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Abstract: In recent years, the proportion of rural road fatalities in the country is gradually increasing,
among which the traffic safety problems are particularly prominent in the town-rural area and
the town-center area. Based on the relevant accident data in Hunan Province in recent years, the
chi-square test was conducted to obtain the correlation degree between each risk factor and accident
severity based on gender stratification. Then, a binary logistic model was established to obtain the
significant factors that affect the accident severity in the town-rural area and the town-center area,
respectively. Based on the significant factors, relevant safety improvement measures were proposed
for the key areas. The results show that severe accidents were significantly related to single-vehicle
factors, motorcycle factors, and intersections factors in the town-rural area. In the town-center area,
severe accidents were significantly related to elderly age, single-vehicle factors, and nighttime factors.
The study obtained the risk factors in key areas, which can provide a reference for the improvement
of traffic safety in key areas of rural roads, to ensure the safety and sustainability of rural traffic.

Keywords: rural roads; town-rural area; town-center area; traffic accident severity; binomial logis-
tic model

1. Introduction

Traffic accidents have brought a huge social and economic burden to society, and
the world is also working to reduce the damage caused by accidents [1,2]. At the end of
2019, the total mileage of rural roads in China reached 4.2 million kilometers [3]. With the
gradual improvement of the rural road network, the traffic safety problem in rural areas
has also become a research hotspot. According to the “Administrative Measures for Rural
Road Construction” promulgated by the Ministry of Transport of the People’s Republic of
China in 2018, rural roads are classified into three types of roads: county roads, rural roads,
and village roads [4]. China prioritizes rural revitalization policies and is committed to
improving road safety at the county level to achieve sustainable traffic development [5,6].
This paper analyzes accidents in the county area.

China’s economic system reform implemented in the late 1970s led to the integration
of urban-rural relations [7]. Geographically, the boundary between urban and rural areas
is gradually blurred, and the two areas are integrated and permeated with each other. In
terms of spatial characteristics, population attributes, land use, and regional economy,
urban and rural characteristics coexist, with prominent contradictions, complex problems,
and prominent traffic safety issues. In the mid-1980s, China’s planning circles and land
management department first put forward the concept of an “urban-rural junction” [8].
There are many names for this region, such as urban-rural ecotone and urban-rural junction
zone, but the essence is the same. The urban-rural junction is a dynamic regional entity,
formed by many social, economic, cultural, and other factors [8,9]. In 2002, the State Council
of China defined the urban-rural boundary area as the planned area for construction land,
the state-owned land and collective-owned land mixed areas, and the planned area for
agricultural land, which includes the state-owned construction land [8]. Data show that
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traffic accidents occurring at or near intersections every year account for 19.8% of the
annual accidents. Among the traffic accidents at intersections, the traffic accidents at
the intersection of urban-rural areas account for 53.1% [10]. The government has limited
investment in transportation facilities in the urban-rural area [11], indicating that the
security situation of the urban-rural junction is not optimistic. There are some problems
in the town-center area, such as chaotic traffic organization, mixed traffic flow, and large
transit traffic flow, so the traffic safety problem needs to be solved urgently. Therefore,
in this paper, the town areas, belonging to the urban-rural junction, and the town-center
area are taken as the key areas. Figure 1, adapted from Reference [9], shows a schematic
diagram of an urban-rural junction. The urban fringe and the rural fringe in Figure 1 are
the key areas. This paper deeply analyzes the influencing factors of traffic accidents in key
areas to achieve the purpose of improving the level of traffic safety in key areas of rural
roads, reducing the accident rate and ensuring rural traffic safety.
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Figure 1. Schematic diagram of an urban-rural junction [9].

Previous traffic safety studies have compared and analyzed cities, suburbs, and rural
areas. So far, the studies of traffic accident severity were mainly analyzed from five
aspects: driver characteristics, vehicle characteristics, road characteristics, environment
characteristics, and traffic management attributes [12-17]. Analyzing the mechanism of
accidents requires a clear understanding of the interaction of various influencing factors [18].
Islam analyzed the severity of motorcycle accidents on rural and urban roads and found that
some variables (such as motorcyclists under influence of alcohol, non-usage of the helmet,
high-speed roadways, etc.) were significant in both areas [14], and Nguyen et al. discovered
that perceived risks, beliefs, and environmental characteristics had a significant impact on
motorcycle drivers at intersections [17]. According to data from the National Bureau of
Statistics in 2019, given that the number of motorcycle traffic accidents accounted for 18.4%
of the total number of traffic accidents, and the death toll from motorcycle traffic accidents
was 10,474, this article analyzed the impact of motorcycles on the severity of accidents.
Scholars researched drivers in urban and rural areas. Wu et al. found that significant
differences existed between factors contributing to driver injury severity in single-vehicle
crashes in rural and urban areas [15]. Watson et al. found that drivers in rural areas were
less likely to use seat belts than in urban areas [19]. Kmet et al. analyzed the accident
mortality of children and adolescents in rural and urban areas and found that the mortality
rate in rural areas was five times higher than that in urban areas [20]. Singh et al. found
that the main cause of most traffic accidents was the behavior of the driver, and whether the
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driver chose to reduce the speed when encountering adverse weather [21]. In terms of road
characteristics research, Pokorny found that rural roads with a lane width of 1.50-2.50 m
and a shoulder width of 0.50-0.75 m are safer in Norway [18]. Colonna proposed that safety
principles need to be accurately followed when carrying out road geometric design [22].
Calvo found that wide signs are more effective at reducing speed on weekends and when
there is heavy traffic [23]. In addition to the above research, traffic safety management
policies have also attracted scholars” attention [24,25]. Based on previous studies and
collected accident data, this paper will research four aspects: driver characteristics, vehicle
characteristics, road characteristics, and environmental characteristics.

At present, mathematical-statistical methods are widely used in the analysis of the
severity of accidents. Generally, different models are adopted according to the collected
data and research needs. Traditional statistical methods were used to study the field of
traffic safety, such as the binary logit model [26,27], the ordered probability model (both
probit and logit) [28-32], and the multinomial logit model [12,33]. The binary logit model
is also widely used in various fields of sustainability to obtain the influencing factors
of an event [34-37]. This paper divides the severity of accidents into severe accidents
and non-severe accidents, which are binary variables, so chose to use a binary logistic
model for analysis. With the advancement of urbanization in China, scholars have made
some researches on the urban-rural junction because of its particularity and unique traffic
characteristics. There are few studies on the comparative analysis between town-rural area
and town-center area. Therefore, it is necessary to specifically explore the mechanism of
accidents in different areas to provide theoretical support for improving the safety of key
areas of rural roads. It is of great significance to analyze the factors of accident severity in
the town-rural area and the town-center area within the county area.

This study conducted qualitative and quantitative analysis on traffic accident data in
the town-rural area and town-center area in Hunan Province, and used statistical modeling
methods to extract important factors affecting accidents. The factors obtained that affect the
traffic accidents in key areas can provide references for the improvement of traffic safety in
key areas of rural roads in the county, and also have guiding and reference significance for
other rural road areas. The next section explains the source of the collected data and the
theoretical basis of the analysis method. Section 3 presents the results of the model and the
main influencing factors of the severity of the accident. Section 4 discusses the findings of
the research. Section 5 draws conclusions and prospects.

2. Material and Methods
2.1. Data Collection and Descriptive Statistical Analysis

The traffic accident data are from the Key Laboratory of Intelligent Transportation
of Hunan Province in Central South University: traffic accident data of Xiangtan County
from 2010 to 2018, and traffic accident data of Hunan Province from 2014 to 2016. Python
software is used to extract the accident location within the county scope and get the name
of the town and village where the accident was located. A total of 67 county names are
collected. All the town names, village names, and their urban-rural classification codes in
67 counties are summarized. During the study period, the urban-rural division is made
according to the Provisions on Statistical Division of Urban and Rural Areas [38]. According
to the urban and rural classification documents [38,39] published by the National Bureau
of Statistics of China, we have summarized Tables 1 and 2. Table 1 shows the interpretation
of urban-rural classification codes in the Compilation Rules for Statistical Zoning Codes
and Urban-rural Division Codes [39]. The key areas are defined as the town-rural area
and the town-center area. The area with the urban-rural classification code 122 is called
the “town-rural area”. The area with the urban-rural classification code 121 is called the
“town-center area”. Table 2 is the definition of the town-rural area and town-center area by
the National Bureau of Statistics.
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Table 1. Interpretation of urban and rural classification code [39].

Code 111 112 121 122 123 210 220
Specific urban-rural town-center town-rural special village-center .
. urban area village area
meaning area area area area area

Table 2. Nomenclature interpretation of the statistical urban and rural classification [38].

Noun Meaning
city area The municipal districts and cities without districts, district and municipal government resident
y committees, and other areas connected to it.
town area In the county people’s government residents and other towns outside the city; resident

town-rural area

town-center area

committees and other areas are connected to the actual construction of the government resident.
The village-level areas are connected to the town’s public facilities and residential facilities.
The neighborhood committee area under the jurisdiction of the town, and other village-level
areas that are completely connected to the town’s public facilities and residential facilities.

According to the classification standard of traffic accident severity in China [40]
and the needs of this study, the accident severity is taken as the dependent variable and
divided into two grades: non-severe accident (no injury/minor injury) and severe accident
(severe injury/death). Severe accidents are considered to be those causing fatal, critical,
and severe injuries, while others are considered to be non-severe accidents. The severity
classification of accidents is consistent with the study of Pokorny et al. [18]. Given that
human factors account for more than 85% of all accidents [41], so the analysis object of
the severity of the accident in this study is the driver. In 12,888 county-level rural road
accident data, after excluding unrecorded accident data such as road type, traffic control
method, road grade, etc., the town-rural area collected 309 accidents (41 severe accidents
and 268 non-severe accidents) and the town-center area collected 322 accidents (85 severe
accidents and 237 non-severe accidents). An accident may involve two or more drivers’
accident information. From the collected 309 accidents and 322 accidents, the town-rural
area obtained 510 valid samples of drivers, and the town-center area obtained 201 valid
samples of drivers. Combined with the collected sample information, Road Traffic Accident
Information Code and Road Traffic Accident Scene Information Code, driver characteristics,
vehicle characteristics, road characteristics, and environmental characteristics are taken
as main explanatory variables. By using the contingency table analysis method and the
stratified contingency table method based on gender stratification, the chi-square test is
performed on town-rural area and town-center area, and the significance level is set to
0.05 to obtain Cramer’s V coefficient and its statistical test power [42,43]. The stratified
contingency table method decomposes accident data according to gender levels and studies
the correlation between each explanatory variable and the severity of the accident at each
level. After using the stratified contingency table method to eliminate the influence of
gender factors, the correlation between each factor and the severity of the accident can be
studied more accurately. Cramer’s V coefficient is an indicator to measure the degree of
correlation between two category variables [42]. The results of the chi-square test, Cramer’s
V coefficient, and its statistical test power are summarized in Tables 3 and 4. Table 5 shows
the descriptive statistics of accident data in the two areas, respectively. The results are
described as follows:
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Table 3. Results of the contingency table, Cramer’s V, and statistical power.
Town-Rural Area Town-Center Area
Variable X2 p-Value  Cramer’V Variable x2 p-Value  Cramer’'V
Nv 18.175 0.002 0.189 * age 8.724 0.044 0.208 *
Mo 20.972 0.000 0.203 * Nv 29.916 0.000 0.386 ***
Lk 4.773 0.029 0.097 * Ra 5.043 0.025 0.158 *
Int 4.871 0.027 0.098 * Pe 6.603 0.018 0.181 *

117

Note: The number of “*” indicates the size of the statistical test power: means correlation probability
<30%, “***” means correlation probability >80%. Nv: Number of involved vehicles; Mo: Involving motorcycles;
Lk: Whether normal road section; Ra: Road alignment; Int: Intersection or not; Pe: Accident period.

Table 4. The results of the stratified contingency table, Cramer’s V and statistical power.

Male Female
Variabl
anable X p-Value  Cramer'V x2 p-Value  Cramer’'V
Nv 9.007 0.023 0.139 * 12.914 0.018 0.542 ***
Town-rural Mo 22.343 0.000 0.219 * 0.076 1.000 0.042 -
area Lk 2.149 0.143 0.068 - 6.899 0.027 0.396 **
Int 2.149 0.061 0.085 - 6.899 0.176 0.239 -
age 3.281 0.175 0.135 - 21.000 0.048 1.000 **
Town-center Nv 31.695 0.000 0.420 *** 0.053 1.000 0.050 -
area Ra 3.827 0.050 0.050 - 1.706 0.381 0.191 -
Pe 6.916 0.015 0.196 * 0.111 1.000 0.073 -
Note: “-” means no correlation. The number of “*” indicates the size of the statistical test power: “*” means

v RIS

correlation probability <30%, means correlation probability 30~80%, means correlation probability
>80%. Nv: Number of involved vehicles; Mo: Involving motorcycles; Lk: Whether normal road section; Ra: Road
alignment; Int: Intersection or not; Pe: Accident period.

Table 3 shows the statistically significant factors affecting the severity of the accident
in the town-rural area and the town-center area. The remaining ten factors did not show
statistical significance, so they are not shown in Table 3. In the town-rural area, the number
of involved vehicles, whether the motorcycle is involved, whether normal road section, and
whether the intersection is involved, are all related to the accident severity, with a relatively
low probability of 29%. In the town-center area, the age (23%), the number of involved
vehicles (99%), the road alignment (29%), and accident period (29%), are all related to the
accident severity. The severity of the accident is not strongly correlated with the driver’s age,
road alignment, and accident period. The number of involved vehicles is highly associated
with accident severity. The above analysis shows that the factors in the two areas are different,
and the number of vehicles involved has an impact on two key areas.

Table 4 shows the results of the chi-square test by using the stratified contingency
table method, which only shows the significant factors. In the town-rural area, the factors
not associated with accident severity in Table 3 are still not related to accident severity
after gender stratification. At the male level, the number of involved vehicles, and whether
the motorcycle is involved, are all related to the accident severity, with a relatively low
probability of 29%. At the female level, the likelihood that the number of vehicles involved
and whether normal road sections are related to the accident severity is 88% and 50%,
respectively. Table 3 shows the factors that are significantly related to the severity of the
accident before gender is not stratified. At the overall level of gender, the number of
involved vehicles, whether the motorcycle is involved, whether the road section is normal,
and whether at an intersection there is a low correlation with the accident severity. In
the town-center area, the factors not associated with accident severity in Table 3 are still
not associated with accident severity after gender stratification. At the male level, the
number of involved vehicles (96.2%) and the accident period (26.6%) are associated with the
accident severity. At the female level, only age (60%) is associated with accident severity. It
can be seen from Table 3 that at the overall level of gender, driver’s age, number of vehicles
involved, road alignment, and accident period are correlated with accident severity. There
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is a high correlation between the number of involved vehicles and accident severity. See

Table 5.
Table 5. Accident descriptive statistics.
Town-Rural Area (510) Town-Center Area (201)
Variable Symbol Classification
NA? SAPY NA?2 SAPY
Driver characteristics
Female 41(8.8%) 3(7.1%) 20(10.7%) 1(7.1%)
Gender gender Male 427912%)  39(92.9%)  167(89.3%)  13(92.9%)
Youth: 13~24 46(9.8%) 3(7.1%) 23(12.3%) 1(7.1%)
Age age Middle-aged: 25~59 393(84%)  36(85.7%)  157(84%)  10(71.4%)
Old age: >60 29(6.2%) 3(7.1%) 7(3.7%) 3(21.4%)
With or without DI Without driver’s license 87(18.6%) 8(19%) 18(9.6%) 0(0.0%)
driver’s licenses With driver’s license 381(81.4%) 34(81%) 169(90.4%) 14(100%)
Vehicle characteristics
Number of N Single-vehicle 7(1.5%) 5(11.9%) 8(4.3%) 6(42.9%)
involved vehicles v Multi-vehicle 461(98.5%) 37(88.1%) 179(95.7%) 8(57.1%)
Frontal collision 79(16.9%) 10(23.8%)  48(25.7%) 4(28.6%)
Collision types Ct Side collision 219(46.8%)  19(45.2%) 30(16%) 2(14.3%)
Other collision 170(36.3%) 13(31%) 109(58.3%) 8(57.1%)
Involving N No 272(58.1%)  9(21.4%) 108(57.8%)  5(35.7%)
motorcycles 0 Yes 196(41.9%) 33(78.6%) 79(42.2%) 9(64.3%)
Road characteristics
. Flat and Straight 284(60.7%)  27(64.3%)  111(594%)  4(28.6%)
Road alignment Ra Others 184(39.3%)  15(35.7%)  76(40.6%)  10(71.4%)
. . . No 396(84.6%)  30(71.4%)  179(95.7%)  13(92.9%)
ntersection or not nt Yes 72(154%)  12(28.6%) 8(4.3%) 1(7.1%)
Whether normal Lk No 81(17.3%) 13(31%) 8(4.3%) 1(7.1%)
road section Yes 387(82.7%) 29(69%) 179(95.7%) 13(92.9%)
First-class road 5(1.1%) 1(2.4%) 2(1.1%) 0(0.0%)
Second-class road 88(18.8%) 7(16.7%) 17(9.1%) 1(7.1%)
Road grade Rg Thlr%jii; _road 155(33.1%) 13(31%) 31(16.6%) 1(7.1%)
class/substandard road 166(35.5%) 14(33.3%) 135(72.2%) 11(78.6%)
Other road 54(11.5%) 7(16.7%) 2(1.1%) 1(7.1%)
No traffic S‘gf?.al Orl.road 270(57.7%)  21(50.0%)  158(845%)  12(85.7%)
Traffic control Tc sflfgn ot traffic po <
Traffic signal orroad sign 19045 300y 21(50.0%)  29(15.5%) 2(14.3%)
or traffic police
Environment characteristics
Weekday
. 330(70.5% 28(66.7% 134(71.7% 8(57.1%
Accident time week (Monday-Friday) ( ) ( ) ( ) ( )
Weekend (Saturday o o o o
and Sunday) 138(29.5%)  14(33.3%)  53(28.3%) 6(42.9%)
Accident period Pe ll\jhag}},:;?; 27&;? 70 g.llcolglg( 405(86.5%) 38(90.5%) 149(79.7%) 7(50%)
the next day) 63(13.5%) 4(9.5%) 38(20.3%) 7(50%)
Weath Wi Normal weather 266(56.8%) 30(71.4%) 106(56.7%) 10(71.4%)
eather ca Adverse weather 202(43.2%)  12(28.6%) 81(43.3%) 4(28.6%)

Note: @ Non-severe accident; ® Severe accident; Abnormal road sections refer to ramps, dangerous roadside sections, road section entrances
and exits, bridges, narrow roads, and other special sections. Other collision types include opposite scraping, other angle collisions,
codirectional scraping, rear-end collision, etc. Normal weather refers to sunny days; Adverse weather means fog, snow, shade, rain, wind,
and others.
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2.2. Introduction to Model Theory

The main purpose of this article is to obtain the factors that influence accident severity
in the town-rural area and town-center area. In Section 2.1, through the use of the contin-
gency table analysis method and the stratified contingency table method, the degree of
correlation between each variable and the severity of the accident is initially obtained. Next,
a binary logistics model was established to obtain how each factor affected the severity of
the accident; the severity of the accident was taken as the dependent variable, each attribute
variable was encoded and dummy variables were set for multi-categorical variables such
as age, collision type, and road grade. See Table 6 for details.

Table 6. Variable code.

Variable Symbol Value Assignment
Accident level
Accident severit No/minor injuries Non-severe Accident =0
Y Severe injuries/death Severe Accident = 1

Driver characteristics

Gender Gender Female =0 male=1
Age Youth (13~24 years old) = 1, others = 0
Age Agel Middle-aged (25~59 years old) = 1, others = 0
Age2 Old age (>60 years old) = 1, others =0

Without driver’s license = 0

With or without driver’s licenses Dl With driver’s license = 1

Vehicle characteristics

Single-vehicle = 0

Number of involved vehicles Nv Multi-vehicle = 1
Ct Frontal collision = 1, other =0
Collision type Ctl Side collision = 1, other = 0
Ct2 Other collision=1,Ct=0,Ctl =0
Whether motorcycles involved Mo No=0, Yes=1
Road characteristics
Road alignment Ra Straight = 0 Non-straight =1
Whether normal road section Lk No=0, Yes=1
Intersection or not Int No=0,Yes=1
Rg First-class road = 1, other =0
Rgl Second-class road = 1, other =0
Road grade Rg2 Third-class road = 1, other = 0
Rg3 Fourth-class/substandard road = 1, other =0
Rg4 Other road =1, other =0

No traffic signal or road sign or traffic police = 0

Traffic control mode e Traffic signal or road sign or traffic police = 1

Environment characteristics

Accident time Week Weekday = 0, Weekend =1
Accident period Pe Daytime = 0, Nighttime =1
Weather Wea Normal weather = 0, Adverse weather = 1

Since the dependent variable in this study is a binary variable, a binary logistic
model [44] is built for the accident severity in the town-rural area and the town-center area
respectively. The independent variables, X = (X1, Xz - - - , Xn ), which influence the severity
of the accident, are considered to be discrete variables. P(Y;) represents the probability
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that the ith traffic accident sample is a severe accident, which is abbreviated as P; and is
denoted as:
P; =P(y, = 11Xy, Xz -+, Xn) 1)

The formula of the binary logistic regression model is:

. P;
logit(P;) = ln(l _IP_> = o+ By Xii + BoXoi + - + PnXni 2)

The P; and 1—P; can be deduced by the above formula:

_ exp(a+ By X5+ BoXoi + - - + PrXni)
14 (oo B Xai 4 BoXoi + - -+ BrXni)

®)

1
© 1+ (oo By Xai + BoXoi + - + BrXni)

In the formula, « is the constant term (or intercept), and f3,, is the partial regression
coefficient as Xp.

The odds ratio (OR) can help us understand 3,. Whether OR is greater than 1 can be
used to compare the probability of occurrence of events in the two situations [44,45]. exp 3,
is the value of the odds ratio, which represents the multiple of the probability ratio of
occurrence and non-occurrence of a certain result of an event relative to the corresponding
ratio before the change for each unit change of the independent variable [45].

The multicollinearity diagnosis of variables is needed before establishing the regres-
sion model. Multicollinearity refers to the linear correlation between the independent
variables. If there is a high correlation between the independent variables, it will seriously
affect the fitting effect of the model. In statistical analysis, two statistics are generally
provided: tolerance and variance inflation factor (referred to as VIF) to determine whether
collinearity exists [45]. It is generally considered that severe multicollinearity exists when
the tolerance is less than 0.1 [45]. The greater the variance inflation factor (the reciprocal of
tolerance), the more serious the collinearity. To ensure the fitting effect of the model, it is
generally believed that the variance inflation factor should not be greater than 5, and the
standard of the corresponding tolerance can also be relaxed to no more than 10 [45,46].

After collinearity diagnosis, in order to ensure the simplicity of the model, a stepwise
regression method based on maximum likelihood estimation is used to screen variables,
and finally only the variables that have a large contribution to the model and have a
significant impact (p < 0.05) are retained [45].

1-D; 4)

2.3. Model Evaluation

The Hosmer-Lemeshow test (H-L test) is used in the binary logistic model to deter-
mine whether there is a significant difference between the predicted value and the observed
value [44,45]. The larger the H-L test value, the better the goodness of fit, indicating that the
information in the current data has been fully extracted. At the same time, the ROC curve
is used to show the prediction effect of the model. The ROC curve is called the Receiver Op-
erating Characteristic Curve, referred to as the ROC curve [45,47]. It is a widely used data
statistical method, which was first applied to discrimination of medical diseases in 1960 by
Lee Lusted [47,48]. The horizontal and vertical axes of the curve are the false positive rate
(1-specificity) and the true positive rate (sensitivity) of the diagnostic data, respectively.
The area under the curve, namely the AUC value (Area under Curve), can reflect the value
of the diagnostic test and the accuracy of prediction. The higher the accuracy of model
prediction, the higher the AUC value [45]. Adapted from reference [45], we summarize the
meaning of the corresponding section of each AUC value and get Table 7.
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Table 7. The description of the AUC value [45].

Value Instructions
AUC <05 Not in line with the actual situation. Preqlctlve diagnosis is worse
than random guessing.
AUC=05 Predictive diagnosis is completely worthless.
0.5<AUC<0.7 The predictive diagnostic value is low.
0.7 < AUC<0.9 The predictive diagnostic value is moderate.
AUC > 0.9 The predictive diagnostic value is high.
Perfect prediction; there is no perfect predictive diagnosis in the
AUC=1 L
vast majority of cases.
3. Results

This section shows the results of the multicollinearity test of each independent variable
and the parameter estimation results of the models of the severity of accidents in key areas
of rural roads. The goodness of fit and prediction accuracy of the model are verified.

3.1. Accident Model of the Town-Rural Area

Table 8 shows the results of the diagnosis of multiplicity commonality. The variance
inflation factor, VIF, of all variables is less than 10 and the tolerance is greater than 0.1,
which indicates that there is no serious collinearity problem between the variables. IBM
SPSS Statistics 22.0 software is used to establish a binomial logistic regression model based
on the stepwise regression method, and the estimation results of model parameters are
shown in Table 9.

Table 8. Results of multicollinearity diagnosis.

Collinearity Statistics

Variable
Tolerance VIF
Gender 0.935 1.069
Age 0.984 1.017
With or without a driver’s license 0.791 1.264
Number of vehicles involved 0.944 1.059
Collision type 0.948 1.055
Whether motorcycles involved 0.801 1.249
Road alignment 0.928 1.078
Whether normal road section 0.123 8.137
Intersection or not 0.124 8.095
Road grade 0.837 1.195
Traffic control mode 0.862 1.160
Accident time 0.961 1.041
Accident period 0.952 1.050
Weather 0.903 1.107

Table 9. Estimation results of binary logistic model in town-rural area.

Independent .
Variables B S.E. Wald df Sig. Exp (B)
Number of involved - _, ¢4 0.703 17.839 1 0.000 0.051
vehicles (1)
Whether motorcycles 1.914 0.433 19.538 1 0.000 6.780
involved (1)
Intersection or not (1) 0.834 0.383 4.737 1 0.030 2.303
Constant ~0.976 0.647 2.280 1 0.131 0.377

Note: B: Estimated value of constant term and partial regression coefficient 3; S.E.: Standard error; Wald:
chi-square value used to test the B; df: Degree of freedom; Sig.: Significance; Exp(B): OR value.



Sustainability 2021, 13, 7802

10 of 17

As can be seen from Table 9, the p-value of the number of involved vehicles, whether
the motorcycle is involved, and whether at the intersection is less than 0.5, indicates that
these independent variables have a significant impact on the severity of the accident.
Although whether a normal road is meaningful in a single independent variable analysis
(contingency table analysis), it is not included in the model. Because the multivariate
model considers the influence of each independent variable, the results are more objective,
so when such contradictions occur, the statistical results of the multivariate model should
prevail [45]. So the above three variables with significant effects are included in the model,
and the regression equation is obtained as follows:

In ( 1 EiP-) = —0.976 — 2.969Nv1 + 1.914Mol + 0.834Int1 ®)
1

The results of the model show that: (i), The number of involved vehicles (1), that is,
the OR value of multi-vehicle accidents is 0.051, indicating that multi-vehicle accidents
are only 0.051 times more likely to be serious than single-vehicle accidents. That is, single-
vehicle accidents are more likely to be serious than multi-vehicle accidents. (i), Whether
motorcycles are involved (1), that is, the OR value of motorcycles involved is 6.780, indi-
cating that motorcycles involved are 6.780 times the probability of serious accidents when
motorcycles are not involved. It shows that serious accidents are more likely to occur when
motorcycles are involved. (iii), Whether it is at an intersection (1), that is, the OR value at
the intersection is 2.303, indicating that the intersection is 2.303 times the probability of
serious accidents at a non-intersection, and indicating that accidents are more likely to be
serious at intersections.

The goodness of fit test and prediction accuracy-test are carried out to verify goodness
of fit of the model. Table 10 shows the results of the goodness of fit test and prediction
accuracy-test. The significance p-value of the Hosmer-Lemeshow test is 0.322 greater than
0.05, indicating that the Hosmer-Lemeshow test is not significant, and the good goodness
of fit is relatively good.

Table 10. Hosmer-Lemeshow test results.

Chi-Square df Sig.
2.268 2 0.322

IBM SPSS Statistics 22.0 software is used to draw the ROC curve to test the prediction
accuracy of the model, as shown in Figure 2. The founders of IBM SPSS Statistics 22.0
were three graduate students from Stanford University in the United States. It is currently
provided by IBM.

ROC Curve

1.0

0.8

Sensitivity
(=]
%

o
s

0.0 T T T T
0.0 0.2 04 0.6 08 1.0

1- Specificity

Figure 2. The ROC curve.
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Figure 2 is the ROC curve diagram of the traffic accident severity prediction model in
the town-rural area. The green line in the figure is the diagonal reference line. The area
under the green line segment is 0.05, indicating that the model has no predicted value. The
blue line segment is the ROC curve drawn based on the predicted value calculated by the
binary logistics model. At this time, the AUC value is shown in Table 11. Among them,
the outer curve, which is farther from the diagonal, has higher sensitivity and specificity
than the inner curve, which is closer to the diagonal [49]. Table 11 shows the estimated
value and standard error of the AUC value. The AUC value is 0.770, and its asymptotic
95% confidence interval is (0.695~0.845). The significance p-value is 0.000, which indicates
that the regression model of accident severity in the town-rural area has a good prediction
effect and a high predictive diagnostic value.

Table 11. The value of area under the ROC curve.

Asymptotic 95% Confidence Interval

Area. Std. E Asymptotic Sig.
rea ot ymp & Lower Bound Upper Bound

0.770 0.038 0.000 0.695 0.845

3.2. Accident Model of the Town-Center Area

Table 12 shows the results of the diagnosis of multiplicity commonality. Except for
the variable of whether the road section is normal, the variance inflation factor of all other
variables is less than 10, and the tolerance is greater than 0.1; therefore, in the diagnosis
of collinearity, whether the road section is normal or not is excluded from the model.
Table 12 shows the collinearity diagnosis results of other variables, and there is no serious
collinearity problem among variables. IBM SPSS Statistics 22.0 software is used to build a
binary logistic model based on the stepwise regression method, and the estimation results
of model parameters are shown in Table 13.

Table 12. Multicollinearity diagnosis results table.

Collinearity Statistics

Variable

Tolerance VIF
Gender 0.964 1.038
Age 0.985 1.015
With or without a driver’s license 0.861 1.161
Number of vehicles involved 0.866 1.154
Collision type 0.733 1.364
Whether motorcycles involved 0.829 1.206
Road alignment 0.900 1.111

Whether normal road section 0.000 -
Intersection or not 0.886 1.129
Road grade 0.683 1.464
Traffic control mode 0.729 1.372
Accident time 0.923 1.084
Accident period 0.955 1.048

Weather 0.944 1.059
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Table 13. Estimation results of binary logistic model in town-center area.
Independent Variables B S.E. Wald df Sig. Exp(B)
Age 10.821 2 0.004
Age (1) —0.056 1.146 0.002 1 0.961 0.946
Age (2) 2.815 1.310 4.614 1 0.032 16.689
Number of vehicles 3230 0743 18.891 1 0.000 0.040
involved (1)
Accident period (1) 1.447 0.664 4.743 1 0.029 4.251
constant —0.772 1.221 0.399 1 0.528 0.462

Note: B: Estimated value of constant term and partial regression coefficient (3; S.E.: Standard error; Wald: chi-
square value used to test the B; df: Degree of freedom; Sig.: Significance; Exp(B): OR value.

As can be seen from Table 13, the overall p-values of age, number of vehicles involved,
and accident period are all less than 0.5, indicating that these independent variables have
a significant impact on the severity of traffic accidents. Although the road alignment is
significant in the single independent variable analysis, it is eliminated in the stepwise re-
gression screening process in order to maximize the likelihood of the model. Therefore, the
above three variables with significant effects are included in the model, and the regression
equation is obtained as follows:

In ( 1 EiP_ ) = —0.772 — 0.056agel + 2.815age2 — 3.230Nv1 + 1.447Pel 6)
1

The interpretation of the model is as follows: (i), Age (2), that is, the OR value of
the elderly is 16.689, and it has a significant impact, indicating that the probability of
serious accidents in the elderly is 16.689 times that of people in the young stage. That is,
older people are more likely to have serious accidents than younger people. Age (1), that
is, middle age had no significant effect (p-value 0.961 > 0.05). Considering the principle
that age is a dummy variable, Age (1) is also included in the model. (ii), The number of
involved vehicles (1), that is, the OR value of the multi-vehicle accident is 0.040, and it has
a significant impact, indicating that the occurrence of a multi-vehicle accident is 0.040 times
the probability of a single-vehicle accident occurring as a serious accident. It shows that
single-vehicle accidents are more likely to be severe. (iii), In the accident period (1), the
OR value at night is 4.251, and it has a significant impact. It shows that the probability
of serious accidents at night is 4.251 times that of the day, and it shows that nighttime
accidents are more likely to be severe than during the daytime.

The goodness of fit test and prediction accuracy-test are carried out to verify the
goodness of fit of the model. Table 14 shows the results of the goodness of fit test and
prediction accuracy test. The significance p-value of the Hosmer-Lemeshow test is 0.663
greater than 0.05, indicating that the Hosmer—Lemeshow test is not significant, that is, the
good goodness of fit is relatively good.

Table 14. Hosmer-Lemeshow test results.

Chi-Square df Sig.
0.822 2 0.663

IBM SPSS Statistics 22.0 software is used to draw the ROC curve to test the prediction
accuracy of the model, as shown in Figure 3.
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Figure 3. The ROC curve.

Figure 3 is the ROC curve diagram of the traffic accident severity prediction model in
the town-center area. The meaning of the green line segment and the blue line segment in
Figure 3 is the same as in Figure 2. Table 15 shows the estimated value and standard error
of the AUC value. The AUC value is 0.813, and its asymptotic 95% confidence interval is
(0.664~0.961). The significance p-value is 0.000, which indicates that the regression model of
accident severity in the town-center area has a good prediction effect and a high predictive
diagnostic value.

Table 15. The area under the ROC curve.

Asymptotic 95% Confidence Interval

A Std. E Asymptotic Sig.
rea ot ymp & Lower Bound Upper Bound

0.813 0.076 0.000 0.664 0.961

4. Discussions
4.1. Comparative Analysis of Models

By establishing the model of the accident severity in the above two key areas, it is
concluded that the factors that affect the severity of accidents in key areas are different, and
there are also the same factors. The difference in influencing factors may be at least partly
attributed to the different perception, cognition and response requirements of rural and
urban drivers [12]. In the town-rural area and town-center area, a valuable finding is that
the number of involved vehicles has a significant impact on the severity of the accident,
and both show that single-vehicle accidents are prone to be more serious than multi-
vehicle accidents, which supported the previous findings [15]. Single-vehicle accidents are
mostly collisions with guardrails, curbs, trees, etc. The guardrail can act as a buffer during
the collision, which is better than other collision objects. It may be that only one driver
and occupant directly participated in the accident process in a single-vehicle accident.
Once a single-vehicle accident occurs, the person may be entangled in a coma, and if
the traffic volume around the accident is low, it is not easy to find the injured person
and the best rescue time may be missed, so the severity of the accident is usually higher.
Accidents involving motorcycles in the town-rural area are prone to be more serious,
because motorcycles expose drivers and passengers directly to the road environment,
making them vulnerable road users. At present, the fatal factor in motorcycle accidents is
mostly head injury, which is closely related to the low rate of motorcycle helmet wearing
on roads in rural areas [50]. Therefore, when an accident occurs, motorcycle drivers who
are not wearing helmets are often injured more seriously.
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The probability of serious accidents at intersections is higher in the town-rural area,
which confirms the previous findings [14]. At the intersection, the connection between
the roads of various levels in the town-rural area is not smooth enough, and the roadside
obstacles are also complicated. Mixed with pedestrian traffic, the road environment is more
complex, and it tests the driver’s ability to operate. In addition, road users in the junction
area are not sufficiently aware of safety. For example, rural drivers are more likely to have
unfavorable attitudes and beliefs about seat belts than urban drivers, and these unfavorable
attitudes and beliefs indicate that seat belt usage will decrease [19]. In the town-center area,
the elderly are more likely to have serious accidents, which was not consistent with the
studies [21,51,52], but was consistent with findings in previous studies that senior drivers
are found to have a higher probability to be more severely injured in rural roads [15].
Because the reaction ability of elderly drivers is relatively slow, their physical functions
are not as good as those of young and middle-aged drivers, and their body’s recovery
capacity after an accident is not as good as that of other age groups, serious accidents
are more likely to occur. Among the three environmental factors in this paper, accident
period is a significant factor in the town-center area as shown in previous research [14,21].
It is also more likely to have serious accidents at nighttime, which supports the previous
finding [14]. At night, there are fewer vehicles on the road than during the day, and the
driver’s driving speed will be faster. At the same time, due to fatigue, weak light and other
reasons, the reaction ability will be slower than during the day. The ability to deal with
unexpected situations in the traffic environment is reduced. It is easy to make wrong traffic
avoidance decisions.

4.2. Suggestions for Safety Improvement

Based on the significant factors of the two areas obtained in Section 3, combined
with the “4E” strategy (engineering, law enforcement, rescue, education) derived from the
comprehensive practice of transportation experts, corresponding improvement suggestions
are put forward. Table 16 shows safety improvement measures. Driving errors and traffic
violations are major causes in 74% of the road crashes [21]. Therefore, it is particularly
important to strengthen the management and training of drivers. Previous studies have
shown that not using helmets has an impact on the severity of accidents [14]. Motorcycle
drivers who wear helmets have a 33% lower rate of serious accidents than those who
do not wear helmets [50]. In town-rural area, it is necessary to focus on implementing
the helmet-wearing policy, increase the promotion of helmet-wearing safety protection
for drivers, and increase the wearing rate of motorcycle helmets. At night, visibility will
be reduced, and the glare from the oncoming vehicle will distract the driver and lead to
weakened responsiveness. Therefore, continuous lights should be set in the town-center
area to avoid the driver suddenly entering the area of strong light or weak light and causing
the wrong vision. In order to effectively reduce the severity of single-vehicle accidents, it is
necessary to improve road facilities, such as roadside collision avoidance facilities.

Based on Section 2, it can be concluded that in the town-rural area, at the male
level, the accident severity is related to the number of involved vehicles and whether the
motorcycle is involved. Combined with the factors obtained from the model, in addition
to the measures in the table, it is necessary to further strengthen the safety education and
management for male motorcycle drivers. The possibility of fatal injuries from motorcycles
on unlit roads was greater [14]. Therefore, during safety training, special reminders must
be paid to be vigilant at night. At the female level, the accident severity is related to the
number of involved vehicles, so the safety management of female drivers needs to be
strengthened. In Section 2, it is concluded that at the female level in the town-center area,
the accident severity is closely related to age, so it is necessary to further strengthen the
special safety education and training for the elderly female drivers. At the male level, the
severity of the accident is related to the number of vehicles involved and the period of
the accident. Safety education can be carried out for all members of the family and other
members can tell male drivers to pay attention to driving safety at night.
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Table 16. Traffic safety improvement measures.

Key Areas

Factors Specific Measures

Single-vehicle accident

Improve road facilities such as roadside collision avoidance facilities.
Improve the road monitoring system to prevent individuals from being unable to help
themselves when single-vehicle accidents occur in areas with low traffic volume.
Improve the accident rescue system.

Town-rural area

Implement a comprehensive helmet-wearing policy and implement policy.

Motorcycle Involved Set up a special safety bulletin board for motorcycles to prevent speeding and overloading.

Strengthen the safety education and training of motorcycle drivers.

Channelize the intersection to improve the intersection.

Intersection Set up pedestrian crossing safety islands.
Elderly driver Strengthen safety education of elderly drivers.
Single-vehicle Improve the road monitoring system and accident rescue system in the town area.
Town-center area Supplement lighting facilities.
. . Set up anti-dazzle traffic facilities.
Nighttime

Avoid using inconsistent lighting facilities to prevent drivers from being unable to adapt to
changes in lighting

5. Conclusions

(1)  There are differences in the factors affecting the severity of accidents in the two areas.
In the town-rural area, single-vehicle accidents are more likely to be serious than
multi-vehicle accidents. Accidents are more likely to be serious when involved with
motorcycles. Intersection accidents are prone to be more severe than non-intersection
accidents. In the town-center area, older people are more likely to have serious
accidents than younger people. Single-vehicle accidents are more likely to be serious.
Serious accidents are more likely to occur at night than during the daytime.

(2) Town-rural areas need to improve roadside safety facilities, improve the road moni-
toring system, and strengthen the management of the road environment to reduce
the severity of single-vehicle accidents. For motorcycle accidents, the implementation
and enforcement of the helmet-wearing policy needs to be fully implemented, and in
particular, strengthen the safety education and training for male motorcycle drivers.
For road intersections of different grades that are prone to accidents, there should be
adherence to the principles of short-term reconstruction and long-term repairs: the
side branches of the road can be pruned first, the intersections can be channelized,
and safety islands can be set up to reduce traffic conflicts and ensure safety.

(3) The town-center area needs to strengthen the safety management education for female
drivers, improve the monitoring system and rescue system in the town center area to
ensure that the casualties of bicycle accidents receive timely treatment. Supplementing
or improving night lighting facilities is recommended to provide drivers with good
lighting conditions.

Although this article has obtained the accident influencing factors in key areas, there
are many causes of road accidents. Human behavior, especially the driving behavior of
the driver, can largely determine whether an accident occurs or not. This paper extracts
driver factors that are easy to quantify for analysis, such as age, gender, etc. In the future,
questionnaires can be used to investigate the driver’s psychological factors. Although the
prediction effect of the binary logistics model is good, the model is based on the data of
traffic accidents in key areas. The purpose is to obtain the factors affecting the severity of
the accident. Therefore, the model is not suitable for all road and accident data. According
to the characteristics of the data, the appropriate prediction model should be selected based
on the study area and accident data. When necessary, the advantages of different models
can be combined to carry out combined forecasting research.
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