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Abstract. The urban built environment is closely related to the occurrence of
traffic accidents. Accurately identifying the spatial heterogeneity characteristics
of factors affecting traffic accidents is of great significance for accurate traffic
safety management and control. In this study, 2,114 Traffic Analysis Zones
(TAZ) in Tianjin, China were used as the research units, 25,869 road traffic ac-
cident data were collected as the dependent variable, and 12 built environment
density data such as roads and Point of Interest (POI) were extracted as independ-
ent variables. After confirming the spatial dependence of the data based on the
spatial autocorrelation test, three spatial econometric models of Ordinary Least
Squares (OLS), Geographically Weighted Regression (GWR), and Multiscale
Geographically Weighted Regression (MGWR) are constructed for optimization
analysis. The research results show that MGWR is the optimal model to describe
the spatial heterogeneity of traffic accidents in different built environment fac-
tors. There is a negative correlation between recreational density and intersection
density with traffic accidents, while other influencing factors show a positive
correlation. The regression coefficient for retail industry density is significantly
higher than other influencing factors, while the regression coefficient for leisure
and entertainment density is significantly lower than other influencing factors.
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INTRODUCTION
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Traffic accidents have caused serious loss of life and property to people around the
world. Road traffic accidents cause about 1.3 million deaths worldwide each year[1].
The urban built environment includes roads, transportation facilities, land use, and other
aspects, which to varying degrees affect the accident rate[2]. Due to the vast area, dense
population, high vehicle density, and complex urban environment, the frequency of
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traffic accidents in megacities increases, and the severity is often more significant.
Therefore, in-depth study of the relationship between road traffic accidents and urban
built-up environmental factors, especially in megacities, is of great significance for for-
mulating accurate traffic safety control policies.

Researchers have made a detailed analysis of the specific utility of the factors affect-
ing the built environment on the accident. Zafri[3] and others found that factors posi-
tively correlated with the occurrence of accidents include entertainment land density,
road density, and intersection density. Osama[4] and others found that accidents were
positively correlated with the density of bus stations and commercial areas, and nega-
tively correlated with the density of leisure and residential areas. Wang[5] and others'
s modeling results show that the density of commercial POI has a significant negative
impact on the accident. Most previous studies have adopted non-spatial global regres-
sion models, such as ordinary least squares method[6], Poisson and negative binomial
regression models[7][8], neglecting spatial effects and failing to adequately explain
spatial heterogeneity. For this reason, the GWR model considering spatial heterogene-
ity is applied[9]. Wang[10] and others used a GWPR model to explore the spatial effect
of built environment on the collision density of drunk driving. The Fotheringham team
further developed MGWR, which identifies and utilizes spatial scales of variables, of-
fering more precise parameter estimates and model fits[11]. Liu[12] and others found
that MGWR outperforms OLS and GWR in identifying the spatial relationships be-
tween influencing factors and traffic accidents.

At present, although the literature reveals the potential impact of the urban built en-
vironment on traffic accidents in some cities, it still needs to be improved. Although
some studies have found a positive correlation between accidents and commercial area
density[4], other research has indicated that commercial density has a significant neg-
ative impact on accidents[5]. The unique geographical, transportation, population, and
behavioral patterns of mega-cities result in significant differences in the impact effects
of different cities. Taking Tianjin, China as a case study, this paper conducts spatial
autocorrelation tests to confirm the spatial dependence of the data. Then, three spatial
econometric models including OLS, GWR, and MGWR are constructed for optimal
analysis to explore the spatial heterogeneity characteristics of built environment factors
at specific spatial scales. The research results are helpful to promote the improvement
and development of the theoretical system of active traffic safety management and con-
trol, and provide empirical basis for formulating reasonable traffic management and
control strategies in cities in the future.

2 RESEARCH DATA

2.1 Research Area

Tianjin is a municipality directly under the Central Government of the People's Repub-
lic of China. Tianjin City has a total of 16 districts, with a land area of 11966.45km2
and a permanent population of 13.64 million people, divided into 2114 TAZ based on
land use attributes[13]. This study is based on Python programming to extract 25,869
road traffic accident data from judicial appraisal documents as the dependent variables.



The Influence of Urban Built Environment on the Spatial Heterogeneity 309

The geographical location of the accidents is extracted through the Baidu Maps API,
and built environment data such as intersection density and road network density pro-
vided by the Tianjin Municipal Institute of Traffic Planning and Design are collected.
In addition, web crawler technology is used to extract the POI data of built environment
related to traffic accidents, including 15 POI densities[4] for government agencies, rail-
way stations and subway stations, bus stations, gas stations, financial services, com-
mercial buildings, companies and enterprises, logistics express delivery, hotels and res-
idential quarters. All data were collected and preprocessed based on TAZ as the basis
for spatial division.

2.2 Data Preprocessing

Taking road traffic accident data as explanatory variables, 15 built environment density
data were extracted as the dependent variable. Considering that when there is a high
correlation between two or more explanatory variables, there will be a multicollinearity
problem, which makes the estimation of the individual effects of the explanatory vari-
ables inaccurate[10]. Therefore, STATA software was used to program multicollinear-
ity test and stepwise regression, and the influencing factors with VIF greater than 10
were removed. Retain 12 influencing factors through multicollinearity test. Secondly,
in view of the large gap in data magnitude of traffic accident influencing factors, the
data is logarithmic processing[14] before empirical analysis to slow down the influence
of extreme values on empirical results.

3 RESEARCH METHODS

3.1 OLS model

The OLS model is the most classic regression analysis method, typically used to esti-
mate the parameters of a linear regression model. The model expression is as follows:

yi=Po + Zﬁkxik t¢g €Y}

In the formula: i represents the i—th sample point, y; represents the accident data
value of the i—th sample point, and X;;, represents the k—th traffic accident influencing
factor of the i—th sample point. ¢; is a random error term, S, represents the regression
constant of the regression equation and S, represents the regression coefficient of the
k—th traffic accident influencing factor.

3.2  MGWR Model

The MGWR model comprehensively considers the spatial characteristics of different
explanatory variables, further refining the spatial relationship between explanatory
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variables and the explained variables[12]. The mathematical expression of the MGWR
model is as follows:

Vi = BoGt ) + ) ot v X + & @
k

In the formula: y;represents the accident data value of the i—th sample point, and
X, represents the k—th traffic accident influencing factor of the i—th sample point, and
X, represents the k—th traffic accident influencing factor of the i—th sample point. &;
is a random error term, f3, (i;, v;) represents the regression constant of the i—th sample
point, By,k (i, V;) represents the regression coefficient of the k—th traffic accident in-
fluencing factor of the i—th sample point.

4 MODEL RESULTS AND ANALYSIS

4.1 Model Calculation and Related Tests

(1) Selection of Spatial Econometric Models

Previous studies have shown that the higher the coefficient of determination (R?),
the smaller the Akaike Information Criterion corrected version (AICc), which is usually
considered as an indicator of better model fit[12]. As shown in Table 1, the R? of the
MGWR model is 0.073 higher than the GWR model and 0.136 higher than the OLS
model; at the same time, the AICc and RSS values of the MGWR model are both smaller
than those of the GWR and OLS models, indicating that the MGWR model can better
explain the spatial heterogeneity effects of independent variables on traffic accidents.

Table 1. Model comparison analysis results

Evaluation Metrics OLS GWR MGWR
R? 0.497 0.560 0.633

AlCc 4565.773 4438.401 4314.125

RSS 1057.793 926.290 776.594

(2) Analysis of MGWR Model Results

As shown in Table 2, the spatial heterogeneity regression coefficients of various in-
fluencing factors on traffic accidents were obtained through MGWR model calculation.
The results indicate that there are significant differences in the regression coefficients
of various influencing factors, suggesting significant variations in the impact of differ-
ent built environment factors on traffic accidents. Specifically, there is a negative cor-
relation between leisure and entertainment density and intersection density with traffic
accidents, while the other variables show a positive correlation. The regression coeffi-
cient of retail industry density is significantly higher than other factors, indicating that
compared to other influencing factors, the positive impact of retail industry density on
traffic accidents is stronger; while the regression coefficient of leisure and entertain-
ment density is significantly lower than other factors, indicating that the negative im-
pact of leisure and entertainment density is stronger.
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Table 2. MGWR Model Estimation Results

Variable AVG MEAN  MIN MED MAX
Government agency density 0.077 0.003 0.068 0.076 0.084
Bus stop density 0.123 0.043 0.041 0.118 0.278

Gas station density 0.057 0.118 -0.209 0.083 0.321

Retail industry density 0.134 0.002 0.131 0.133 0.143
Hotel density 0.054 0.001 0.051 0.054 0.056

Leisure and entertainment density -0.032 0.002 -0.032 -0.032 -0.021
Medical service density 0.068 0.012 0.051 0.072 0.125
Company density 0.119 0.052 0.019 0.116 0.275
Residential area density 0.108 0.002 0.102 0.108 0.113
Logistics and express delivery density 0.048 0.023 0.006 0.062 0.083
Road network density 0.069 0.007 0.048 0.070 0.079
Intersection density -0.023 0.038 -0.113 -0.036 0.048

4.2 Analysis of Spatial Heterogeneity of Influencing Factors

As shown in Figure 1, ArcGIS software visualizes the regression coefficients of the
influencing factors, revealing the spatial heterogeneity of the influence of the influenc-
ing factors on the risk of traffic accidents.
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Fig. 1. Spatial distribution of regression coefficients of environmental impact factors



312 K. Zhang et al.

The regression coefficient of the density of government agencies is between 0.068
and 0.084, which is positive, indicating that as the density of government agencies in-
creases, the risk of road traffic accidents increases, especially in the vicinity of Binhai
New Area. This positive correlation may be related to the peak access of government
agencies, the flow of people and the increase of vehicles, increasing the incidence of
accidents. The regression coefficient of bus station density is between 0.041 and 0.215,
and the coverage is large, reflecting strong spatial heterogeneity. There is a significant
positive correlation in some areas of the outer suburbs. High-density bus stations mean
higher traffic flow and increase the potential risk of traffic accidents.

The regression coefficients for gas station density cover a wide range, from -0.209
to 0.321, and the impact decreases successively from urban areas to near suburbs and
far suburbs. Although the increase in fuel demand leads to higher traffic volume and
may cause accidents, the urban area has more comprehensive traffic management and
facilities to reduce the accident rate. The regression coefficient of retail industry density
fluctuates slightly, overall positive. The regression coefficients for the density of hotels
are between 0.051 and 0.067, all of which are positive values. The increased density in
the retail industry and hotel sector means more foot traffic, leading to an increased risk
of accidents.

The regression coefficient of leisure and entertainment density ranges from -0.032
to -0.021, indicating a negative correlation. Leisure and entertainment activities help
people relieve fatigue and stress from work, thereby alleviating anxiety and reducing
the risk of accidents. The regression coefficient of medical service density ranges from
0.051 to 0.125, indicating that an increase in density will lead to an increase in traffic
flow, thereby increasing the risk of accidents. The regression coefficient of corporate
density ranges from 0.019 to 0.275. Equivalent to the influence of suburban and exur-
ban areas is relatively low, but overall, the mean density coefficient of companies is
positive. Regions with high density of corporate enterprises are usually accompanied
by traffic flow, leading to an increase in traffic accidents, especially during peak hours
of commuting to and from work. The regression coefficients for residential neighbor-
hood density are all positive, ranging from 0.102 to 0.113, indicating that as density
increases, the risk of traffic accidents also increases. Similarly, the regression coeffi-
cient of logistics and express delivery density ranges from 0.007 to 0.083, showing
spatial heterogeneity, with less impact near the far suburbs and Binhai new areas.

The regression coefficients of road network density range from 0.048 to 0.079, with
an overall positive trend. The increase in road network density is usually accompanied
by higher traffic volume and more complex traffic patterns, which may lead to driver
misjudgments and thus increase the risk of accidents. The regression coefficients of
intersection density range from -0.113 to 0.049, with a positive impact near the Binhai
new area in the far suburbs on road traffic accidents. In Binhai New Area, there are
multiple attractions such as Tianjin Polar Ocean Park and National Maritime Museum.
The presence of intersections usually increases traffic volume and complexity, which
may lead to an elevated risk of traffic accidents.
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4.3  Managerial Implications

This paper discusses the spatial heterogeneity of built environment factors at specific
spatial scales, which can help prevent traffic accidents from several aspects. First, in
the process of urban construction, the comprehensive consideration of road network
density and intersection density and other indicators help to rationally design and plan
the road infrastructure to avoid the formation of traffic accident-prone road sections;
second, in traffic management, the identification of spatial heterogeneity of influencing
factors closely related to traffic accidents helps to implement different management and
control measures in different spatial areas of the city to realize accurate accident pre-
vention. accident prevention. Finally, in the management of traffic accident black spots,
the study of identifying influencing factors closely related to the built environment can
help to accurately find the root causes of accidents and carry out targeted management
from the source, thus avoiding accidents.

4.4 Limitations

Although this article analyzes the spatial heterogeneity between the built environment
and road traffic accidents based on TAZ traffic zones as the basic unit, there are still
some shortcomings. Firstly, the choice of research scale may affect the results, as dif-
ferent grid scales can reveal completely different patterns of relationships. In the future,
we will attempt to compare research results at different scales to evaluate the impact of
scale effects on road traffic accidents, and determine the optimal analysis scale based
on actual conditions. Secondly, the relationship between built environment and traffic
accidents is extremely complex. In the future, nonlinear research methods will be con-
sidered to better identify the impact of built environment on road traffic accidents,
providing more comprehensive theoretical support for the optimization of built envi-
ronment in the future.

5 CONCLUSION

(1) Compared to OLS and GWR models, the MGWR model has better goodness of fit,
can reflect the influence of different variables in different spatial ranges, highlight spa-
tial heterogeneity, and provide a more detailed analysis of road traffic accidents.

(2) There are significant differences in the impact of built environment factors on
traffic accidents. There is a negative correlation between the density of leisure and en-
tertainment facilities and the density of intersections with traffic accidents, indicating
that improving the density of both can enhance traffic safety. Other influencing factors
have a positive correlation, meaning that as these factors increase, the incidence of traf-
fic accidents also rises, especially the impact of retail industry density is the most sig-
nificant. In addition, the impact of intersection density exhibits significant heterogene-
ity, especially in the Binhai new area.
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