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ABSTRACT 

Bike-share system (BS) has existed for 50 years and experienced rapid development in recent years. 

Known as an ideal first-mile interchange mode with mass transit, BS is considered as a sustainable, 

healthy and “transit-friendly” transport mode. Among all the countries, China owns the largest BS 

market in the last decade and was the born-place of the dockless bike-share system (DBS), which largely 

change the way people live. During this period, like many other developing communities, more and 

more cars have been swarming into cities. Infrastructure design has been transferring to car-oriented and 

conflicts between cars and bicycles intensified. On the other hand, in order to face the challenge of 

increasing mobilization by cars, this country has been conducting continuous mass transit constructions. 

Therefore, it is meaningful to investigate how two-wheel transport mode, especially BS and DBS 

develop in China, and how BS, DBS and mass transit systems interact.  

 

In this research, an empirical review of the development of two-wheeled transport in China is firstly 

proposed. This component of research aims at investigating the development of two-wheeled transport, 

comprising human-powered bicycles, E-bikes, and motorbikes in China from 1985 to 2019. During this 

period, government policy changed from “encouraged”, “discouraged”, “converted and re-recognized” 

to “encouraged again” due to sophisticated socio-economic change. It is found that the mode share of 

human-powered bicycles decreased steadily until 2016, the year dockless bikeshare (DBS) emerged. E-

bikes and motorbikes witnessed an independent growth trend and policies from that of human-powered 

bicycles. After reviewing abundant macro factors at a national level, it is concluded that the future of 

the human-powered bicycle transport mode in China is promising, due to favorable government policies 

and the growing demand. E-bikes have an uncertain future since local policies differ and safety issues 

are yet to be addressed while the future of motorbike is growing marginal.  

 

As for DBS, its development has experienced “free growth”, “regulated” and “limited” phases in a short 

time. While the central government initially held a “neutral-positive” policy towards this new transport 

mode, the rapid expansion of dockless fleets soon exceeded cities’ limits and resulted in local 

government policies changing from “neutral-positive” to “neutral-negative” until forceful limiting 

regulations have been implemented recently. It is found the sudden rise of DBS systems is due to three 

factors: (1) the growing user demands (the main factor), (2) the (partial) support from the government, 

and (3) the operators’ strategy to over-supply. Still, financial sustainability is the main challenge that 

requires investigation. By reviewing how two-wheel transport mode and DBS develop, public transport 

is found to be a conditional influential factor. Therefore, a question remains as to measure this impact 

and find out the influential factors.  

 

For the inter-relationship between BS and mass transit systems, a ‘‘before-and-after’’ study with a 

“difference-in-difference” methodology is initiated to measure changes of an existing BS during a period 

when a new metro system opened. The result indicates that most BS ridership and users within the new 

metro’s catchment (the treatment group) have largely increased, except for BS stations located near 

metros’ hubs. As for BS trip-pattern, after the new metro opened, a general trip-pattern change from 

balanced (similar returning and renting in morning and evening) to imbalanced (high returning in the 

morning and high renting in the evening) is observed. This further indicates that BS services along with 

metros, tend to serve “first-mile” interchange (origins to metros) rather than “last-mile” interchange 

(metros to destinations) in the morning and vice versa in the evening regardless of the land use type. 

Novel factors that impacting the combination of public transport and BS are investigated, expected to 

inspire other developing communities that share the same developing circumstance. 

 

Inspired by the research outcome of two-wheel transport development in China, the author thought the 

transferring infrastructure and traffic condition might be new factors influencing the “marriage-quality” 

between mass transit systems and BS. These factors could be unique in developing communities with 

cycling tradition. A survey is designed to reveal how participants altered their BS usage frequency after 
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the new metro opened, followed by a probit model to estimate significant influential factors. The model 

indicates that as more columns of road separations exist, the cyclists are less likely to use BS towards 

metros. The higher congestion level promotes more cycling towards metros as well as the parking fee 

level. The combination of BS and metros could attract former motor vehicle users in bad traffic 

conditions, which could be instructive for urban planners and road designers. 

 

In general, the main contribution of this thesis is three-fold. Firstly, it demonstrates how two-wheel 

transport mode, especially, for the first time, how BS and DBS develop in China with up-to-date 

information. Secondly, based on BS data collected during a time window a new metro opened, a 

difference-in-difference model is used to directly measure the immediate impact from a new metro to 

an existing BS, where a new and general index is developed to indicate BS/DBS trip-pattern. This is the 

first time that a before-and-after-change study is conducted in this research topic. Thirdly, novel factors 

in a developing community-context, are found to influence the combination of BS and metros by using 

a data-driven methodology.
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CHAPTER 1: INTRODUCTION 
1.1 Overview 
This thesis proposes empirical studies of the (dockless) bike-share system (DBS) and establishes a data-

driven methodology to understand the inter-relationship between the bike-share system (BS) and the 

mass transit system. This chapter is to introduce the research background, followed by the objectives 

and scope. The contributions are then discussed. The last part shows the thesis structure. 

 

1.2 Background 
As an ex-bicycle kingdom, China’s two-wheeled transport modes development fluctuated in the last 35 

years while traditional human-powered bicycle transport kept shrinking until DBS showed up not long 

ago. Apart from strong government control, other social and economic factors together (public transport, 

social awareness, city expansion, resident income) impact the general trend of all two-wheeled transport 

modes. Up-to-date information towards China’s two-wheeled transport development and related policies 

after DBS showed up is limited but important for urban planners, policymakers and even potential 

stockholders of DBS in overseas countries. It could help people to understand the reason for cycling 

return and how to promote it properly. It could also inspire other Asian and Latin American communities 

that share the same transformation period of urban transport as China do. 

 

AS for DBS in China, it had grown from 2 million in 2016 to 23 million in 2018 and made itself one of 

the most significant shared transport modes. This innovation now has spread to overseas countries 

including the US, UK, and Australia, bringing convenience along with the downside known as fleet 

“congestion” (casual parking of bikes blocking pedestrian access). However, little up-to-date literature 

could be found in terms of how DBS has been implemented, developed, and supported in China. Its 

development along with the governments’ policy in different phases requires solid, up-to-date 

information from both national and city levels, which is hard to find in the existing literature. No 

systematic review of DBS is seen by the time 【Paper 1】 was published.  

 

This research, for the first time, develops an empirical study of DBS development and provides up-to-

date information in China-context; So that appropriate policies could be implemented, and potential 

negative impacts avoided. For instance, overseas cities like Melbourne are experiencing vandalism and 

improper parking of dockless fleet bikes (King 2018), which have already been experienced and counter-

measured by many Chinese cites. Besides, the over-supply of DBS is another urban management issue.  

 

Moreover, one of the main functions of BS (DBS) is to enhance mass transit by offering “last-mile” or 

“first-mile” service. Since the latter normally changes the transport environment in a city-scale and 

requires huge financial investment, cautious response measures (BS included) should be considered (Li 

et al. 2015), especially for China - the largest BS market where new mass transit systems keep growing 

(Bao 2018; Dong et al. 2018). Therefore, it is essential to understand mass transit impact on BS and 

make proper preparation in policy, management, and operation. The research outcome could be further 

adopted in other developing communities in Asia and Latin America that share the same transport 

developing period. 【Paper 4】 

 

So far, a literature of the inter-relationship between BS and mass transit normally focus on how BS 

impact mass transit, e.g. how much public transport and walking are substituted by BS (Martin and 

Shaheen 2014). Among the limited pieces of research studying the inter-relationship between these two 

transport modes, most of them adopted the SP survey and built an estimation model. On the contrary, a 

more direct and accurate way is to observe how real BS/DBS trip changes after a new metro is introduced. 

However, the opportunity to snapshot the time window (covering the period a new metro is open while 

BS data is collected) is quite rare. However, in this thesis, a before-and-after change study is firstly 

developed in this BS and mass transit inter-relationship research topic. It indicates the new metro impact 

on BS directly – by measuring the change of trip-demand (the number of renting and returning bikes in 

BS stations) and trip-pattern (the difference between renting and returning at different times in BS 

stations). Insight on this impact could enhance the understanding of BS’s role as an interchanging mode 

of mass transit. Normally, BS are considered useful in “first and last mile” to interchange mass transit 
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systems, in which “first-mile” indicates trips from origins (for instance, home in morning peak) to the 

metro stations while the “last-mile” indicates trips from metro stations to destinations (for instance, 

working place in morning peak). Although these two trips are always discussed in the same context, 

limited research focuses on identifying the difference between these two. However, due to the difference 

in land use, cycling facilities’ demand and supply, and difficult to find the available bikes and docks, 

the “first-mile” and “last-mile” might occur independently and require different management. By 

identifying the renting and returning numbers in one BS station near a metro station in continuous time 

(namely, the temporal trip-pattern in station-level), “first-mile” or “last-mile” could be distinguished. 

For instance, when returning bikes largely outnumber renting ones in the morning, it could be interpreted 

that more users are cycling shared bikes towards metro stations rather than away from them. In other 

words, BS serves as “first-mile” in this case rather than “last-mile”. By studying the inner mechanism, 

BS functions could be identified more precise to motivate cycling and promote interchange between BS 

and mass transit. 【Paper 2】 

 

Once one figures out how the BS trip-pattern and trip-count changed after a new metro was open, a 

natural question followed is what influential factors caused these changes. The author holds the 

hypothesis that as a developing community with cycling tradition and cycling-oriented network, novel 

influential factors that impacting the marriage between BS and mass transit could be found. The built 

environment, land use, and infrastructure conditions are widely accepted as influential factors of this 

inter-relationship (Zhang et al. 2017; Campbell et al. 2016), while these factors are normally observed 

and analysed from developed communities cases. The network, travellers’ awareness and infrastructure 

designs are mostly car-oriented while the traffic condition is normally stable. On the other hand, in 

developing communities like cities in China, the idea of infrastructure design is rapidly changing 

towards car-oriented, confronting the long cycling tradition. The traffic condition is rapidly changing 

since more cars are swarming into cities. Then, a data-driven methodology is then used to investigate 

potential novel influential factors. The research outcome could be inspiring for other new economies 

that facing the same transforming period. Our finding indicates that more road separation brings 

inconvenience for cyclists. This result is inconsistent with the former idea that independent bicycle lanes 

are beneficial to promote cycling, which might be constructive to an urban planner to plan and design a 

better road to promote cycling from a different point of view. 【Paper 5】 

 

1.3 Research aim, objectives and scopes 
The main aim of this research is to improve the research scope of the bike-share system, by conducting 

a series of empirical studies towards the two-wheel transport, especially BS (DBS) development and 

building up a robust framework to optimize the existing BS and mass transit inter-relationship research 

methodology. The detailed objectives of this research are shown in the following: 

 

• To better understand the development of two-wheel transport modes, especially BS and DBS in 

developing communities as China. 

• To build up an advanced data-driven methodology to measure the inter-relationship between BS 

and mass transit. 

• To identify influential factors in this inter-relationship that is novel in a developing community 

context. 

 

Table 1 represents the research scope. It covers sub-goals and related methodologies with related 

publications attached. By combining those elements together, four sub-topics are explored in this thesis. 

 

Table 1-1 Research scopes 

Topic Subtopic Methodology Publication 

1 An empirical study of two-

wheel transport modes 

development in China 

➢ Systematic Review Published in IJST. Gu et al. 

(2020) 

2 An empirical study of the 

development of BS, DBS 

➢ Systematic Review Published in TR Part A. Gu et 

al. (2019a) 
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Accepted in TRB 2020. Dong 

and Gu et al. (2019a) 

3 A study of the impact of 

new mass transit on an 

existing bike-share system 

➢ Before-and-after change 

study with difference-in-

difference model 

➢ k-means clustering 

Published in TR Part A. Gu et 

al. (2019b) 

4 A study of factors 

influencing BS and mass 

transit integration 

➢ Ordered Probit model  

➢ SP survey 

➢ Spatial data analysis 

1st round under review in TR 

Part A. Gu et al. (2019) 

 

1.4 Contributions 
This thesis offers up-to-date information on two-wheel transport modes, especially BS (DBS) 

development. Besides, a novel data-driven mathematical methodology, as well as novel research 

outcome are drawn which could be inspiring for all parts that involved in the bike-share market. The 

detailed contributions are shown in the following. 

 

Sub-topic 1: 

• The empirical study of two-wheel transport modes development in China is proposed. Policy 

backgrounds are firstly organized, and influential factors in a nation-level are firstly identified over 

a long-time span. 

 

Sub-topic 2: 

• The empirical study on the development of BS and DBS is proposed, with up-to-date information.  

• DBS users’ characteristics are exerted from massive data and firstly investigated. 

• Influential factors and feasibilities of DBS are firstly given. 

 

Sub-topic 3: 

• A novel data-driven methodology to study the impact of new mass transit on an existing BS is 

proposed, based on research outcome from sub-topic 1 and 2. 

• The difference-in-difference model is firstly adopted in this topic to acquire a before-and-after 

study result. 

• A new index is proposed to initiate a k-means clustering, which could be further used in other 

shared mobility research. 

 

Sub-topic 4: 

• A data-driven methodology to study factors influencing BS and mass transit integration is proposed, 

based on research outcome from sub-topic 1, 2 and 3. 

• Ordered Probit model based on an SP survey data is adopted. The model and survey are designed 

in a developing community-context, where rapid mobilization, changing the idea of infrastructure 

design and cycling tradition co-exist at the same time. 

 

1.5 Thesis Structure 
Figure 1-1 shows the structure of the thesis. It is divided into three parts, and the total seven chapters 

are made up. 

 

• Part I: (Chapter 1 - Chapter 2): Introduction and Literature review are provided. 

• Part II: (Chapter 3 - Chapter 6): Four sub-topics mentioned above are presented. 

• Part III: (Chapter 7): Conclusion of this thesis. 

 

Part I of this thesis is made up of two chapters. In Chapter 1, the background of the BS, DBS and their 

relation with the mass transit is firstly introduced, followed by the research aim, objectives and scope. 

The contributions and thesis structure are then explained. In Chapter 2, it mainly reviews the related 

studies in three aspects: the development of two-wheel transport mode in China, the methodology of 



Chapter 1: Introduction 

    

Page |8 

 

inter-relationship study between BS and the mass transit system as well as the influential factors related. 

Research gaps are identified, and solution methods are proposed. 

 

Part II of this thesis focuses on the empirical studies and implementation of models in four chapters. 

Chapter 3 (sub-topic 1) is a systematic review of the two-wheel transport modes in China. Chapter 4 

(sub-topic 2) is an empirical study of BS and DBS development in China. Chapter 5 (sub-topic 3) 

measures the immediate impact of a new mass transit system on an existing BS. It includes a before-

and-after change study with a difference-in-difference model, a k-means clustering, and a case study. 

Chapter (sub-topic 4) proposed a data-driven methodology to investigate the factors including the 

integration between BS and the mass transit system. It includes an Ordered Probit model based on the 

survey and the same case study as in sub-topic 3. 

 

Part III of this thesis includes one chapter. Chapter 7 involves the key findings and contributions to this 

research. Also, it shows the recommendations for future work. 

 
Figure 1-1 Thesis structure 
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2.1 Overview 
The aim of this chapter is to review the existing studies on BS development in China and its role in 

terms of mass transit systems. The related literature is organized in three categories:  

 

• Challenges in the up-to-date studies of two-wheeled transport and BS/DBS development in China 

(Section 2.2). 

• Challenges in the before-and-after change methodology studying inter-relationship between BS and 

mass transit (Section 2.3). 

• Challenges in data-driven methodology to investigate influential factors of BS and mass transit 

integration, considering developing communities’ fast transforming background (Section 2.4). 

 

Finally, it concludes with a summary of research gaps through this literature review. Solution methods 

to address those gaps are then presented in the following chapters. 

 

2.2 Challenges in the study of two-wheeled transport mode and BS/DBS development in 

China  
As an ex-bicycle kingdom and the birthplace of the innovative DBS together with active government 

control, a better understanding of China’s two-wheeled transport and BS/DBS development would be 

inspiring information for urban planners, policymakers and even potential stockholders of DBS in 

overseas countries. The two-wheeled transport modes could be divided into human-powered bicycles 

and motor-bikes/E-bikes. So far, limited systematic review work has been done in organizing how these 

two-wheeled transport modes developed, while it was crucial to understanding how DBS rose and how 

to revive cycling. More importantly, as a developing community with a long cycling tradition, not only 

network, infrastructure design, but also social awareness in China are quite different from developed 

communities. Since abundant cycling-related studies are conducted based on developed communities’ 

cases (in which normally bicycles are subjected to a private car), the investigation towards history, 

policy and social attitude of two-wheeled transport in China could bring a whole new perspective in 

bicycle transport research area. The outcome could be general and valuable for other developing 

communities. 【paper 4】 

 

2.2.1 Problems in the two-wheeled transport mode development in China 

2.2.1.1 The development of human-powered bicycles in China and government policies 

Limited studies are related in this field, most of which are out-of-date. Zhang, Shaheen, and Chen (2014) 

conducted a review of human-powered bicycle transport in China, which covered a limited period. They 

concluded there were four phases of bike development in China between 1900 and 2012 (4 years before 

DBS showed), namely the Initial Entry and Slow Growth Phase (1900 to 1978), the Rapid Growth Phase 

(1978 to 1995), the Bicycle Use Reduction Phase (1995 to 2002) and the Attitudes and Policies 

Diversification Phase (2002 to 2012). Limited pieces of research covered fragments of bicycle 

development in China. Frame, Ardila-Gomez, and Chen (2017) presented a comparative analysis of data 

from Wuhan and Amsterdam to explore why “China was no longer the Kingdom of Bicycle”. They 

concluded that earlier government attitudes towards transport policy and infrastructure construction 

were the main reasons for the decline of human-powered bicycle use in China. Similarly, Yang et al. 

(2015) reviewed the government’s human-powered bicycle transport strategies, the quality of the two-

wheeled cycling infrastructure, and the prevalent ideas for cycling planning in an early stage. They 

concluded that these three issues were not friendly to cycling for a decade and should be reversed if 

China wanted to revive cycling. Zhao et al. (2018); Frame, Ardila-Gomez, and Chen (2017) compared 

two-wheeled transport policy and infrastructure between Wuhan and Amsterdam, and Beijing and 

Copenhagen, respectively, and suggested ways of promoting local cycling in these two Chinese cities. 

【paper 4】 

 

2.2.1.2 The development of motorbikes and E-bikes in China and government policies 

Research of E-bike draws more attention than a traditional bicycle. Users’ behaviour, safety issues are 

widely discussed (Ling et al. 2015; Zhang, Shaheen, and Chen 2014). However, investigation of regional 

differences of policies and challenges of future development is limited. Unlike human-powered bicycles, 
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policies towards motorbikes and gasoline mopeds have both regional and temporal variations. 

According to Guangzhou Modern BRT & Sustainable Transport Institute (ITDP-China) (2017)’s report 

about the E-bike industry, the first batch of E-bikes appeared in Shanghai in 1983. By the end of 2000, 

E-bike production had begun in China, and then in 2004, a large-scale enterprise was formed. The boom 

of rapid development for E-bikes in China occurred in 2007 when their production exceeded 20 million 

per annum in that year, annual production, and sales of E-bikes reached 30 million in 2010, which now 

accounts for more than 90% of the international export market. China has become the largest producer, 

consumer, and exporter of E-bikes (Ruan, Hang, and Wang 2014; Ling et al. 2015). Industrial reports 

have argued that E-bikes have had stable production and sales, but as the market has become saturated, 

it might be at a turning point (Guangzhou Modern BRT & Sustainable Transport Institute (ITDP-China) 

2017). 【paper 4】 

 

2.2.2 Problems in the study of two-wheeled transport mode and BS/DBS development in China   

It is widely accepted that the development of BS could be divided into 4 generations: 1) White Bikes 

(or Free Bike Systems) that firstly appeared in Amsterdam in 1965; 2) Coin-Deposit Systems that firstly 

appeared in Copenhagen in 1995; 3) IT-based Systems; and 4) Demand-Responsive, Multi-Modal 

Systems (Bachand-Marleau, Lee, and El-Geneidy 2012; Shaheen, Guzman, and Zhang 2010a). Most 

current BS in China are third generation products where bikes are normally returned and rented by smart 

cards or credit cards while the terminal centres record the time, location as well as the users’ personal 

information (Ricci 2015). According to the Bikesharingmap (2017), cities and places deployed BS 

increased from 101 to 1,286 at an annual rate of 152.8% from 2010 to 2017. By the end of 2016, China 

had already become the largest BS market until now. By that time, 1.9 million bikes and 430 cities and 

places deployed BS while the total number of shared bikes worldwide was 2.29 million. Fourth 

generation BS (also known as a dockless bike-share system, namely DBS) is a highly flexible dockless 

system comprising GPS and personal smart phone, easier to be installed (Shaheen, Guzman, and Zhang 

2010b; Parkes et al. 2013). 【paper 1】 

 

Although China holds the largest BS and DBS market by far compared to other countries, research on 

development and policy of BS in the Chinese context is not as glaring as its position in the world BS 

market (Fishman 2016), let alone the research on DBS. Zhang et al. (2015) presented an empirical study 

and analysed bike-sharing systems in five Chinese cities. They concluded that well-planned 

configurations of transport, system design, and choice of a business model are key to a sustainable and 

successful city bikeshare system. Tang, Pan, and Fei (2017) and Karki and Tao (2016) studied BS in 

Shanghai and Suzhou during the development and policy introduction of BS in the early 2010s. Reviews 

of BS development in China-context are limited. As Fishman (2016) stated in his review paper “no 

country has the bikeshare scale of China, yet research activity does not reflect this”. 【paper 1】 

 

Thus, no paper so far had discussed the development and the policy background of BS and DBS in the 

Chinese context. Therefore, one of the biggest research gaps is that although China holds the largest BS 

and DBS market by far compared to other countries, little is known and understood about how BS and 

DBS have been implemented, developed, and supported. BS and DBS development and the 

governments’ policy in different phases of its development require solid, up-to-date information based 

on both national and city levels, which is hard to find in the existing literature.  

 

2.3 Challenges in the relationship between BS and mass transit 
2.3.1 Problems in the study of the interrelationship between BS and mass transit 

A direct way to investigate how BS and mass transit integrate is to initiate a before-and-after study. It 

could bring a relatively accurate outcome in studying how ridership and users’ behaviour change. 

However, this methodology-based study is few since the opportunity to take the snapshot is rare. Not to 

mention those studies in a developing community context. Overall, research related to BS-mass transit 

integration tended to focus on BS’s impact on transport mode substitution areas, based on the SP survey 

conducted in developed or car-oriented communities (e.g., how much public transport and walking are 

substituted by BS) (Fishman 2016). For instance, a number of studies have indicated that BS had a 

conditional positive impact on increasing public transit trips. Recently, in a survey taken near metro 
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stations in Nanjing, Ji et al. (2017) found commuting BS users were more likely to interchange to the 

metro. A study conducted by Nair et al. (2013) on usage patterns of Paris’ Velib’ stations near transit 

stops revealed that the coupling of BS and transit stops can lead to higher public bicycle use. By 

comparing BIXI (a BS in Montreal, Canada) cyclists with private bike users, Bachand-Marleau, Larsen, 

and El-Geneidy (2011) found that regular BIXI users were more inclined to integrate cycling with public 

transport. Noland, Smart, and Guo (2016) found that proximity to transit, especially subway stations 

that are well utilized, generates bikeshare trips, so did Faghih-Imani et al. (2014) revealed in the case in 

Montreal. While the majority of the studies tended to support a positive effect of BS on public transport, 

Martin and Shaheen (2014) compared the two American cities of Washington DC and Minneapolis. He 

found introducing a BS may cause diverse results since BS might cause a shift away from public transit 

in core urban environments with high population density. On the other hand, studies of how mass transit 

systems influence BS are very rare while it is important, especially in the largest BS market China where 

new mass transit systems keep growing (Bao 2018; Dong et al. 2018). 【paper 2】 

 

2.3.2 Problems in the study of the influential factors 

In general, most of the studies are conducted based on cases in developed or car-oriented communities. 

Cycling habits and cycling-friendly network in these cases are different from developing communities 

as Vietnam, Indonesia, and China. In the latter places, new infrastructures are constructed to feed more 

cars while rich people just left bicycles no so long ago. In the meantime, alleys that fitting cycling are 

still marked in historical urban patterns, which make cycling favourable. To meet the challenges as 

congestion, the government throws money on mass transit and BS. Therefore, novel factors that 

influence the integration between BS and mass transit, could be different from former developed 

community-based studies.  

 

2.3.2.1 Weather 

As for the factors that might influence the BS and mass transits’ integration, abundant researches have 

been done. A large number of studies have indicated that weather and temperature have a significant 

influence on cycling. Miranda-Moreno and Nosal (2011) found temperature, rainfall and humidity had 

an immediate and large impact on cyclists. Ding (2016) studied the impact of the built environment and 

weather on Seattle’s BS-Proto and found annual members and non-members behaved differently in 

different weather conditions. By studying Brisbane’s ‘CityCycle’, Corcoran et al. (2014) found strong 

winds and rainfall could significantly reduce BS trips. Although some studies focused on air pollution 

and cycling (MacNaughton et al. 2014; Jarjour et al. 2013; Hatzopoulou et al. 2013), most of them 

focused on health impacts while no previous research considered air pollution’s impact on BS usage. 

【paper 2】 

 

2.3.2.2 Calendar event 

As for calendar events, Kim (2018) found that heat and non-working days differently affect the demand 

for public bikes. Corcoran et al. (2014) concluded that calendar events (as public holidays) did exert 

some subtle variations in the spatial distribution of trips. Borgnat et al. (2009) predicted the number of 

bicycles hired per hour in Lyon’s community bicycle program by introducing explanatory factors such 

as the number of subscribed users, the time of the week, the occurrence of holidays or strikes, and 

weather parameters. 【paper 2】 

 

2.3.2.3 Spatial factors 

A lot of research have already focused on how land use, POI or built environment influence BS ridership 

or demand; many of which indicated that proximity to metro stations promote BS demand (Wang, Tsai, 

and Lin 2016; Faghih-Imani et al. 2014; Wang and Zhou 2017; Jäppinen, Toivonen, and Salonen 2013). 

A high level of walking connectivity and walking-friendly built environments near transit station areas 

are vital to bicycle-transit passengers (Bernardi, La Paix-Puello, and Geurs 2018). By studying the 

bicycle-metro integration in Beijing, Zhao and Li (2017) concluded that the presence of bicycle-sharing 

programs, mixed land use, and green parks in metro station areas were associated with higher rates of 

cycling transfer. El-Assi, Mahmoud, and Habib (2017) used a case in Toronto to reveal that proximity 
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to universities promote BS ridership. However, whether proximity to a metros’ hub (metro lines’ 

intersection) plays a positive role as influential factors remains a research gap. 【paper 2】 

 

An exclusive bicycle lane is normally considered to be beneficial for cycling and BS in western countries 

or car-oriented areas. A very recent study conducted in Mashad, Iran found that road separations are 

closely associated with high BS usage, and users prefer exclusive bicycle lances out of safety concern 

(Abolhassani, Afghari, and Borzadaran 2019). Similarly, Noland, Smart, and Guo (2016) introduced a 

trip generation models for bikeshare in New York City and found that more bicycle lanes (especially 

on-street bicycle lane) within BS service area are associated with increased weekend and holiday trips, 

which was consistent with what Wang, Tsai, and Lin (2016). Jenhung Wang et al. (2016) found in 

Taipei’s Youbike system and Xize Wang et al. (2015) demonstrated in the Minneapolis bike share 

system. A recent study conducted in Zhongshan, China by Zhang et al. (2017), also presented that BS 

trip demands were positively influenced by the length of bike lanes and branch roads. However, some 

domestic research from China argued that wide roads and too many road separations make cyclists and 

metro users inconvenient (Yin, Wu, and Hao 2017). 【paper 2】  

 

2.3.2.4 Traffic condition 

Most studies of BS mentioned that BS are environment-friendly and could mitigate urban congestion, 

and many of them mentioned BS had a conditional substituting function of private traffic mode (Wang 

and Zhou 2017; Fishman 2016; Zhang et al. 2017; Tran, Ovtracht, and d’Arcier 2015). Hamilton and 

Wichman (2018) found that BS can reduce congestion at the neighbourhood scale in Washington, D.C. 

By using a DID model to study on a larger scale, Wang and Zhou (2017) found that the introduction of 

BS shows a conditional but significant mixed impact on traffic congestion in general. Additionally, 

policies designed to discourage car use, such as congestion charging and road pricing, could benefit the 

promotion of BS. (Buehler et al. 2017).  

 

On the other way around, the level of traffic congestion and parking fee are seldom considered to 

influence the usage of cars, while they are listed as significant reasons why people turn to BS and metros 

in a survey conducted in Suzhou, China (will discuss in section 3). Another challenge is that although 

BS is considered to mitigate traffic congestion, no research so far investigates whether novel factors 

(traffic congestion, road separations, parking fee) have any effect on users’ preference to use BS to 

interchange metros. 【paper 3】 

 

2.4 Challenges in data-driven methodology to analyse BS and mass transit integration 
2.4.1 Problems in choosing the impact study methodology 

2.4.1.1 Before-and-after study 

One of the essences of establishing a successful interchanging system between bike-share and transits 

is to understand how they affect each other. A direct way to study this effect is so-called ‘‘before-and-

after’’ studies, or ‘‘quasi-experiments,’’ which are not seldom used in the domain of transport research 

(Lathia, Ahmed, and Capra 2012). It is useful and accurate when studying a large-scale transport 

environment’s change, by observing and comparing two complete datasets created by splitting one 

observation into the pre- and post-invention period.  

 

In an early study of London, UK’s underground’s strike’s impact on its BS (the ‘Boris bikes’) usage, 

Fuller et al. (2012) concluded that limiting transportation options (even it is unintended) may have a 

potential to increase population levels of physical activity by promoting the use of cycling. Based on the 

survey and the modelling, Martin and Shaheen (2014) studied how public transit in Washington DC and 

Minneapolis reacted after new BS systems were introduced by asking whether the survey participants 

used more public transit after new BS was introduced. Wang and Zhou (2017) examined whether the 

launch of BS can reduce citywide congestion. In this before-and-after change study, the authors 

employed a difference-in-differences model with two-way fixed-effects panel regression and concluded 

that the introduction of BSSs shows a significant mixed impact on congestion in general. This 

difference-in-difference method is frequently used in evaluating transport policy problems (Li, Graham, 



Chapter 2: Literature Review 

    

Page |14 

 

and Majumdar 2012; Hurst and West 2014; Billings 2011). The idea of building treatment and control 

groups at different times inspired this research. 【paper 2】 

 

The challenge in this research is that a continuous time window with “before-” BS data and “after-” BS 

data is needed. Moreover, the control group and treatment group of BS should be divided according to 

a spatial connection with mass transits. 

 

2.4.1.2 Index to indicate BS usage and cluster 

Overall, clustering is widely used in impact analysis, especially in indicating significant BS usage 

patterns. When comparing the BS usage pattern (as the station-based temporal distribution of trips), 

clustering is widely used. In very recent research conducted in Shenzhen, China Wu, Wang, and Li 

(2018) applied time series analysis in two districts’ comparison study (similar to a before-and-after 

change study) and used NAB (Normalization Available Bicycles) as an index to cluster BS stations in 

different districts. Similarly, the same clustering methods (as k-means and hierarchical cluster 

respectively), are used by Wang, Tsai, and Lin (2016) in their study in Taipei’s BS system, Kim (2018) 

in his study in Daejeon, Korea. Lathia, Ahmed, and Capra (2012) used a data-centric approach combined 

with GIS-based analysis to cluster 66 London bike-share stations. They recorded NAB and detected how 

BS stations changed before and after a system-scale bike-sharing policy was released. 【paper 2】 

 

However, challenges exist that NAB data cannot tell the difference between rebalance and actual usage, 

which makes it less accurate. Most of the shared bike research relied on the survey or using real-time 

number of the available bike (NAB) since the BS NAB dataset is normally easy to access. However, by 

NAB, it is hard to reflect the changing of both renting and returning bikes over a continuous time since 

NAB is collected in a discrete duration. In addition, NAB could mask the effects of rebalancing since it 

cannot tell the number-change is caused by operators or users. Faghih-Imani et al. (2014) studied BIXI 

in Montreal to investigate how bicycle infrastructure and land use impacted BS flow, in which NAB in 

station-level was used directly to transfer to the value of renting and returning. In this process, the author 

commented that “by using available bikes, it is not possible to directly distinguish whether or not the 

addition (removal) of bikes is due to customers or operators”. Besides, the methodology based on NAB 

cannot be used in dockless bike-share (DBS) since there are no stations or docks of DBS while renting 

or returning data of DBS are usually accessible and accurate. Therefore, continuous real-time renting 

and returning trip data with rebalancing excluded is much more needed not only for accurate research 

of regular BS but also for DBS. 【paper 2】 

 

2.4.1.3 Survey and probit modelling 

Traditionally, sampling surveys and expert interviews have been widely adopted in BS research 

especially in issues as transport mode shift and measuring BS’s impact on other transport modes. When 

investigating how public transport demand changed after a BS program opened in two US cities, Martin 

and Shaheen (2014) asked survey participants how they changed their bus/metro usage frequency after 

the new BS program operated. To make the survey simple and easy to understand, they gave scales in 

the option (as “increased a lot”, “increased a little”, “decreased a little” and so on). Accordingly, the 

ordinal regression model (to fit the multiple levels of options) was used to find out significant factors. 

In a very recent study, Nikiforiadis and Basbas (2019) also used an ordinal regression model that 

utilizing questionnaire survey data and field measurements. As a standard methodology to study the 

level-choice problem ordered (ordinal) regression model is widely used in transport mode choice areas 

(Ma et al. 2018; Daisy, Millward, and Liu 2018). 【paper 3】 

 

2.4.2 Problems in processing spatial analysis 

In organising big data of BS usage or preparing spatial analysis process, acquiring spatial data as 

congestion/travel time is a cardinal step to initiate a comparison between the control group and treatment 

group. In a very recent study conducted in Madrid, García-Albertos et al. (2018) calculated travel times 

between transport zones using the Google Maps API and constructed origin and destination (OD) travel 

matrices. Ji et al. (2017) acquired an estimated walking time by local Map provider Bai’s API. These 
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studies inspired us to turn to local Navigation Maps API to acquire the spatial index (as congestion, 

accessibility). 【paper 3】 

 

2.5 Research gaps 
Based on the review of existing studies, five main research gaps in the knowledge are identified. 

 

• The limited up-to-date studies of two-wheeled transport mode’s development and policies related 

in the developed community as China 

• No up-to-date research so far about BS/DBS development and policies related in the developed 

community as China 

• No study conducting a before-and-after change caused by the impact of a new metro on BS, in a 

developed community as China (the biggest shared bike market and one of the biggest mass transit 

market) 

• No research so far considering the new BS index that distinguishing renting and returning and study 

the difference between first-mile and last-mile 

• The limited studies of the potentially influential factors as traffic condition and road design, 

considering developing communities’ fast transforming background 

 

The following four chapters will attempt to fill the above research gaps. 
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3.1 Overview 
In the last decade, China has built the world’s leading traditional bikeshare (BS) market. According to 

Gu, Kim, and Currie (2019b), the rapid growth of the BS market and the recent dockless bikeshare (DBS) 

market has resulted in 23 million DBS fleets deployed in over 200 cities in China by January 2018 and 

converted the long decreasing trend of human-powered bicycles across the nation. Motorbike transport 

development also has lagged while electric bike (E-bike) usage has boomed. An E-bike is classified as 

non-motorized for registration purposes in China. As an ex-bicycle kingdom and the birthplace of the 

innovative DBS together with active government control, a better understanding of China’s two-wheeled 

transport development and related policies would be useful and inspiring information for urban planners, 

policymakers and even potential stockholders of DBS in overseas countries. 

 

In general, up-to-date and systematic studies of two-wheeled transport development in China have been 

limited. Zhang, Shaheen, and Chen (2014) studied the human-powered bicycle transport evolution in 

China from the 1900s to 2011. Very recently, Gu, Kim, and Currie (2019b) performed an empirical 

analysis, focusing on DBS development in China and the reasons behind the DBS boom. Yang et al. 

(2015) proposed three major reasons why cycling had declined in China. Since the research was 

conducted before DBS emerged, the new cycling revival was not discussed. Zhao et al. (2018) and Frame, 

Ardila-Gomez, and Chen (2017) compared two-wheeled transport policy and infrastructure between 

Wuhan and Amsterdam, and Beijing and Copenhagen, respectively, and suggested ways of promoting 

local cycling in these two Chinese cities.  

 

However, much of the existing literature covers the time before 2015, which means the resistance of two-

wheeled transport caused by BS and DBS is neglected. Moreover, the existing literature focuses on a 

particular aspect of the big picture of two-wheeled transport development in China. The formation of 

government policy in different phases, as well as influential factors related to the development of two-

wheeled transport, requires reliable, up-to-date information based on both national and city-level data, 

which is hard to find in the existing literature.  

 

In this component of research, an empirical analysis of the development of two-wheeled transport is 

conducted, based on up-to-date literature and reports acquired from domestic and international sources. 

This chapter is further extended in Chapter 4 when it comes to the latest development of DBS. The 

research gap and objective are described in Table 3-1. 

 

Table 3-1 Research gap and objective of Chapter 3 

Research topic Research gaps Research objective 

An empirical study of 

the two-wheel 

transport modes 

development in China 

➢ Existing literature is limited. 

➢ The resistance of two-wheeled 

transport caused by BS and DBS is 

not covered. 

➢ User preference, infrastructure, 

social awareness of cycling in a 

developing community-context are 

seldom investigated.   

➢ To organize the development of two-

wheel transports modes (human-

powered bicycles, motorbikes and E-

bikes) in China. 

➢ To investigate influential factors 

behind the development, especially 

the policies. 

 

3.2 The development of the human-powered bicycle in China 
Zhang, Shaheen, and Chen (2014) concluded there were four historical phases of bike development in 

China between 1900 and 2012, namely the Initial Entry and Slow Growth Phase (1900 to 1978), the Rapid 

Growth Phase (1978 to 1995), the Bicycle Use Reduction Phase (1995 to 2002) and the Attitudes and 

Policies Diversification Phase (2002 to 2012). During this latter phase, E-bikes and BS development 

began in China (until 2010). Frame, Ardila-Gomez, and Chen (2017) presented a comparative analysis of 

data from Wuhan and Amsterdam to explore why “China was no longer the Kingdom of Bicycle”. They 

concluded that earlier government attitudes towards transport policy and infrastructure construction were 

the main reasons for the decline of human-powered bicycle use in China. However, Yang et al. (2015) 

reviewed the government’s human-powered bicycle transport strategies, the quality of the two-wheeled 
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cycling infrastructure, and the prevalent ideas for cycling planning. They concluded that these three issues 

had not been friendly to cycling for a decade and should be reversed if China wanted to revive cycling. 

Overall, studies of BS evolution and development in China are rare but with practical importance, since 

DBS is changing the way people travel and the public are paying more attention to healthy, green modes 

of transport, that is, cycling. 

 

3.2.1 The growth of human-powered bicycle ownership from 1985 to 2019 

Human-powered bicycles were introduced to China in the early 20th century, and again after the 

Economic Reform in 1978, when they became the most important mode of transport until the early 2000s. 

Human-powered bicycle ownership reached its peak in the 1990s. There were 197 bikes per 100 

households in urban China in 1993, and 147 bikes per 100 households in rural China in 1995 (National 

Bureau of Statistics of China 2018). In other words, each urban family owned almost two bikes while 

every rural family-owned 1.5 bikes at this time. Figure 3-1 shows the ownership peaks that occurred in 

the 1990s and the steady decrease in ownership after 2000, especially in urban areas. In 2006, human-

powered bicycle ownership in urban China was 117.57 bikes per 100 households, accounting for 59.6% 

of its peak value in 1993. A similar trend occurred in rural China. Although the National Statistical 

Yearbook (National Bureau of Statistics of China 2018) ceased to record public human-powered bicycle 

ownership after 2006, the China Academy of Transportation Sciences released nationwide human-

powered bicycle ownership reports in 1995, 2001, 2003, 2012 and 2013 (Yin, Wu, and Hao 2017). They 

show that human-powered bicycle ownership reached its peak of 670 million in 1995, then fell to 290 

million by the end of 2014. The steep decrease occurred between 1995 and 2001 when one-third of bicycle 

ownership vanished. 

 

 
Figure 3-1. Human-powered bicycle ownership between 1995 and 2012 

Note: For human-powered bicycle ownership nationwide, only data from 1995, 2001, 2004, 2013, and 

2014 (green bars) are provided, thus the authors have used linear interpolation to add the missing year 

data. Source: Yin, Wu, and Hao (2017); National Bureau of Statistics of China (2018). 

 

The annual production of human-powered bicycles could be used to understand the change in human-

powered bicycle ownership nationwide. A slight decrease was seen from 2006 to 2016 as shown in Figure 

2. The bars represent the production of bicycles and E-bikes from domestic manufacturers. In that decade, 

the production of regular two-wheeled human-powered bicycles decreased at the rate of 21.2% while E-

bike production increased markedly from 2006 to 2013. However, in 2017, human-powered bicycle 

production increased from 53.03 million to 58.99 million at a rate of 11.2% in one year. According to the 

Secretariat of China Bicycle Association (2017), this recovery of the human-powered bicycle industry 

was closely related to DBS, which began in 2016 and blossomed in 2017. Considering that overseas 

consumption had always been relatively stable, the increasing production was apportioned to the domestic 
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market, which was caused mainly by DBS consumption. BS and DBS development will be discussed in 

the following sections. 

 

 

Figure 3-2. Human-powered bicycle production and E-bike production in China from 2006 to 

2016 

Source: Secretariat of China Bicycle Association (2017) and the National Bureau of Statistics of China 

(2018). 

 

Zhang, Shaheen, and Chen (2014) systematically studied the human-powered bicycle transport evolution 

in China from the 1900s to 2011 and concluded that income was closely associated with human-powered 

bicycle and motorbike ownership. By comparing human-powered bicycle ownership in different income 

groups, they found that higher income groups welcomed human-powered bicycles in the 1970s until the 

1990s, which led to a higher rate of possession in higher income groups. However, after the 1990s, these 

higher income groups became wealthy enough to purchase motorbikes, E-bikes or even private cars. 

Accordingly, their ownership of human-powered bicycles declined and was exceeded by lower income 

groups.  

 

This also explained why rural China’s private-car ownership shared a similar yet slower trend with urban 

China because the average income in rural China has always been lower than in urban China (see Figure 

3-3). Besides, almost the same trend was found in the growth rate of private car ownership and GDP, 

which both continually increased from 2000 on (see Figure 3-4) (National Bureau of Statistics of China 

2018). Table 3-2 shows the correlation analysis between GDP growth and private car ownership growth. 

As p = 0.003<0.05, lgGDP’s coefficient of 0.066 is significant. A clear positive relationship is seen. 

 

Table 3-2. Correlation analysis between GDP growth and private car ownership growth 

Private_car_ownership Coefficient  St. 

Error 

t-value  p-value  [95% Conf 

Interval] 

 lgGDP 0.066 0.021 3.19 0.003 0.024*** 

 Constant 0.361 0.042 8.49 0.000 0.274*** 

      

Mean dependent var 0.229 SD dependent var  0.062 

R-squared  0.259 Number of obs  31.000 

F-test  10.152 Prob > F  0.003 
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Akaike information criterion 

(AIC) 

-90.740 Bayesian information criterion 

(BIC) 

-87.872 

*** p<0.01 

 

Figure 3-3. Urban and rural per capita disposable income growth vs. private car ownership 

growth 

Note. No urban private car ownership data are available before 1998; no rural private car ownership data are 

available before 2013. Source: National Bureau of Statistics of China (2018). 

 

 

Figure 3-4. GDP and overall ownership of cars in China from 1965 to 2016. 

Source: National Bureau of Statistics of China (2018). 
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Even though many human-powered bicycles are still registered and included in the statistics, most of 

them are no longer used and lie forgotten in bicycle garages; they are called “the sleeping bicycles”. 

According to Liu’s survey conducted in Hangzhou, China, among 2.76 million registered private human-

powered bicycles, more than 90% were sleeping bicycles (Liu and Yang 2016). Therefore, the ownership 

is not representative of human-powered cycling’s role in urban transport. To better understand how 

human-powered bicycles exist in China, the split between the various modes of transport is studied as 

follows.  

 

3.2.2 Mode share of human-powered bicycles from 1985 to 2019 

Overall, the mode share of human-powered cycling has changed dramatically over the past three decades. 

Generally, human-powered bicycle transport was dominant in most cities before 2000. For instance, the 

cycling mode of transport (the number of cycling trips over the total number of trips made) in Beijing 

was as high as 67% in 1986 (Gu, Kim, and Currie 2019b). However, from the late 1990s to 2015, there 

was an apparent decline in both ownership and bicycle transport nationwide. Table 3-3 lists some of the 

major cities with a tradition of human-powered cycling and shows that cycling has fallen dramatically in 

the past 30 years. Mode share is the percentage of people using a particular mode of transport. This 

transport comprises the following: human-powered bicycles, E-bikes, motorbikes and cars that are 

individually owned; and human-powered BS bikes and DBS bikes and E-bikes, mopeds and the like, 

which are owned by various companies and are hired out to individuals. By the end of 2017, Beijing and 

Shanghai had populations of over 20 million, and other major cities had populations of over 10 million, 

except for Nanjing, which had a population of 8 million. Generally, there was a sharp fall of human-

powered cycling in all cities between 1986 and 2016: In Beijing, the cycling mode share fell from 67% 

to 13.5% while in Guangzhou and Suzhou it fell more dramatically. In contrast, the use of private cars in 

these cities increased or remained at a relatively high level, for instance, Suzhou’s private car mode share 

has increased from 20.43% to 30.75% in the last 10 years (Suzhou Planning Bureau, 2018). 

 

Interestingly, recently (2016 and 2017), cities with available data, such as Beijing and Shenzhen, reported 

a slight increase in the human-powered cycling mode share, which coincides with the year (2016) DBS 

began in China. Based on ownership and the mode share between human-powered bicycles, DBS and BS, 

Table 3-3 shows that when DBS emerged in 2016, it began the revival of human-powered cycling in 

China. In Shenzhen, from 2015 to 2017, the human-powered bicycle mode share rose from 8% to 10.7%, 

while 9.8% of cyclists (over 1% of the total travelers) were once private automobile drivers (Yin, Wu, 

and Hao 2017). Beijing had the same trend, as shown in Table 3-3, where the human-powered bicycle 

mode share increased slightly from 12.6% in 2015 to 13.5% in 2016. 

 

Table 3-3. Human-powered bicycle mode share in Chinese cities over three decades 

Beijing Shanghai Guangzhou Wuhan Nanjing Suzhou Shenzhen 

Year Bicycle 

mode % 

Year Bicycle 

mode % 

Year Bicycle 

mode % 

Year Bicycle 

mode % 

Year Bicycle 

mode % 

Year Bicycle 

mode % 

Year Bicycle 

mode % 

1986 67.0 1981 30.5 1984 34.1 1987 35.3 1986 44.1 N/A N/A 1985 44 

1995 41.18 1995 41.2 1998 21.5 1998 29 1999 41.0 1996 63.7 1995 21.8 

2005 30.3 2005 30.3 2006 14.0 2003 19.2 2007 40.1 2009 11.1 2001 14.3 

2015 12.6 2015 12.6 2015 8 2016 18 2015 28.8 2015 4.5 2015 8.0 

2016 13.5 2017 N/A 2016 N/A 2017 N/A 2015 N/A 2017 2.6 2017 10.7 

Note. The bicycle mode share in Nanjing contains both human-powered bicycles and E-bikes. Cities with 

available 2017 data, Beijing and Shenzhen, have dockless bikeshare while Suzhou has no dockless bikeshare. 

Source: Gu, Kim, and Currie (2019b) 

 

More importantly, an index of a fleet’s penetration is widely used in many DBS assessment reports. Table 

3-4 shows the penetration of BS and DBS in selected cities in China and overseas (DBS has more 

penetration). The overall DBS and BS penetration in Chinese cities is higher than in overseas cities. Most 

of the data from Chinese cities were acquired from local government annual transport reports and 

respective city statistical yearbooks. The overseas city data were collected and collated from the 

Guangzhou Modern BRT & Sustainable Transport Institute (ITDP-China) (2017b) as well as from 

DeMaio and Meddin (2017). Since human-powered bicycle mode share increased at the same time as 
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DBS emerged and while DBS has a substantial penetration and a significant number of bicycle fleets, it 

is safe to say that DBS has promoted an overall revival of human-powered cycling. An industry report, 

the white paper released by Mobike Global & Beijing Tsinghua Tongheng Planning and Design Institute 

(2017)–one of the largest DBS operators–showed that cities that had DBS witnessed an increase in 

human-powered cycling from 4.8% to 11.6% between 2016 (when Mobike, a leading DBS company 

emerged) and 2017.  

 

Table 3-4. Critical index of cities with the highest BS and DBS volume 

 Urban 

Population 

(million) 

BS 

(10k) 

DBS 

(10k) 

Start time 

of DBS  

Penetration of 

DBS 

(fleets/pop)  

Penetration of BS 

(fleets/pop) 

Beijing 21.7 8.6 235 9, 2016 10.83% 0.40% 

Shanghai 24.2 3.03 170 4, 2016 7.02% 0.13% 

Hangzhou 9.5 8.96 84 2, 2017 8.84% 0.94% 

Shenzhen 12.5 2.2 89 1, 2016 7.12% 0.18% 

Guangzhou 14.5 1 80 9, 2016 5.52% 0.07% 

Nanjing 8.3 4.15 45 1, 2017 5.42% 0.50% 

Wuhan 10.9 8 70 1, 2017 6.42% 0.73% 

Chengdu 16 0.18 145 1, 2016 9.06% 0.01% 

Suzhou 11.5 7.8 No DBS exists 0.67% 

Washington 

D.C. 

0.68 3.7 * 7, 2017 * 0.5% 

Montreal 1.7 6.3 - - - 0.4% 

Berlin 3.7 8.5 - - - 0.2% 

Paris 10.6 18.2 - - - 0.2% 

Source: National Bureau of Statistics of China (2018); Gu, Kim, and Currie (2019b) Note: Washington D.C., 

Montreal, Berlin, and Paris are cities with the highest BS penetration. Data from overseas cities were collected in 

August 2017. *Note that Mobike began in Washington D.C. in September 2017, but no figures about its market 

penetration are available. 

 

3.2.3 Influential factors behind the decline and then revival of human-powered bicycles in the 

last three decades 

There were many reasons for the long-term decline in human-powered bicycle usage. Apart from 

household income discussed previously, scholars have already shown that it was related to factors such 

as city topography, urban expansion, appropriate infrastructure, changes in public transport and 

government policy and even weather conditions (Fishman 2016; Shaheen, Guzman, and Zhang 2010; 

Martin and Shaheen 2014; Ahmed, Rose, and Jacob 2010; Böcker, Dijst, and Prillwitz 2013). It is 

understandable that cities with a flat terrain are more favourable to cycling than hilly cities. This explains 

why most cities with a bicycle-tradition are located in east China, which has vast flat plains while central 

and west China have hilly topography. Zhao and Li (2017) commented that a continually increasing city 

size and urban expansion presented considerable challenges to human-powered bicycles. Krizek et al. 

(2007) found that when the cycling distance was over 2.5 km, the probability of cycling decreased 

dramatically. By studying urban transport trends and policies in China and India, Pucher et al. (2007) 

found as city size increased, trip length increased, and human-powered bicycle use decreased sharply. 

According to Zhang, Shaheen, and Chen (2014), the popularity of human-powered cycling in China in 

the 1980s and 1990s was highly attributable to relatively low household incomes, compact urban 

construction, and short trip distances, which is consistent with what Pucher and Buehler (2008) revealed 

when investigating the success of cycling in the Netherlands, Denmark, and Germany. 

 

Moreover, some studies have indicated that human-powered cycling, especially BS cycling, had a 

conditional positive impact on increasing public transport, especially mass transit like the metro. Gu, Kim, 

and Currie (2019a) investigated BS usage before and after a new metro line opened and observed a sharp 

increase in BS trip counts along the new line. In a survey taken near metro stations in Nanjing, China, Ji 

et al. (2017) found that commuting BS users were most likely to interchange at the metro. There are many 
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earlier studies which drew similar conclusions (Nair et al. 2013; Bachand-Marleau, Larsen, and El-

Geneidy 2011).  

 

Figure 3-5 shows the results of a national survey conducted by the China Academy of Transport in 2013, 

(Yin, Wu, and Hao 2017) to discover the reasons that travellers no longer chose human-powered bicycles 

as a mode of transport. The main reasons were long commuting distance, shrinking cycling space, 

unfavourable infrastructure in which to cycle, insufficient places to park, the concern of bicycle theft, and 

air and noise pollution. This was confirmed  by Suzhou Planning Bureau & Jiangsu Institute of Urban 

Planning and Design (2019) who conducted a non-motorized traffic planning survey in 2019 (Suzhou 

Planning Bureau & Jiangsu Institute of Urban Planning and Design 2019). 800 participants were asked 

to choose the three most important reasons why they would not use personal bicycles to commute (see 

Figure 3-6). Long commuting distance, narrow and/or bicycle lanes occupied by motor vehicles, and the 

availability of E-bikes were the main reasons as well as the availability of convenient public transport, 

and noise and air pollution from cars on the road. In this case study, as public transport became more 

convenient, participants became reluctant to use their bicycles.  

 

Since the literature about influential factors of bicycle development across China is either out-of-date or 

fragmentary and inconsistent, this research re-builds the situation at a macro level. To better understand 

these factors, a preliminary analysis was made using national-level indexes.  

 

 
Figure 3-5. A national survey showing the main reasons why travellers no longer choose human-

powered bicycles  

Source. Yin, Wu, and Hao (2017). 
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Figure 3-6. A national survey showing the main reasons why travellers no longer choose personal 

human-powered bicycles 

Source. Suzhou Planning Bureau & Jiangsu Institute of Urban Planning and Design (2019) 

 

3.2.3.1 Trip distance 

Trip distance is usually determined by city size. It is well accepted that walking, cycling, and driving have 

their own “advantage distance”. For cycling in China, the ideal “advantage distance” is 3-6 km, which is 

20-40 minutes of cycling. Tang, Liu, and Pan (2010) found that the average commuting trip length in 

China increased from 4.6 km in 1978 to 6.5 km in 2009. Furthermore, in a series of E-bike and non-motor 

vehicle transport reports, it was revealed that the average commuting trip distance in Shanghai increased 

from 6.5 km in 2009 to 6.9 km in 2014 (Guangzhou Modern BRT & Sustainable Transport Institute 

(ITDP-China) 2017a) and in Beijing, it increased from 5.8 km in 2000 to 8.1 km in 2015 (Guangzhou 

Modern BRT & Sustainable Transport Institute (ITDP-China) 2017b). . As a city grows and trip distance 

increases, people find it harder to cycle. 

 

In this chapter, the Area of Built District (ABD, green bars in Figure 3-7) is used as an index to indicate 

city size and urban expansion, which indicates trip length. The National Bureau of Statistics of China 

uses ABD as an authoritative index to indicate the actual urban area (lakes, mountains, reservation lands 

excluded). An increase in ABD means that as the city expands, longer travel distances follow. Figure 3-7 

shows that as the ABD increased, the usage of human-powered bicycles began to fall. Since no research 

has been dedicated to this issue, it can be only guessed that there might be a suitable city size threshold 

that fits with high-level human-powered bicycle ownership. Below that threshold, human-powered 

bicycle use is less affected by city size while above that threshold, cycling is greatly affected. Overall, 

increasing city size could be considered to have a potentially adverse effect on the popularity of human-

powered bicycle use. This is consistent with national and local survey results shown in Figure 3-5 and 

Figure 3-6. 

 

 
Figure 3-7. The relationship between Area of Built District and ownership of different types of 

bikes from 1985 to 2016  

Note. Before 2013, mopeds comprised both E-bikes and gasoline mopeds, but after 2013, when most 

cities banned gasoline mopeds, they were replaced with E-bikes. Source: National Bureau of Statistics 

of China (2018). 

 

Figure 7 shows how urban size (indexed as ABD) has changed in the last three decades and how the rise 

and fall of human-powered bicycle ownership was influenced by the urban extension (trip distance). 
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However, this fast urbanization will not last forever. In 2016, the National Development and Reform 

Commission of China released “The 13th Five-year Plan of New Urbanization (2016-2020)”, which set 

a goal of 60% urbanization growth by the end of 2020 However, Beijing, Shanghai, and most of the large 

eastern and southern cities had reached 65% or even 70% of urbanization growth by 2019, due to the fast 

economic growth. With the goal reached and the downturn in economic growth, local governments have 

specified a strategy called “Controlling Increment and Optimizing Stock” for urban development and 

released detailed regulations to control urban construction. Therefore, it is reasonable to believe that the 

urban expansion trend will slow. With trip distance no longer increasing, human-powered cycling 

ownership might even increase again in the future. 

 

3.2.3.2 Public transport  

Since public transport is often considered to “marry” cycling, developments of this marriage are 

investigated in this component of research at a macro level. It is found that both ownership and the use 

of bicycles do not share the same trend as public transport development. A general index of bus and urban 

railway growth (unit: km per capita) is used to represent public transport development. Although this 

index continues to increase (urban railways have been growing at an annual rate of 20% since 2000), no 

clear connection can be seen between public transport development and bicycle growth (see Figure 3-8). 

To determine the mode share at a city-level, four representative cities were chosen, but no positive 

relationship was found between human-powered bicycles and rapidly growing urban railways, as shown 

in Figure 3-9. Mainly urban railways have been developed in recent years in selected cities, while human-

powered bicycle use has decreased at the same time. It is assumed that as transport networks become 

more concentrated, people might choose not to cycle. Further studies should consider these co-relations 

since it is not the topic of this component of research. Overall and unexpectedly, public transport has no 

positive effect on the popularity of human-powered cycling. 

 

 
Figure 3-8. Bus and urban railway development vs. human-powered bicycle ownership 

Source: National Bureau of Statistics of China (2018), Yin, Wu, and Hao (2017); China Urban Railway 

Transport Association (2018). 
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Figure 3-9. Human-powered bicycle transport and urban railway networks mode share 

Source: Li, Guo, et al. (2016); Shanghai urban and rural construction and Transportation Development 

Research Institute (2015); Suzhou Planning Bureau & Suzhou Public Security Bureau (2018); Nanjing 

Institute of City & Transport Planning Co. (2017); China Urban Railway Transport Association 

(2018).Long (2012)  

 

3.2.3.3 Health concerns about air and noise pollution  

Health is another consideration for cyclists. With concentrated population and increased mobilization in 

most Chinese cities, pollution caused by cars and motorbikes has become serious, which ultimately affects 

outdoor activities, including cycling. Although academic research has revealed that car drivers are 

normally more exposed to road air and noise pollution, from a perceptional view, cyclists might be 

concerned with the cycling environment if there is heavy traffic. Air and noise pollution was the third 

(35.5%) most important reason why cyclists did not choose personal bicycles to commute in a recent 

survey (Suzhou Planning Bureau & Jiangsu Institute of Urban Planning and Design 2019). Although 

some studies focused on the relationship between air pollution and cycling (MacNaughton et al. 2014; 

Jarjour et al. 2013; Hatzopoulou et al. 2013), most cyclists are health-conscious. There is little up-to-date 

research focusing on the impact of air pollution on human-powered bicycle usage in a Chinese context. 

Chan and Yao (2008) studied air pollution in Beijing, Shanghai, Guangzhou, Shenzhen, and Hong Kong 

from 1999 to 2007, and pointed out that particulate concentrations of PM2.5 in most Chinese megacities 

were far above the World Health Organization Air Quality Guidelines. A reasonable assumption is that 

poor air quality and growing awareness of the harm from air pollution may have a negative impact on 

cycling. Campbell et al. (2016) investigated the factors affecting mode of transport choice in Beijing, 

China, with a focus on preferences of BS users and found that poor air quality had a negative effect on 

BS usage, which is consistent with a study by Li and Kamargianni (2018).  

 

As for the future, the author hold a favorable view that worsening air pollution will be reversed. The air 

problem is now a national problem that has gained much social attention. With China signing the Paris 

Agreement in 2016, detailed implementations have been released, including strict regulations for 

registration of gas automobiles, and taxes to limit the total pollution, especially for companies discharging 

high levels of pollutants (National Development and Reform Commission 2016). 

 

3.2.3.4 Bicycle infrastructure (safety concern) 
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Motor-car-oriented urban planning has led to a shrinking of the bicycle infrastructure environment, 

resulting in more car lanes. This has directly and negatively affected human-powered cycling rates 

because human-powered bicycles, E-bikes, and motorbikes all share the same cycling space (of which 

human-powered bicycles have the lowest speed and are the most vulnerable). A narrower bicycle lane 

means more conflicts among these two-wheeled transports. Moreover, when car parking occupies bicycle 

lanes, safety concerns grow for all two-wheeled transport modes, which makes cycling unsafe compared 

to previous times.  

 

Generally, a more significant number of bicycle lanes and spaces contribute to a higher probability of 

cycling (Moudon et al. 2005; Broach, Dill, and Gliebe 2012). Zhao et al. (2018) studied bicycle-friendly 

infrastructure planning in Beijing and Copenhagen. They found that due to a 50% surplus of cars 

compared to parking spaces provided in neighborhoods, drivers in Beijing often parked in bicycle lanes 

and blocked cyclists. Yang et al. (2015) described human-powered bicycle infrastructure–both lanes and 

parking places–as “insufficient”. Only 17% of urban streets in Shenzhen have bicycle lanes. Even in 

Shanghai–a city with a long history of a human-powered cycling culture–five main roads in small, core 

urban areas have no bicycle lanes (Shanghai Municipal Administration of Planning and Land Resources 

& Shanghai Municipal Transportation Committee 2016). Furthermore, it is not unusual to see human-

powered bicycle lanes cut off, occupied, or even replaced by motor cars (Figure 3-10). Only 24% of 

streets in core Beijing areas have human-powered bicycle parking places, and only 49 out of 126 railway 

stations were equipped with bicycle parking facilities. Bicycle racks and rain protection facilities at BS 

stations are seldom seen in China (Yang et al. 2015; Frame, Ardila-Gomez, and Chen 2017; Zhao et al. 

2018). Pucher et al. (2007) also mentioned that in the early stages of rapid urbanization and motorization 

in the 2000s, cycling and walking facilities in Chinese cities had been worsening: Many pavements and 

cycle lanes were eliminated or narrowed to accommodate more car lanes. Some streets and districts were 

off-limits to cyclists. For instance, between 2006 to 2008, over 20 main streets (width >40 m) were 

reconstructed in Suzhou, most of which were increased to accommodate more car lanes by reducing the 

bicycle lane width (Huifen 2018), as can be seen in Figure 3-11. Frame, Ardila-Gomez, and Chen (2017) 

also studied the cycling environment and policy and concluded that from 1992 to 2007 in Wuhan, there 

was a 100% increase in road length and 315% increase in road area, most of which comprised wide major 

arterials, typically with eight to ten lanes and single-section roads with no central separation (cyclists had 

to detour to cross the road). A narrow and occupied bicycle lane is the second highest reason (41.8%) 

why people did not use personal bicycles in a recent survey conducted in Suzhou–a city with a cycling 

tradition and large population (Suzhou Planning Bureau & Jiangsu Institute of Urban Planning and Design 

2019). 
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Figure 3-10. A common view showing cars parked in a building entrance blocking the bicycle 

lane 

Photo taken by the authors in February 2018. 

 

 
Figure 3-11. Typical main street reconstruction showing reduced bicycle lane width (unit: m) 

Source: Huifen (2018) 

 

Per capita road area (as an index to represent road development) and private car and human-powered 

bicycle ownership (representing cycling space change in past years) are used to determine a national 

quantitative index of cycling infrastructure or cycling environment in the Chinese context. A comparison 

between the growth rate of per capita road area and private car ownership (see Figure 3-12) shows that 

although both increased from 1990 to 2016, the growth of per capita road area (annual growth rate 6.54%) 

is much lower than the growth of private car ownership (annual growth rate 21.81%). In those 26 years, 

per capita road area increased five times while private car ownership increased 165 times. Thus, this has 

led to a decreasing road space for human-powered bicycle users, which in turn may be related to 

decreasing human-powered bicycle usage.  

 

Similar to city size, governments are changing their attitudes towards urban planning. The strategy 

discussed before as “Controlling Increment and Optimizing Stock” means urban construction is turning 

from new construction to renovation of existing infrastructure. With a growing concern for the 

environment and a worsening traffic environment, bicycles have again gained government support (which 

will be discussed in the next section). Therefore, it is believed that the situation of shrinking bicycle lanes 

might be gradually reversed, and the cycling environment for human-powered bicycles will improve. 
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Figure 3-12. The relationship between per capita road area and ownership of human-powered 

bicycles/private cars 

Source: National Bureau of Statistics of China (2018), Yin, Wu, and Hao (2017). 

 

To further understand the relationship among bicycle and other macro factors mentioned above, a simply 

t-test analysis is conducted to see how they impact the number of human-powered bicycle fleets. Nation-

wide potential influential factors as private car, disposal income/GDP, public transport (bus and urban 

railway included), city size (presented as area of built district, ABD) and capita road area are considered. 

These variables are extracted from Figure 3, 4, 7, 8, 12 respectively. A summary of the variables is given 

in Table 3-5. Since the original variables are discrete, normalized process is proceeded before the t-test, 

where most of the variables are converted into logarithmic form. 

 

Table 3-5. Correlation analysis of factors influencing bicycle usage 

Influential Factors Time Statistical Description 

private car ownership 

(per 10 thousand people) 

1985-2016 Min:0.269(1985)  

Max: 118.103(2016) 

Mid:5.487  

Count:32 

bus 

(per 10 thousand people) 

1990-2016 Min:2.2(1990)  

Max: 13.8(2016) 

Mid:11 

Count:19 

urban railway 

(network length per 10 

million people) 

2000-2016 Min:1.2(1990)  

Max: 36.4(2016) 

Mid:8.1 

Count:17 

Area of built district (ABD) 

(km2 per 100 people) 

1985-2016 Min:8.87(1985)  

Max: 37.3(2016) 

Mid:18.27 

Count:32 

Capita road area (m2) 1990-2016 Min: 3.1 (1985)  

Max: 15.8 (2016) 

Mid:9.3 

Count:27 

 

Table 3-6 shows the results of the t-test. It is found that most of the variables mentioned previously as 

mass transit, private cars, and ABD had a negative impact on two-wheeled human-powered bicycle 

development, which is consistent with Figure 3 to 12. Some factors with no significant impact, as bus and 

captia road area, are removed. 
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Table 3-6. Correlation analysis of factors influencing bicycle usage 

Bicycle Coefficient Std. Error. t p>t [95%Conf. 

Interval] 

Railway_length -0.218 0.089 -2.450 0.027 -0.028*** 

lgPrivate_car -0.082 0.036 -2.290 0.037 -0.006*** 

lgABD -0.264 0.052 -5.080 0.000 -0.153*** 

constant -0.266 0.141 -1.880 0.080 0.036** 

*** p<0.01，** p<0.05 

 

The possible factors influencing human-powered bicycle usage are shown in Table 3-7. These potential 

factors, which have influenced the change of human-powered bicycle usage over three decades, can be 

further divided into two major categories, namely demand-side factors and supply-side factors. While 

city size and public transport have had a negative or partial negative correlation, infrastructure, policy, 

and air quality have had a positive correlation. Human-powered bicycle development has led to mixed 

results; human-powered cycling demand is gradually increasing while the cycling environment supply is 

gradually decreasing. 

 

Table 3-7. Factors influencing human-powered bicycles 

Factors Content Index Description 

Demand-side 

factors 

Household 

income 

Disposable income Within a suitable threshold, human-

powered bicycle usage increases. Beyond 

that threshold, human-powered bicycle 

usage falls. 
City size Built areas of districts 

Public transport Bus and urban railway 

ownership  

Public transport improves while human-

powered bicycle transport decreases. 

Air quality PM2.5 and PM10 Human-powered bicycle usage decreases 

as air quality deteriorates. 

Supply-side 

factors 

Bicycle 

infrastructure 

Urban road space and 

bicycle lane space 

Bicycle infrastructure continues to 

worsen while usage declines. 

Policies National and local policies, 

regulations and codes 

National and local governments have 

experienced a changing policy towards 

human-powered bicycle use. 

Source: China Urban Railway Transport Association (2018); National Bureau of Statistics of China (2018); Chan 

and Yao (2008); Yin, Wu, and Hao (2017); Suzhou Planning Bureau & Suzhou Public Security Bureau (2018); 

Shanghai Urban and Transport Research Institute (2018); Nanjing Institute of City & Transport Planning Co. 

(2017); Li, Guo, et al. (2016). 

 

3.2.4 Policies and development phases of human-powered bicycle transport 

Earlier literature commented that four phases existed before 2012. After reviewing Chinese research and 

government reports, including grey literature after DBS showed up in 2016, the auhtor re-organize the 

development phases in this section based on the policy. Because the government attitude towards human-

powered bicycles, represented by policies and regulations, is a critical supply-side factor. It can be the 

most important aspect in a country like China where the government has strong authority. Overall, central 

and local governments have held a changing attitude towards human-powered bicycles comprising four 

phases, based on policies and human-powered bicycle development from 1985 to 2016.  

 

In Phase One (from 1985 to 1994), relatively compact city size and low income made human-powered 

cycling the most popular transport mode in China. The government held a limited and positive attitude 

towards cycling since it consumed less energy, which was precious for industry (Zhang, Shaheen, and 

Chen 2014; Haixiao 2011). When household income increased shortly after the Economic Reform in 

1978, human-powered bicycles were considered valuable assets and experienced a high growth period. 

Overall, it was the period during which growth and policy were consistent.  

 

In Phase Two (from 1994 to 2002), two important national policies were released; one was the “National 

vehicle industry policy 1994” released by the National Development and Reform Commission in 1994, 
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and the other was the “Code for transport planning on urban road (GB 50220-95)” released by the 

Ministry of Construction in 1995 (Zhang, Shaheen, and Chen 2014). The former announced that the 

vehicle industry would be a future key industry in China, and this led to an increase in private car 

ownership in subsequent years. The latter was the first national transport standard that provided guidance 

for human-powered bicycle transport: Medium and large cities were required to develop public transport 

to replace human-powered bicycle transport for long-distance trips. Some local government policies were 

more radical. For example, Guangzhou released its “1993 Master Urban Plan” and announced its 

objective was to limit and decrease bicycle usage (Yin, Wu, and Hao 2017; Mackett et al. 2011). During 

this period, human-powered bicycle transport decreased rapidly and motor cars increased. High-income 

groups favored motorbikes and motor cars which led to a rise in these two modes of transport. The 

growing trip distance, expanding city size, worsening human-powered bicycle infrastructure, the poor 

planning for non-motor transport, as well as a tendency to favor motor cars for government and regular 

travelers, contributed to a decline of bicycle use. Since the government’s attitude towards bicycle 

transport was negative, and travelers were turning to motorized modes of transport, this period was a 

declining stage of human-powered bicycle transport.  

 

Phase Three (2002 to 2012) was a period where mobilization accelerated in China, and the ownership of 

private cars boomed (see Figure 3-3) from 12.1 million in 2002 to 88.4 million in 2012, a seven-fold 

increase in 10 years with an annual rate of 21.5%, while human-powered cycling and ownership decreased. 

More vehicles provoked more environmental problems (Chan and Yao 2008; Zhang and Mi 2018). 

However, the attitude towards human-powered bicycle transport subtlety changed from “discouraged” to 

“re-recognized”, especially by local governments. 

 

This conversion began with the release of the “White Book of Shanghai Urban Transport Development” 

in 2002, which stated that the human-powered bicycle was a complement to public transport (Tang, Liu, 

and Pan 2010; Zhang, Shaheen, and Chen 2014). In 2004, walking and human-powered bicycle transport 

were announced in the “Master Urban Plan of Beijing 2004-2020” as essential elements in the future 

Beijing transport system: “[A] Safe, efficient and comfortable transport environment needs to be built for 

cyclists and pedestrians”. Moreover, from 2008 to 2009, a series of implementing details such as 

“Walking and bicycle transport mode planning” and “Optimized design guideline of cycling and walking 

in typical streets” were released in Beijing (Mackett et al. 2011) and followed by other major cities such 

as Hangzhou, Shenzhen, and Nanjing, which all proposed that their master urban plan would promote a 

slow mode of transport (Zhang, Shaheen, and Chen 2014). Furthermore, in support of these human-

powered bicycle-friendly regulations, Hangzhou established the first government-supported BS system 

in 2008, rapidly followed by other cities and by the end of 2011, 30 cities had established city BS systems, 

mostly funded by local governments (Guangzhou Modern BRT & Sustainable Transport Institute (ITDP-

China) 2017b; Wei and Wei 2013).  

 

According to some scholars, the reasons behind these changing attitudes was due to concerns related to 

the growing number of motor cars and the worsening urban environment (Guangzhou Modern BRT & 

Sustainable Transport Institute (ITDP-China) 2017b). Local governments, rather than the central 

government, were the first to be negatively impacted by motor vehicle transport and the first to realize 

the importance of cycle-friendly urban transport. Therefore, it was the time when local government 

attitudes towards human-powered bicycle transport were subtlety converted from “opposed” to 

“re-recognized,” although bicycle use continued to decrease. 

 

Phase Four (2012 to 2016) was a period when mobilization continued to rule China; private vehicle 

ownership increased from 88.4 million to 163.3 million (16.6% per year) in four years, while human-

powered bicycle infrastructure was still relatively low quality and low in quantity (Zhao et al. 2018; 

Guangzhou Modern BRT & Sustainable Transport Institute (ITDP-China) 2017b). On the other side, 

environmental concerns grew, and even the central government realized it had to act and so released 

nation-wide regulations and guidelines to promote human-powered cycling (Chan and Yao 2008; Zhang 

and Mi 2018).  
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In 2012, a national “Guidance to Improve Urban Pedestrian and Bicycle Transport System Construction” 

was released jointly by the Ministry of Housing and Urban-Rural Development, National Development 

and Reform Commission and the Ministry of Finance (2012). The guidance proposed a green transport 

environment, urged local governments to adopt a better slow-transport environment before 2015, and set 

human-powered cycling goals for local governments as a political performance indicator. Several months 

later, the China State Council (2013) issued the “Guiding Opinion on Giving Priority to Public Transport 

Development,” and stated that local governments were to “improve walking and cycling environment” 

and “increase investment on slow-transport infrastructure”. In 2012, Beijing and Shanghai initiated a 

series of reconstruction projects aimed to redeploy and widen human-powered bicycle lanes in central 

districts (Guangzhou Modern BRT & Sustainable Transport Institute (ITDP-China) 2017b) while more 

cities began to embrace city BS systems. Then in 2014, the Ministry of Housing and Urban-rural 

Development released “Guidelines for planning and design of urban pedestrian and bicycle transport 

systems”; it gave more detailed design and planning specifications and required local governments to 

produce a slow-transport plan before the end of 2015. Most local governments began to follow the 

national guidelines and to revive human-powered bicycle infrastructure. By the end of 2015, 215 BS 

programmers were deployed in China, compared to only 30 in 2011. However, even under the nationwide 

trend of fast urbanization and what seemed to be unstoppable mobilization, the human-powered bicycle 

transport mode share in major cities was still low, as shown in Table 3-3. From 2012 to 2016, policies 

towards human-powered bicycle transport were “supportive” in every field, while its mode share 

still lagged. 

 

Phase Five (2016 to 2019) began with the rise of the private operator-owned DBS in 2016. By the end 

of 2017, DBS had covered most major cities in China and fundamentally changed the way people traveled. 

It also led to the first increase in the bicycle mode of transport share in most Chinese megacities, such as 

Beijing, Shanghai, Guangzhou, and Shenzhen (Gu, Kim, and Currie 2019b). 

 

The release of the “Shanghai Street Design Guideline” in 2016 was a milestone policy, which was 

different from former local guidelines or regulations for human-powered bicycles. In this guideline, 

detailed design requirements were proposed to fulfill a complete and living street, in which human-

powered cycling was promoted—for the first time in an influential local regulation—at a higher priority 

than motor car and public transport (Shanghai Municipal Administration of Planning and Land Resources 

& Shanghai Municipal Transportation Committee 2016).  

 
Policies towards DBS have been changing ever since DBS emerged. The central government held an overall 

neutral-positive attitude towards DBS when it released the “Guidance of encouraging and regulating the 

development of Internet rental bicycles (dockless bike-share)” in 2017. This document was jointly released by 

ten national ministries, which was quite unusual. It indicated DBS’s influence and the attention it was now 

drawing (Gu, Kim, and Currie 2019b). Local governments held a changing attitude towards DBS from 

neutral-positive (cautiously-welcomed) to neutral-negative (cautiously-controlled) from 2016 to 2018 (Gu, 

Kim, and Currie 2019b). However, from August 2017, when DBS fleets began to exceed city capacity, 

Shanghai was the first to limit new DBS fleet development; DBS operators were required to take more effective 

methods to maintain ordered parking behaviors. This action was instantly followed by Beijing, Guangzhou, 

and dozens of other cities (see Table 3-8). This stage witnessed a considerable growth of human-powered 

cycling that was not organized by the government. Phase Five was a time when DBS policies diverged in 

different cities although human-powered bicycle usage grew significantly due to DBS. 

 

Table 3-8 Times when DBS began and was then limited in selected cities 

City 
Time DBS began 

(month, year) 

Time DBS limited 

(month, year) 

Duration (months) from 

introduction to limit 

Beijing 9, 2016 9, 2017 12 

Shanghai 4, 2016 8, 2017 16 

Hangzhou 2, 2017 8, 2017 6 

Shenzhen 1, 2016 8, 2017 19 

Guangzhou 9, 2016 8, 2017 11 
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Nanjing 1, 2017 8, 2017 7 

Wuhan 1, 2017 9, 2017 8 

Tianjin 1, 2017 9, 2017 8 

Chengdu 1, 2016 1, 2018 12 

Source: Gu, Kim, and Currie (2019b) 
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Table 3-9. Phases of human-powered bicycle usage and policy development (from 1985 to present) 

Phase One: Rapid growth, overnment held a limited and positive view about human-powered bicycles (1985 to 1994) 

Bicycle Usage Human-powered bicycle usage grew rapidly from 102.5 to 194.3 bikes per 100 households in urban China, and 22.8 to 147.0 bikes 

per 100 households in rural China from 1978 to 1995. 

The human-powered bicycle became the main mode of transport for daily mobility. The average cycling rate accounted for 44% in 

around 1985 in cities shown in Table 3-3. 

Government 

Attitude 

Encouraging. 

Policy or regulation No policy was released about human-powered bicycle transport. 

Phase Two: Human-powered bicycle usage reduced due to a policy that opposed it (1994 to 2002) 

Bicycle Usage Human-powered bicycle ownership began to decrease–from 194.3 to 142.71 bikes/100 households in urban China, and 147.0 to 121.32 

bikes per 100 households in rural China from 1995 to 2002. The average cycling rate accounted for 35% in around 1997 in cities 

shown in Table 3-3.  

Government 

Attitude 

Discouraging. 

Policy or regulation National level 

“National vehicle industry policy 1994” and “Code for transport planning on the urban road (GB 50220-95)” were released and goals 

were set to promote motor car transport and to decrease cycling. 

Local level  

Some local policies were more radical.  

The “Guangzhou Urban Planning 1993” policy stated that human-powered bicycles should be gradually limited and human-powered 

bicycle usage would gradually decrease. In Shenzhen, human-powered bicycle lanes were gradually removed from main roads from 

1992-1998 and human-powered bicycle transport was marginalized by the local government. 

Phase Three: Human-powered bicycle usage continued to decrease, local policy slowly converted to a positive stance (2002 to 2012) 

Bicycle Usage Human-powered bicycle ownership continued to decline. The average cycling rate accounted for 21% in the 2000s in cities shown in 

Table 3-3.  

Government 

Attitude 

Converting and re-recognizing bicycle use, especially by local governments. 

Policy or regulation Local level  
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Beginning with the “White Book of Shanghai Urban Transport Development” (2012), local governments gradually reconsidered 

human-powered bicycle transport as an important part of the urban transport system or even a complement to public transport. 

A government-supported BS system was first launched in Hangzhou in 2008 and soon adopted by 30 other major cities. 

Phase Four: Human-powered bicycle usage continued to decrease, both national and local government promoted human-powered bicycle cycling again 

(2012- 2016) 

Bicycle Usage Human-powered bicycle ownership continued but declined slightly. However, most bicycles were no longer used, and active usage 

was even lower than during the last phase. Average cycling accounted for 13.3% of transport in around 2015 in selected cities as 

shown in Table 3-3. 

Government 

Attitude 

Encouraging. 

Policy or regulation National level 

“Guidance to Improve Urban Pedestrian and Bicycle Transport System Construction”;  

“Guiding Opinion on Giving Priority to Public Transport Development”; 

“Guidelines for planning and design of urban pedestrian and bicycle transport systems”. 

The aim was to revive slow-transport and set an increasing human-powered bicycle use goal for local governments. 

Local level  

Beijing and Shanghai began a series of reconstruction projects to revive cycling in urban areas. 

City BS systems were widely and rapidly accepted by more than 200 cities.  

Phase Five: Dockless bikeshare emerged, and human-powered bicycles use was revived. Cycling was encouraged, yet the attitude towards DBS had been 

rapidly changing (2016-2019) 

Bicycle Usage Cycling mode share increased slightly in most cities deploying DBS. 

Government Attitude Towards human-powered bicycle: encouraged. 

Towards DBS: neutral-positive in central government and neutral-negative in local governments 

Policy or regulation National level 

“Guidance of encouraging and regulating the development of Internet rental bicycles (dockless bike-share)” was released by the central 

government to encourage and regulate DBS development. 

Local level  

“Shanghai Street Design Guideline” was released, which promoted human-powered bicycle transport to a higher position than public 

transport and motor vehicle transport in the urban transport system. 

From August 2017, megacities began to limit new DBS fleet development, capped the capacities of DBS and released stricter rules to 
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regulate DBS operators’ operation. E-bikes were “discouraged” in most cities. 

Source: Han (2017); Haixiao (2011); Zhang, Shaheen, and Chen (2014); Mobike Global & Beijing Tsinghua Tongheng Planning and Design Institute (2017); World Resouces 

Institute & Mobike Global (2018); National Bureau of Statistics of China (2018); Technology (2018); Li, Guo, et al. (2016); Tang, Pan, and Shen (2011); Li, Yin, et al. (2016); 

Mackett et al. (2011); Cherry, Weinert, and Xinmiao (2009); Gu, Kim, and Currie (2019b).
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3.3 The development of motorbike, E-bike in China 
Generally, E-bikes are electric-assisted bicycles with a similar style to regular human-powered bicycles 

(Fishman and Cherry 2016). However, in the Chinese context, E-bike covers a relatively large range of 

vehicles comprising a bicycle-style, a scooter style (see Figure 3-13), and mopeds. According to the Road 

Traffic Safety Law in the People's Republic of China (released in 2004), E-bikes, despite their small 

motors, belong to the non-motor vehicle category, which means they share the same cycling lanes with 

regular human-powered bicycles. On the other hand, motorbikes–powered by gasoline—are considered 

a motor vehicle and share lanes with automobiles (National People's Congress 2011). Therefore, 

investigating these modes of transport in this component of research allows a better understanding of the 

problems associated with these vehicles. 

 

   
Figure 3-13. Bicycle-style (left) and scooter-style (right) E-bikes 

Source: Ling et al. (2015), right-hand figure photographed by one of the authors. 

 

3.3.1 The growth of ownership of motorbikes and E-bikes in China 

Compared to the decreasing use of the human-powered bicycle, motorbikes and E-bikes have experienced 

quite different growth trends between 1990 and 2016 (see Figure 3-14). A steep increase was seen in 

urban mopeds (from 2.72 to 49.7 bikes per 100 households 1990-2016) and rural mopeds (from 40.3 to 

57.7 bikes per 100 households from 2012-2016). However, urban motorbikes reached their peak in 2007 

then decreased and have fluctuated since due to the widespread motorbike-banning policy, which will be 

discussed later. In contrast, rural motorbikes have witnessed a sharp increase in the last 26 years (from 

0.89 to 64.21 bikes per 100 households), although that increase has slowed in recent years. Overall, E-

bikes have prevailed while motorbikes in urban areas have decreased.  

 

According to Guangzhou Modern BRT & Sustainable Transport Institute (ITDP-China) (2017a) report 

about the E-bike Industry, the first E-bikes appeared in Shanghai in 1983. By the end of 2000, E-bike 

production had begun in China, and then in 2004, a large-scale industry was formed. The E-bike boom in 

China occurred in 2007 when their production exceeded 20 million per annum in that year, and sales of 

E-bikes reached 30 million in 2010, which now accounts for more than 90% of the international export 

market. China has become the largest producer, consumer, and exporter of E-bikes (Ruan, Hang, and 

Wang 2014; Ling et al. 2015). Industrial reports have argued that E-bikes have had stable production and 

sales, but as the market has become saturated, the industry might be now at a turning point (Guangzhou 

Modern BRT & Sustainable Transport Institute (ITDP-China) 2017a). 
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Figure 3-14. Moped (E-bike) and motorbike ownership between 1995 and 2012 

Note. Before 2013, mopeds consisted of E-bikes and gasoline mopeds, and after 2013, mopeds were 

replaced by E-bikes. Source: National Bureau of Statistics of China (2018). 

 

3.3.2 Motorbike development phases and policies related 

As indicated, motorbikes and gasoline mopeds witnessed a long-term increase before 2000 nationwide. 

Moreover, overall policies towards motorbikes and gasoline mopeds were neutral during that time (Ling 

et al. 2015; Zhang, Shaheen, and Chen 2014). However, megacities were the first to realize the 

disadvantages, such as safety issues and environmental pollution, of motorbikes and gasoline mopeds, 

and they were gradually banned in urban areas from the mid-1990s. For instance, Guangzhou stopped 

registering new motorbikes and gasoline mopeds in 1991, followed by Shenzhen in 1993 and Shanghai 

in 1996. From 2000, major cities such as Beijing, Guangzhou, Shenzhen, and Shanghai began to ban 

motorbikes and gasoline mopeds on municipal roads. Currently, over 150 cities in China have banned or 

partially banned motorbikes and gasoline mopeds (Xiaolin 2017; Fishman and Cherry 2016; Shao 2017). 

However, considerably high motorbike ownership continues in rural China, where regulations are much 

freer, as can be seen in Figure 3-14. 

 

3.3.3 E-bike development phases and related policies  

The prevailing phenomenon of E-bikes has been demand-driven rather than supply pushed (Wells 

and Lin 2015; Lin, Wells, and Sovacool 2017) because not much national or local government support 

occurred to promote E-bikes and their increase is mostly motivated by user demand. The E-bike boom 

began in 2005 when E-bike sales exceeded gasoline motorbikes, and the ban on motorbikes and gasoline 

mopeds began to be noticed. In 2016, the ownership of E-bikes in urban and rural China was 49.7 and 

57.7 bikes per 100 households, respectively (National Bureau of Statistics of China 2018). Nationally, an 

estimated 150 million E-bikes existed in 2013, and this number reached 220 million in 2016 (Ling et al. 

2015; Lin, Wells, and Sovacool 2018). Some researchers believe the E-bike boom was directly triggered 

by the Chinese government’s effort to restrict motorcycles, to develop the economy, and to promote E-

bikes as zero-emission vehicles (Cherry, Weinert, and Xinmiao 2009; Shao 2017; Ling et al. 2015). 

 

In a wide-ranging review, Fishman and Cherry (2015) argued that E-bikes have the potential to displace 

cars and convey benefits such as improved health and better air quality. Local studies revealed that E-

bikes were not substantially displacing cars (Ling et al. 2015; Lin, Wells, and Sovacool 2018) but in a 

study conducted in Nanjing, they were displacing the ‘benign’ transport modes of walking, traditional 

human-powered cycling, and bus usage (Lin, Wells, and Sovacool 2017). Thus, they are helping to enable 

motorized-dependent lifestyles that may in the future be supported by cars, rather than offering a real 

departure from carbon-centered, motorized forms of transport. A growing number of studies have 

revealed that E-bikes are responsible for a large number of traffic injuries and negative safety issues (Feng 
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et al. 2010; Bai et al. 2013; Ruan, Hang, and Wang 2014), which jeopardizes their position as a promising 

mode of transport. 

 

At a national level, E-bike policies are few and neutral. Simple technical standards and the transport rights 

of E-bikes are regulated as set out in the “Road Traffic Safety Law of the People's Republic of China” 

(released in 2004), which confirms that E-bikes belong to the non-motor vehicle category (National 

People's Congress 2011). Thus, they operate in bicycle lanes because their road-rights are the same as 

human-powered bicycles. National standards such as the “Electric bicycles – General technical 

requirements” and “Safety technical specification for electric bicycle” were set in 1999 (GB 17761-1999), 

then updated in 2018 (GB 17761-2018) (Technology 2018); they are quite strict in their definition of “E-

bike”. However, Shao (2017) stated that 55% of E-bikes in Shanghai weighed over 40 kg, 90% had a 

speed limit higher than 20 km/h, and 60% had no manual cycling function, that is, they were non-

compliant. An industry report (Guangzhou Modern BRT & Sustainable Transport Institute (ITDP-China) 

2017a) declared that almost 95% of E-bikes are “out-of-limit” according to existing standards. Even 

though the new standard has even higher limits (see Table 3-10), many E-bikes have higher speeds and 

larger mass than that set by the standard. Pedelecs (speed<25 km/h, motor power<250w) are bicycles 

which have a small electric motor to assist the rider’s pedaling. Note that under the European regulations, 

pedelecs, are categorized as bicycles whereas in China, they are classified as E-bikes. 

 

Table 3-10. Standards to define “electric bicycle" in some countries 

Country Speed limit 

(km/h) 

Mass limit 

(battery 

included) (kg) 

Motor Power 

limit 

(W) 

Human-powered cycling 

function (pedal equipped) 

China-new standard 

(2018) 

25 55 400 Required 

China-old standard 

(1999) 

20 40 240 Required 

USA 32 N/A 750 N/A 

Europe powered bicycles’ 25 N/A 1000 N/A 

mopeds 25-45 N/A 1000-4000 

Source: Technology (2018); Fishman and Cherry (2016). 

 

Policies towards E-bikes have changed in the last two decades. Local government attitudes towards E-

bikes are quite divergent due to the confusion and the lagging problems of E-bike standards that have not 

been solved. The existing national standard is too strict and therefore, is not implemented, which leads to 

more confounded local standards and policies. There are 185 legislative texts on E-bikes in national and 

local governments, wherein, there is one law, 20 regulations, two decisions of the National People's 

Congress, 14 rules and 148 administrative provisions, many of which are contradictory; some cities have 

banned or have limited the usage of E-bikes while others tacitly approve of E-bikes (Guangzhou Modern 

BRT & Sustainable Transport Institute (ITDP-China) 2017a). For instance, southern cities in the Pearl 

River Delta, such as Guangzhou, Shenzhen, and Foshan hold a radically negative opinion about E-bikes 

as they did with human-powered bicycles. 

 

However, cities in the Yangtze River Delta, such as Shanghai, Suzhou, and Hangzhou, usually hold a 

favorable positive attitude towards E-bikes, as they did for human-powered bicycles. These cities across 

the plains in the Yangtze River Delta have a long tradition of cycling over for the last century. Local and 

central government attitudes are listed in Table 3-11.  

 

Table 3-11. Local government attitudes towards E-bikes 

Attitude towards 

E-bike 

Description Government 

Neutral E-bikes standards are well-defined, and no 

national banning is stated. 

Central government 
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Accepting E-bikes may register; registered E-bikes are 

allowed on the roads. 

Shanghai, Chengdu, Hangzhou, Suzhou, 

Jinan, Chongqing, Wuxi 

Limited E-bikes may register; registered E-bikes are 

only allowed in certain areas or roads in 

urban areas. 

Beijing, Fuzhou, Xi’an, Wuhan, Kunming, 

Changsha 

Banned E-bikes cannot be registered and are banned 

in most urban areas. 

Guangzhou, Zhuhai, Shenzhen, Xiamen, 

Foshan 

Source: Technology (2018); Fishman and Cherry (2016); Suzhou Planning Bureau & Suzhou Public Security 

Bureau (2018); National People's Congress (2011); Xiaolin (2017); Zhiying (2016); Haixiao (2011); Shao (2017). 

 

Central and local governments all share a negative attitude of all for shared E-bikes. In August 2017, 10 

national ministries (Ministry of Transportation, Ministry of Industry and Information Technology, 

Ministry of Housing and Urban-Rural Development, People's Bank of China, and another six ministries.) 

jointly endorsed and issued the “Guidance of encouraging and regulating the development of Internet 

rental bicycles (dockless bike-share)”. Notably, shared E-bikes were clearly “not encouraged” in this 

“Guidance” (Gu, Kim, and Currie 2019b). Local governments such as Beijing and Shanghai soon 

followed and banned shared E-bike operators from deploying fleets on their streets (Li 2018). 

 

3.3.4 Other electronic modes of transport 

It will be interesting to see if other unique two-wheeled modes of transport like kick scooters or even 

single rider electric-powered vehicles (e.g. the Renault Twizy, which is an electric-powered quadricycle) 

find their place in China. These vehicles have never been mainstream, and there is no giant company such 

as Lime in China to operate them. They serve in a very marginal way and have extremely limited functions 

in urban transport. According to traffic safety law, these kick scooters, along with single rider electric-

powered vehicles, are in a grey or unknown regulation zone (National People's Congress 2011). Although 

there is no precise national regulation, scooters are usually not allowed on municipal roads due to safety 

concerns. The primary users of kick-scooters are car drivers who need light and e-powered transport that 

can be carried in a car. These sub-car vehicles are subject to harsher regulations. They are not big, safe, 

or qualified as normal e-automobiles and they are not two-wheeled. This means they cannot use car lanes 

or bicycle lanes. Thus, local traffic laws have banned the usage of sub-car vehicles in urban areas with 

one exception—they can be registered as exclusive vehicles for drivers with a physical disability 

(Dowling 2018). 

 

Although in other countries kick scooters and sub-car vehicles are considered a flexible type of transport, 

able to complete a mid-term trip, they face challenges from regulations, technical standards, and user 

acceptance in China. Moreover, their function overlaps substantially with E-bikes; there is no reason to 

use new and risky scooters when there are technically developed and abundant E-bikes.  

 

3.4 The future of the two-wheeled mode of transport in China 
3.4.1 Human-powered bicycles 

As discussed in former sections, some of the influential factors behind the use of two-wheeled human-

powered bicycles might not be the same as they have been over the last three decades. Table 3-12 is a 

summary of the factors influencing human-powered cycling, most of which have become beneficial to 

this mode of transport. 

 

Table 3-12. Factors influencing the use of human-powered bicycles  

Factors Change in the future Impact on cycling 

Demand-side 

factors 

Household income Stable 

Stable 

Neutral or positive 

Neutral or positive City size 

Public transport Improved Neutral 

Air quality Improved Neutral or positive 

Supply-side factors Bicycle infrastructure Improved Positive 

Policies towards cycling Favorable Positive 
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Following the latest policy and development phase, bicycle transport continues to increase due to the 

changing attitudes from all levels of government and the increasing concerns about the deteriorating 

environment. Moreover, bicycle transport will continue to exist as more people realize that fast 

mobilization brings congestion as well as pollution. However, challenges within DBS contribute to the 

latest revival of individually owned human-powered cycling. DBS’s prevalence is mainly due to 

substantial and direct investment rather than from user fees. There is no guarantee of sustainable profit in 

the future, which makes the DBS industry fragile and unstable (Gu, Kim, and Currie 2019b). Stricter 

policies and negative attitudes towards DBS might add to its risk unless more effective technology is used 

to prevent streets suffering from “bicycle-congestion” (Zhou 2018).  

 

While DBS offers excellent convenience to users, it usually charges more and is not as user-friendly for 

many elderly people (smartphones are usually needed to unlock DBS bikes). DBS typically costs 4 

RMB/hour compared to BS, which is free-to-use for the first hour. While DBS has the advantage of higher 

potential profit for operators and less supervision pressure from the government, the risk from vandalism 

is higher. The massive capital investment needed for DBS also means only a limited number of operators 

can run DBS, and they take substantial investment risks, which make this relatively immature (DBS only 

emerged three years ago) market fragile. By early 2019, the former giant company ofo was bankrupted 

due to cash-flow problems, sending a warning to other operators. Gu, Kim, and Currie (2019b) initiated 

a DBS empirical study and concluded the feasibility of DBS for different cities. A summary is shown in 

Table 3-13. 

 

Table 3-13 Recommendations for bikeshare systems in cities with different characteristics 

 Docked bikeshare (BS) Dockless bikeshare (DBS) 

The predominant mode of 

transport 

Cities with low cycling rate and a 

large number of motor vehicles  

Cites with high cycling rate  

City finance Abundant government budget Limited government budget 

Market scale (population) Medium and small market 

(population) 

Large market (population) 

Cycling infrastructure Limited cycling infrastructure and 

public space for cycling  

Good cycling infrastructure and 

public space for cycling 

Government capability of 

controlling and supervising 

operators 

Limited government power to control 

BS operators 

Strong government power to control 

DBS operators 

 

3.4.2 E-bikes, motorbikes, mopeds and other electronic modes of transport 

E-bikes, which are a flexible and affordable mode of transport, are a highly competitive and promising 

form of transport especially in hilly cities. While user demand exists, a challenge occurs mainly in policies 

determined by governments, which covers issues such as safety and the adverse environmental hazard of 

batteries. As the regulations and technical standards become more precise and pragmatic, and driver 

awareness grows, it is believed safety issues will decrease. Moreover, as new eco-friendly techniques are 

introduced (e.g., lithium batteries replace lead batteries), government attitudes may become even more 

favorable to E-bikes. Therefore, undemanding regulations can be expected. Overall, the authors hold a 

positive attitude towards E-bikes. 

 

Motorbikes and mopeds have lost their attraction to users and have been gradually replaced by E-bikes 

and automobiles, as can be seen from the usage rates.  The governments have been responsible for some 

of this decline as they are banned in some cities. The inherent character of gasoline makes it eco-

unfriendly, particularly in large cities. Therefore, although there is still a small proportion of motorbike 

usage in remote rural areas, the position of motorbikes and mopeds will continue to be marginal. 
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Currently, kick scooters and sub-car vehicles are quite marginal and have few users except for those with 

a physical disability. Without actively endorsed manufacture and favorable government policies, it is 

tough for them to prevail as they have in Europe and to a lesser extent in the US.  

 

3.5 Chapter conclusion 
Through up-to-date empirical analysis, this component of research discussed the development of two-

wheeled transport, especially human-powered bicycle transport in China from 1900 to 2019. A series of 

demand-side factors (such as rapid urbanization) and supply-side factors (such as obsolete human-

powered bicycle infrastructure) were analyzed to investigate their impact on two-wheeled transport in 

China. While city size and public transport had a negative or partial negative correlation with human-

powered cycling’s popularity, infrastructure, policy, and air quality were found to have a positive 

correlation. The impact of household income was relatively neutral. Human-powered bicycle 

development showed a mixed result; the demand has been gradually declining, and infrastructure supply 

has been falling behind. 

 

The development of human-powered bicycle transport in China, from 1985 to 2019, has seen five phases 

where policies towards human-powered cycling have changed from “encouraged”, “discouraged”, 

“converted and re-recognized”, supportive” to “encouraged” due to environmental concerns along with 

rapid mobilization. Human-powered cycling fell from 1995 until DBS emerged in 2016. Due to its 

enormous scale and capacity to attract users, DBS has helped to revive human-powered cycling in China. 

E-bikes and motorbikes witnessed an independent growth trend similar to human-powered bicycles. 

Following their popularity in the 1990s, the number of motorbikes has gradually decreased, and they are 

now largely banned due to their lack of safety as well as environmental pollution concerns, while E-bikes 

have been diversely treated in different cities. A clear regional difference in the E-bike policy was seen 

in southern cities of the Pearl River Delta, where a negative attitude towards E-bikes exists while cities 

in the Yangtze River delta have a positive attitude towards them. The rapid growth of E-bikes is found to 

be demand-driven rather than supply-pushed.  

 

After discussing the change of the influential factors over three decades, it is concluded that the future of 

two-wheeled transport in the form of human-powered bicycles and E-bikes is promising while motorbikes 

will become a thing of the past. Once the infrastructure has been updated within a healthy and sustainable 

model, which has been planned and designed safely with consideration given to user convenience, and a 

proper and innovative business model is introduced, people will choose two-wheeled transport, especially 

human-powered bicycles. 

 

The development of two-wheeled human-powered bicycles, along with E-bikes and motorbikes, has 

followed a zigzag path. The most significant influence on urban transport development is the power 

exerted by the strong central government. As shown in Table 3-6 and 3-11, factors such as policy is 

directly determined by government, while infrastructure, city size, and air pollution are indirectly affected 

by government. Therefore, in the mid-term (10 years) as these Five-year Plans continue, if policies 

support cycling, if user-friendly infrastructure is provided, and if the cycling environment is improved, 

there will be an even greater revival of two-wheeled human-powered bicycles. E-bikes and motorbikes 

are treated differently based on their respective policies.  Of course, in the long run, usually user-demand 

rather than administrative order will prevail. However, user-demand could also be satisfied by new forms 

of transport. The world is experiencing rapid changes in transport and communication such as self-driving 

vehicles, shared mobility, telecommuting and the concept of Mobility as a Service (MaaS). As these 

evolve and become mature, alternative modes of transport will be developed. Hence, it is hard to predict 

cycling or E-bike’s position in say 20 or 30 years from now. The authors of this paper believe that bicycles 

will continue to hold an essential place for a long time to come.  

 

Urban planners and government officers from the same background as China, might benefit from this 

research on how to set goals and policies to promote cycling. As for scholars, since this is a review, factors 

influencing bicycle development have been discussed superficially. Future work could investigate in-

depth how these factors affect cycling. For instance, studies may investigate the relationship between 

income and choice of mode of transport, ideal city size, or trip distance for a cycle-only trip or an 
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interchanging cycle trip with public transport. Other examples of future studies include how public 

transport and bicycles (especially personal bicycles) can integrate and enhance travel, and the impact of 

air pollution on cyclists. Furthermore, in this chapter, policies have been discussed for their impact on 

two-wheeled transport mode development. Future work could focus on how these policies function in 

every field; this might be inspiring for other countries to follow and to learn how they may support a 

particular mode of transport. Moreover, in this chapter, the born of DBS is mentioned as one of the main 

reasons that cycling revives. Which leads to detailed DBS investigation in the next chapter. The influential 

factors as public transport and infrastructure are discussed in a macro point of view, which would be 

further discussed in Chapter 5 and Chapter 6. 
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4.1 Overview 
The first step to understanding how BS/DBS interact with mass transit systems is to understand how it 

develops. In less than 3 years, dockless bike-share emerged and prevailed in China and other countries, 

fundamentally changed the way people live. As a matter of fact, DBS reached its peak in early 2018 at 2 

million fleets deployed in more than 200 cities. This innovation now has spread to overseas countries 

including the US, UK and Australia, bringing convenience along with the downside known as fleet 

“congestion” (casual parking of bikes blocking pedestrian access). A better understanding of BS and DBS 

development, policy and users’ characteristics in China – the largest and most rapidly changing DBS 

market in the world – could help other countries to devise appropriate policies and avoid potential 

negative impacts.  

 

However, related studies are few since its fast rise. Although China holds the largest BS and DBS market 

by far compared to other countries, little is known and understood about how BS and DBS have been 

implemented, developed, and supported in China. BS and DBS development and the governments’ policy 

in different phases of its development require solid, up-to-date information based on both national and 

city levels, which is hard to find in the existing literature. Therefore, this component of research reviews 

both traditional BS development in China and the implementation of DBS. 

 

This chapter conducts an empirical analysis of the development of BS and DBS based on up-to-date 

literature (not covering the time DBS prevailed) and from domestic and international reports. It is 

important to point out that some of these documents are still in the drafting stage and written in Chinese. 

To the best of our knowledge, this study is the first attempt to address the DBS development. The research 

gap and objective are described in Table 4-1. 

Table 4-1 Research gap and objective of Chapter 4 

Research topic Research gaps Research objective 

An Empirical study 

of BS and DBS 

development in China 

➢ Exiting BS literature is limited 

and not covering the time DBS 

prevailed, in a developing 

community-context. 

➢ No literature had systematically 

reviewed DBS so far. 

➢ Organize the development of BS and 

DBS in China; 

➢ Investigate DBS users’ 

characteristics, influential factors and 

feasibilities of DBS and BS.  

 

The chapter includes the following paper: 

Gu, Tianqi, Kim, I. *, & Currie, G. (2019). To be or not to be dockless: Empirical analysis of dockless 

bikeshare development in China. Transportation Research Part A: Policy and Practice, 119, 122-147. 

(SCI, IF: 3.693)  

 

4.2 Paper 1:  To be or not to be dockless: Empirical analysis of dockless bikeshare 

development in China 
This chapter gives an up-to-date empirical analysis on the development of bikeshare programs in China, 

especially the innovative dockless bikeshare (DBS) system. Bicycle sharing programs had existed in 

China since 2008. However, overall bicycle mode share kept decreasing until 2016 when DBS emerged. 

A comparison of classical city docked bikeshare (BS) programs found that government-oriented operators 

and a low financial threshold for users were the keys to the success of docked BS in China. In less than 

two years, a new, innovative, flexible, shared bicycling system - the DBS - had grown from nothing to a 

substantial 23 million fleets system. It covers over 200 cities and regions, makes docked BS insignificant. 

As a highly capital-driven, privately-operated business model, DBS are largely deployed in cities in 

conjunction with urban railway systems and has achieved high penetration in mega cites (e.g., 0.135 

fleet/resident in Beijing). The development of DBS has experienced “free growth”, “regulated” and 

“limited” phases in a short time. While the central government initially held a “neutral-positive” policy 

towards it, the rapid expansion of dockless fleets soon exceeded cities’ limits and resulted in local 

government policies changing from “neutral-positive” to “neutral-negative”. From August 2017, forceful 

limiting regulations have been implemented. DBS systems have advantages such as easy access using a 



Chapter 4: An empirical study of development of BS, DBS in China 

    

Page |46 

 

smart phone, convenience of pickup and park and low cost. These merits attract its main users, who are 

found to be young, highly educated with almost equal numbers of males and females. DBS trips are 

mainly short, with high frequency and used for commuting purposes. DBS systems have burgeoned due 

to three factors: (1) those promoting user demands, (2) those winning partial support of the government, 

and (3) those promoting operators’ supply. The results show that the rapid growth of dockless bikeshare 

programs is mainly “supply-driven by operators” rather than by “user demand” or “triggered by 

government policy”. Financial sustainability, vandalism and threat to bicycle industry by DBS are the 

three main challenges that require investigation, especially, the fact that the booming DBS market may 

cause low profitability for local bicycle manufacturers and thus make the entire industry fragile. The 

feasibility of docked bikeshare and dockless bikeshare are compared and concluded at the end of this 

component of research. This component of research would help us to get a macro perspective of how 

BS/DBS promote public transport before digging the data-driven methodology to study BS/DBS and 

mass transit integration in Chapter 5 and 6. 

 

The published version could be seen on https://doi.org/10.1016/j.tra.2018.11.007. 

 

 

 

https://doi.org/10.1016/j.tra.2018.11.007
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4.3 Chapter conclusion 
Based on up-to-date empirical analysis, this component of research discussed recent development of 

bicycle transport in China, especially the new innovative DBS programs. Three growth phases have been 

identified based on government policy and DBS’s development, namely the “free growth” phase, the 

“regulated” phase and the “limited” phase. While the central government initially held “neutral-positive” 

policy towards this new industry, the rapid expansion of dockless fleets soon exceeded cities’ limits, and 

local government policies changed from “neutral-positive” to “neutral-negative”, and finally a number 

of banning regulations were issued from August 2017 to stem the ever-growing number of bikes.  

DBS systems are found to have penetration advantages such as easy access by smart phone, convenience 

of pick and park and low cost. These merits successfully attract its main users, who are found to be young, 

highly educated and almost equally male and female. The trips are mainly short, highly frequent and for 

commuting purposes. To understand the reasons behind the burgeoning of DBS systems, three factors 

have emerged: (1) those promoting user demands, (2) those winning partial support of government, and 

(3) those promoting operators’ supply are analysed. The results show that this rapid growth is mainly 

supply-driven by operator rather than by user demand or triggered by government policy. Financial 

sustainability, vandalism and the threat of DBS to the bicycle industry are the three main challenges that 

require investigation in the future, especially, the booming DBS market that may cause low profitability 

for local bicycle manufacturers and thus make the entire industry fragile. By a general comparison 

between BS and DBS, it is concluded that BS and DBS have their own merits and demerits. Cities with 

different background (finances, population scales, aims, etc.) need to find the suitable one. For instance, 

in medium, rich cities with high motor-vehicle share rate, BS could be a better choice to attract cycling 

and promote green transport. However, in mega cities with abundant transport choices and good cycling 

facilities, if local governments have strong supervision and control ability over DBS operators, DBS 

might be a better opinion. 

As DBS is a fast-growing, capital-intense industry, new challenges keep show up. The descriptive 

statistics of BS and DBS are changing quickly, which means the above empirical study cannot fully cover 

the present development of DBS. By the time this thesis is writing, Mobike is purchased by Meituan and 

Ofo is on the edge of bankrupt due to financial problems. Therefore, scholars are, on one side, well-

advised to closely follow the changing developing conditions of DBS; on the other side, to target the 

inherent characteristic of DBS and link it with the policy environment and look it in a long-term way. 

This chapter provides up-to-date information of BS and DBS development in China. In a macro level, the 

empirical study of BS/DBS impact on mass transit is discussed. Users preference towards BS/DBS is 

revealed in this chapter as well. These inspire us to further dig integration study between BS and mass 

transit systems in Chapter 5 and 6. 
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5.1 Overview 

The understanding of how BS and DBS develop in recent years (Chapter 3 and 4) formed the base of the 

integration study between BS (DBS) and mass transit systems (Chapter 5 and 6). One of the main 

functions of BS is to enhance public transport by offering “last-mile” or “first-mile” service. Since public 

transport services as mass transit systems could largely change the transport environment in a city-scale 

and require huge financial investment (Li et al. 2015). Ancillary transport facilities, such as BS, need to 

be prepared and deployed accordingly. In Chapter 4, BS and DBS are proven to promote mass transit 

systems in some places from a macro point of view. In this chapter, the author would like to dig at a micro 

and quantitative level, to understand the impact of new mass transit on other transport modes (BS for 

instance). It is especially meaningful in developing communities like China, one that has a giant BS 

market, where new mass transit systems keep growing (Bao 2018; Dong et al. 2018).  

 

Moreover, insight on this impact could further the understanding of BS’s role as an interchanging mode 

of metros. Normally, BS are considered useful in“first and last mile” to interchange mass transit 

systems, in which “first-mile” indicates trips from origins (for instance, home in morning peak) to the 

metro stations while the “last-mile” indicates trips from metro stations to destinations (for instance, 

working place in morning peak). Although these two trips are always discussed in the same context, 

limited research focuses on identifying the difference between these two. However, due to the difference 

in land use, cycling facilities’ demand and supply, and difficult to find the available bikes and docks, the 

“first-mile” and “last-mile” might occur independently and require different management. By identifying 

the renting and returning numbers in one BS station near a metro station in continuous time (namely, the 

temporal trip-pattern in station-level), “first-mile” or “last-mile” could be distinguished. For instance, 

when returning bikes largely outnumber renting ones in the morning, it could be interpreted that more 

users are cycling shared bikes towards metro stations rather than away from metro stations. In another 

word, BS serves as “first-mile” in this case. By studying this, we could know how metros trigger the 

change of BS and whether BS act as a “first-mile” or “last-mile” function, so that more work could be 

done to motivate cycling and promote interchange between BS and public transit.   

 

In this chapter, a before-and-after study is firstly presented using city-scale BS trip-dataset covering the 

period a new metro system was introduced in Suzhou, China. Unlike research focusing on BS’s impact 

on mass transit, this study focuses on the changes, if any, caused by a new metro to existing BS in a 

developing community-context. In the hypothesis, if the relationship between Metro line 4 (M4) and BS 

are complementary as expected, an immediate and more significant increase of BS ridership within M4 

catchment (the treatment group) could be observed after M4 opened, compared to BS ridership beyond 

M4 catchment (the control group). Due to the data limit, in this chapter, the author mainly focus on metros’ 

immediate impact on BS in two dimensions – change of BS trip-count (the number of renting and 

returning bikes) in the macro city-level and change of BS trip-pattern (the difference between renting and 

returning in different times) in the station-level. By answering “how” BS and mass transit systems interact 

mutually, this chapter formed the base of “why” this interact happens, which is the main content in the 

next chapter. The research gap and objective are described in Table 4-1. 

Table 5-1 Research gap and objective of Chapter 5 

Research topic Research gaps Research objective 

A study of the 

impact of new mass 

transit on an 

existing bike-share 

system 

➢ The study of before-and-after change 

caused by the impact of a new metro on BS 

is few, especially in a China-context.  

➢ No existing methodology to create control 

and treatment groups exists in a before-

and-after change study. 

➢ No investigation has been done in studying 

the difference between “first-mile” and 

“last-mile”. 

Establishing a data-driven framework 

to investigate how BS trip-counts and 

trip-patterns change after a new mass 

transit is introduced. 

The chapter includes the following paper: 
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Gu, Tianqi, Kim, I. *, & Currie, G. (2019). Measuring immediate impacts of a new mass transit system 

on an existing bike-share system in China. Transportation Research Part A: Policy and Practice, 124, 

20-39. (SCI, IF: 3.693) 

 

5.2 Paper 2: Measuring immediate impacts of a new mass transit system on an existing 

bike-share system in China 
The following paper studies how a new metro system impact on an existing bike-share system (BS) and 

aim to understand how they interact to ensure they inter-enhance rather than inter-replace each other. By 

using trip-pattern and land use to create control and treatment groups based on trip data from Suzhou 

Public Bicycle System (SPBS), a ‘‘before-and-after’’ study is initiated to measure changes of an existing 

BS during a period when a new metro system (Here, Metro line 4: M4) opened. Normalized bike flow 

data (NF) is introduced to cluster and indicate trip-pattern in this study. The result indicates that most 

SPBS ridership and users within the metro’s catchment (the treatment group) have largely increased since 

the introduction of the M4, while non-commuting cycling increased more than commuting cycling. The 

exception happens in the metros’ hub, where SPBS ridership slightly decreased after M4. As for SPBS 

trip-pattern, before M4 was introduced, trip-pattern in CBD areas in Gusu District is found to be partially 

imbalanced (high returning in the morning and high renting in the evening), while balanced pattern 

(similar returning and renting in morning and evening) is more often seen in other areas. After M4 was 

introduced, a general trip-pattern change from the balanced to the imbalanced is observed regardless of 

land use, except for educational land use existing in Wuzhong District. This further indicates that after 

new metros were introduced, SPBS tends to serve “first-mile” interchange (origins to metros) rather than 

“last-mile” interchange (metros to destinations) in the morning and vice versa in the evening regardless 

of the land use type. This unique pattern could lead to different policies and management in enhancing 

interchanging service between BS and mass transit. This component of research answers “How” BS and 

mass transit systems interact. In Chapter 6, potential influential factors of this integration are investigated. 

 

The published version could be seen on https://doi.org/10.1016/j.tra.2019.03.003. 

 

https://doi.org/10.1016/j.tra.2019.03.003
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5.3 Chapter conclusion 
Based on a data-driven methodology, this study investigates the impact of a new metro on existing BS in 

terms of both trip-count and pattern considering land use. As expected, overall SPBS trips and users have 

increased at most stations since the introduction of the M4, especially for SPBS stations alongside M4 

(the treatment group). SPBS and M4 inter-enhance rather than inter-replace each other in our case, even 

in CBD areas where these two modes were expected to conflict each other. However, two SPBS stations 

located in metro-hub are observed with decreasing trip-count. Future study will investigate the reason 

behind. Different land use contexts tend to have distinct SPBS trip-pattern before M4 is introduced – trip-

pattern in most areas is balanced, except for CBD areas. After M4 opened, for SPBS stations within M4’s 

catchment (the treatment group), a general transfer from balanced to imbalanced is observed in all districts, 

regardless of land use except for the educational area in Wuzhong District. This result indicates that the 

SPBS served as “first-mile” interchanges (origin to metro) rather than “last-mile” (metro to destination) 

in the morning, and vice versa in the evening. SPBS users, especially active users in the treatment group 

increased more after M4 opened. Evidence shows that a combination of M4 and SPBS creates more non-

commuting cycling than commuting cycling while cycling time of SPBS remains still before and after 

M4. A new index is developed in this study to indicate how trip-pattern change at a spatial level. The 

methodology employed in this study mainly relies on continuous real-time renting (flow-out) and 

returning (flow-in) number of bikes combining with location data, which could be further used in DBS. 

Because DBS have more accurate GIS data (DBS are generally equipped with GPS devices) with more 

accurate renting/returning number (DBS are normally less influenced by manual rebalance). Some 

research gaps (limitation caused by NAB, the difference in first-mile and last-mile, and before-and-after 

impact by new metros on BS) is filled. This chapter introduced how BS and mass transit systems interacts. 

Then in Chapter 6, the influential factors are investigated.
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6.1 Overview 
In Chapter 5, the author investigated how bike-share usage behaviour (trip-count and trip-pattern) 

changed before-and-after a new metro was opened by a difference-in-difference methodology. In this 

chapter, reasons for this change is investigated. 

 

Factors as users’ demographics, land use, weather, POI, infrastructure are widely studied and accepted as 

influential factors in the interrelationship between metros and BS (Campbell et al. 2016; Zhang et al. 

2017). However, research gaps still exist. Since most of the former factors are investigated based on case 

studies conducted in developed or car-oriented communities. In the places experiencing transforming 

periods and confronting conflicts caused by booming cars and cycling tradition, unique factors might 

exist. 

 

To promote cycling (BS cycling included), a common understanding is to build a cycling-friendly 

infrastructure, which usually means exclusive and safe cycling lanes (Abolhassani, Afghari, and 

Borzadaran 2019; Chen, Liu, and Sun 2018). Meanwhile, seldom does research investigate if physical 

road separations as fences or green belts have any adverse effect on cycling. As a matter of fact, in many 

developing communities in East Asia, as China, a mode share of non-motor vehicles could be with 

substantial proportion as over 50% (Gu, Kim, and Currie 2019). Urban planners or road designers are 

used to deploying multiple columns of separations in one road out of the concerns of safety – to protect 

the “vulnerable road user”. By using this term “vulnerable road user”, it is implicitly suggested that there 

are others on the road who have the right to cause vulnerability. However, when the number of cyclists 

(E-bikes included) outnumbers the car drivers, cycling’s advantage of flexibility should be given priority. 

Then the concern is – separations, while they are supposed to protect cyclists, might bring inconvenience 

for cyclists since they could impede the cyclists from reach the other side of the road (see Figure 6-1). 

This is also confirmed by the research outcome in Chapter 3. Since BS stations and metros stations are 

normally deployed in a single side of the segment or corners of the intersection, BS and metros users are 

required more detouring or crossing street activities to rent/return the shared bicycles. Besides, since 

multiple road separations are normally designed in the arterial road, it could be inferred that arterial road, 

rather than small alleys, might be unfriendly to BS users and metros’ users. Therefore, the author 

investigate if road separations have any effect on the integration between BS and metros.  

 

 
Figure 6-1 A typical main road cross-section design.  

Source: Huifen (2018). Note there are five physical separations (one fence, four green belts). If a cyclist 

wants to reach the other side of the road, he has to cross four separations. 

 

Moreover, as mobilization goes intensified and traffic congestion grows, car drivers sometimes turn to 

BS and metros. This is also confirmed in surveys in Chapter 1 and 2. Therefore, in this component of 
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research, traffic congestion and parking fee are also studied to see if these motor-vehicle-related factors 

feedback the usage of BS and metros. Although the combination between BS and metros is considered to 

mitigate traffic congestion (Hamilton and Wichman 2018; Yang et al. 2018), barely any study focused on 

private motor vehicle’s impact on BS. For instance, the metros’ lines and stations, as well as BS stations 

could scheme in the most congested network topology. It could also promote BS and metros’ usage by 

adjusting the parking fee in particular areas. For BS and metro operators, their operation scheme, charging 

policies could be set up based on information as traffic congestion, as in places with heavy traffic 

congestions, more frequent BS and metros rebalancing work are needed. 

 

As for methodology, a data-driven one needs two major groups of datasets. Firstly, various spatial 

variables need to be collected, including new variables (infrastructure, congestion condition, road 

separation). Besides, a survey is designed and conducted to not only achieve demographic attributes but 

acquire BS usage change options to build the model. The possible infrastructure factors are inspired by 

the contents of Chapter 3 and 4, then confirmed in our survey and local transport reports. A changing idea 

of infrastructure design (represented by road separation), traffic congestion, and parking fee are identified 

in a developing community-context. Then by building an ordinal probit model, significant impact factors 

could be determined. 

 

The research gap and objective are described in Table 6-1. 

Table 6-1 Research gap and objective of Chapter 5 

Research topic Research gaps Research objective 

An study of factors 

influencing BS and 

mass transit 

integration 

➢ The limited studies of the potential 

influential factors as traffic condition 

and road design, considering 

developing communities’ fast 

transforming background 

Building models to identify significant 

factors influencing inter-relationship 

between BS and mass transit based on a 

data-driven methodology, which are 

unique and inspiring for developing 

commutes. 

 

6.2 A case study 
The case study follows Chapter 5. After investigating what happens when a new metro line opened in 

Suzhou, China, influential factors are studied in this chapter.  

 

6.2.1 The survey of mode shift 

An interrupt survey was initiated along with M4 stations to identify the factors that might influence the 

integration of the new metro and an existing BS. The survey is designed to investigate metro users’ travel 

mode shift after the new metro opened. Preference. An interrupted survey is arranged along the newly 

opened M4, while 1336 participants were involved in this survey, 1062 valid responds were acquired 

finally. 

 

The survey was conducted from 10th May 2018 (Thursday) to 13th May (Sunday), 2018 - one year after 

M4 opened. One year is long enough to avoid a ramp-up effect, yet not too long to forget the user's habits 

before M4 opened. In these consecutive four days, the weather was good, and no national holidays 

occurred. Surveying locations were the entrance of M4 stations, where SPBS stations were not far away 

(generally within 50 meters of metro entrances). The survey covered peak hours (7:00-9:00 am, 5:00-

7:00 pm) both in the morning and afternoon. Participants were metros’ users, and they were asked to 

answer questions about their personal information, trip’s information (goals, loading and unloading 

stations), the frequency of metros’ usage, and SPBS’s usage. They were required to answer the question, 

“After M4 opened, how did you change your frequency of using SPBS?” The options contained 

“increased a lot”, “increased a little”, “no change”, “decrease a little”, and “decrease a lot”. A total of 

1336 participants were involved in this survey, and 1062 valid responds were acquired finally. A statistic 

of the participants is presented in Table 6-2. It turns out that the participants are almost gender equal. 

Most of them (over 65%) are young men (age < 30) with a higher educational background (bachelor’s 

degree or above). Family income distribution is relatively even. Most of the participants (around 75%) 

have a family income of less than 240 thousand RMB (35.6 thousand US dollars). The most popular 



Chapter 6:  A data-driven methodology to study factors influencing BS and mass transit integration 

    

Page |100 

 

occupation are company employees and students. Also, the author list the trip purposes, most of the users 

(nearly 60%) used metros as a commuting mode.  

 

Table 6-2 Participants’ personal information 

Item Subgroup Freq. Proportion Cum. 

Gender male 557 52.45% 52.45% 

female 505 47.55% 100% 

Age <16  57 5.37% 5.37% 

16~25 464 43.69% 49.06% 

26~30 246 23.16% 72.22% 

31~40 203 19.11% 91.33% 

41~50 52 4.90% 96.23% 

51~60 32 3.01% 99.24% 

>60 8 0.76% 100.00% 

Educational 

background 

middle school or low 104 9.79% 9.79% 

high school 257 24.20% 33.99% 

bachelor 539 50.75% 84.74% 

master or above 162 15.26% 100.00% 

Occupation company employee  420 42.09% 42.09% 

government officer  165 16.10% 58.19% 

student 369 30.60% 88.79% 

retired 28 3.67% 92.46% 

others 80 7.54% 100.00% 

Family Income 

(unit: thousand 

RMB) 

<60  129 12.15% 12.15% 

60-90  169 15.91% 28.06% 

90-150 303 28.53% 56.59% 

150-240 224 21.09% 77.68% 

240-360 140 13.18% 90.87% 

360-500 68 6.40% 97.27% 

>500 29 2.73% 100.00% 

Trip purpose of 

using M4 in the 

usual time 

go to work 417 19.04% 19.04% 

go to school 222 10.14% 29.18% 

recreation 451 20.59% 49.77% 

tour 187 8.54% 58.31% 

business 220 10.05% 68.36% 

go home 636 29.04% 97.40% 

others 57 2.60% 100.00% 

 

The author listed some general multi-choice questions about the reasons why participants use BS or not 

use BS. Each participant was asked to choose three reasons at most. The top 7 reasons to promote/suppress 

BS use were listed in Figure 6-2 and Figure 6-3. The most popular reasons were the cheap fee, and 

meeting trip demands to interchange metros. Wellbeing, free from the concern of theft, was also chosen 

widely. Interestingly, for many car owners, they also chose BS plus metros since they are unhappy with 

the traffic congestion and high parking fee, which inspired us. Similar to the annual transport report, “no 

bicycle or dock available” and “long walking distance to rent a bicycle” were top two reasons why people 

DO NOT use BS. Apart from that, the concern to detour to cross the street by road separations was also 

a big reason, which is considered into impact factors’ data preparation. 
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Figure 6-2 Top reasons why survey participants use BS. 

 
Figure 6-3 Top reasons why survey participants DO NOT use BS. 

 

6.2.2 Variable preparation 

For each participant, the personal attributes were acquired directly from the survey. Other variables as 

traffic congestion and road separation, were acquired based on survey areas. Therefore, the first step of 

data preparation is to define an area that covers the necessary variables. To achieve a precise service area, 

a cyclable network considering Thiessen Polygon is introduced. 

 

In this study, since the survey was conducted along M4, service areas around these metro stations are 

determined through Thiessen Polygons, network distance, and distance-decay weighting.  

 

According to the local BS planning, for each metro station, 2-3 BS stations are deployed within 50 meters 

of the metros’ entrances. These BS stations are directly functioned as Interchanging BS Stations (IBS). 

In corresponding to these IBS, there are origin BS stations (OBS) from residential areas or commercial 

areas. When people use BS to interchange M4, a pair of IBS and OBS could be interpreted as OD of the 

BS cycling route. The max cycling distance is seen as the service area as shown in Figure 6-4. The service 

area is not the walking distance, but cycling distance from IBS to OBS. 
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Figure 6-4 The concept of the service area. 

 

Some steps are taken to create the service areas along M4. Firstly, normalized BS trip time around 

surveyed metro stations is calculated based on trip data. Then an all-or-nothing straight-line distance 

service area is set up while the radius is the corresponding normalized BS trip distance considering decay 

function. This decay function is defined as: 

fi=1/di
2,  

where di is the distance between the metro station and any point in the all-or-nothing straight-line distance 

service area (Gutiérrez, Cardozo, and García-Palomares 2011; Noland, Smart, and Guo 2016).  

 

Since BS trip distance could not be acquired directly from the dataset. Firstly, normalized BS trip time is 

derived from statistical trip time, as shown in Figure 6-5 as follows. Normalized BS trip distance is then 

converted from normalized BS trip time by multiplying average cycling speed. 

 

 
Figure 6-5 Normalized cycling time near each metro station (unit: min) 

 

In the next step, a cycling network is built by information acquired from Gaode cycling Navigation 

function - a mainstream navigation APP in China (similar to Google navigation) (García-Albertos et al. 
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2018). Finally, having the hypothesis that BS cyclists only interchange the nearest metro stations, 

Thiessen Polygons of each metros’ station are created and overlapped with a series of network distance 

service areas considering distance-decay. Take one of the stations “Beisita Station” as an example; the 

above process of creating service areas could be seen in Figure 6-6. Firstly, an all-or-nothing straight-line 

distance service area considering distance decay is established. Then in phase two, by adding the real 

cyclable network (some alleys included that cannot allow cars to enter), the cyclable network is optimized. 

In the third phase, the Thiessen Polygon of Beisita Station is created. The overlapping part of phase two 

and three is the service area used in the model afterward. The service areas along M4 is shown in Figure 

6-7. 

 

 
 

Figure 6-6 Process of building up a service area, take Beisita station as an example 

 
Figure 6-7 Service areas alone M4  

Note that the green shadow indicates Beisita station’s service area. 

 

As discussed in the previous section, standard variables as participants’ demographics, infrastructure as 

a bus route, cyclable network density are listed here as possible impact factors. Newly inspired variables 

as traffic congestion, parking fee, and road separation are also considered. Related data (road network, 

transit route, number of road separation, and parking fee) are provided by the local planning bureau. In 

the preparation process, the author calculated and normalized these variables (apart from demographics, 

other variables are listed in Table 6-3). For instance, for network density (ND), for each metro station 

along M4, the ND is defined as: 

NDi=Li (fi) / Ai, 

where i indicates metro station i’s service area, 

Li indicates road network length. 

f i is a decay function. 

As for the traffic congestion, in a very recent study conducted in Madrid, García-Albertos et al. (2018) 

calculated travel times between transport zones using the Google Maps API and constructed origin and 

destination (OD) travel matrices. It inspired us to turn to a local Navigation Map’s API to acquire the 

congestion index (since congestion could be indicated as velocity or travel time). The congestion is 

defined as: 

Ci=( Ti,p - Ti,f ) / Ti,p 

where i indicates the participant’s ID; 
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Ti,f indicates driving time in midnight for participant i ‘s OD metro stations, derived from Gaode API; 

Ti,p indicates driving time in afternoon peak hour (5 pm to 7 pm) for participant i ‘s OD metro stations, 

derived from Gaode API. 

Table 6-3 Variables in data preparation 

Variables Definition Data source 

Normalized network 

density (ND) 

Road network length considering decay function over the 

area in a particular metro station’s service area 

Urban Planning 

Bureau 

Normalized cyclable 

network density (CND) 

Cyclable network length (some alleys included that cannot 

pass cars) considering decay function over the area in a 

particular metro station’s service area 

Normalized number of 

physical road separation 

(PRS) 

Average road separations number considering decay 

function in a particular metro station’s service area 

metro’s hub (HUB) Whether or not this particular metro station is a metro hub 

Normalized bus routes’ 

density (BRD) 

Number of bus routes considering decay function over the 

area in a particular metro station’s service area 

Normalized parking price 

(PR) 

Average parking price considering decay function in a 

particular metro station’s service area 

Urban 

Administration 

Bureau 

Congestion (C) Peak hour driving time minus free driving time over Peak 

hour driving time for participant’s metro trip 

Gaode 

Navigation APP 

 

To organize these variables, the author plotted them based on service areas along M4. For instance, 

information of the cyclable network density (Figure 6-8), road separation (Figure 6-9), transit network 

(Figure 6-10) as well as parking fee (Figure 6-11) are processed in a normalized way. It is obvious from 

Figure 6-8 that Gusu District (the centre district) has relatively high cyclable network density, low 

separation number, and a high park fee. For instance, Beisita Station (located in the Gusu District) has 

smaller cyclable alleys compared to Huoli Island Station (located in the northern Xiangcheng District), 

as can be seen in Figure 6-12. 

 

 
Figure 6-8 Cyclable network density in service areas along M4 

 

 
Figure 6-9 Normalized road separation number in service areas along M4 
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Figure 6-10 Transit network density in service areas along M4 

 

 
Figure 6-11 Average parking fee in service areas along M4 

 

  
Figure 6-12 A comparison between Beisita Station and Huoli Island Station in terms of the 

cyclable network.  

Note that these two figures are on the same scale. 

 

6.3 Results 
6.3.1 BS usage change of survey respondents 

As for the question “How did you change the frequency of SPBS usage after the new M4 opened?”, 

participants are required to answer the question in two scenarios – on weekdays and weekends. 

 

Table 6-4 Statistical description of the choice change question  

Day of the week Answers Frequency Proportion (%) Cum. 

weekday 
greatly increase 195 18.36% 18.36% 

increase 223 21.00% 39.36% 
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not change 351 33.05% 72.41% 

decrease 201 18.93% 91.34% 

greatly decrease 92 8.66% 100.00% 

weekend 

greatly increase 270 25.42% 25.42% 

increase 301 28.34% 53.77% 

not change 258 24.29% 78.06% 

decrease 126 11.86% 89.92% 

greatly decrease 107 10.08% 100.00% 

 

As seen in Table 6-4, on weekdays, nearly 40% of the metro users increased their SPBS usage frequency 

(“increase” and “greatly increase”), and one-third of the users remained the same usage frequency. As for 

weekends, over 50% of participants increased SPBS usage. The overall trend is that after M4 opened, 

more people turned into SPBS, which was more evident at the weekend.  

 

6.3.2 Modelling results 

Ordered probit is a generalization of the widely used probit analysis to the case of more than two outcomes 

of an ordinal dependent variable (a dependent variable for which the potential values have a natural 

ordering, as in poor, fair, good, excellent). Since participants are asked to answer their change of 

frequency in an ordered level, the ordered probit model is used in this study. In our case, the survey 

participants were asked if they “greatly increase” /” increase” /” maintain” /” decrease” /” greatly decrease” 

their BS usage after a new metro was introduced. Similar to studies conducted by Martin and Shaheen 

2014, as these options are non-numerical while it could be seen in a structured order, an ordered probit 

model is then established to investigate if explaining variables as personal information, traffic conditions, 

cyclable infrastructure are significant influential factors in mode shift. Participants are randomly selected 

in 7 stations along M4, covering various land-use situations – core areas with dense and mixed land-use 

and good cyclable condition as well as marginal areas with the car-oriented road network and single land-

use. To further mitigate the potential redundant correlation caused by environmental factors, the survey 

time covered not only commuting peak hours but the whole day as well. 

 

Ordered probit modelling results are shown in Table 6-5, considering the difference between weekdays 

and weekends. Demographic variables as gender, age, family income, education level (4 levels), and job 

(5 types) are included. The ways to access to SPBS is also determined as a variable. Two ways exist in 

renting the bikes. The traditional way is to deposit 200 RMB in a membership card. Users use that card 

to rent the SPBS bikes. The other way is to use a smartphone and a popular online payment APP to rent 

the bikes. The author also include the variable whether the private bikes’ stolen experience would affect 

as other research did (Ji et al. 2017). Apart from that, the traffic conditions (congestions, parking fee) and 

cycling infrastructure conditions discussed before (cyclable network density, road network density, road 

separation number, bus routes’ density) are included as well. 

 

Table 6-5 Ordered probit regression on the mode shift (with some lines about education and job 

omitted) 

 (weekday) (weekend) 

VARIABLES y1 y2 

gender -0.0562 -0.0558 

(male=1, female=0) (0.0746) (0.0758) 

age 0.0190*** -0.0685 

 (0.0052) (0.0459) 

family income -0.0177 0.00607 

 (0.0268) (0.0271) 

edu_2 0.182 0.185 

 (0.160) (0.162) 

Job_5 0.123 0.144 

 (0.150) (0.152) 
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method of using SPBS  -0.0630** -0.0858 

(card =0, smart phone=1) (0.0287) (0.100) 

bicycle stolen experience  0.0414 0.0169 

(yes=1, no=0) (0.0790) (0.0804) 

network density 0.0752 0.0488 

 (0.127) (0.133) 

cyclable network density -0.139*** -0.0732*** 

 (0.035) (0.0140) 

number of columns of physical road 

separation 

0.273** 0.250** 

 (0.107) (0.109) 

metro’s hub 0.135** 0.399*** 

(yes=1, no=0) (0.0611) (0.115) 

bus routes’ density -0.00306 -0.00214 

 (0.00419) (0.00426) 

parking price -0.0171* -0.0892*** 

 (0.0092) (0.0170) 

congestion -0.514** -0.284 

 (0.255) (0.164) 

observations 1,009 1,009 

Pseudo R2  0.2023 0.1516 

LR chi2 (28)  368.52*** 222.14*** 

Note that ***，**，* indicate significant at 0.01，0.05，0.1 separately. Figures in brackets are a standard error.  

 

The modelling results could be seen in Table 6-5. The proposed weekdays’ model is tested by Pseudo R2 

(20.23%). LR chi2 equals 368.52 (significant at 0.01), which means the overall model is significant at a 

high confidence interval. Age has a positive correlation with the SPBS choice shift (the shift is from an 

increase to decrease) at P<0.01 level, which means that younger the participants, the high possibility they 

increase SPBS usage after M4. The method of using SPBS includes a traditional way of swiping cards as 

well as scanning QR code by smartphone. It has a negative correlation with the SPBS choice shift at 

P<0.05 level, which indicates that participants using smartphones to rent SPBS are inclined to increase 

SPBS after M4, which is reasonable since young people are more likely to use smartphones. As for traffic 

and infrastructure conditions, some road separations (P<0.05), proximity to metros’ hub (P<0.05), and 

cyclable network density (P<0.01) are seen to have a negative correlation with the SPBS choice shift. In 

other words, in a particular service area, if a road has too many columns of separations, higher cyclable 

allies’ density, and is close to a metro’s hub, the metros’ users are more likely to decrease SPBS usage 

after new metro is introduced. The parking fee (P<0.1) and congestion level (P<0.05) are positively 

correlated with the SPBS choice shift, which indicates that higher parking fees and congestion levels 

promote more cycling for metros’ users. The other impact factors, including some demographic 

characteristics, bus routes’ density, and road network density, show no significance in the model. As for 

the bus route density, it might be because most of the bus routes remain the same after M4 opened. 

 

In the weekends’ model, Pseudo R2 is 15.16%, while LR 𝜒2 equals 222.14 (P< 0.01). The majority of 

the variables remain the same as in weekdays’ model. However, the age, method of using SPBS, 

congestion level lose significance in the weekends’ model. Many aged metros’ users also turn to SPBS 

at weekends, which makes the variable “age” less significant, so as the method of using SPBS. Since 

people care less about trip-time (no need to rush in peak hours), the change of congestion level (from 

significant to insignificant) becomes understandable. 

 

6.4 Discussion and suggestions 
From the result, proximity to a metros’ hub (the new metro line and an old metro line’s intersection) plays 

an adverse role in using BS to interchange to metros. It is assumed that as a new metro opens, the new 

hub attracts some former cyclists because they could directly interchange from different metros’ lines 

without leaving metros’ stations to rent bikes. Also, this result is consistent with what the trip-count 

analysis shows us – among all the BS stations within M4 catchment, only three BS stations witnessed a 

decreased BS trip-count, in which two of the three locates just next to metros’ hubs.  
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More road separation brings inconvenience for cyclists. Although exclusive bicycle lanes are beneficial 

to promote cycling in some studies, the situation in Suzhou is quite different. As a city with cycling 

tradition and high dense cyclable network, SPBS cyclists tend to cycle in small roads with few separations. 

Small roads typically have fewer motor vehicles and slow vehicle speed limits, which make the safety of 

cycling within an acceptable level. According to this finding, when planning and design roads, urban 

planners should be well advised to treat road separations cautiously. The separation design should 

consider the balance between safety and convenience. For road designers, they are highly recommended 

to reconsider before implementing multiple road separations before construction – at least in areas where 

metros’ stations and BS stations are located.  

 

Congestion and parking fee levels have active feedback on SPBS’s integration with metros. From the 

survey, after M4 opened, some long-distance trips used to be completed by cars were replaced with the 

combination of metros and SPBS. As BS and metros are considered to mitigate traffic congestion, the 

congestion itself in return reacts to promote BS usage with metros. Therefore, policymakers and urban 

planners could make more effective low-carbon policies and practice them - by evaluating traffic 

conditions and scheming the metros and BS deployment according to the level of traffic congestions. For 

BS operators, it is a good strategy to deploy more BS fleets in congested areas since the cycling demands 

to the metros are higher. A more frequent rebalancing service is also needed in these areas. 

 

6.5 Chapter conclusion 
In this chapter, novel impact factors influencing BS and metros’ integration are analysed, based on a data-

driven methodology and a survey conducted in Suzhou, China. It is a city with long cycling tradition and 

suffering from rapid car booming and congestion. Local government builds mass transit and enhances BS 

as countermeasures, which is very representative as a developing community. However, research of 

influential factors is mainly conducted in developed communities’ context. Therefore, research gap exists. 

According to our survey, road separations sometimes are complained by cyclists since they need to detour 

to reach their destinations (as BS stations and metro stations). Severe traffic congestion is also listed as 

one of the reasons why car drivers turn to metros and BS. Information on traffic congestion and road 

separations are collected and analysed before and after a new metro was introduced to find out whether 

these factors could influence the integration between BS and metros. Spatial variables and analysis 

consider network distance decay and Thiessen polygon to make the results accurate. An ordered probit 

model considering the difference between weekdays and weekends is established to investigate these 

potential impact factors, based on a SP survey the author conducted.  

 

It is found that young people, who get familiar with using smartphones to rent BS, are more inclined to 

increase their BS usage towards metros on weekdays rather than weekends. Traffic congestion caused by 

increasing motor vehicles also feedbacks on the integration between BS and metros. The higher 

congestion level promotes more cycling towards metros (on weekdays especially), the same as the 

parking fee level. Still, as expected, higher cyclable network density is positively correlated with higher 

mode shifts toward BS and metros. However, too many road separations and proximity to metros’ hubs 

are to impede cyclists’ passion towards metros. A convenient cycling environment (high density of 

cyclable allies and fewer road separations) and adverse motor vehicle traffic conditions (high congestion 

and parking fee) would promote a better combination between BS and metros. 

 

Overall, new factors that seldom considered in developed community-oriented studies, are proven to 

affect BS and metros usage. Unfavourable motor vehicle traffic conditions (high congestion and parking 

fee) have a positive feedback on the combination between BS and metros. Besides, road separations that 

considered as safe and facilities in developed communities, is found to impede the flexibility of cycling. 

Proximity to metros’ hub also impairs the usage of BS. These findings are instructive for urban planners, 

road designers as well as operators of BS and metros.  
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7.1 Overview 
In this chapter, the key findings, implications are reviewed in this thesis and propose some future 

extensions. 

 

7.2 Key findings and implications 
The study in Chapter 3 (sub-topic 1) aims to investigate the development of two-wheeled transport, 

especially human-powered bicycle transport in China from 1985 to 2019. The overall development trend 

of two-wheel transport in China is divergent based on the particular type. Bicycle transport continues to 

increase due to the changing attitudes from all levels of government and the increasing concern about 

the environment. Moreover, as more people realize that fast mobilization brings congestion as well as 

pollution means that bicycle transport will continue to exist. However, challenges within DBS contribute 

to the latest revival of human-powered cycling. DBS’s prevalence is mainly caused by large and direct 

investment rather than fees collected from users. There is no guarantee of sustainable profit in the future 

which makes the DBS industry fragile and unstable. Stricter policies and attitudes towards DBS might 

add to the risk unless more effective technology is used to prevent streets from “bicycle-congestion”. 

As the regulations and technical standards become clearer and pragmatic and drivers’ awareness grows, 

it is believed safety issues will decrease. Moreover, as new eco-friendly techniques are introduced, 

government attitude may become even more favorable. Motorbikes and mopeds have lost their attraction 

to users and have been gradually replaced by E-bikes and automobiles, as can be seen from the usage 

rates. The inherent character of gasoline makes it eco-unfriendly and it is unwelcomed by governments 

particularly in large cities. Therefore, although there is still a small proportion of motorbike usage in 

remote rural areas, the position of motorbikes and mopeds will continue to be minimal. 

 

The development of two-wheeled human-powered bicycles, along with E-bikes and motorbikes, is 

following a zigzag track. The most significant influence on urban transport development is the power 

exerted by the strong central government. Five phases could be seen in the development of human-

powered bicycle transport in China from 1985 to 2019, where policies towards human-powered cycling 

changed from “encouraged”, “discouraged”, “converted and re-recognized” to “encouraged again” due 

to environmental concerns along with rapid mobilization. Human-powered cycling use continued to fall 

during this period until DBS emerged in 2016. Due to its enormous scale and capacity to attract users, 

DBS has helped to revive the overall human-powered cycling rate in China. It is found that public 

transport and the idea of infrastructure design have a conditional effect on bicycle transport development, 

which inspired us to dig the inter-relationship between bicycles (BS) and public transport in Chapter 5 

(sub-topic 3), and find related, novel influential factors in Chapter 6 (sub-topic 4).  

 

E-bikes and motorbikes witnessed an independent growth trend like human-powered bicycles. 

Following their popularity in the 1990s, the number of motorbikes has gradually decreased, and they are 

now largely banned due to their lack of safety as well as environmental and transport efficiency concerns, 

while E-bikes have been diversely treated in different cities. A clear regional difference in the E-bike 

policy was seen in southern cities of the Pearl River Delta, who hold a negative attitude towards E-bikes 

while cities in the Yangtze River delta hold a positive attitude towards them. The rapid growth of E-

bikes is found to be demand-driven rather than supply-pushed.  

 

After discussing the change of the influential factors in the following years, the author concluded that 

the future of human-powered bicycles and E-bikes is promising while motorbikes will become a thing 

of the past. 

 

The study in Chapter 4 (sub-topic 2) aims to investigate the bike-share system development in China, 

especially the new-born innovative DBS programs. By comparing classic city bikeshare in China with 

its overseas counterparts, it is found that a government-oriented operator model plus a low financial 

threshold to users are the keys to the success of city BS. As for DBS, this innovative, flexible, shared 

cycling mode is a highly capital-driven, privately-operated business mode, largely deployed in cities 

with urban railway systems and has achieved high penetration in mega cites. Three growth phases have 

been identified based on government policy and DBS’s development, namely the “free growth” phase, 
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the “regulated” phase and the “limited” phase. DBS systems are found to have penetration advantages 

such as easy access by smart-phone, the convenience of pick and park, and low cost. These merits 

successfully attract its main users, who are found to be young, highly educated and almost equally male 

and female. The trips are mainly short, highly frequent and for commuting purposes. To understand the 

reasons behind the burgeoning of DBS systems, three factors have emerged: (1) those promoting user 

demands, (2) those winning partial support of the government, and (3) those promoting operators’ supply 

are analysed. It is found that this rapid growth is mainly supply-driven by the operator rather than by 

user demand or triggered by government policy. Financial sustainability, vandalism and the threat of 

DBS to the bicycle industry are the three main challenges that require investigation in the future.  

 

By a general comparison between BS and DBS, it is concluded that BS and DBS have their own merits 

and demerits. For instance, in megacities with abundant transport choices and good cycling facilities, if 

local governments have strong supervision and control ability over DBS operators, DBS might be a 

better opinion. Since most of the cities build-up urban BS to feed urban mass transit systems, an 

interesting question is how these two really perform together, especially in a developing community like 

China (answered in the next chapter). 

 

The study in Chapter 5 (sub-topic 3) aims to investigate the impact of a new metro on existing BS in 

terms of both trip-count and pattern considering land use. A “before-and-after” study is firstly adopted 

based on the difference-in-difference model in this research topic. A new index is developed in this 

study to indicate how trip-pattern changes at a spatial level. Continuous real-time renting (flow-out) and 

returning (flow-in) number of bikes combining with location data is analyzed to indicate the impact, 

which could be further used in DBS studies. The results show that after a new metro opened, for BS 

stations within the metro’s catchment (the treatment group), most BS ridership and users within the 

metro’s catchment (the treatment group) have largely increased, except for BS stations in metros’ hub, 

where BS ridership slightly decreased. For trip patterns, a general transfer from balanced to imbalanced 

is observed in all districts, which indicates that the BS served as “first-mile” interchanges (origin to 

metro) rather than “last-mile” (metro to destination) in the morning, and vice versa in the evening. 

 

Governments and operators could be inspired in this part of the research outcome.  As for local 

governments, some suggestions are made so that interchange between BS and mass transit could 

function well. Since BS and metros are operated by different operators, a consistent operation 

mechanism between BS and mass transit should be built and led by local governments to bridge different 

profit participants, so that complaints, as lagging BS rebalance will not happen after new metros are 

introduced. Also, necessary planning and studies should be initiated by local governments in advance. 

For instance, necessary ridership and trip-pattern estimation should be made by urban planners, based 

on which BS operators could make rebalancing schemes. In particular, since land use is found to 

correspond to BS trip-patterns change, a broad guide about how trip-count and trip-pattern might change 

after a new metro opens in different communities, should be released from urban planners to BS and 

metros’ operators. Universities, commercial areas and residential areas have different demands and 

temporal distribution patterns, they should be considered separately. How many new BS stations are 

needed, and how to deploy them considering land use supplies should also be answered by urban 

planners since BS operators normally lakes the impulse and capability to do such research. Furthermore, 

for urban planners and city leaders, one of their tasks is to make preparation to huge transport change, 

as the prevalence of dockless shared bike (DBS). Since the before-and-after methodology in this study 

is based on continuous renting and returning trip data (just as DBS), this research could be further 

applied in DBS’s before-and-after study as well. The inter relationship between DBS and metros could 

be further analyzed and improved based on our research contribution. This is very important for cities 

without a dockless shared bike (like Suzhou). Take Suzhou as an example, although it banned DBS for 

now, as a mainstream encouraged by the central government, it is highly likely that DBS will flood in 

as it did in Beijing, Shanghai, Guangzhou etc. A before-and-after change study would be practical in 

making policies and operation schemes to deal with the impact of DBS. As for BS operators, they are 

advised to follow local governments and urban planners’ guide, pre-arrange operation scheme so that 

BS rebalancing will not lag after new metros are introduced. When new metro opens, normally BS 

demands to increase substantially along the new metro line (in our case, an 85%-115% ridership increase 
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in weekday and weekend was observed). So new BS stations are encouraged to deployed in advance 

and a higher frequency of rebalancing is required along with new metros. For instance, operation 

schemes in weekends and weekdays should be different. More rebalancing work is needed on weekends 

according to our study. As for daily rebalance and maintenance, a new rebalancing route scheme should 

be made based on trip-pattern to achieve a balance between cost and cyclists’ needs. Also, trip demands 

in commercial areas in PM peaks need to be met so that more commuters could use shared bikes from 

offices to metros to finish “last-mile” interchange. So that complains as empty stations without bikes to 

rent or fully-occupied stations with no docks to return could decrease. 

 
The study in Chapter 6 (sub-topic 4) aims to investigate novel impact factors influencing BS and metros’ 

integration, based on a data-driven methodology and an SP survey. In developing communities with 

long cycling tradition, influential factors are found to be quite unique and novel, compared to former 

research outcomes. In the ordered probit model considering the difference between weekdays and 

weekends is established to investigate these potential impact factors. Overall, Unfavorable motor vehicle 

traffic conditions (high congestion and parking fee) would feedback a better combination between BS 

and metros. Besides, road separations that considered as safe and facilities impede the flexibility of 

cycling. Proximity to metros’ hub also impairs the usage of BS. For urban administration bureaus, they 

are well-advised that more road separation might bring inconvenience for cyclists. Although exclusive 

bicycle lanes are beneficial to promote cycling in some studies, the situation in Suzhou is quite different. 

As a city with cycling tradition and high dense cyclable network, SPBS cyclists tend to cycle in small 

roads with few separations. Small roads typically have fewer motor vehicles and slow vehicle speed 

limits, which make the safety of cycling within an acceptable level. According to this finding, when 

planning and design roads, urban planners should be well advised to treat road separations cautiously. 

The separation design should consider the balance between safety and convenience. For road designers, 

they are highly recommended to reconsider before implementing multiple road separations before 

construction – at least in areas where metros’ stations and BS stations are located. + 

 

7.3 Suggestions for future work 
More works are necessary to promote the BS and mass transit systems connection in practice. 

Recommendations are provided based on the four main studies in this thesis, which might be valuable 

research topics in the future. 

 

In Section 1 and 2, the author focus on two-wheel transport mode and BS/DBS development in China, 

since it is the biggest market in BS and the born-place of DBS. The empirical studies give inspirations 

as policies and operation modes to other countries. To make it even general, the BS/DBS development 

from a global point of view could be further investigated.  

 

The study in Section 3 adopts a before-and-after change study in a short time. It is the first time this 

methodology used in this research topic. Several aspects still require further study. Firstly, to achieve 

higher accuracy, more steps are taken to eliminate or at least mitigate bias and reveal actual demand. 

The BS growth, the prevailing season and weather, and the disorder resulting from a transitional period 

might still have a minor influence on the accuracy of the research outcome. Moreover, although the 

rebalancing trips are already eliminated, once a BS station is full of parked bikes or empty, and no 

operator is available to rebalance it manually, it would cease to operate, and therefore the actual demand 

for renting cannot be fully revealed. Secondly, due to data limitations, it is unable to track the long-term 

impact of mass transit on BS for now. Future research will expand the time coverage of data to mitigate 

this ramp-up effect. Thirdly, a similar methodology could be adopted in DBS & metros, which is more 

intensely deployed nowadays in megacities.  

 

By determining the influential factors in Chapter 6, congestion and parking fee levels are found to have 

active feedback on SPBS’s integration with metros. Therefore, future studies could focus on how to 

optimize the operation and administration from policymakers and urban planners’ points of view.  Low-

carbon policies and practice could be studied by evaluating traffic conditions and scheming the metros 

and BS deployment according to the level of traffic congestions. For BS operators, it is a good strategy 
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to deploy more BS fleets in congested areas since the cycling demands to the metros are higher. A more 

frequent rebalancing service is also needed in these areas. Besides, although exclusive bicycle lanes are 

beneficial to promote cycling in some studies, the situation in case the study of this research is quite 

different. In cities with cycling tradition and high dense cyclable network (like Suzhou), BS cyclists 

might tend to cycle in small roads with few separations. Further work could focus on this threshold - the 

balance between safety and convenience. Besides, similar mythology could be further used to solve 

problems between DBS & metros.  

 

In the end of this thesis, as John Pucher et al. (2008) stated in “Making Cycling Irresistible: lessons from 

The Netherlands, Denmark and Germany” - “The success of cycling does not depend on poverty, 

dictatorial regimes or the lack of motorized transport options to force people onto bikes”. When we look 

back at the evolution of human mobility, cycling has always found a place. As a healthy and sustainable 

mode of transport, once appropriate and innovative business models are found and introduced, people 

will choose to cycle, and cycling will continue. 
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