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Abstract ; To study the influencing factors of traffic violations,
this study investigated the effects of vehicle attribution, day of
week, time of day, location of traffic violations, and weather
on traffic violations based on the electronic enforcement data
and historical weather data obtained in Shangyu, China. Ten
categories of traffic violations were determined from the raw
data. Then, chi-square tests were used to analyze the
relationship between traffic violations and the potential risk
logistic regression analyses
conducted to further estimate the effects of different risk
factors on the likelihood of the occurrence of traffic violations.
By analyzing the results of chi-square tests via SPSS, the five
factors above were all determined as significant factors
associated with
multinomial logistic regression revealed the significant effects
of the five factors on the likelihood of the occurrence of
corresponding traffic violations. The conclusions are of great
significance for the development of effective traffic intervention
measures to reduce traffic violations and the improvement of
road traffic safety.
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he number of annual road traffic deaths has reached

1. 35 million worldwide. In fact, road traffic-related
injuries are now the leading killer of people aged 5-29
years and are the 8th leading cause of death for people of
all ages''’. In China, a total of 244 937 traffic accidents
occurred in 2018, resulting in 63 194 deaths and a direct
property loss of 1 384. 559 million yuan'*'. The traffic
violation of motor vehicle drivers is one of the main cau-
ses of traffic accidents, accounting for 83.2% , 83.6% ,
and 85.2% of all accidents in 1996, 1997, and 1999 in
China, respectively. By 2010, the traffic violation of
motor vehicle drivers has accounted for 91.08% of all ac-
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cidents"!.

major risks influencing traffic accidents'’ | is worthy of
further study. Zhang et al. ' conducted research using
the data of traffic accidents and traffic violations. They
found that traffic violation was one of the major risks
threatening road safety and that obeying traffic rules can
effectively reduce the frequency of traffic accidents, con-

For this reason, traffic violation, as one of the

sistent with the results of a Canadian study'®'. Therefore,
studying the characteristics and influencing factors of traf-
fic violations is of great necessity, as it can help establish
a theoretical foundation for the promotion of effective
traffic intervention measures and improvement of road
traffic safety.

Many studies have analyzed the factors affecting traffic
violations over the years. For example, younger drivers
were found to be more likely to be involved in traffic vio-
lations'”’. Oppenheim et al. *' revealed the effect of gen-
der on drivers’ violation tendencies. One study identified
male drivers, private vehicles, the lack of street lighting
at night, and poor visibility as significant risk factors as-
sociated with speeding and drunk driving'®’. Akaateba et
al. """ investigated the relationship between drivers’ edu-
cational attainment and driving experience and traffic vio-
lations. License plate, season, speeding area, position,
and rainfall were also identified as factors affecting speed-
ing violation''"” .
impact of camera enforcement for traffic violations, while
Zhang et al. "’
tions in their research. Wang et al. "' concluded that the

Martinez-Ruiz et al. ''* evaluated the
considered the factors of weather condi-

common traffic violations of bus drivers could be attribu-
ted to the date, weather, and presence of traffic cameras
at bus stations. Precht et al. '™ found that drivers are
more likely to commit traffic violations on rainy days. Fu
et al. " selected vehicle factors, temporal factors,
weather, and road and traffic management conditions as
potential risk factors of wrong-way driving, red-light-run-
ning, violating traffic markings, and driving in the inac-
curate oriented lane at signalized intersections.

Earlier studies on traffic violations mainly relied on da-
ta collected from questionnaires'®'"""'. Then, subse-
quent studies used structural equation modeling 7"
chi-square tests'™® | and regression techniques'’' to ana-
lyze the self-reported traffic violations based on the data
collected from the questionnaires. However, this method
of data collection has a limitation, and the inaccuracy of
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respondents’ self-reported behaviors may affect the analy-
sis results to some extent'*"

There are also some other data sources of traffic viola-
tions and methods of data analysis in existing studies. For
example, logistic regression was utilized to analyze the
significant factors influencing speeding and drunk driving
based on data extracted from the traffic management sec-
tor-specific incident case data report”’’. Some traffic vio-
lations cause incidents, whereas some do not. Therefore,
it is not accurate to study the influencing factors of traffic
violations based on incident case data alone. Andreuccetti
et al. ™ conducted a cross-sectional observational study
by collecting data on drunk driving and speeding. Cheng
et al. """ adopted the violations data collected by the elec-
tronic enforcement equipment and analyzed them using
binary logistic regression. Tavakoli Kashani et al. "’ ana-
lyzed crash data in Iran from 2012—2016. They used the
classification regression tree and the quasi-induced expo-
sure method to identify the important driver and vehicle
features associated with the red-light running frequencies.

Based on the above literature review, the main research
contents of this article are as follows:

1) Ten categories of traffic violations are extracted
from the raw data instead of analyzing only one or two
kinds of typical traffic violations.

2) The risk factors of traffic violations are determined
based on the information included in the data and existing
studies, including vehicle attribution, day of the week,
time of day, location of violations, and weather.

3) Then, the chi-square tests and multinomial logistic
regression method were used to analyze the relationships
between traffic violations and the identified risk factors as
well as the effects of different factors on the likelihood of
the occurrence of traffic violations.

4) Finally, corresponding traffic intervention measures
are proposed according to the analysis results.

1 Materials and Methods

1.1 Data sources

Studies on the influencing factors of traffic violations
suffer from the limitation of inaccurate self-reported viola-
tions and incident case data. Furthermore, the observa-
tional study of traffic violations is time-consuming and la-
borious. However, due to restrictions on the acquisition
of relevant data, there are still infrequent empirical stud-
ies on the factors affecting traffic violations. The current
research is conducted from the perspective of traffic viola-
tions in practical driving situations rather than self-repor-
ted violations and uses electronic enforcement data of traf-
fic violations collected in Shangyu, Zhejiang Province,
China. Furthermore, historical weather data of Shangyu
were extracted from the website http://lishi. tianqi. com/
shangyu. html.

The electronic enforcement data of traffic violations

used in this paper were obtained from Shangyu, a city in
China with a population of approximately 780 000 and an
area of 1 401.68 km’. The data were extracted from the
electronic police system for the period of January 1—31,
2019. The data consisted of 57 441 records of traffic vio-
lations. After eliminating 1 444 invalid records without
traffic violation codes, we obtained 55 997 valid records,
including vehicle license plate numbers, times and loca-
tions of traffic violations, and traffic violation codes. The
specific descriptions of traffic violations can be obtained
according to the traffic violation codes.

There were 23 kinds of violations recorded in the data,
of which 14 were classified as low-frequency violations
whose frequencies were lower than 2 000 times a month.
From these, ten types of violations were determined ( see
Tab.1).

Tab.1 Traffic violation statistics

Traffic . T
violations Description of traffic violations Frequency
A%t Use of an improper oriented lane 9 775(17.46% )
V2 Illegal parking 9670(17.27% )
V3 Violating traffic signals 8425(15.05% )
V4 Violating traffic markings 7 312(13.06% )
V5 Driving in the reverse direction 5292(9.45% )
Vo6 Speeding by 20% but less than 50% 3 702(6.61% )
- Spraying and pasting materials on 3 663(6.54% )
the vehicle number plate
V8 Failure to yield to pedestrians 3345(5.97% )
A\ Driving without a driving license 2021(3.61%)
V10 Low-frequency traffic violations 2792(4.99% )

Note: The data in parentheses indicates the percentage of various traffic
violations to the total number of traffic violations.

1.2 Risk factors

Risk factors were determined based on the information
included in the electronic enforcement data of traffic vio-
lations and the weather data. Vehicle attribution, day of
week, time of day, location of violations, and weather
were selected as potential influencing factors based on the
information included in the data and existing stud-
ies' " 7* ) Although the driver’s personal characteris-
tics may be closely related to traffic violations, and many
researchers have made useful explorations into them, they
are not considered as the influencing factors, because they
are not recorded in the data source. Many studies have
been carried out on the effect of vehicle characteristics on
traffic violations. However, they ignored the information
included in vehicle license plate numbers. We can actual-
ly obtain vehicle attribution from vehicle license plate
numbers to identify whether a vehicle is local or non-lo-
cal. Meanwhile, existing studies on weather-related fac-
tors mainly studied their impacts on traffic accidents or
focused only on one or two kinds of typical traffic viola-
tions. In comparison, the current work studied their im-
pacts on ten categories of traffic violations and conducted
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a more comprehensive analysis.

As shown in Tab. 1, traffic violations were classified
into ten categories. Vehicle attribution can be obtained
from vehicle license plate numbers. Specifically, vehicles
were divided into local and non-local vehicles according
to vehicle attribution. The variable of day of week con-
tained two categories: weekday ( Monday, Tuesday,
Wednesday, Thursday, and Friday) and weekend ( Sat-

Sun. 15 9 4 S5 5 6 10
Mon. 8 12 2 5 4 8 18
Tue. 21 18 8 4 11 7 15
Wed. 8 3 2 5 9 11
Thu. 16 6 5 0 1 8 13

Frii. 20 10 6 5 6 5 29
Sat. [ 22 13 9 6 5 3 21

0a la 2a 3a 4a 5a

6a 7a 8a 9a 10a lla Op

urday and Sunday). Then, the data were processed ac-
cording to time, as shown in Fig. 1. The values in Fig. 1
are average values. The variable of time of day was di-
vided into six categories; 00;00—06:59 ( midnight to
dawn) , 07.:00—08:59 ( peak hours in the morning),
09:00—11:59 ( morning working hours) , 12:00—16.59
(afternoon working hours) , 17:00—18.:59 ( peak hours
in the evening) , and 19:00—23:59 (night time).

39 32 30 27
33 30
20 23
25 18
26 28
12 9

13 13
10p 11p

Ip 2p 3p 4p Sp 6p 7p 8 9p

Fig.1 Frequencies of traffic violations by the time

The location of traffic violations was used to identify
whether a driver is committing a traffic violation on the
road section or at the intersection. The weather variable
was divided into five categories according to the weather
records of January 2019 in Shangyu: sunny, cloudy,
light rain, moderate rain, and snowy. Combined with the
information above, the research variables were deter-
mined ( see Tab.2). Here, the dependent variable was
traffic violations, and the remaining ones were the inde-
pendent variables.

Tab.2 Value descriptions of variables

Variables Description

Vehicle attribution  Local vehicles =1 ; otherwise =0

Day of week Weekday =1; otherwise =0
00:00—06:59 =0; 07:00—08:59 =1; 09:00—
Time of day 11:59 =2; 12:00—16:59 =3; 17:00—18:59 =

4;19:00—23:59 =5

Location of traffic . .
i X Road section =1 ; otherwise =0
violations

Sunny =03 cloudy =1; light rain = 2; moderate
Weather .

rain =3; snowy =4

V1=1; V2=2; V3=3; V4d=4; V5=5; V6 =

Traffic violations
6; VI=7; V8=8; V9=9; VIO =10

1.3 Chi-square test and multinomial logistic regres-
sion model

A chi-square test was conducted to analyze the relation-
ship between traffic violations and the potential risk fac-
tors. The factors that were statistically significant at the
95% confidence levels were included in the final multino-
mial model fitted.

The categories in the dependent variable were discrete ,
nominal, and unordered. Multinomial logistic regression
is an effective method in dealing with multi-category de-

pendent variables*'. Although multinomial logistic re-

gression is not the only estimation methodology available
for situations with unordered categorical dependent varia-
bles, it has two advantages: the estimates can be quickly
calculated, and the model results are easily interpre-
ted'”’. Thus, multinomial logistic regression was utilized
in the current study to analyze the varying influence of
each factor on the identified traffic violations.

When the dependent variable has k categories, logistic
regression analysis is conducted in k — 1 categories, and
the k-th category is defined as the reference category.
Then the multinomial logistic regression model corre-
sponding to the j-th traffic violations can be formulated as

(i 2 )= (8o + S 8 )

where p; and p, are the probabilities of the occurrence of
the j-th and k-th kind of categories, respectively; B, is
constant; B, denotes the regression coefficient of the i-th
independent variable x; in the multinomial logistic regres-
sion model of the j-th category; and n represents the
number of independent variables ™'

2 Results

2.1 Descriptive statistics

After determining the research variables, the descrip-
tive statistics of possible risk factors are summarized in
Tab. 3. The percentages of traffic violations by each cate-
gory within a factor are shown in Tab. 3. The percentages
are the proportions of various types of traffic violations in
each category within the risk factors. The percentage ac-
cumulation distributions of traffic violations under each
category are shown in Fig. 2.
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Tab.3 Traffic violation percentages in various influencing factors

Percentages of traffic violations

Variables
V1 V2 V3 V4 V5 Vo6 V7 V8 V9 V10
Local vehicles 18.40 17.64 15.04 12.38 9.65 6.43 7.04 6.44 3.69 3.30
Non-local vehicles 14.01 15.90 15.07 15.54 8.72 7.27 4.73 4.27 3.32 11.17
Weekday 18.47 16.85 15.03 13.00 9.77 6.34 6.51 5.82 3.11 5.09
Weekend 14.51 18.49 15.10 13.23 8.52 7.39 6.62 6.42 5.05 4.67
00:00—06:59 11.84 7.01 30.43 8.59 19.38 13.81 0.00 0.26 0.04 8.64
07.00—08 ;59 23.61 11.90 12.45 14.50 7.42 4.35 4.93 7.99 4.09 8.75
09.00—11:59 10.37 15.84 14.05 14.63 8. 14 7.71 13.15 7.38 4.54 4.20
12.00—16:59 17.18 16. 80 13.20 14.88 8.38 6.16 7.10 8.47 3.49 4.34
17.00—18:59 32.82 24.50 14.53 8.25 7.86 3.38 1.54 1.32 1.59 4.21
19.00—23.59 12.20 22.80 20.57 9.23 15.46 8.94 1.28 0.03 5.03 4.45
Road section 12.21 26.83 0.00 0.24 9.91 11.78 14. 64 11.21 8.08 5.10
Intersection 21.69 9.54 27.20 23.42 9.08 2.543 0.00 1.74 0.00 4.89
Sunny 17.85 14.49 16.06 12.87 9.35 5.73 8.34 6.72 3.46 5.13
Cloudy 17.26 17.36 15.30 12.62 8.49 7.35 6.13 6.42 4.22 4.87
Light rain 17.89 18.39 14.02 13.56 11.35 5.60 6.89 4.78 2.64 4.90
Moderate rain 15.92 18.23 15.18 17.44 11.45 5.55 1.77 5.55 3.14 5.75
Snowy 16.59 19.58 14.44 11.51 6.36 9.61 6.30 5.88 3.61 6.12
mV1;aV2;mV3;mV4; V5;mV6;mV7;mV8;aV9;mVI0

Snowy EE—— T I

Moderate rain EE———— e I e

Light rain n— e I

Cloudy m—— s I

Sunny EEE—— e ]

I[ntersection e | B

Road section n— 1 T —

19:00—23:59 n— O n |

17:00——18:59 I -

12:00—16:59 n———— R e IS

09:00—11:59 n— I IS

07:00—08:59 n————————— T IO

00:00—06:59 n— e I—

Weekend m— S I |

Weekday m— T IS

Non-local vehicles nu—— e e NN

Local vehicles nu— T I

0 10 20 30 40 50 60 70 80 90 100
Percentage/%

Fig.2 Percentage accumulation distributions of traffic violations

From Tab. 3 and Fig. 2, driving in the reverse direction
and speeding by 20% but less than 50% account for a
larger proportion at 00:00—06:59 (V5 19.38% , V6
13.81% ) than at 07.00—08.59 (VS5 7. 42%, V6
4.35% ), 09.00—11:59 (V5 8.14%, V6 7. 711% ) ,
12.00—16:59 (V5 8.38%, V6 6. 16% ), 17.00—
18:59 (V5 7.86% , V6 3.38% ), and 19:00—23.59
(V515.46% , V6 8.94% ). Furthermore, violating traf-
fic signals (V3), as the main traffic violation at 00 ;00—
0659, accounts for more than 30% .

Use of an improper oriented lane (V1 21.69% ), vio-
lating traffic signals ( V3 27.20% ) and violating traffic
markings (V4 23.42% ) are the main violations at the in-
tersection, while illegal parking (V2 26.83% ) accounts
for the largest proportion on the road section.

2.2 Factors affecting traffic violations

The chi-square test was conducted at the 5% level of
significance. Tab. 4 shows the results of the chi-square
test. The chi-square statistic (y”) of each variable is
large and p < 0. 001, indicating that vehicle attribution,
day of week, time of day, location of traffic violations,
and weather are statistically significant factors associated

Tab.4 Chi-square test results

Independent variables X df
Vehicle attribution 1541.036 """ 9
Day of week 269.112** 9
Time of day 7177.538 *** 45
Location of traffic violations 26 564.460 *** 9
Weather 575.609 *** 36

Note: “** p <0.001.
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with traffic violations.

To further estimate the effects of different influencing
factors on the likelihood of the occurrence of various traffic
violations, logistic regression analyses were conducted.
The values of each variable are defined in Tab.2. The da-
ta collected are imported into SPSS. Traffic violations
was set as the dependent variable, and the other variables
were chosen as factors in the model. According to the

principle of multinomial logistic regression, a category
was first selected as the reference category. Low-frequen-
cy traffic violations ( V10) was chosen as the reference
category in the multinomial logistic regression model of
traffic violations. The reference categories of each factor
were local vehicles, weekday, 19.00—23.59, road sec-
tion, and snowy. The main output results are shown in
Tab. 5.

Tab.5 Parameter estimates of the multinomial logistic regression model

Traffic Traffic Traffic
L Factors OR S Factors OR S Factors OR
violations® violations® violations®
Non-local vehicles  0.216 *** Non-local vehicles  0.284 *** Non-local vehicles — 0.244 ***
Weekend 0.806 *** Weekend 1.286""" Weekend 0.965
00:00—06:59 0.515*** 00:00—06:59 0.188 " 00:00—06:59 0.726 "
07.00—08:59 1.037 07.00—08 .59 0.197 *** 07.00—08 ;59 0.415**"
Use of an 09.00—11:59 0.928 09.00—11:59 0.672**" Violating 09.00—11:59 0.789 "
improper 12:00—16:59  1.537°+ || heedl 12:00—16:59  0.620*** | traffic 12:00—16:59  0.818"
oriented 17:00—18:59 3.156 "% [()a\ll‘l;)ng 17:00—18 .59 0.871 signals 17.00—18 .59 1.067
lane (V1) Intersection 2.305*** Intersection 0.387*** || (V3) Intersection 7 638.088 ***
Sunny 1.361" Sunny 0.816 Sunny 1.386*
Cloudy 1.410" Cloudy 1.028 Cloudy 1.312"
Light rain 1.395*° Light rain 1.158 Light rain 1.198
Moderate rain 0.968 Moderate rain 0.990 Moderate rain 1.021
Non-local vehicles — 0.320 *** Non-local vehicles — (.255*** Non-local vehicles  0.357 ***
Weekend 1.046 Weekend 1.001 Weekend 1.246 """
00:00—06 ;59 0.450*** 00:00—06 ;59 0.706 *** 00:00—06:59 1.001
07.00—08 ;59 1.099 07.00—08 ;59 0.217 *** 07.00—08 ;59 0.166 ***
Violating 09:00—11,59 1,833+~ || Driving 09:00—11:59 0,548 =+ || Speeding 09:00—11:59  0.799 "
traffic 12:00—16:59 2,063 || " M 12:00—16:59 0,527+ || ¥ 20% 12:00—16:59  0.530*"*
markings 17.00—18 ;59 1.356* re.vers.e 17.00—18 ;59 0.496 *** but less 17.00—18 ;59 0.275**"
(V4) Intersection 116.501 *** direction Intersection 0.937 than 50% Intersection 0.191 ***
: (V5) (V6) :
Sunny 1.375* Sunny 1.733*** Sunny 0.655*
Cloudy 1.330" Cloudy 1.676 *** Cloudy 0.891
Light rain 1.486 " Light rain 2.219 Light rain 0.718"
Moderate rain 1.474* Moderate rain 1.893 """ Moderate rain 0.637*
Non-local vehicles  (.239 *** Non-local vehicles  0.225*** Non-local vehicles 0.318 %"
Weekend 1.156 " Weekend 1.176 Weekend 1.768 ***
Spraying 00.00—06 ;59 00:00—06 ;59 5.930 " 00:00—06 ;59 0.006 ***
and pasting 07.00—08:59 1.115 07.00—08:59 90.361 *** o 07.00—08 :59 0.232"**
materials 09:00—11:59 9.280 *** || Failure to 09:00—11:59 232,173 **~ || Priving 09:00—11:59 0.764*
on the 12.00—16 ;59 3.860 """ || yield to 12.00—16:59  217.717 *** (\;Jrlltvhl(r)ll;t 12.00—16:59 0.460 ***
vehicle 17.00—18:59 0.744 pedestri- 17.00—18:59 31.724 " license 17.00—18:59 0.194 "~
number Intersection ans (V8) Intersection 0.186*** (V9) Intersection
plate Sunny 1.560 " Sunny 1.353 Sunny 0.992
(V7) Cloudy 1.155 Cloudy 1.312 Cloudy 1.238
Light rain 1.381°* Light rain 1.046 Light rain 0.900
Moderate rain 0.302 """ Moderate rain 1.022 Moderate rain 1.000

Note: * The reference category is V10. *p <0.05, *** p<0.001.

Odds ratio (OR) denotes the adjusted odds ratio for
each factor. By analyzing OR, the effects of different in-
fluencing factors on the likelihood of the occurrence of
various violations can be estimated.

Non-local vehicles (p <0.001, OR < 1) exhibit a low-
er risk of all traffic violations compared to local vehicles,
and V1 is less likely to occur on weekends (p <0.001,
OR =0.806) than on weekdays. An increased probability

of V1 is related to 17:00—18:59 (p <0.001, OR =
3.156) and intersection (p <0.001, OR =2.305). V1
behaviour is less likely to occur in snowy compared to
sunny (p <0.05, OR =1.361), cloudy (p <0.05, OR
=1.410), and light rain (p <0. 05, OR =1.395)
weather conditions.

The probability of V2 occurring at the weekend (p <
0.001, OR =1.286) is 1.286 times that in the weekday,
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and lower probabilities of V2 are exhibited at 00.00—
06:59 (p<0.001, OR =0.188), 07:00—08:59 (p <
0.001, OR =0.197), 09:00—11:59 (p <0.001, OR =
0.672), and 12:00—16:59 (p <0.001, OR =0.620)
than at 19.00—23.59. In addition, V2 is less likely to
occur at the intersection (p <0.001, OR =0.387) than
at the road section.

Vehicle attribution, time of day, and location of traffic
violations are found to be significantly associated with V3
and V4. The effect of vehicle attribution has been dis-
cussed above. The intersection exhibits a particularly high
risk of the occurrence of V3 and V4 compared to road
sections, and lower probabilities of V3 and V5 are exhibi-
ted at 00;00—16:59 than at 19;00—23:59. The periods
of 09:00—11:59 (p <0.001, OR =1.833), 12.00—
16:59 (p <0 .001, OR =2.063), and 17.:00—18.59
(p<0.05, OR =1.356) contribute significantly to the
occurrence of V4. In addition, V3, V4, and V5 are less
likely to occur in snowy weather.

Among the factors of day of week, results show that
higher risks of V6 (p <0.001, OR =1.246), V7 (p<
0.05, OR=1.156), V8 (p<0.05, OR=1.176), and
V9 (p<0.001, OR =1.768) are more likely to be asso-
ciated with weekends. In addition, an increased risk of
V6 is associated with snowy weather. Sunny (p <0.05,
OR =1.560) and light rain (p <0.05, OR =1.381)
contribute significantly to the occurrence of V7.

V6 is less likely to occur at 07:00—08:59 (p <
0.001, OR =0.166), 09:00—11:59 (p <0.05, OR =
0.799), 12:00—16:59 (p <0.001, OR =0.530), and
17:00—18:59 (p < 0. 001, OR = 0. 275) than at
19.00—23.59. Conversely, V7 is more likely to occur at
09:00—11:59 (p <0.001, OR =9. 280 and 12.00—
16:59 (p <0.001, OR =3.860). In addition, the higher
probabilities of V8 are exhibited at 00:00—06:59 (p <
0.05, OR =5.930), 07.00—08:59 (p <0.001, OR =
90.361), 09.00—11:59 (p <0.001, OR =232.173),
12:00—16:59 (p < 0. 001, OR = 217. 717), and
17:00—18:59 (p < 0. 001, OR = 31. 724) than at
19:00—23.59, which is contrary to the probability of
V9.

Considering the location of traffic violations, the inter-
section is found to have lower risks of V6 (p <0.001,
OR =0.191) and V8 (p <0.001, OR=0.186).

3 Discussions

3.1 Effects of vehicle attribution

Consistent with the conclusions of previous stud-
ies!"?’ | local vehicles are more likely to become in-
volved in various traffic violations. In particular, com-
pared to non-local vehicles, local vehicles are more likely
to commit red-light-running''®*’ and driving in inaccu-

rately oriented lanes"'* . This may be attributed to the fact

that non-local drivers are not familiar with the local traffic
environment and are more cautious when driving, resul-
ting in fewer traffic violations, while local drivers may
appear more casual while driving in familiar conditions.
Therefore, it is necessary to carry out effective safety
publicity and training for drivers of local vehicles to im-
prove their attention to traffic safety.

3.2 Effects of the day of week

It is noteworthy that illegal parking is more likely to
occur on the weekend. However, Wang et al. '*’ conclu-
ded that illegal stopping was less common on weekends
than on weekdays. This may be attributed to our different
This paper considered all vehicles,
while Wang et al. "' only investigated buses. As of De-
cember 2015, the number of motor vehicles in Shangyu
had reached 193 000. The contradiction between the situ-
ation of the high-speed growth of motorization and re-
Most of the
traveling done on weekdays is commuting, for which
some motorists may choose public or shared transporta-
tion. In comparison, the travel purpose of travelers on the
weekend is more for leisure, so cars are chosen by urban

research objects.

sources is becoming increasingly serious.

residents because of the advantages of high speed, high
comfort, and flexibility. Therefore, the demand for park-
ing is likely to increase on weekends. Furthermore,
buildings at worksites are often equipped with complete
parking facilities, but on weekends more travelers go to
public places, thus highlighting the problem of large gaps
in public parking spaces, which lead to more instances of
illegal parking. Koohpayma et al. ) also concluded that
the number of vehicle parking violations is directly related
to points of interest. Therefore, it is necessary to diversi-
fy investments in the construction of public parking lots
and standardize the parking space allocation indicators for
various types of land.

Unlike the results of a previous study’’, the higher
likelihood of the occurrence of speeding by 20% but less
than 50% was observed on weekends in the present stud-
y. Such inconsistency may be attributed to the fact that
the previous literature studied the influencing factors of
traffic violations based on incident case data. Some traffic
violations cause incidents, whereas others do not. The
higher probabilities of speeding by 20% but less than
50% can be explained by the fact that the driving purpose
for leisure is associated with a higher speeding risk com-
pared to the driving purpose for commuting'”".

3.3 Effects of time of day

Time of day is also identified as a significant factor as-
sociated with traffic violations. Illegal parking is more
likely to take place at night (19.00—23:59). Drivers
are inclined to park illegally when their dwell time is
short”"". The early morning (00:00—06:59) is still part
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of bedtime, and 09.00—16:59 is devoted to working
hours, which lead to longer parking times during these
periods. During the morning rush hour ( 07: 00—
08:59), more drivers are on their way to work and fewer
parking behaviors occur. The period of 19:00—23.59 is
off-work time, so there may be greater demand for tem-
porary parking, which leads to more illegal parking.

The probabilities of violating traffic signals and driving
in the reverse direction are observed to be higher in the
evening (19:00—23.59). This is consistent with previ-
10241 " which concluded that red-light-running
was more likely to happen in the evening ( 18.00—
23:59) than in the morning (06:00—11:59). When it
is in the evening (19:00—23:59), the probabilities of
driving in the reverse direction increase, which is in ac-
cordance with a previous conclusion''®’. The higher prob-
abilities of the occurrence of violating traffic signals and

ous studies

driving in the reverse direction may be due to bad visibili-
ty in the evening. Therefore, on the one hand, it is nec-
essary to improve the lighting conditions; on the other
hand, the setting of signal lights and pavement markings
should be standardized. Drivers can better see the signal
lights and traffic markings, thus reducing the rate of traf-
fic violations. Certainly, the drivers’ intentional behav-
iors should not be ruled out, and these should be solved
by strengthening the traffic safety education for drivers.
Furthermore, a higher probability of speeding by 20%
but less than 50% is related to 19:00—23:59. There is
no significant difference between the probabilities of traf-
fic violations at 00:00—06:59 and at 19.00—23:59.
The traffic volumes in these two periods are lower than
those in the other four periods, which may result in high-
er average vehicle speed at 00:00—06:59 and 19.00—
23.59. It is possible that police enforcement intensity at
dawn and at night is lower than that during the day due to
poor visibility; thus, drivers are likely to rely only on
their luck, resulting in more traffic violations mentioned
above. Thus, the improvement of lighting conditions and
enforcement intensity may be helpful in reducing the a-

bove traffic violations™’.

[32

Interval-based speed enforce-
ment systems  , social media campaigns, advocacy for
legislative change, and law enforcement training> are
also effective in reducing the percentage of speeding.

In addition, 09:00—11:59, 12.00—16: 59, and
17.00—18 .59 are periods of higher rates of violating
traffic markings. The risk of failure to yield to pedestrians
is especially high during working hours (09.00—11 .59
and 12:00—16:59 ), with OR =232. 173 and OR =
217.717, respectively. The probabilities of traffic viola-
tions in the morning rush hour (07.00—08:59, OR =
90.361) and evening rush hour (17.00—18.:59, OR =
31.724) are also higher than at night time (19:00—
23:59). This may be attributed to the fact that there is a
greater volume of pedestrian flow during the daytime. In

order to create a good walking environment for pedestri-
ans, it is necessary to impose heavier punishment on driv-
ers who do not yield to pedestrians. Briefly speaking,
targeted traffic intervention measures can be proposed for
significant traffic violations with a higher probability of
occurrence in different periods.

3.4 Effects of the locations of traffic violations

The risks of use of an improper oriented lane, violating
traffic signals, and violating traffic markings at the inter-
section are much higher than at the road section. Previous
studies have also shown that these traffic violations are
common behaviors at the intersection''®***"*'  This
may be related to the fact that most of the oriented lanes,
traffic signals, and traffic markings are placed at the in-
tersection. In view of these common traffic violations at
intersections, it is necessary to standardize the setting of
traffic signs and markings, improve lighting conditions,
reasonably regulate signal timing at signalized intersec-
tions, or take
Strengthening the traffic safety education for drivers is al-
so of great importance.

The road section is more likely to be involved in illegal

reasonable channelization measures.

parking , speeding by 20% but less than 50% , and failure
to yield to pedestrians. On account of the high-speed
growth of motorization, cities frequently permit parking
or temporary parking at road sections without heavy traf-
fic. Curb parking influences road capacity and has ad-
verse influences on the operation safety of dynamic traf-
) Moreover, curb parking violations directly cause
traffic congestions and interrupt the normal flow of cars
on the roads ™. There is also a large gap in public park-
ing spaces in Shangyu, and the supply and demand for
equipped parking spaces are uneven.

In addition, the parking fees in Shangyu are lower
compared to cities with the same development scale. In
addition to the consideration of the nature of land use,
parking requirements should also be modified according to
the specific conditions of the area to formulate more accu-
rate and flexible parking space allocation standards. Mo-

fic

reover, we should give full play to the role of economic
leverage, increase the charging standards for on-street
parking, and raise the penalties for illegal parking. As for
the two violations of speeding by 20% but less than 50%
and failure to yield to pedestrians, slowing down before
entering the intersection and yielding to pedestrians at the
intersection may be normal for drivers, while they could
be ignored by drivers at the road section. Therefore, the
adjustment of the traffic monitoring system and police en-
forcement plan is necessary to overcome specific viola-
tions that require varying interventions at different loca-
tions. Strengthening traffic safety education for drivers
can also help reduce these traffic violations.
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3.5 Effects of weather

The weather has been found to significantly impact the
likelihood of the occurrences of the following violations :
use of an improper oriented lane, violating traffic signals,
violating traffic markings, driving in the reverse direc-
tion, and speeding by 20% but less than 50% . Drivers
are more likely to violate traffic signals on sunny and
cloudy days. Although the p value of rainy days is not
significant at the significance level of 95% , the probabili-
ty of violating traffic signals is larger on rainy days than
on snowy days.
traffic markings on snowy days is smaller than those un-
der the four other weather conditions. This may be attrib-
uted to the fact that sunlight on sunny and cloudy days re-
duces the visibility of the traffic signal and traffic mark-
ings. The rain can also obstruct the driver’s view of the

Similarly, the probability of violating

traffic signal and markings. Relevant departments should
thus improve the design of traffic signals and markings
based on the drivers’ cognitive characteristics of informa-
tion.

Meanwhile, compared with other weather conditions,
the probability of speeding on snowy days increases,
which is in accordance with the conclusions of existing
7% " indicating that bad weather significantly in-
creases traffic violations. Road skidding can be caused by
snowy days, which can lead to unfavorable factors for
driving and braking. In turn, these can lead to speeding
and even traffic accidents. Therefore, in order to reduce

studies’

related traffic violations under severe weather conditions,
the traffic management department should set up relevant
slogans or variable signs to remind drivers to be careful of
slippery roads. Relevant departments should also clear the
roads in a timely manner during snowy weather.

4 Conclusions

1) Local vehicles are more likely to be involved in va-
rious traffic violations. Illegal parking and speeding by
20% but less than 50% are more likely to occur on the
weekend.

2) Illegal parking, violating traffic markings, driving
in the reverse direction, and speeding by 20% but less
than 50% frequently occurred at 19 :00—23:59. The peri-
ods within 09 ;00—18 ;59 show higher probabilities of vi-
olating traffic markings, whereas the periods within 09 .
00—16:59 show higher rates of failure to yield to pedes-
trians.

3) The risks of use of an improper oriented lane, vio-
lating traffic signals, and violating traffic markings at the
intersection are much higher, and road section is more
likely to be involved in illegal parking, speeding by 20%
but less than 50% , and failure to yield to pedestrians.

4) The probability of speeding in snowy weather is
higher, while the probabilities of violating traffic signals

and violating traffic markings are higher in other weather
conditions.

5) Some targeted traffic intervention measures have
been proposed to resolve significant traffic violations with
higher probabilities of occurrence in different situations.
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