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What factors impact injury severity of
vehicle to electric bike crashes in
China?
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Abstract
In place of pedestrians and bikes, crashes involving electric bikes have become a large portion of crashes in China in
these years. Crash data from Beijing, China, from the year 2009 to 2015 are used to identify how the factors impact
injury severity of vehicle to electric bike crashes. A total of 150 crash samples are collected in order to investigate the
influence of human, vehicle, road, and environment characteristics on injury severity. For that reason, a binary logistic
model is established to analyze the significance of main contributing factors of crashes. This article describes the sample
data, which includes time of incident, road users’ age and gender, crash patterns, and characteristics of road and environ-
ment. The results of descriptive statistics reveal that older riders and younger drivers are more likely to be involved in
fatal crashes; the crashes have much higher frequency in motor vehicle roads, in suburban area, and in roads with higher
speed limitation. The logistic regression model shows that older riders (age . 25) and electric bike turning increased the
injury severity. On the contrary, the off-peak hour and the older driver (age . 25) of vehicle reduced the likelihood of
fatal crash. These findings are hopeful to react on related research for accident prevention and injury reduction.
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Introduction

The safety of vulnerable road users (VRUs for short,
for example, riders, pedestrians) is going to face chal-
lenges in the coming years. Another category of VRU
is the electric bike rider. An electric bike (e-bike and
EB for short) has a top speed of 20 km/h, a maximum
weight of 40 kg, and a maximum power of 240W and
is classified as non-motorized vehicle by the traffic
safety laws in China. These vehicles therefore can travel
in bike lanes with no license, insurance, and helmet use
required for e-bike riders.

As the capital and one of the largest cities in China,
Beijing has a population of over 17million and about
10million bikes and over 0.7million e-bikes in 2010.1

In recent years, in China, the use of e-bike has grown

tremendously as it can save money, energy, and ride
people fast and conveniently. E-bikes were first intro-
duced in 1984 and were estimated to exceed 120million
nationally in 2010.1 This number is also expected to
continue to grow. However, traffic safety for e-bike
riders has become a big issue due to the increasing
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number of related crashes and injuries. Crashes involv-
ing e-bike have exceeded that with manual bike, pedes-
trian, and other VRUs. To date, the issues related to
e-bikes in China also have been concerned by the inter-
national research circles.2,3 Many studies focus on the
use characteristics and reasons for rapid growth of
e-bike users in China. Consequently, it is of significance
for Chinese researchers to carry out the studies on this
crash type.

Some past papers focused on the severity of crash
involving bikes. The results of a research on crashes
involving bicyclist in the United States suggested that
there were higher fatality risks for males, bicyclists over
the age of 44 and bicyclists who ride after dark.4 Based
on police-reported crash data between 1997 and 2002
from North Carolina, USA, the bicyclist injury severi-
ties in bike-motor vehicle crashes are analyzed. The
results show several factors which double the likelihood
of a bicyclist suffering a fatal injury in a crash, for
example, vehicle speeds above 48.3 km/h and bicyclist
age 55 or over.5

Since the issue of e-bikes became increasingly seri-
ous, the relevant studies have been increased in the past
10 years. Cherry and Cervero3 surveyed e-bike usage in
two large cities, Kunming and Shanghai. They found
that e-bike users travel considerably more than bike
users and most e-bike users would travel by bus if
e-bikes were unavailable. Feng et al.6 analyzed the data
of e-bike-related injuries in Hangzhou from 2004 to
2008. The results show that there was a significant
average annual increase in e-bike-related casualty rates
of 2.7 per 100,000 populations. In 2013, Du et al.7 col-
lected data on road riding practices among e-bikers.
This study demonstrated common road rule violations
and low helmet use among e-bikers, for example, carry-
ing passengers, riding in a motor-vehicle lane, running
red lights, riding in opposite directions, and mobile
phone use. Also, Du et al.8 collected information for
hospitalized users of e-bikes involved in road crashes
from hospital records in another outstanding tourist
city, Suzhou, China. They found that hospitalized
e-bike users’ injuries accounted for 57.2% of road traf-
fic hospitalization over the 6-month study period. And
future injury prevention initiatives should include
encouraging helmet use among e-bikers. In Hefei, the
capital of Anhui province, the data from 205 cases were
investigated to explore the related factors of injuries
caused by e-bike and bicycle crashes, which showed
that injury severity was the most commonly suffered
within the vehicle type.9

Not only in China but also in some European coun-
tries, e-bike crashes have been taken into account. In
Netherlands, Schepers et al.10 used logistic analysis to
compare the risk of crashes with electric and classical
bikes. The results suggested that e-bike users were more
likely to be involved in a crash. In Switzerland, Weber

et al.11 analyzed police-recorded crashes involving
e-bikers. They compared the figures of rural and urban
environment and found that most e-bikers sustained
single crashes and that helmet usage was higher in the
rural environment than in the urban area. In Denmark,
the data from a survey of 685 e-bike users is used to
examine the factors related to e-bike safety. It was
demonstrated that riding style and e-bike attitude
played a crucial role in both perceived safety and invol-
vement in safety critical incidents.12

The above studies lack the in-depth analysis on the
contributing factors and severity of e-bike related
crashes. The main purpose of this article is to obtain
the characteristics and contributing factors of passen-
ger vehicle–e-bike crashes (‘‘crash’’ or ‘‘crashes’’ for
short in this article). Based on the survey and in-depth
data analysis of traffic crashes, 150 serious crash cases
involving collisions between passenger vehicle and
e-bikes in Beijing from 2009 to 2015 are collected.
Then, the descriptive statistics of the crash data are car-
ried out, and the variables of human, vehicle, road,
environment, and their correlations with injury severity
are investigated. The conclusions may provide useful
reference for the related research of traffic safety and
crash prevention.

Methodology

Crash data

In China, a crash is defined as ‘‘serious’’ when it
involves at least injured occupant. Only in these situa-
tions will an officer file a report. These crashes can be
separated into fatal and non-fatal crashes. The use of
safety equipment (e.g. helmets) is not mandatory in
China either for bicyclists or e-bike riders. However,
this can be problematic as studies show that the lack of
safety gear is associated with an increased likelihood of
a serious injury.13

According to the data issued by Traffic Management
Bureau of the Ministry of Public Security of China, in
2015, the number of serious crashes (causing casualties)
involving pedestrian, bicyclist, and e-bike riders are
2075, 1369, and 11,233, respectively, which take up
1.11%, 0.73%, and 5.98% in total crashes of China.14

Figure 1 represents the trend of crash frequency, fatal-
ities, and non-fatal injuries caused by e-bike, bicycle,
and pedestrian from 2004 to 2015, respectively. In
recent years, the proportion of crashes involving pedes-
trians or bicycles keep in low level, but the crashes
involving e-bike riders are gradually increasing into a
large quantity.

To examine the characteristics of total samples and
the similarities and differences among the three crash
types, an in-depth database of passenger vehicle to
VRU crashes was developed and used.15
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The crash samples in this study are selected from
the real-world crash cases analyzed by Tsinghua
University for the Bureau of Public Traffic Security
Administration in recent years. The 150 serious vehicle
to e-bike crash samples in Beijing from 2009 to 2015,
which involved passenger vehicles and caused casualties
of e-bike riders, are surveyed and the related data are
collected in detail. The samples can be regarded to be
randomly selected from all the accidents occurred dur-
ing this period. The main data are from the police on-
site records on the crashes, and our observation and
detection on the vehicles involved in crashes. Then, the
database can provide basic data material for the fol-
lowing research.

Candidate variables

The data source is developed and various data from
crashes will be integrated and applied to provide the
valuable information for the in-depth crash analysis.
To date, the in-depth data resource contains 150
crashes involving e-bikes and vehicle. The database
consists of time, vehicle, driver, rider, road, and envi-
ronment information, described by 15 variables with
two typical categories for each crash (Table 1).

The main data were obtained from the police records
on the crashes and our detections on the vehicles
involved in crashes. Then, the database could provide
basic data material for the following research.

Statistical methods

In this article, Excel and R software are the tools for
storage and statistics on the data. The descriptive statis-
tics and relativity analysis will be carried out. A binary
logistic model will then be used with the corresponding
driver, vehicle, VRU, and environmental factors

observed from the crash data to identify factors that
contribute to the likelihood of a crash severity from a
7-year perspective.

A binary logistic model is used to seek the relation-
ship between dichotomous dependent variable and
independent variables. In this study, the dependent
variable, the injury severity of the VRU, is divided into
two categories: non-fatal injured, which is coded as 0,
and fatalities coded as 1. Therefore, each one of the
150 cases in the dataset is a record of the severity level
sustained by each e-bike rider involved in the crash.
And a single crash would correspond to various obser-
vations that are equal to the number of all injured per-
sons involved in the crash.

Based on the data source and statistical method, the
characteristics and differences of the crashes can be
examined.

Results

Based on the 150 in-depth crash cases, the information
of vehicle, driver, e-bike rider, road, and environment
are investigated. According to the research objectives
and the actual cases, a certain number of variables are
chosen to be samples for the statistics and then the spe-
cialties of these crashes and the corresponding relation
with injury severity can be analyzed.

Basic information of crashes

Table 2 shows that there are 33 fatal crash cases in the
data source, which take up 22% of the total number.
Male riders involved in crashes have 94 cases, which
account for 63%. In 36 cases, the e-bikes carry passen-
gers on the back seats. The mortality for the rider of
e-bike is 0.22, while it is only 0.056 for the passengers

Figure 1. Frequency of three crash types.
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of e-bikes. Comparing with the passengers of e-bike,
the riders face higher fatalities.

Time and date of crash

The time of crash occurrence is accumulated by hour
of day, as shown in Figure 2, which appears as peaks in
different time periods. The highest peaks exist between
7:00 and 7:59, which represents the rush hour in the
morning. 14:00–14:59 and 18:00–19:59 are the second
highest peaks existing in the afternoon and evening. In
total, most of the crashes occur from 6:00 to 24:00
(morning to midnight) and few crashes happen from
0:00 to 5:59 (midnight to morning). On the whole, we
can see the mortality at night is higher than in the day
time.

Figure 3 illustrates the incident count by different
day of a week. As can be seen in the figure, Wednesday
takes the largest number of incidents relatively. Maybe
it has something to do with that it is the middle of
weekdays, the busiest day for most people as well as
for the traffic. The least value appears on Saturday, the
first day of people’s weekend. For the rest days in a
week, they basically share the similar count.

Information of e-bike incidents in every month is
indicated in Figure 4. The trend of the frequency chang-
ing with the month is apparent. The count increases
with month from January to June and reaches a high
level which will last for about 5months to October, and
then the count will decrease. The reason behind may lay
in the factors related to weather. Compared with cold
weather, e-bike owners more like using them in warm

Table 1. List of main variables related to crashes.

Variable Categories Value Fatal (n = 33) Non-fatal (n = 117)

Time of day Day (7:00–19:00) 0 23 (70%) 74 (63%)
Night (19:00–7:00) 1 10 (30%) 43 (37%)

Rush hour Rush hour (7–9, 17–20) 0 17 (51%) 32 (27%)
Off-peak hour 1 16 (49%) 85 (73%)

Day of week Weekday 0 25 (76%) 89 (76%)
Weekend/holiday 1 8 (24%) 28 (24%)

Weather Good 0 28 (85%) 105 (90%)
Adverse 1 5 (15%) 12 (10%)

Area Urban 0 12 (36%) 44 (38%)
Suburban 1 21 (64%) 73 (62%)

Road position Intersection 0 22 (67%) 67 (57%)
Road section 1 11 (33%) 50 (43%)

Lane type Others 0 4 (12%) 19 (16%)
Motor-vehicle lane 1 29 (88%) 98 (84%)

Vehicle type Mini-bus/light bus 0 10 (30%) 34 (29%)
Passenger car 1 23 (70%) 83 (71%)

Motion of vehicle Run straight 0 29 (86%) 93 (80%)
Turn 1 4 (14%) 24 (20%)

Age of drivers <25 0 10 (30%) 17 (15%)
25+ 1 23 (70%) 100 (85%)

Gender of drivers Male 0 32 (97%) 110 (94%)
Female 1 1 (3%) 7 (6%)

Age of riders <25 0 1 (3%) 19 (16%)
25+ 1 32 (97%) 98 (84%)

Gender of riders Male 0 23 (70%) 71 (61%)
Female 1 10 (30%) 46 (39%)

Riders from Beijing 0 18 (55%) 57 (49%)
Other provinces 1 15 (45%) 60 (51%)

Motion of e-bike Go straight 0 20 (60.6%) 91 (77.8%)
Turn 1 13 (39.4%) 26 (22.2%)

Table 2. Summary statistics of crashes.

Crash type Non-fatal Fatal Total Mortality

Riders of e-bikes Male 71 23 94 0.245
Female 46 10 56 0.179

Total 117 33 150 0.22
Passengers of e-bikes 34 2 36 0.056
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or hot days in summer because riding e-bikes in cold
winter of Beijing usually means suffering from bitter
cold, violent wind, and dirty air. That is not

comfortable or convenient for riders. The mortality in
different months has no significant characteristics.

Vehicles

There are 39 kinds of brands appearing in the crash,
such as Beijing Hyundai (15%), Chang An (7%),
Volkswagen Santana (6%), and so on. Over 60 manu-
facturers made these cars in China. It was found that
the vehicles made by joint venture take a large propor-
tion and many local firms appear. Rush hours were
also taken into consideration. On the basis of the regu-
lations from Beijing Traffic Management Bureau, pas-
senger vehicles from other provinces are not allowed to
travel within the fifth ring road from 7:00 to 9:00 AM
and 17:00 to 20:00 PM. This can be considered as rush
hours in this study. The results showed that 22 (17%)
crashes happened in rush hours which accounted for
21% of all 24 h. The models of cars include four types,
such as passenger car (70%), minibus and light bus
(26%), and the rest 4% (Table 3). Passenger car is the
most common vehicle so that its frequency has larger
percentage. It is worth mentioning that the minibus
and light bus take a considerable proportion. In China,
there are a great number of minibuses and the drivers
of minibuses lack the awareness of safe driving, as it is
observed that a number of them do not comply with
the traffic rules.

Figure 5 illustrates six impact scenarios between
vehicles and demonstrates the traveling direction of
vehicles before collision. Scenario A has the most

Figure 2. Time of crash (n = 150).

Figure 3. Incident count by day of week (n = 150).

Figure 4. Incident count by month (n = 150).

Yuan et al. 5



frequency (67 cases, about 45%) which causes vertical
side crash, followed by scenario D (35 cases, about
23%) which shows that e-bike is turning. Scenario F
only has four cases, which represents that both vehicle
and e-bike make turn at the same time.

For the directions of causing-traffic-trouble vehicle,
the largest proportion (122, 81%) is straight traveling
on the road. However, turning of vehicle at intersection
is only occupying 19%. It is obvious that vehicle’s
straight traveling on the road has higher frequency and
severity while encountering with e-bike.

Drivers of vehicles

In 150 crash cases, 142 vehicle drivers (95%) of the
total are males, and only 8 drivers are females. No
drivers have the records of alcohol impairment. The
driver’s age range from 18 to 69 years, and their mean
age is 36.8 years while the median is 35 years. In the
33 fatal cases, the drivers’ mean age is 32.1 years and
the median is 31 years. Younger drivers are more likely
to be involved in fatal crashes. Considering the drivers’

emergency braking response, through the detection of
the tire trace on crash site, 102 drivers of vehicles have
the braking behavior before crash.

E-bike and riders

For e-bikes, there are over 30 kinds of brands involved
in crashes, which mainly include two basic types: with
pedals and without pedals. As shown in Figure 6, the
former type is similar to a common bicycle and the lat-
ter one seems like a motor cycle.

In 150 crash cases, no riders wear helmets. A total
of 111 e-bikes went straight while 39 e-bikes made a
turn. In total, 75 of total e-bike riders reside in Beijing
and 75 of total are from other provinces or municipali-
ties, thus they are equal in quantity. Figure 7 illustrates
fatal e-bike rider’s number by age. It can be seen that
the largest age ranges of fatalities are 40–59 years old.
50–59 years old has the highest mortality, which is
over 30%.

Table 4 gives the details of riders’ ages and compares
ages for non-fatal and fatal crashes in the samples. The

Table 3. Vehicle type and severity.

Vehicle type Fatal Non-fatal Total Proportion (%)

Passenger car 23 82 105 70
Mini/light bus 10 30 40 26
Sports utility vehicle 0 5 5 4
Total 33 117 150 100

Figure 5. Impact scenario between vehicles.
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mean age of fatal riders is higher than the injured ones,
with the difference of 5.5 years old.

Road and environment

Concerning the crash site, 59% of crashes occur at the
intersection. The types of road lanes where crashes
occurred include motor-vehicle lane, bike lane, and
mixed lane. The largest proportion (85%) is at the
motor-vehicle lanes.

In 150 crash cases, most of crashes occur in dry and
flat road surface, only 2 crashes occurred in wet or
water-gathered road surface. All the 150 cases take
place on the asphalt road surface. As for the geographi-
cal position of crashes, 56 crashes occur in urban area
(including 6 districts) and 94 occur in suburban area
(including 10 districts).

In regard to the speed limitation for roads, limitation
under 50 km/h takes up 33%, while speed limitation of
50–80 km/h has a portion of 77%, which illustrates that
there is a much higher likelihood for the e-bike crashes
to happen in roads with a high speed limitation.

In terms of the weather conditions, when the crashes
occur, the proportion for sunny days is 81% (121 of
150), and it is 8% (12 of 150) for cloudy days and 11%
(17 of 150) for rainy or snowy days.

Crash severity model

A binary logistic model is developed to predict the like-
lihood of a VRU crash being injurious or fatal. The
resulting regression model is presented in Table 5. It
shows that older rider (age. 25) increased the likeli-
hood of an EB crash being fatal by 9.313-fold. And
when EB turns, the likelihood for severe injury of the
crash is also increased by 2.695-fold. But compared
with rush hour and younger driver (age. 25), off-peak
hour and older drivers (age. 25) reduced the likeli-
hood for severe injury of EB crash. When the crash
occurs at motor-vehicle lane, the severity of crash will
increase by over threefold, but the likelihood is not
very significant. No other explanatory variables are
observed as remarkable.

Discussion

The 150 crash cases involving passenger vehicle and
e-bikes in Beijing are analyzed to examine the

Figure 6. Main types of e-bikes.
Image source: image.baidu.com

Figure 7. Age range versus fatalities of e-bike riders.

Table 4. Rider’s age versus severity by crash types.

Crash type Mean Median Maximum Minimum SD

Fatal 47.2 47 71 22 10.7
Non-fatal 41.7 43 80 6 14.6

SD: standard deviation.
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characteristics and severity of crashes. The details are
summarized and discussed as follows.

Concerning the occurring date and time, most of
crashes occurred from morning to midnight in a day.
There is a noticeable peak appearing at the rush hour
(7:00–7:59 AM). The high frequency of crashes in
morning peak results from the exposure of more vehi-
cles and e-bikes than other time. The mortality at night
is higher than in the day time, which is similar to the
result of a research on crashes involving bicyclist in the
United States.4 Wednesday has the largest number of
crashes and the least frequency appears on Saturday.
Mid-weekday is a busy day for lots of drivers and
riders in this city. More crashes take place in the warm
seasons in Beijing area (from May to October).

Due to the huge amount, passenger car is the most
common vehicle type involving the crashes. Vehicle’s
straight traveling on the road has higher frequency and
severity. 95% vehicle drivers are males and younger
drivers are more likely to be involved in fatal crashes.
Considering the vehicles’ tire traces on the scenes, 102
drivers of vehicles took the braking measures before
crash.

In total crash cases, 111 e-bikes go straight while 39
make turn. The largest age ranges of fatalities are 40–
59 years old and 50–59 years old with over 30% propor-
tion has the highest mortality. This result is quite simi-
lar to the results of existing researches on bicycles.4,5,9

Concerning the crash site, 59% crashes occur at the
intersection. The largest proportion (85%) of the types
of road lanes is at the motor-vehicle lanes, which repre-
sents most of the EB rider has illegal action, in accor-
dance with some research findings by Chinese
researchers.8 A total of 94 crashes (63%) occur in sub-
urban area (e.g. Shunyi district and Daxing district)

and 56 (37%) occur in urban area (e.g. downtown of
the city, like Chaoyang district and Haidian district).
The concerned crashes have much higher frequency in
roads with a higher speed limitation.

The binary logistic model shows that older rider (age
. 25) increased the injury severity by more than nine-
fold. And EB turning also increased the likelihood for
severe injury of EB riders. However, in comparison
with rush hour and younger driver (age. 25), off-peak
hour and older driver reduced the likelihood for severe
injury of EB rider. Older e-bike riders are at higher risk
of sustaining severe injuries than younger e-bikers,
which accord with the finding of a recent research in
Switzerland.11 Other findings are characteristic and at
present there are no similar research results.

Based on these real crash cases, some issues around
the safety of e-bikes are pointed out. The most common
scenario of the crashes between vehicles and e-bikes with
the highest mortality is the vertical side impact at inter-
section, that is, vehicle’s front colliding an e-bike’s side.
Both vehicle drivers and e-bike riders should pay extra
attention to this location and watch out for each other.

The result reflects some common road rule violations
among e-bike riders, for example, riding in motor-
vehicle lane, riding in opposite direction, making turn
at will, and carrying passengers. Actually, as a small
and light electric vehicle, e-bike has low noise and
accordingly it cannot be easily noticed and avoided by
other drivers and road users. Without helmet but with
higher speed, most e-bike riders tend to be injured seri-
ously when involved in crashes. Therefore, e-bike riders
are risky and dangerous in the road traffic system in
this city.

From these results, some relevant safety counter-
measures could be considered and executed to reduce

Table 5. Parameter estimates for likelihood of more severe crashes.

Variable Estimate SE z value p value OR 95% CI

Intercept 22.5134 1.3769 21.825 0.0679 / /
Night time 20.1076 0.4933 20.216 0.8288 0.899 (21.097, 0.855)
Off-peak hour 20.9866 0.4726 22.088 0.0368 0.373 (21.930, 20.064)
Weekend/holiday 20.3152 0.5471 20.576 0.5645 0.730 (21.447, 0.720)
Adverse weather 0.6457 0.6937 0.931 0.3519 1.907 (20.769, 1.991)
Suburban area 20.5755 0.5236 21.099 0.2717 0.562 (21.622, 0.451)
Road section 20.3711 0.4947 20.750 0.4531 0.690 (21.374, 0.584)
Motor-vehicle lane 1.1834 0.7239 1.635 0.1021 3.266 (20.148, 2.733)
Passenger car 20.3356 0.5384 20.623 0.5331 0.715 (21.390, 0.740)
Vehicle turning 20.7682 0.6746 21.139 0.2548 0.464 (22.224, 0.470)
Driver’s age 25+ 20.9381 0.5301 21.770 0.0767 0.391 (21.979, 0.118)
Female driver 21.3297 1.2309 21.080 0.2800 0.265 (24.442, 0.785)
Rider’s age 25+ 2.2314 1.0866 2.054 0.0400 9.313 (0.490, 5.182)
Female rider 20.1912 0.4961 20.385 0.6999 0.826 (21.188, 0.774)
Rider from other cities 0.4257 0.4738 0.898 0.3690 1.531 (20.500, 1.372)
EB turning 0.9916 0.5268 1.882 0.0598 2.695 (20.037, 2.045)

SE: standard error; OR: odds ratio; CI: confidence interval; /: not applicable; EB: e-bike.

Number of observations = 150; null deviance = 158.07; residual deviance = 132.40; Akaike information criterion = 164.4.
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the injury of EB rider. EB riders should obey the traffic
law and pay attention safely while turning, especially
for the older riders and in rush hour. Relevant policy
and solution of traffic management should focus on the
above situations. More instruction and suggestions on
traffic safety should be presented in related education,
training, and propaganda for both drivers and riders.
In the mean time, effective road interventions
(e.g. separation between motor vehicle and e-bike) and
protective measures for riders (e.g. helmet) are needed
to reduce injuries of e-bike riders. Injury reduction
countermeasures should be highlighted to encourage
and promote helmet use for vast e-bike riders in
China.6,8,9

Due to the limited data, some important varieties,
for example, the speed of vehicle and the in-depth injury
data of riders, are not included in the statistics and
analysis. To develop measures to maximize the health
benefits and minimize the risk of EB use, more in-depth
research is needed, which should include a larger sam-
ple size and additional medical information such as
injury severity score, injured body part, and length of
hospitalization.10 In future, more samples will be inves-
tigated and more valuable information will be collected
and added, and accordingly further useful findings will
be obtained.

Conclusion

In conclusion, the results of this article demonstrate a
statistics analysis to provide an overview of the data
from 150 passenger vehicles to e-bike crashes in Beijing,
China. The results reveal some characteristics in occur-
rence time, vehicle type, drivers’ behavior, rider’ s age,
traveling direction of e-bike, and the corresponding
relation with injury severity of rider. The important
conclusions are summarized as follows.

Most of the crashes occur from morning to midnight
in a day and there is a remarkable peak appearing at
7:00–7:59 AM. The mortality of riders at night is higher
than in the day time. Vehicle’s straight traveling on the
road has higher frequency and severity. Younger riders
tend to suffer fatal crashes. Most of the vehicles have
the braking traces on the scene before crash.

Suburban area, intersection, and motor-vehicle lanes
are all the crash-prone locations for e-bikes. The
crashes have much higher frequency in roads with a
higher speed limitation. Therefore, road design should
be improved to separate VRU from motor vehicles
through adding guardrails between motorway and
bicycle lanes.9

The logistic regression model reveals that older age
(25+ ) and e-bike turning increased the injury severity
of e-bike riders. On the contrary, the off-peak hour and
the older driver (25+ ) of vehicle reduced the likelihood

of crash to be fatal. The issues regarding e-bike turning
at will and older riders’ safety should be further consid-
ered and addressed. Some useful results are hopeful to
react on the related research and developing work of
traffic safety. And some effective methods of manage-
ment and education for e-bike riders, for example, using
helmet, obeying rules, training driving behavior, and
enhancing safety consciousness, should be advanced in
China.
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