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Abstract

Objective—The objective of this study is to describe and analyse the prevalence of speeding, 

helmet use and red-light running among riders of non-motorised vehicles (NMVs) in Shanghai, 

China, with a focus on electric bikes (ebikes).

Methods—Observational studies were conducted in eight randomly selected locations in 

Shanghai. Descriptive statistics and a Cox proportional hazard (PH) model were used in the 

analyses.

Findings—A total of 14 828 NMVs were observed in November 2017. At the free flow sites, 

the average speed was 22.5 km/hour for ebikes and 13.4 km/hour for bicycles. 95.5% of ebikes 

run above 15 km/hour, the legal speed limit for NMVs in China and 83.8% above 20 km/hour, the 

maximum design speed for ebikes. Helmet wearing rate was 13.5% for ebike drivers and 9.4% for 

passengers. Riders of commercial ebikes were nearly three times more likely to wear a helmet than 

personal ebikes. 22.4% of ebikes were observed to run a red light. The Cox PH model showed that 

ebikes (vs bicycles), males (vs females), clear weather (vs cloudy, rainy and snowy), helmet users 

(vs nonusers) are associated with a higher hazard for running a red light.

Conclusion—To our knowledge, this study is among the first comprehensive evaluation of road 

user behaviours for NMVs in China. An effective intervention package including regulating ebike 
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production to national standards, strengthening speed enforcement and passing legislation on 

mandatory helmet use for ebike users may be able to help.

INTRODUCTION

Road traffic crashes impose a heavy burden in China, causing more than 300 000 deaths 

every year.1 One of most vulnerable groups are riders of two-wheelers, including classic 

bicycles, electric bicycles (ebikes) and motorcycles. According to the Traffic Management 

Bureau of the Public Safety Ministry of China, ebikes were involved in about 56 200 traffic 

crashes that resulted in 8431 deaths and 63 500 injuries during 2013–2017.2 The China 

Bicycle Association estimates that there are about 250 million ebikes in China in 2018.2 

And the total ebike possession is still increasing rapidly as the Bureau of Statistics of China 

reported that 32.15 million ebikes were produced in 2016.3

Ebikes are bicycles with an integrated electric motor but are categorised as non-motorised 

vehicles (NMVs) by Chinese Traffic Laws. Compared with classic bicycles and motorcycles, 

ebikes have several advantages that make them particularly suitable for big cities. They are 

able to run on narrow streets when traffic congestion is a concern; they produce less carbon 

emission and noise pollution than gas-fuelled motorcycles4 and they increase the amount of 

physical activities for users, which has multiple health benefits.5 A study based on 3 years 

of national mobility surveys in Netherlands found that ebike ownership strongly reduced 

healthcare and public transport use.6 Based on such evidence, ebikes have been promoted 

in Western Europe as a healthy and sustainable alternative to motor vehicles for short 

journeys.7 During the past decade, ebikes have been increasingly popular in high-income 

countries, such as Israel,8 Australia,9 Sweden10 and Norway.5

However, ebikes are also associated with an increased risk for a traffic crash, mainly due to 

their ability to reach higher speeds than classic bikes.11 A study in Netherlands showed that 

ebike users are more likely to be involved in a crash that requires treatment at an emergency 

department than classic bikes.12

As the most populous city in China, Shanghai has a resident population of 24.4 million. The 

police reported 868 deaths due to road traffic crashes in 2016; however, that number may be 

underestimated.2 According to Shanghai police, ebikes are involved in about 40% of traffic 

crashes and 50% of traffic deaths in the city. However, only a few small-scale studies have 

been conducted around safety of ebike users.13–15

Compared with classic bicycles, ebikes have a higher maximum design speed and 

consequently a greater potential to reach higher speeds; however, little is known about 

the actual travel speeds of ebikes.16 According to Handbook of Road Traffic Safety Law 

of China, a vehicle’s maximum design speed refers to the maximum travel speed guiding 

the initial design of the vehicle. Article 58 of Road Traffic Safety Law of China stipulates 

that when an ebike is running on a NMV lane, the maximum speed should not exceed 15 

km/hour.17 The Electronic Bicycles—General Technical Requirements enacted on 1 October 

1999 regulates the maximum design speed not to exceed 20 km/hour. In May 2018, Chinese 

government published the revised Safety Technical Specification for Electric Bicycles (set to 
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take effect in April 2019), lifting the maximum design speed 25 km/hour while enhancing 

requirements on many components, such as pedals and braking systems.18

Riders of NMVs are more vulnerable in crashes because these vehicles are not equipped 

with an outer steel protective shell like four-wheeled vehicles.19 Since head injuries are the 

most common cause of death in crashes involving NMVs, helmet use has been promoted 

globally for the safety of all riders involved in such crashes. There are a few older studies 

on helmet use among NMV users in China, many of which were conducted a decade ago or 

earlier. An observational study in two Chinese cities (Shantou and Chaozhou) in 2005 found 

that 32.3% of the motorcycle drivers and 15.3% of the passengers were properly wearing 

helmets.20 Another observational study conducted in Zhongshan in 2009 found that the 

prevalence of correct helmet use was 43.2% among drivers and 20.9% among passengers.21 

The current prevalence of helmet use among ebike riders is not known.

Running a red light can also cause traffic crashes and studies have been conducted on 

red-light running among ebike users.22–24 Some have identified risk factors associated with 

the red-light running behaviour, including sex, age, prior crash experience and intersection 

infrastructure.25–28 However, only one study has addressed the waiting time before a red 

light.29 The investigation of red-light waiting time is useful because a better understanding 

of determinants of waiting time has important implications for intersection design and red-

light management.30 There is a need to understand the current pattern of red light running by 

ebike rider in China.

The objective of this study therefore was to assess the prevalence of speeding, helmet 

wearing and red-light running behaviours among riders of NMVs in Shanghai with a focus 

on ebikes. The study was conducted as part of a global road safety initiative that aims 

to adopt internationally recognised best practices to improve road safety in selected cities, 

including Shanghai.31

METHODS

An observational study was conducted in eight randomly selected locations, including six 

free flow sites and two signalised inter-sections in Shanghai (figure 1). Free-flow sites 

were defined as locations where vehicles travel without influences of congestion, pedestrian 

crossing, intersections or other adverse conditions (such as bad weather). Site selection 

was based on a literature review, high frequency crash spots identified from geocoded 

crash data and expert opinion of Shanghai police. The eight sites covered central urban 

areas, suburban areas, county centres and locations near a subway station. All eligible sites 

meet the following three criteria: location must be safe for observers; observers may be 

located at an elevation that is higher or equal height to passing vehicles and locations where 

local population rather than tourists are more likely to be observed. Field workers collect 

information on type of vehicle, age and sex of all drivers and passengers and their road using 

behaviours. Advanced radar equipment was used to measure the speed of vehicles. Other 

behaviours including helmet use and red-light violations were observed by trained staffs.
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Data collection covered 6 business days and 2 weekends; each day of observation covered 

most times of the day from 07:00 to 20:00 hours. This allowed a full representation 

of varying traffic modes during both rush and non-rush hours. Although we collected 

observations on both light (<40 kg) and heavy (>40 kg) ebikes, we found that driver 

behaviour was similar for both types. Consequently, this analysis aggregates all size ebikes 

Although we collected observations on both light (<40 kg) and heavy (>40 kg) ebikes, 

we found that driver behaviour was similar for both types. Consequently, this analysis 

aggregates all size ebikes. Radar device was placed on the sidewalks, where it is safe for 

both our observers and devices (please see the picture below). Although the device is visible 

to NMV users, we do not believe it interfered with NMV user behaviours because speeding 

is not enforced and helmet is not required for NMV users.

Although we conducted our studies on NMV lanes that are designed for bikes and ebikes, 

a small number of motorcycles were included in our sample. While motorcycles are 

categorised as motor vehicles under the Chinese traffic laws, and therefore should use 

motorised lanes, some motorcycle drivers violated the rule. But the number of motorcycles 

is very small because the total possession of motorcycles in Shanghai has declined to a 

low level since the city stopped issuing new registration plates for motorcycles in 2008. 

Moreover, motorcycles are prohibited in many areas in the city.

NMV lanes in China are about 2.5–3.5 m wide and placed between sidewalks and motorised 

vehicle lanes. Most NMV lanes only allow traffic in one direction, as is the case with our 

observations sites. For run-light running observations, both observation sites have four arms. 

A total of 4–6 motorised vehicle lanes have been travelled by the riders in order to cross the 

intersections. Every observational session requires two observers to set up and maintain one 

set of radar device.

The radar device recorded the videos while simultaneously measuring the speed of passing 

vehicles. Demographic characteristics, vehicle variables and arrival/departure times at 

intersections are coded in the office by manually analysing the recorded videos.

Similar observational method has been used in road safety studies.26 32 33 This method 

provides access to road safety behaviours of interest in real life situations, has stronger 

validity than interviews that are vulnerable to misreporting and is able to reach a wide 

range of people at a reasonable cost.34 We provided comprehensive trainings to all field 

workers before the data collection. Through the trainings, the field workers practiced the 

observational methods on the roads.

Descriptive statistics were used to analyse the speed and helmet use data. We developed 

a Cox proportional hazard (PH) model for red-light running behaviour. The aim was to 

identify factors that influence road users’ patience before a red light, measured by the 

waiting time after arriving at the intersection. This survival analytic technique has been 

applied to study red-light waiting time for pedestrians and cyclists.29 35 36 For each vehicle 

that arrived at the intersection during a red light, we recorded its arrival and departure time. 

We model the failure to wait for the light to turn green as a survival problem where the clock 

starts on arrival and a failure to wait is coded as a failure and timed. Motorists who wait and 
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depart after the light turns green are regarded as survivors of the event. We first conducted a 

bivariate analysis by plotting the Kaplan-Meier (KM) survival curve by sex, type of vehicle, 

weather and helmet use. The KM survival function (or endurance probability) is defined as 

the cumulative proportion of ebikes who are still surviving at time t:S(t) = Pr(T ).37 Then, we 

fit a Cox PH model that can be expressed as below38:

λ t ∣ Xi = λ0exp Xiβ

where λ t ∣ Xi  denotes the hazard function for ebikes i; λ0 denotes the underlying baseline 

hazard function; Xi denotes covariate vector and β denotes the coefficient vector. The 

advantage of using a HR over an OR is that the former is less affected by selection bias 

with respect to the choice of endpoints and is able to indicate risks before the endpoint. The 

advantage of hazard analysis over logistic regression is superior power because the former is 

using more information about the timing of the event. Logistic regression just throws out the 

information about the timing of the failure and simply records any failure.

All analyses were conducted in Stata 15 SE. Ethical approval was obtained from Johns 

Hopkins Bloomberg School of Public Health, USA.

FINDINGs

Data collection was conducted during 12–19 November 2017. A total of 14 828 NMVs 

were observed, including 10 990 in the six free flow sites and 3838 in the two signalised 

intersection sites.

The 10 990 NMVs in the free flow sites include 8206 ebikes, 2515 classic bicycles, 50 

motorcycles and 219 others (including three-wheeled motor vehicle and electric vehicles for 

the disabled). The number of motorcycles is relatively small for three reasons.

The average speed of ebikes was 25.3 km/hour (SD: 5.7) and the maximum speed was 57.6 

km/hour. About 95.5% of ebikes ran above 15 km/hour, implying a speed limit compliance 

rate of below 5% (figure 1). The speed of 83.8% of ebikes were above 20 km/hour, meaning 

that less than 20% of the ebikes met the national standard on design speed. 52.6% were 

above 25 km/hour, meaning more than half of the ebikes on the road will not meet the 2018 

proposed standard on design speed. In comparison, the average speed for bicycles is 13.4 

km/hour, which is statistically significantly lower than ebikes (p<0.01).

Among ebike riders, males are more likely to exceed the legal speed limit than females 

(95.8% vs 93.7%; p<0.001; table 1), while average speed and proportion exceeding the three 

speed limits are very close for all age groups. χ2 tests are used in all bivariate analyses. 

Ebike speed is slightly higher during late morning (ie, non rush hours) than other times. The 

difference in speed by usage of vehicle is small and not statistically significant, though the 

result for commercial ebikes should be interpreted with caution due to the small sample size. 

Commercial ebikes refer to those used for commercial purposes (eg, delivery) as opposed to 

personal purposes (eg, go to work). The average speeds are lower during rainy and snowy 
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days than clear and cloudy days while proportion exceeding the speed limit is higher on 

cloudy days. Helmet users have a lower speed than nonusers.

The observed speed is higher than reports from previous studies conducted in other Chinese 

cities and high-income countries, though we arrived at the same conclusion that ebikes were 

running considerably faster than bicycles.39 40

In the two intersection sites, we observed 3838 vehicles. Among them, 2719 arrived at the 

intersections during a green light and therefore are excluded from the calculation of red-light 

running rate and waiting time. Among the 1119 vehicles that arrived at the intersections 

during a red light, 964 were ebikes, 148 bicycles and 7 others (table 2). The overall red-light 

running rate was 23.1%; and the rate was highest (28.4%) for classic bicycles, followed 

by 22.4% for ebikes. Disaggregated by sex, the rate for males is 1.7 times higher than for 

females (26.6% vs 15.8%). Commercial vehicles have a higher red-light running rate than 

personal vehicles. That may be due to the pressure on commercial riders to deliver or arrive 

on time. The rate is about five times higher in the morning than the afternoon, perhaps 

because in the morning most people are required to arrive at workplace on time while 

in the afternoon they usually do not have to rush to home. Weather is another important 

determinant: 34.7% in clear weather vs 6.0% otherwise. As was the case with speeding, 

helmet users are more cautious and more likely to obey the red light. The per cent of running 

a red light among helmet nonusers is more than twice higher than users.

Table 3 and figure 2 show KM survival function. A substantial proportion of riders 

immediately run the red light on arriving at the intersection. After the initial several seconds, 

the survival function becomes quite flat, implying that few riders started crossing before the 

light turned green. Overall, 15% of riders waited less than 1 s; 20% less than 5 s (table 3) 

and 23% less than 30 s. Disaggregated by type of vehicle, classic bicycle riders are slightly 

more likely to run a red light than ebike riders. Additionally, 90% of female riders waited for 

at least 1 s and 85% for at least 30 s; the proportion is 82% and 74% for male riders. The 

red-light running rate is lower than the 21% reported in a previous study.29

Clear weather is strongly associated with an elevated risk of running a red light. During 

clear weather, about 23% of riders immediately start crossing; and by the end of 30 s, only 

66% are still waiting. During other weather (cloudy, rainy and snowy), about 6% of riders 

immediately start crossing on arrival; after that nearly no riders start crossing until 30 s. 

Helmet users waited more than non-users. Total 88% of users wait for at least 1 s, and that 

only reduces to 77% by the end of 30 s. For non-users, a smaller proportion wait for at least 

one second, and the proportion declines to 72% after 30 s.

The results from the Cox PH model show the relationship between the hazard of running a 

red light and risk factors after adjusting for the influence of other factors (table 4). A HR 

larger than 1 implies a higher hazard than the reference group. For example, the bivariate 

relationship in the KM survival curves shows that ebike riders have a lower survival curve; 

however, that relationship may be confounded by other factors. The Cox PH model implies 

that after adjusting for sex, weather and helmet use, the hazard for ebike is still 11% lower 
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than classic bicycles, but the difference in hazard between classic bikes and ebikes is not 

statistically significant (p>0.1; table 4).

The hazard for females is 40% lower than for males, and the difference between sexes is 

statistically significant. It is consistent with previous studies that females are more patient 

and less likely to infringe on traffic laws than males.22 The hazard during clear weather 

is six times higher than during other weather. Helmet users have a hazard 44% lower than 

non-users.

We pooled the data from free flow and intersection sites together to estimate the helmet 

wearing rate. Among the 14 828 NMVs, the helmet wearing rate was 13.5% for ebike 

drivers and 9.4% for ebike passengers (table 5 and figure 3). The helmet wearing rate is 

lower at 5.2% and 3.6% for classic bicycle drivers and passengers, respectively.

The helmet use rate is higher for riders aged 17–60 years than young and old riders that fall 

outside this age range (table 5). It was also higher in the afternoon than the morning. Riders 

of commercial ebikes are about three times more likely to wear a helmet than personal ebike 

users. Similar to speed, weather is also an important determinant for helmet use. The use 

rate is highest during rainy days. Surprisingly, the rate is very low during snowy days.

DISCUSSION

To our knowledge this study is among the first comprehensive investigation of road using 

behaviours for NMVs in a Chinese city. Most previous studies were based on a small 

sample and focused on just one risk factor. Our sample of nearly 15 000 vehicles provides a 

comprehensive overview of the problems with NMV users, particularly for ebikes.

Nearly all (95.5%) ebikes run over 15 km/hour, the legal speed limit for NMVs per Chinese 

traffic laws; this finding may reflect weak enforcement of these laws. 83.8% of ebikes were 

above 20 km/hour, which is the maximum design speed for ebikes; this may indicate that the 

manufacturers of those ebikes failed to comply with national regulations.

The Shanghai Non-motorized Vehicle Management Measures enacted in March 2013 

introduced a product catalogue management system. The government maintains a catalogue 

of ebikes that are allowed to be sold and used in the city. Manufacturers of ebike need 

to submit technical specifications about their ebikes to the government. Lacking human 

resources and technical capacity to check all ebikes, the government usually relies on 

submitted materials to decide on whether to include the ebike brand/model in the catalogue. 

Our observations call for a better assessment procedure as the high speeding rate shows that 

submitted materials may not be accurate. Another possibility for these high speeds is that 

users might have modified the ebikes and increased their speed capacity. That modification 

is forbidden by the Management Measures, but again enforcement has been weak. Given 

the well-established relationship between speed and crash risk, urgent action is required to 

regulate ebike speed. That regulation should cover the whole life course of ebikes, from 

production, to sale and registration, to use.
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Only 13.5% of ebike drivers and 9.4% of passengers wear a helmet; this is substantially 

lower than high-income countries and many low-income and middle-income countries.41 42 

Wearing a helmet correctly can result in a 40% reduction in the risk of death from a crash 

and a 70% reduction in the risk of severe injury.43 The best practice for a helmet law covers 

all users, roads and engine types as well as requires riders to wear a standard fastened helmet 

while riding the vehicle.

In China, the enforcement and promotion of helmet use is impeded by the classification of 

ebikes as NMVs. The fundamental solution is changing this classification in the national 

law so that existing laws on motorcycles would apply; without this, local governments have 

limited legislative power over ebike management. A positive change occurred in early 2015 

when the National People’s Congress of China revised the legislation which regulates the 

process of creating national laws, government regulations and local laws as well as defines 

legislative powers in the country. A notable change in the revision is that it expanded the 

number of cities with legislative power from 49 to 288, empowering their legislatures to 

make local laws.44 As a result, many provinces and cities have passed local legislations on 

ebike management.

Shanghai is not alone in facing the challenge related to ebikes; a similar situation has been 

found in other major cities. Statistics from transportation authority of Beijing show that 31 

404 ebike-related traffic crashes occurred in 2015, causing 113 deaths and 21 423 injuries 

and accounting for 37% of all traffic crash injuries in the city.45 In another developed 

Chinese city, Suzhou, more than a quarter (26.6%) of ebike users did not comply with the 

road rules.13 Data from a hospital in the same city show that hospitalised ebike injuries 

accounted for more than half (57.2%) of road traffic hospitalisations over the study period.14 

The findings from this study may be useful for parts of China, though caution is warranted 

given potential differences in traffic modes, regulations and socio-economic development 

between Shanghai and other cities.

As an observational study conducted in a complex setting, this paper has several limitations. 

First, although the selection of observation sites was intended to be random and therefore 

representative of the city’s overall situation, we were not able to use a statistically rigorous 

random selection strategy due to implementation challenges. Second, despite our effort to 

cover major types of location, days and times, our study still missed certain locations and 

times. We could not conduct observations at later night or in early morning due to safety 

concerns. Third, no causal inference could be made based on observational data. Fourth, 

many indicators were based on observations, which might be affected by an observer bias, 

though there is no reason to believe that bias is substantial or systematic. It is unlikely that 

observers tend to systematically mis-categorise males as females or vice versa.

Targeted policy and enforcement responses within a systems approach are urgently needed 

to reduce the prevalence of risk factors in Shanghai. Valuable experience in ebike regulation 

from high-income countries could be learnt.46 47 An effective intervention package may 

include passing legislation on mandatory helmet use for ebike riders, strengthening 

enforcement on speed limits and regulating the production and sale of ebikes.
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What is already known on this subject?

• Road traffic crashes cause more than 300,000 deaths everyyear in China.

• As one of the most vulnerable groups on the road, electricbike (ebike) users 

are exposed to an increased risk for traffic crashes due to their ability to reach 

high speeds.

• Speeding, not wearing helmets, and red-light running are important risk 

factors for ebike users.
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What this study adds?

• This study is among the first comprehensive investigation of road using 

behaviors for ebike users in China.

• Most ebikes (95.5%) run over 15 km/h, the legal speed limit for ebikes per 

Chinese traffic laws; only 13.5%of ebike riders and 9.4% passengers were 

wearing helmets.

• An effective intervention package that regulates ebike production and 

strengthens speed limit enforcement is urgently needed.
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Figure 1. 
Proportion of non-motorised vehicles and motorcycles over speed limits in Shanghai.
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Figure 2. 
Kaplan-Meier survival curve for running a red light among ebike versus bicycle riders 

(top-left), male versus female rider (top-right), clear versus other weather (bottom-left) and 

helmet user versus nonuser (bottom-right).
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Figure 3. 
Helmet wearing rate for drivers and passengers of non-motorised vehicles in Shanghai.
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Table 2

Proportion of non-motorised vehicles running a red light at signalised intersections in Shanghai

Indicator sample size % running a red light

Type of vehicle

 Ebike 964 22.4

 Bicycle 148 28.4

 Others 7 14.3

Sex

 Male 758 26.6

 Female 361 15.8

Age

 ≤16 years 1 100.0

 17–60 years 1111 23.1

 >60 years 7 14.3

Usage

 Personal 1073 22.9

 Commercial 46 28.3

Observation time

 07:30–09:00 369 37.4

 10:30–12:00 299 31.4

 15:30–17:00 292 5.5

 17:30–19:00 159 6.9

Weather

 Clear 668 34.7

 Other 451 6.0

Driver helmet

 Wearing 384 12.8

 Not wearing 735 28.6
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Table 3

Proportion of obeying a red light at signalised intersections

% waiting by seconds after arrival

Indicator 1 s 5 s 10 s 30 s

Total 0.85 0.80 0.79 0.77

Type of vehicle

 Ebike 0.85 0.80 0.79 0.78

 Bicycle 0.82 0.76 0.75 0.71

Sex

 Female 0.90 0.86 0.85 0.85

 Male 0.82 0.77 0.75 0.74

Weather

 Clear 0.78 0.70 0.68 0.66

 Other 0.94 0.94 0.94 0.94

Helmet

 Wearing 0.88 0.88 0.88 0.87

 Not wearing 0.83 0.76 0.74 0.72
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Table 4

Hazard ratios for red-light running from the Cox proportional hazard model

Covariate HR 95% CI

Type of vehicle

 Ebike (vs bicycle)  0.89 0.64 to 1.24

Sex

 Female (vs male)  0.60*** 0.45 to 0.81

Weather

 Clear (vs other)  6.00*** 4.02 to 8.95

Helmet

 User (vs nonuser)  0.56*** 0.40 to 0.76

 Sample size 1112

***
P<0.001
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Table 5

Helmet use for non-motorised vehicle users

Category N Helmet wearing proportion

Type of user

 Driver 11 305 13.5

 Passenger 533 9.4

Age

 ≤16 years 60 1.7

 17–60 years 11 368 13.8

 >60 years 410 2.7

Observation time

 07:30–09:00 3508 9.7

 10:30–12:00 2861 11.1

 15:30–17:00 2814 15.8

 17:30–19:00 2655 18.0

Usage

 Personal 11 536 12.8

 Commercial 302 33.8

Weather

 Clear 7684 12.3

 Cloudy 1714 3.0

 Rainy 1878 30.4

 Snowy 562 2.8
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