that increasingly serve expanding metropolitan 
populations. To address these gaps, this study employs an interpretable machine 
learning approach, XGBoost with SHAP values, to examine how the environments 
of both urban and peri-urban parks in Wuhan, China, influence violent crime. We 
assess four domains of contextual variables: accessibility, built environment, land 
use, and socioeconomic conditions. Results indicate that while violent crime rates 
are generally higher in urban parks, park location itself is not a significant stand-
alone predictor. Both accessibility and built environment factors demonstrate non-
linear and context-sensitive associations with violent crime. Despite the potential 
of environmental design in crime prevention, disadvantaged neighborhoods remain 
disproportionately affected by unsafe park conditions. These findings highlight the 
need for place-sensitive planning strategies and demonstrate the value of interpre-
table machine learning in advancing spatial crime analysis.
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Introduction

Crime in and around parks is a major threat to residents’ access to urban ameni-
ties, and assessing the relationship between environments around parks and crime 
has become a prominent topic in the fields of urban planning, geography, and envi-
ronmental criminology (Maruthaveeran & van den Bosh, 2015; McCord & Houser, 
2017; Schusler et al., 2018). In addition to the direct damage to the user’s life, it can 
also cause long-term effects on physical and mental health (Jennings et al., 2017; Lan 
et al., 2022). Among various types of crime, violent crime is of particular concern 
due to its severity and broader social consequences. Violent crime poses a serious 
threat to public safety and undermines the normal use of urban parks. It significantly 
reduces residents’ willingness to participate in outdoor physical activities (Han et 
al., 2018). Such incidents also foster a sense of insecurity, inhibit the use of public 
spaces, and weaken neighborhood ties by diminishing community cohesion and trust 
(Cohen et al., 2014; Valente et al., 2020; Wang & Liu, 2017). Moreover, violent 
crime often clusters in areas where park design lacks adequate consideration of crime 
prevention, highlighting the importance of integrating safety principles into envi-
ronmental planning (Chen et al., 2021). Therefore, understanding how park environ-
ments influence violent crime is critical for developing safe, inclusive, and well-used 
public green spaces.

The relationship between green space and crime is complex and context-depen-
dent. On the one hand, green space is often associated with lower crime rates through 
mechanisms such as Crime Prevention through Environmental Design (CPTED), 
which emphasizes visibility, accessibility, and territoriality. Physical features like 
fences and barriers have been shown to deter crime in some settings (Hajna & Cum-
mins, 2023). In addition, exposure to natural environments may help restore mental 
health and reduce aggression, thereby lowering the likelihood of violent crime (Bur-
ley, 2018; Donovan & Prestemon, 2012). On the other hand, the presence of green 
space, especially in the form of dense vegetation or poorly monitored areas, may 
also create opportunities for concealment and reduce informal surveillance, which 
could facilitate certain types of crime (Kuo & Sullivan, 2001). Moreover, when parks 
become underutilized due to excessive restrictions or poor design, they may attract 
antisocial behavior and become localized crime hotspots (Hajna & Cummins, 2023). 
Thus, the general association between green space and crime is not inherently posi-
tive or negative; it depends on how the space is designed, maintained, and integrated 
into the urban context. Although the understanding of the impact of environmental 
design methods on park crime is controversial, few studies have analyzed the rela-
tionship between surrounding environment characteristics and crime quantitatively, 
likely due to the absence of a robust system for measuring park-specific environmen-
tal features. Compared with general green space, urban parks differ significantly in 
form and function—they typically feature more deliberate design, greater accessibil-
ity, higher visitor density, and are embedded within more complex built and social 
environments. These distinctive attributes may not only amplify both the protective 
and risk factors associated with environmental design, but also alter how space is 
used and surveilled. Consequently, urban parks may exhibit different crime dynam-
ics than other types of green space, making it necessary to systematically investigate 
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their surrounding environments to improve both theoretical understanding and prac-
tical approaches to park safety management.

Previous park safety studies have mostly focused on central urban parks, while 
peri-urban parks have received relatively little attention. Since urban development 
typically expands outward from the city center, central parks have longer histories 
and richer datasets available for safety research (Rigolon, 2016; Taylor, Haberman, 
& Groff, 2019). In contrast, improved transportation infrastructure has increased the 
accessibility and frequency of use of peri-urban parks (Charney, 2005; Wang et al., 
2023). In China, peri-urban and urban parks differ substantially in both landscape 
characteristics and functional orientation. Peri-urban parks tend to preserve natural 
features with limited artificial modification, and are primarily designed to provide 
ecological services. Urban parks, by contrast, are more integrated into the built envi-
ronment, featuring numerous man-made landscapes and recreational facilities that 
serve leisure and cultural functions. These differences may lead to distinct patterns of 
space use, population density, and surveillance, which in turn affect crime dynamics. 
While studies in the U.S. and Europe have reported higher crime rates in peri-urban 
parks (Boessen & Hipp, 2018 ; Taylor et al., 2019), such patterns remain underex-
plored in the Chinese context. Therefore, comparative research is necessary to under-
stand the differentiated safety mechanisms across urban and peri-urban park types.

Existing research on parks and crime has mostly relied on qualitative approaches 
or traditional statistical techniques, which face notable limitations in both data col-
lection and analytical precision. For instance, the least squares method has been used 
to assess the relationship between vegetation and different types of crime (Troy et al., 
2012; Wolfe & Mennis, 2012), but the findings are often inconsistent due to issues 
such as scale mismatches and incomplete surveys (Burley, 2018; Donovan & Preste-
mon, 2012). With the development of machine learning techniques, researchers now 
have tools to model complex spatial and environmental relationships more effec-
tively (Venter et al., 2022; Liu et al., 2019).

Machine learning has also demonstrated growing advantages in environmental 
crime prevention (Chen et al., 2024; Su et al., 2023; Yue et al., 2024). Techniques 
such as the random forest classification algorithm have been used to detect illegal 
logging (Mujetahid et al., 2023) and predict spatial variations in crime risk (Kadar & 
Pletikosa, 2018). However, despite its modeling strength, machine learning often suf-
fers from a lack of interpretability due to its “black-box” nature. To address this chal-
lenge, interpretability tools have been developed to explain model decision-making 
processes (Li et al., 2022). Among them, the XGBoost model has been used to con-
struct violent crime classifiers, and SHAP values have been applied to interpret the 
relative influence of input features on prediction outcomes (Feng et al., 2021; Parsa 
et al., 2020). These advances offer new possibilities for systematically investigat-
ing how different park environments affect violent crime, with stronger explanatory 
power than traditional models.

This study investigated the relationship between parks and violent crime in urban 
Wuhan considering four dimensions, namely accessibility, built environment, land 
use, and socioeconomic factors. The XGBoost-SHAP method was applied to verify 
the heterogeneous impact of peri-urban parks and urban parks on violent crime under 
mixed conditions and quantify the impact of specific characteristics on the model.
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Literature Review

Park and Crime

The relationship between parks and crime is controversial with some studies con-
firming that park elements such as tree canopy coverage and green space may be 
negatively correlated with crime rates (Schusler et al., 2018; Troy et al., 2012). 
Proponents argue that urban parks can reduce crime by promoting natural surveil-
lance and increasing community cohesion, whilst opponents argue that parks do not 
always have a positive effect on crime. Studies have found that parks, if not properly 
designed or maintained, can become accelerators of crime (Li et al., 2024). Accord-
ing to the Broken Windows Theory, environmental phenomena such as overgrown 
plants, broken facilities, and waste that obstructs the view can signal neglect, thereby 
encouraging criminal behavior (Beckett & Herbert, 2008; Garcia-Tejeda & Fondev-
ila, 2023). Also, urban parks located on the urban fringe or surrounded by sparsely 
populated areas may hide crime due to ignorance.

Urban parks are often located in densely populated areas, serving as centers 
for social interaction and community activities whereas peri-urban parks are often 
located on the city outskirts, attracting users for hiking and sightseeing (Cornelis & 
Hermy, 2004; Li et al., 2020). These locational and functional differences can lead to 
different criminal mechanisms, which means customized management and security 
strategies are essential. In addition, the surrounding environment of the park affects 
accessibility by influencing users’ subjective sense of security, which is a key area 
affecting crime in the park, but there is a lack of research on this area.

Park Violent Crime and Park Surrounding Environment Characteristics

There are many types of crime with violent crime being of particular concern. 
Addressing park violent crime requires a comprehensive understanding of the rela-
tive factors including park design, management, and the socioeconomic conditions 
of the surrounding areas (Sachs et al., 2023). Consequently, this study focused on the 
heterogeneous effects of urban and peri-urban parks on violent crime rates, specifi-
cally, accessibility, built environment, land use, and socioeconomic factors.

Park Accessibility

Parks promote a healthy, vibrant, and resilient community, and as such should be 
accessible and equitably distributed (Wu et al., 2023a, b). Most Western studies have 
shown that the distribution of urban parks tends to disproportionately benefit afflu-
ent peri-urban communities (Cole et al., 2019; Rigolon & Németh, 2020), and the 
concentration of wealth helps prevent crime. However, whether park accessibility 
varies across different socioeconomic groups in Chinese cities is controversial (Wu 
et al., 2023a, b). In some research, deprived communities, especially those in socio-
economically disadvantaged districts, may have restricted accessibility to parks of 
higher quality level via walking and public transit (Cheng et al., 2021), while park 
access in Hangzhou does not reveal significant differences among socioeconomic 
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groups (Wei, 2017). Therefore it is necessary to consider the impact of spatial acces-
sibility on park crime in China.

Parks with high accessibility have a wide range of services that can attract more 
users, improve the frequency of park use, and promote social and economic benefits. 
The “eyes on the street” theory (Jacobs, 1961) supports the idea that more park users 
can serve as an informal surveillance force helping to prevent and reduce criminal 
behavior (McMillen et al., 2019) because perpetrators may avoid committing crimes 
in crowded areas for fear of being discovered. However, if the park is highly acces-
sible, it is also more likely to decline the users’ sense of privacy which may lead to 
less access and surveillance (Lis et al., 2019). Therefore, previous studies have sug-
gested strategies to pursue a balance between accessibility and security (Lis et al., 
2024). But at present, there is a lack of specific balance point indicators.

Built Environment

CPTED is an effective method to reduce crime with soft design strategies (Cozens & 
Love, 2015). This approach highlights the combination of safety design and environ-
mental behavior guidance, which includes five key dimensions: natural surveillance, 
image management, territorial reinforcement, natural access control, and legitimate 
activity support.

Good green space design can meet all five principles at once, namely, transparent 
vision (Bhatia & Jason, 2022; Kuo & Sullivan, 2001), clear place functions (Kuo & 
Sullivan, 2001), physical isolation of offenders (Cozens, 2008; Wu et al., 2023a, b), 
and legal activities (Liu et al., 2021). Previous studies have extensively discussed 
the influence of the park’s built environment on crime but without a comprehensive 
insight and a comparative perspective on different kinds of parks (Zhang & Park, 
2023). This study developed a built environment indicator system based on the five 
key dimensions of CPTED.

Land Use

Urban land use ha significantly affects the amount of crime (Wu et al., 2022; Sadeek 
et al., 2019). Some non-residential land is associated with high crime rates (Stucky 
& Ottensmann, 2009) with the surrounding land use affecting crime rates in or near 
parks (Boessen & Hipp, 2018). For instance, parks in areas close to industry are 
prone to crime, especially at night, and they are associated with a low user density 
(Gargiulo et al., 2020). The relationship between mixed land use and park crime is 
controversial. Some studies have shown that parks in mixed-land environments may 
have lower crime rates (Knorre & MacDonald, 2023), yet Folharini et al. (2023) 
found that green crime is spatially related to the rural-urban fringe.

Socioeconomic Factors

Social and economic conditions affect park crime in many ways. Studies in devel-
oped countries have found that violent crimes are more frequent in urban centers, 
ethnic minorities, and low-income communities because developed countries are 
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often in a period of maturity or decline in urbanization with young, upper-middle-
income populations moving to urban suburbs, also known as the gentrification of the 
suburbs (Brueckner & Rosenthal, 2009). In these countries, peri-urban parks are seen 
as a positive investment, well-designed and maintained. In contrast, central parks 
are mainly used by crowded minorities, low-income people, and transient popula-
tions, which may exceed the reasonable park capacity (Wu et al., 2023a, b). Besides, 
there is a lack of community identity which inspires a sense of fear among park 
users. Some small community parks also suffer from poor management and may have 
higher crime rates (Agrawal & Gibson, 1999).

It is important to note that since most of the population of developing countries 
lives in urban central areas, the function and importance of parks is different from 
that of developed countries. This has also caused park crime to show socioeconomic 
characteristics in the process of urbanization in developing countries. China’s sub-
urbs, most of which have been converted from rural areas or industrial land, tend 
to be sparsely populated with low-income communities and a large number of new 
or poorly managed parks, which can breed crime (Liu et al., 2021). Therefore, it is 
necessary to consider the particularity of China’s peri-urban social economy to study 
park crime.

Methodology

Study Area and Data

Study Area

Wuhan is the capital of Hubei Province, the largest city in central China, and one of 
the top 10 largest cities in China, with a population of 13.77 million in 2023. Parks 
are highly valued by the government as an important public space for people to obtain 
urban well-being such as health and leisure. Although Wuhan has implemented green 
space system planning, there are significant differences in the spatial distribution of 
parks, with the impact of parks on violent crime varying greatly depending on loca-
tion, affecting crime rates in and around parks. The study area was the main urban 
zone of Wuhan according to Wuhan Territorial Spatial Master Plan (2021–2035). 
The study area was divided based on Wuhan’s ring roads, that is, the parks within the 
third ring road are defined as urban parks, and the parks outside the third ring road are 
defined as peri-urban parks (Fig. 1).

The park data was sourced from Liao et al. (2023), focusing on parks within the 
urban area, resulting in a total of 134 parks. The original park data was based on the 
Wuhan Greening Status Bulletin for 2021, therefore, it excludes green spaces, small 
gardens, sports fields, and community parks.

The unit of analysis in this study was each neighborhood park combined with a 
500-meter buffer zone, representing the area potentially influenced by the park within 
a 5-minute walking distance. This buffer accounts for possible spatial errors in geoc-
oding, as crimes associated with parks are sometimes recorded at nearby addresses 
rather than inside the park itself. Therefore, including the buffer ensures that all vio-

1 3

  104  Page 6 of 25



Exploring the Impact of Park and Surrounding Environments on Violent…

lent crime incidents likely related to the park’s presence are captured. Violent crime 
counts within these buffered areas were used as the dependent variable. To further 
refine the spatial analysis, the study area was divided into 1000 × 1000-meter grid 
cells using the fishnet tool in ArcGIS 10.4, allowing for the assessment of crime-
environment relationships at a consistent spatial resolution.

Dependent Variables

Crime data spanning from 2015 to 2020 were acquired for Wuhan from the China 
Judgment Literature website (https://wenshu.court.gov.cn/). However, the crime 
information only included cases to be decided upon, thus excluding other criminal 
activities that were not reported and uploaded. We selected violent crimes as depen-
dent variable of park crime count, for residents are more susceptible to factors related 
to violent around environment and tend to avoid areas where they feel unsafe. Violent 
crime data were filtered based on geographic coordinates in the study area resulting 
in 2,665 instances of violent crimes. The category of violent crime data encompasses 
extortion, violence against persons, human trafficking, robbery, endangering public 
safety, and sexual crime. As shown in Table 1, interpersonal violence is the domi-
nant crime type, comprising 72.68% of all cases, followed by robbery (14.93%) and 
sexual crimes (7.05%). Less frequent are crimes endangering public safety (3.11%), 
extortion (2.18%), and human trafficking (0.04%). Urban park areas account for the 
majority of incidents (90.4%), with a broader crime spectrum, while peri-urban park 
areas show a higher share of robberies (17.97%) but fewer sexual and safety-related 
crimes. These differences reflect underlying spatial dynamics: dense urban areas 
facilitate diverse criminal opportunities, while peri-urban zones face security gaps 
that make them more susceptible to targeted crimes such as robbery.

Fig. 1 Study area: The main urban zone of Wuhan, China
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The crime rate per thousand residents was the dependent variable, which was 
divided into six levels (0–5) using the Natural Breaks method to facilitate the con-
structing of crime classification model, with 0 indicating the lowest crime rate and 5 
denoting the highest violent crime rate.

Independent Variables

Road data were obtained from the Open Street Map (OSM) website  (   h t t p s : / / w w w . o 
p e n s t r e e t m a p . o r g /     ) to evaluate the accessibility of each block and remove roads that 
do not connect to the road network. DepthMap software, based on Space Syntax 
analysis, was used to determine the accessibility of each road using four indices, 
connectivity, choice, depth, and integration (Rashid, 2017). The connectivity of a 
line is the number of other lines it intersects, representing spatial permeability or the 
number of connecting roads. Choice indicates the potential for through-movement of 
the lines in a map, reflecting the ability of space across it. Depth measures the even-
ness in the frequency of distribution of nodes from each other in terms of distance. 
High Integration indicates great accessibility of a node to the other nodes in the entire 
graph, representing the ability of space to attract people or the usage rate of space.

Based on the Broken Windows Theory, signs of environmental disorder—such 
as unmanaged green areas or unclear functional zones—can contribute to increased 
crime by signaling neglect and weakening territorial control. In this context, high 
functional diversity may lead to “functional chaos” if not properly organized. Accord-
ingly, this study includes the number and diversity of POIs as indicators of built envi-
ronment activity intensity and spatial order. Meanwhile, the Eyes on the Street theory 
(Jacobs, 1961) emphasizes the role of informal surveillance and pedestrian presence 
in preventing crime; this concept is operationalized through accessibility-related 
variables and the natural surveillance capacity implied by POI density and land use 
diversity. Additionally, high vegetation coverage may reduce visibility and hinder 
informal surveillance, weakening the crime deterrence effect. Combined with the 
principles of CPTED, six variables were selected: road density, building view index 
(BVI), green view index (GVI), point of interest (POI) diversity, POI quantity, and 
land use. The BVI and GVI reflect the surface-level proportions of built-up and green 
areas, respectively, based on land cover classification rather than street view imagery. 
Vegetation data were obtained from Shi et al. (2023), and rooftop building data were 
sourced from vectorized building footprints in Zhang et al. (2022). Both indices were 

Table 1 Descriptive statistics of violent crime
Total Urban park areas Peri-urban park areas
Quantity Proportion(%) Quantity Proportion(%) Quantity Proportion(%)

Robbery 398 14.93 352 14.61 46 17.97
Interpersonal Violence 1937 72.68 1747 72.52 190 74.22
Endangering public safety 83 3.11 81 3.36 2 0.78
Sexual crimes 188 7.05 172 7.14 16 6.25
Extortion 58 2.18 56 2.32 2 0.78
Human trafficking 1 0.04 1 0.04 0 0.00
Total 2665 100.00 2409 100.00 256 100.00
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calculated for the entire spatial unit of analysis, which includes each park and its sur-
rounding 500-meter buffer zone. The GVI and BVI were calculated as follows:

 
GV I (i) = Vi

Ti
 (1)

 
BV I (i) = Ri

Ti
 (2)

Where T  is the area of the block, V  is the area of vegetation, R is the area of roof-
top, i is i th block.

Each POI for 2018 sourced from Autonavi Map was allocated to the correspond-
ing block boundary to quantify the number of amenities in each block. Autonavi 
Map’s POI dataset contains the names, geographic coordinates, and categories for 14 
types of service amenities within our study area including catering services, scenic 
spots, corporate enterprises, shopping services, transportation facilities, finance and 
insurance services, science and education services, automobile services, commercial 
housing, life services, sports and leisure services, medical and healthcare services, 
government agencies and social organizations, accommodation services. The diver-
sity index was calculated using entropy among the 14 POIs to gauge their diversity 
(Zhang et al., 2022):

 Diversityx,i = −
∑

n
i=1(P (xi) log(P (xi)) (3)

Where xi represents one type of POI that occurs in each block with probability 
P (xi). Here P (xi) = Nx/Ntotal, where Nx indicates the number of POI type x in 
a block and P (xi) represents the proportion of POI type x in comparison to the total 
count of all POIs in block i.

The land use dataset was obtained from Gong et al. (2019) covering various types 
of land use data such as residential land, business office land, commercial service 
land, industrial land, transportation stations land, administrative land, educational 
land, medical land and sport and cultural land. Housing prices were used to indicate 
the socioeconomic characteristics of each park block (Feng et al., 2024). A binary 
variable was created with 1 indicating an urban park and 0 indicating a peri-urban 
park to compare urban and peri-urban parks.

Analytical Procedure

The research framework in Fig. 2 was proposed to illuminate a diverse set of park 
environment characteristics influencing the occurrence of violent crime in the park. 
First, an index system of park environment characteristics was constructed and then, a 
violent crime level classifier was developed utilizing the XGBoost model. The SHAP 
algorithm was employed to explain the violent crime level classifier to examine the 
relationship between the park environment characteristics and the violent crime level.
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Construction of the Violent Crime Rate Classification Model

The XGBoost model operates within the gradient boosting decision tree (GBDT) 
framework and is an optimized ensemble tree model that employs an ensemble of 
weak classifiers to build a strong boosted classifier. XGBoost was developed by 
Chen and Guestrin (2016) and is renowned for its efficacy in classification tasks 
and modeling nonlinear relationships. The core concept of the boosting algorithm 
entails iteratively adding trees and performing feature splits to enhance the model’s 
predictive capacity (Wan et al., 2024). Predicting the violent crime rate level in urban 
space poses a formidable challenge due to the intricate, non-linear interplay between 
various park environment characteristics influencing crime occurrences. Linear 
regression or logistic regression, commonly employed in simpler modeling tasks, 
may fail to capture these complex relationships effectively, potentially resulting in 
sub-optimal prediction performance (Wan et al., 2024). Thus, the violent crime rate 
classification model was constructed using XGBoost by making park environment 
characteristics features.

To calibrate the XGBoost classification model, we performed parameter tuning 
based on iterative optimization and validation. The final parameters were set as fol-
lows: the learning rate was 0.002, the maximum tree depth was 3, the number of 
boosting rounds was 20,000, and the subsample ratio was set to 0.5 to balance model 

Fig. 2 Analytical procedure
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diversity and training stability. These parameters were chosen to prevent overfit-
ting while ensuring robust classification performance. Model accuracy was assessed 
using the concordance index (C-statistic), which quantifies the proportion of cor-
rectly ranked pairs across all observations. A C-statistic value of 0.5 indicates random 
prediction, while a value close to 1.0 denotes strong predictive capability. The final 
model achieved a C-statistic of 0.8796, demonstrating a high level of prediction accu-
racy and confirming the model’s suitability for exploring the relationships between 
park environment features and violent crime levels.

Verification of the Violent Crime Rate Classification Using SHAP Value Analysis

The Shapley additive explanations (SHAP) tool offers a unified framework for inter-
preting predictions, drawing from the principles of Shapley values in cooperative 
game theory (Lundberg & Lee, 2017). SHAP assigns importance values to each fea-
ture for a particular prediction and elucidates both the positive and negative effects 
of each feature through SHAP values. In this study, park environment characteristics 
were assigned Shapley values based on their impact on the violent crime rate.

 g (z′ ) = φ 0 +
∑

M
i=1φ iz′ i (4)

Where g (z′ ) signifies the predicted value of violent crime level for x′ , φ 0 rep-
resents the average value of violent crime level; M  denotes the total number of the 
input variable; φ i represents the attribution value of the i th sample of the neigh-
borhood characteristic and z′ i ∈ {0,1}M  indicates whether the i th sample of the 
neighborhood characteristic is involved in the prediction processing.

According to Eq. 4, the output of the objective function for a sample can be viewed 
as the summation of all SHAP input variables in that sample and the baseline value, 
therefore, the SHAP values are computed to explain the model as follows:

 
φ i =

∑
z′ ⊆ f\ {i}

|z′ |! (M − |z′ | − 1)!
M !

[fx (z′ ) − fx (z′ \ i)] (5)

Where φ i represents the attribution value of the i th sample of the neighborhood 
characteristic; |z′ | is the set of all samples in the data set; M  represents the total 
number of input variables; [fx (z′ ) − fx (z′ \ i)] represents the difference between 
the model trained with and without the i th input variable.

Results

Differences in Park Environment Characteristics between Urban and Peri-urban 
Parks

Table 2 reports mean values (with standard deviations in parentheses) for Wuhan 
urban and peri-urban parks, alongside p-values from independent samples t-tests 
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examining whether differences between the two groups are statistically significant. 
The average violent crime rates in urban park blocks are numerically higher than 
those in peri-urban park blocks (89.70% vs. 48.95%), although this difference does 
not reach statistical significance (p = 0.096). This suggests a potential trend that urban 
park blocks might face higher crime risks, but the evidence is not strong enough to 
confirm a significant disparity in security levels between the two types of parks.

In terms of accessibility, urban park blocks exhibit a higher mean value than peri-
urban areas (0.0616 vs. 0.0573), with a highly significant difference (p < 0.001), sug-
gesting stronger network integration in urban centers. While peri-urban blocks have 
a slightly higher mean value of choice (p = 0.002), urban blocks demonstrate mar-
ginally better connectivity, albeit the difference is small but statistically significant. 
Meanwhile, peri-urban areas show substantially higher mean depth values, reflecting 
longer average path lengths and lower spatial integration. These spatial character-
istics imply that urban park blocks are more centrally positioned within the street 

Table 2 Descriptive statistics of park environment characteristics
Mean (Standard Deviation) P-value Mean (Standard 

Deviation)
Peri-urban Urban center Total area

Accessibility
Integration 0.0573(0.0094) 0.0616(0.0062) < 0.001 0.0597(0.0081)
Choice 0.0212(0.0428) 0.0174(0.0323) 0.002 0.0191(0.0373)
Connectivity 2.5577(0.8793) 2.6694(0.7852) 0.032 2.6207(0.8289)
Depth 241.4294(41.3896) 220.5008(22.1628) < 0.001 229.6376(33.632)
Built environment features
Road density 4.6017(11.5483) 6.7691(12.5147) 0.081 5.8229(12.1432)
BVI 9.91% (0.1084642) 11.12%(0.0802) < 0.001 10.59% (0.0937)
GVI 13.89% 

(0.1437838)
28.14% (0.2083) < 0.001 21.92% (0.1961)

POI diversity 0.5303(0.3083) 0.7236(0.2485) < 0.001 0.6392(0.2922)
POI quantity 180.8377 

(358.6796)
604.8073(783.8065) < 0.001 419.7143(667.9703)

Land use features
Residential 21.38% (0.3178) 39.11% (0.3441) < 0.001 31.37% (0.3441)
Business office 0.17% (0.02) 2.64% (0.097) < 0.001 1.56% (0.075)
Commercial service 1.81% (0.0937) 2.95% (0.1034) 0.005 2.45% (0.0994)
Industrial 21.80% (0.3343) 7.84% (0.2071) < 0.001 13.93% (0.2786)
Transportation stations 0.44% (0.0411) 0.67% (0.0449) 0.161 0.57% (0.0433)
Administrative 2.82% (0.1377) 2.48% (0.0831) 0.164 2.63% (0.1103)
Educational 4.25% (0.1523) 5.54% (0.1706) 0.071 4.98% (0.1629)
Medical 1.16% (0.088) 0.61% (0.0487) 0.017 0.85% (0.0687)
Sport and cultural 1.94% (0.1025) 4.05% (0.1401) < 0.001 3.13% (0.1254)
Socio-economic features
Housing price 11091.9616

(7448.0511)
17506.7544
(10732.5714)

< 0.001 14706.2391
(9957.8367)

Number of Park blocks 382 493 875
Crime
Violent Crime per Thou-
sand Residents

48.95% (2.6607) 89.70% (4.5266) 0.096 71.91% (3.8291)
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network, with higher potential for attracting foot traffic and serving as nodes in short-
est-path routes. Such centrality may facilitate criminal movement between locations 
and reduce opportunities for effective surveillance, compared to the more peripheral 
and structurally isolated peri-urban park blocks.

In terms of built environment features, urban park blocks scored also exhibit 
higher than peri-urban areas in BVI (11.12% vs. 9.91%), GVI (28.14% vs. 13.89%), 
POI diversity (0.72 vs. 0.53), and POI quantity (604.81 vs. 180.84). All differences 
are highly significant except for road density, which shows a marginal difference 
(p = 0.081). These results suggest that urban park blocks are embedded within a more 
complex, functionally diverse, and visually enriched built environment compared to 
their peri-urban counterparts.

The proportion of residential land is the highest in urban park blocks, with other 
functional land showing a relatively balanced distribution, which means urban park 
blocks have more residents and a more diverse active crowd. In contrast, peri-urban 
park blocks have the highest proportion of industrial land and a more singular land 
use pattern. Fewer significant differences are observed in transportation stations, 
administrative land.

Housing prices tend to be lower in peri-urban park blocks than those in urban park 
blocks, reflecting the residents’ income to a certain extent. Therefore, we can infer 
those residents living in urban park blocks are likely to include more high-income 
groups, and there is a greater disparity in social status among residents compared to 
peri-urban park blocks.

Park Environment Characteristics and Violent Crime

The Impact of Park Environment Characteristics on Violent Crime

Figure 3 shows the overall impact of park environment characteristics on the level 
of violent crime. Each factor is ranked based on its importance in Fig. 3a show-
ing that nine park environment characteristics significantly impact the violent crime 
rate, with built environment characteristics, accessibility, and housing prices having 
particularly noteworthy effects. The horizontal axis in Fig. 3b represents the SHAP 
value of each factor corresponding to Fig. 3a signifying its impact on the model. Each 
point on the graph represents a sample with red points representing high feature val-
ues, while blue points represent low feature values. For example, red points for POI 
diversity and POI quantity are concentrated on the right side of the coordinate axis, 
indicating that high functional diversity and quality of the built environment tend to 
promote violent crime.

Furthermore, the SHAP dependence plot for GVI (Fig. 4a) and BVI (Fig. 4b) 
displays an inverted U-shaped pattern. This suggests that moderate green visibility 
may reduce crime, while excessive vegetation counteracts this effect. For GVI, when 
the value falls within the range of 23–38%, the SHAP value significantly increases 
with increasing GVI but as the GVI continues to increase, the SHAP value gradually 
decreases but remains above 0, suggesting that GVI promotes violent crime when 
it exceeds 23%. The histogram of blocks suggested that GVI and BVI value within 
the range of 0 to 20% and 0 to 10%, which means most of blocks have a negative 
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influence for violent crime. Research in Portland has demonstrated that green infra-
structure has the potential to mitigate negative mental outcomes, such as aggression 
(Burley, 2018). Conversely, considering other research (Wolfe & Mennis, 2012), 
which suggests that poorly maintain and overly vegetated trees are positively asso-
ciated with prevalence violent crime. Similarly, the SHAP value rapidly increases 
for the BVI values from 0 to 15%, peaking when the BVI equals 23%. Within the 
range of 10 to 30%, BVI has a positive effect on violent crime. It is speculated that 
blocks characterized by sparse buildings may exhibit a higher violent crime rate. 
Additionally, blocks with high road density indicate more dispersed land patterns, 
with a decrease in violent crime rate observed as road density increases, implying that 
a well-connected public environment could enhance security.

Furthermore, integration values (Fig. 4c) within the range of 0.052 to 0.06 and 
0.062 to 0.07 tend to promote violent crime, suggesting that criminals may gravitate 
towards areas with higher crime targets but a lower influx of people, as these areas 
might provide better opportunities for committing crimes without attracting too much 
attention. The integration results suggest that criminals tend to select areas for crime 
where they can easily blend in and escape unnoticed. Therefore, if park blocks have 
convenient transportation conditions, such as easy access to roads or public transit, 
the violent crime rate in those blocks is likely to be lower.

There was no significant difference in the probability of violent crime among 
different types of land, except for administrative land, which shows a significant 
inhibitory effect on crime. Regarding socioeconomic characteristics, housing prices 
predominantly fall within the range of 8,000 to 20,000 Yuan (Fig. 4d), a pattern that 
may largely be attributed to the influence of suburban parks, which play a significant 
role in shaping low-priced housing zones. The SHAP value of housing prices is the 
highest when the housing price peaks around 20,000 Yuan per square meter, while 
the SHAP value becomes negative when the housing price exceeds 30,000 Yuan per 

Fig. 3 (a)-(b). The relative importance of park environment factors and a summary of local explana-
tions Note: The x-axis values represent the values of the independent variables, the left y-axis denotes 
SHAP values, and the right y-axis indicates frequency values
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square meter or falls below 8,000 Yuan per square meter (Fig. 4d). This suggests that 
violent crimes are more likely to occur in neighborhoods where the housing price is 
close to the average, as the security measures in these areas might be less stringent 
compared to high-price blocks, making them more attractive to criminals.

Interactive Effects of Two Factors on Park Crime

According to the interactive analysis, there are significant mutual influences in the 
choice-POI diversity, choice-BVI, and connectivity-houses prices. The interaction 
value of the features matrix is presented in Fig. 5(a), where larger numbers signify 
more significant interactions. Figures 4(b)-(d) depict the interaction effects of two 
factors, with the X-axis representing one of the factors and the Y-axis representing 
the SHAP value of the other factor. In terms of the built environment, when the POI 
diversity (Fig. 5b) is less than 0.6, blue scatters overtop red scatters, indicating that 
low POI diversity tends to correlate with lower violent crime rates in low-accessi-

Fig. 4 (a)-(d) Nonlinear relationships between park environment factors and the violent crime rate. 
Note: The x-axis values represent the values of the independent variables, the left y-axis denotes SHAP 
values, and the right y-axis indicates frequency values
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bility blocks. Conversely, when the value of POI diversity exceeds 0.6, the trend 
reverses. Similarly, when the BVI (Fig. 5c) is less than 10%, blue scatters overtop 
red scatters indicating that low-accessibility blocks with sparse buildings tend to 
have a higher violent crime rate than high-accessibility blocks. However, when the 
BVI surpasses 10%, the SHAP of high-accessibility blocks increases with the rising 
BVI but the opposite is observed in low-accessibility blocks. The security of high-
accessibility blocks tends to decrease as the complexity of the building environment 
increases, whereas security increases with building complexity in low-accessibility 
blocks. We speculated that POIs and building density can attract people and increase 
guardianship in low-accessibility blocks. However, this effect is not as pronounced in 
high-accessibility blocks where there is no shortage of guardianship but the complex 
building environment provides more opportunities for criminals to hide or escape. 
Therefore, increasing the diversity of the built environment in low-accessibility parks 
can reduce violent crime but it is essential to consider the influence of various factors 
in high-accessibility parks.

Fig. 5 (a)-(d). Interactive analysis of two features. Note: The x-axis denotes the values of one indepen-
dent variable, the right y-axis represents the values of the other independent variable, and the color of 
the scatter points indicates the magnitude of the latter
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In terms of housing prices, Fig. 5d indicates that blocks with housing prices 
exceeding 30,000 yuan per square meter typically exhibit low accessibility condi-
tions, while blocks with housing prices below 30,000 yuan have significant fluctua-
tions in accessibility conditions, with low accessibility tending to promote violent 
crime under similar housing prices. Thus, high accessibility conditions can mitigate 
violent criminal behavior, and a high-house-price community equipped with superior 
property management and security facilities can mitigate the negative effects stem-
ming from low accessibility.

Comparison of Urban and Peri-urban Parks

Figure 6(a)-(f) presents a comparative analysis of the differences between urban and 
peri-urban parks. In this analysis, red scatters represent samples from urban parks, 
while blue scatters represent samples from peri-urban parks. There is an obvious 
difference in built environment characteristics and accessibility. The change in acces-
sibility significantly affects violent crime in peri-urban park blocks, with improved 
accessibility elevating the SHAP value, thereby promoting violent crime rates. We 
hypothesize that the number of crime targets in low-accessibility peri-urban parks is 
fewer than that in high-accessibility counterparts. Additionally, the lower population 
density in low-accessibility peri-urban parks tends to impede criminals’ ability to 
blend in or escape detection. These results are consistent with Crime and Accessibil-
ity Theory, which posits that criminals generally tend to commit crimes in areas with 
high accessibility.

Based on observed characteristics of the built environment, the increasing POI 
diversity appears to mitigate violent crime while a rise in BVI may exacerbate violent 
crime in peri-urban park blocks. This is possible because of the extensive indus-
trial land around the peri-urban park and the dominance of factories, therefore, the 
increasing BVI due to the increasing industrial land could not significantly improve 
the vitality of peri-urban parks. When the POI is 0, the difference in the SHAP value 
between peri-urban and urban parks is most pronounced. There tends to be a higher 
violent crime rate in urban parks when there is no POI facility but this is reversed 
in peri-urban blocks. Consequently, it is important to maintain vitality in buildings 
within peri-urban park blocks, while also ensuring that a certain number of service 
facilities are provided in urban parks.

Conclusions and Discussion

This study employed the XGBoost algorithm modeling method to explore the factors 
influencing violent crime in urban and peri-urban parks within an integrated frame-
work that jointly considered different types of park environment features, namely 
accessibility, built environment, land use, and socio-economic characteristics. There 
were nonlinear variations in GVI, BVI, integration, and housing prices concern-
ing violent crime, exerting different scopes of influence and contributing to varying 
effects on violent crime rates. Also, the interactions between factors are important 
in influencing violent crime rates, as demonstrated in the two-factor analysis. This 
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approach recognizes the nonlinear variation factors and avoids a one-size-fits-all 
planning model in urban planning. In practice, our work provides a new method for 
turban planners to better understand how the urban environment influences the com-
munity’s social activities.

Fig. 6 (a)-(f). An interactive analysis of features across urban and peri-urban parks. Note: The x-axis 
denotes the values of the independent variables, with red scatter points representing urban park blocks 
and blue scatter points indicating peri-urban blocks
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Differences between Urban Parks and Peri-urban Parks

Unlike disadvantaged social status groups in the United States, which have limited 
access to high-quality parks (Rigolon, 2016), there are no significant differences in 
park accessibility across different socioeconomic groups in China (Wei, 2017). This 
study finds that the compositional differences of populations in peri-urban parks and 
parks located in different positions are not significant. Therefore, there are signifi-
cant differences in park environment characteristics between urban and peri-urban 
park blocks. Urban park blocks typically boast superior accessibility, a more intricate 
built environment, and a more diverse land use model than peri-urban park blocks. 
Furthermore, there is a larger disparity in housing prices surrounding urban parks 
which means a greater socioeconomic divide within urban park blocks. Consistent 
with previous studies suggesting that densely populated urban areas tend to experi-
ence higher crime rates compared to rural areas, urban park blocks tend to have a 
higher violent crime rate. Urban parks may become a breeding ground for social and 
economic conflicts.

Park Environment Characteristics and Violent Crime

The results suggest that surrounding environmental characteristics are strongly asso-
ciated with violent crime in and around parks, with accessibility, built environment 
indicators, and housing prices showing the most substantial effects. Accessibility 
reflects both pedestrian presence and traffic convenience, and its protective effect 
supports the “Eyes on the Street” theory (Jacobs, 1961): areas with higher foot traffic 
and user engagement tend to offer stronger informal surveillance. However, in poorly 
monitored areas, accessibility may also facilitate criminal escape, highlighting the 
need to balance openness with effective guardianship.

The interaction analysis further indicates that accessibility modifies the influence 
of POI diversity, BVI, and housing prices on violent crime risk, suggesting that these 
features do not operate independently but are shaped by broader spatial dynamics. 
High POI density and functional diversity, while often signaling vibrancy, may also 
lead to functional disorder if not clearly organized—echoing the Broken Windows 
Theory, which links environmental neglect or ambiguity to elevated crime risk. Simi-
larly, excessive vegetation (GVI) may reduce visibility and weaken informal sur-
veillance, while low-accessibility buildings may become neglected spaces prone to 
violence.

Contrary to expectations, the park location was not a significant predictor of the 
city’s violent crime rate, therefore rejecting the “one fits all” model that considers 
that urban parks would attract more violent crime solely based on differences in their 
park environment characteristics. Instead, our findings suggest that the influence on 
violent crime rates is shaped by a more complex interplay of factors. The associa-
tion of accessibility and complex built environment characteristics with a high vio-
lent crime rate is evident. While accessibility and built environment characteristics 
play an important role in impacting violent crime rates, effective security conditions 
can mitigate the negative influence caused by inaccessible traffic conditions and a 
complex built environment. The violent crime rate is obviously suppressed in blocks 
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with high administrative land use rates or high housing prices. Furthermore, high 
housing price blocks are associated with low violent crime rates even in blocks with 
inaccessible traffic conditions, suggesting that good security is effective in reducing 
crime, and residents in upscale neighborhoods have better access to park services. 
These findings are consistent with studies that reported that economically distressed 
communities are more susceptible to violent conflicts (O‘Brien & Sampson, 2015; 
Zhang et al., 2022). Furthermore, our research suggests that housing prices of about 
17,000 yuan are most conducive to violent crime, as this price point corresponds to 
the largest proportion of residential areas, making it a prime target for criminal activ-
ity. Additionally, the security conditions in these communities are generally lacking, 
leading criminals to choose a familiar environment with inadequate security condi-
tions for their activities.

Finally, regression analysis has been frequently employed in prior research in 
urban planning and environmental criminology, with many of these studies seeking 
to establish connections between urban characteristics and crime to develop urban 
design strategies. However, this method can only determine the coeffective value 
of a certain factor on violent crime without providing insight into how its influence 
on crime may change due to the interactive effects of different factors. Therefore, it 
is unreasonable to simply categorize a factor as “inhibiting” or “facilitating” crime. 
Our approach contributes to the growing focus on using machine learning to explain 
the threshold of environmental change regarding the violent crime rate in and around 
parks, thereby improving our understanding of how violent crime occurs in park 
blocks.

Policy Implications

Based on the observed associations between violent crime and park environment 
characteristics, we propose the following policy strategies: First, compared to large 
expansive parks, linear parks embedded in residential neighborhoods tend to offer 
higher visibility, better natural surveillance, and greater integration with pedestrian 
pathways. These features not only reduce visual obstruction from vegetation but 
also enhance residents’ sense of safety and passive monitoring, potentially lower-
ing the risk of violent crime. Second, in areas with dense commercial functions and 
high pedestrian flows, residents are often less sensitive to unfamiliar individuals. 
To address this, regular community activities can strengthen social ties and territo-
rial awareness, making residents more vigilant. Third, urban and peri-urban parks 
require differentiated safety strategies. While urban parks benefit from active use 
and diversified functions, peri-urban parks—often more isolated and ecologically 
oriented—should incorporate more built infrastructure, lighting, and human activity 
zones to reduce crime vulnerability. Increasing artificial elements in these areas has 
been shown to significantly reduce safety-related incidents.

Limitation and Future Research Directions

This study has several limitations that warrant further investigation. First, the ana-
lytical unit of 1000 × 1000 m may overlook micro-scale social dynamics and spatial 
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interactions across community boundaries. Second, street view images used to derive 
built environment indicators were captured only during daylight hours, omitting 
nighttime conditions such as street lighting—an important factor influencing percep-
tions of safety. Third, due to data constraints, this study was unable to include direct 
indicators of formal surveillance or law enforcement presence, such as street-level 
CCTV coverage or patrol frequency, which are known to affect crime rates. Instead, 
built environment proxies such as road density, POI diversity, and building visibility 
were used to approximate levels of surveillance and activity. Future research should 
incorporate high-resolution administrative or policing data to better assess the role 
of formal guardianship in park-related crime. Finally, a longitudinal approach that 
tracks changes in park environments and crime over time would help clarify causal 
relationships and inform more dynamic and adaptive safety interventions.
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