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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 firstile interchange mode with mass tranBi§ is considered as a sustainable,
healthy dmnmd efmtdd s ittr an s pthercauntriesy Ghéna owAsnilee HaggesaBSI
marketin thelast decade and was the bgiace ofthedockless bikeshare system (DBS), which largely
change the way people livBuring this period)ike many other developing communities, more and

more cardiavebeenswarming into cities nfrastructue desigrhas beefransferringo caroriented and

conflicts between cars and bicycliesensified On the other handn order to face the challengd
increasing mobilization by carhis countryhas beeonductingcontinuousnass transit constructions.
Therefore, it is meaningful to investigate how twhbeel transport mode, especially BS and DBS
develop in China, and how BBBSand mass transit systems interact.

In this research,raempirical review othe development of twarheeled transport in China firstly
proposed. This component of reseaaghs at investigating the development of tmteeled transpart
comprising humaipowered bicycles, #bikes, and motorbikdaa Chinafrom 1985 to 2019During this

period government policy changed from firecognmiaged
to Aencouraged agai n-econdruicchangst isfonrm that she inatesharedof s o ¢
humanpowered bicycles decreased steadily until®Qthe year dockless bikeshare (DBS) emerged.

bikes and motorbikes witnessed an independent growth trerbliciésfrom that of humaspowered
bicycles.After reviewing abundant macfactorsat a natioral level, it is concludel that te future of
thehumanpowered bicycle transport mode in China is promising, dée/tirablegovernment policies

and the growing demand:liitkes have an uncertain future since local policies differ and safety issues
are yet to be addressed while the future of motorbigeoing marginal.

AsforDBS,itsdevel opment has experienced fAfree growt hi
time. While the central -gposethwmeat pbdhit@ispoit bwahe
mode the rapid expansion of dockless fleets soon exceedediscii | i mi t s and res
government pol i ci e sp ocshiatnigvienden d pa o finnvedudt eruatl t & | f o
regulations have been implementedently It is found te sudden rise of DBS systems is due to three
factors: (1)thegrowing user demands (the main factor), {2¢ (partia) supportfrom the government,

and (3)theo p e r astrategyt® dversupply. Still, financial sustainability is the main challenge that
requires investigation By reviewing how twewheel transport modand DBS develop, public transport

is found to be a conditional influential factor. Therefaeuestionremains aso measure this impact

and find out the influential factars

For theinter-relationship between BS and mass transit systams,0 ¢ farel-6 6t er with ast udy
Adi f f-ie-d e h £ er e n c e dsinitiedet th meahsuile chgnges of an existing BS during a period
when a new metro systempenedThe result indicates that most BS ridership and users vtithimew
metrods catchment (t he tr e,excepefartBS gtatiankicptéd ndaa v e |
met r os & hub s-pattetnsaftdr the nevB rBetapeneid @ general trigpatten 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 indicat&3batvices alongvith

metros,t end t o -mielrwtee riicchhamsge (or i gi ns -mio eme tirnotse)r cri
(metros to destinations) in the morning and vice versa in the evening regardiestantl use type.

Novel factors that impactinghe combinatiorof public transport and BS amevestigaed expectedo

inspire other developing communities that share the same developing circumstance.

Inspired by theesearch outcome of twwheel transport development in Chitlze authothought the
transferring infrastructure and traffic condition migletnew factors nf | ue nci n gq uahlei tiyma
between mass transit systems and Bi&se factors could henique in developing communities with

cycling tradition.A surveyis designedo reveal how participants altered their BS usage frequency after
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the new metro openetbllowed by a probit model to estimatignificantinfluential factors The model
indicatesthat @ 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 megéticle usersn bad traffic
conditiors, which could be instructive for urban planners and road designers.

In general, he main contribution of this thesis tisreefold. Firstly, it demonstrates how twaheel
transport mode, especialljor thefirst time, how BS and DBS develofn Chinawith up-to-date
information Secondly, bsed on BS data collected during a time window a new metro gpaned
differencein-difference model isised todirectly measure thénmediateimpact from a new metro to
anexistingBS, where aew and generahdex is developed to indicaBS/DBStrip-pattern.This is the
first time that a beforandafterchange study isonductedn this researctopic. Thirdly, novel factors

in a developing communitgontext,are found to influence the combinatiohBS and metroby using
adatadrivenmethodology
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Chapter 1: Introduction

CHAPTER 1: INTRODUCTION

1.1 Overview

This thesis proposes empirical studies of the (dockleks)share systertDBS) and establishes a data
driven methodology to understand the inteliationship between the bighare system (BS) and the
mass transit system. This chapter is to introduce the research background, followeoljgdines
and scop. The contributions are then discussed. The last part shotiege structure

1.2 Background

As an exbicycle kingdom  C h twarvehéeted transpornodes development fluctuated in the last 35
years while traditional humamowered bicycle transport kegitirinking until DBS showed up not long
ago. Apart from strongovernment controbther social and economic factors together (public transport,
social awareness, city expansiogsident incomgimpact the general trend of all tweheeled transport
modeslUp-to-date information towards h i n a -@viseelédwansport development and related policies
after DBS showed up is limited but importéot urban planners, policymakers and even potential
stockholders of DBS in overseas countriésould help peopleotunderstand the reason for cycling
return and how to promote it properly. It could also inspire other Asian andAmagricancommunities
that share the santinsformation periodf urban transport as China do.

AS for DBS in Chinait had grown from 2nillion 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, UKand Australia, bringing convenience along with the downside known as fleet
Acongestiond (casual par ki nHoweverlittke upktedste Iberature K i n g
could be found in terms dfow DBS ha been implemented, developed, and supported in Chia.
developmentalong witht he gover nment @ phpses requgesolid, uptodiatd f e
information from both national and city levels, which is hard to find in the existing literatloe.
systematic review dbBSis seen by the tim@ Paper D was published

This research, for the first timdevelops an empirical study of DBS development and providés-up
date information in Chinaontext; So thaappropriate policiesould be mplementedand potential
negative impactavoided For instance, overseas cities like Melbourne are experienanagism and
improper parking of dockless fleet bikg8ng 2018, which have already been experienced and counter
measured by many Chinese cites. Besitfesyversupplyof DBS is another urban management issue

Moreover,oe of t he main functions of BS (DBn$) eidos otro
Af inridte 0 . Simce thd lattenormally changgthe transport environment in a cigale and

requires huge financial investmentautiousresponse measuréBS included) should be considergdl

et al. 201%, especially for Chinathe largest BS market where new mass transit systems keep growing
(Bao 2018 Dong et al. 2018 Therefore, it is essential to understandss transitmpact onBS and

make proper preparation in policy, managemand operationThe research outcome could be further
adopted in other developing comanities in Asia and Latin America that share the same transport
developing period® Paper ©

So far, a literature ofthe interrelationship between BS and mass transit normally focus on how BS
impact mass transit, e.g. how much public transport and vgalkia substituted by B@/artin and

Shaheen 2034Among the limitedpieces of researadtudyingtheinter-relationslip between these two
transport modesnost 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 tenapshot the time window (covering the period a new metro is open while

BS data is collected) is quite rare. However, in this thediefareandafter change study isrstly
developedn this BS and mass transit inteslationship research topic.ftdicates the new metro impact

on BS directlyi by measuring the change of tgigmand (the number of renting and returning bikes in

BS stations) and tripattern (the difference between renting and returaingdifferent times in BS
stations)lnsight on thé impact couletnhancé he under st anding of BS&s ro
of masstransit Nor mal | vy, BS are considered useful i n o

Page b



Chapter 1: Introduction

systems, i-mi lwdd cihndiif ¢ atse s

metro stati omd
working place in morning peak). Although these two trips are always discussed in the same context,
limited research foaes on identifying the differenbetweerthese two. However, due to the difference
i and use, cycling fac

i n
t he

-mif i e &t amidl el ansitg ht

occur

ilitiesd deman

t r ie,pheme inmorning peaak) o the s
|l whi liendti cat @sadstri ps from metro

d and

ire difttrer@ enandgement! By

(1

su
and

identifying the renting and returning numbers in one BS station near a metro station in continuous time
(namely, the temporal tripattern in statiohn ev el Jmji | @foi -megt éid acsaul d be
For instance, whrereturning bikes largely outnumber renting ones in the morning, it could be interpreted
that more users are cycling shared bikes towards metro stations rather than awterinoim other

BS seryméd eas i finfait thgets - o knl@ystidying Hetinner mechanism

BS functionscould be identifiednore preciséo motivate cycling and promote interchange between BS
andmasstransit ® Paper

words

Onceone figures ouhow the BS trigpattern and triggcount changeafter a new metro was open, a
natural question followed is what influential factors caused these chafgesauthorholds the
hypothesis that as a developing community with cycling tradition and cyatiagted network, novel
influential factors that ippacting the marriage between BS and mass transit could be founduilthe b
environment, land usend infrastructure conditions are widely accepted as influential faafahis
inter-relationship(Zhang et al. 203, FTampbell et al. 20)6while these factors are normally observed
and analysed from developed communities casds e

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

net wor k, travel

| er so

di

ay

developirg communities like cities in China, the idea of infrastructure design is rapidly changing
towards caworiented, confronting the long cycling traditiofhe traffic condition is rapidly changing
since more cars are swarming into cities. Tteedatadriven methodology is then used to investigate
potential novel influential factors.hE research outcome could ibspiring for other new economies
that facing the same transforming peri@lr finding indicates that more road separation brings
inconvenience focyclists. This result is inconsistiemith the former idea that independent bicycle lanes
are beneficial to mmote cycling, which might be constructitgeanurban planner to plan and desggn
better road to promote cycling from a different point of vidwPaper ®

1.3 Researchaim, objectives and scope
The main aim of this research is to improve the research scope of thehbileesystem, by conducting
a series of empirical studies towards twe-wheel transportespecially BS (DBS) development and
building up arobustframework to optimize the existing BS and mass transit-nefetionship research

methodology The detailedobjectives of this research are shown in the following:

1 To better understand the developmentvad-wheel transport modes, especially B&IDBS in
developing communities as China.
1  To build up an advanced dadaiven methodology to measure the iatelationship between BS
and mass transit.
1 To identify influental factors in this interelationship that is novel in a developing community
context.

Table 1 represents the research scope. It coversgsals and related methodologies with related
publications attached. By combining those elements together, fotogich are explored in this thes

Table 1-1 Research scopes

Topic Subtopic Methodology Publication
1 An empirical studyof two- U Systematic Review Published inJST. Gu et al.
wheel transport modes (2020)

development in China

An empirical studyof the
development of BS, DBS

U Systematic Review

Published in TR Part A. Gu €
al. (2019a)
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Accepted in TRB 2020. Don¢
and Gu et al. (2019a)

3 A study oftheimpact of U Beforeandafter change Published in TR Part A. Gu €
new mass transit on an study withdifferencein- al. (2019b)
existing bikeshare system difference model
U k-means clustering
4 A study of factors U Ordered Probit model  1st round under review in TR
influencing BS and mass U SPsurvey Part A. Gu etl. (2019)
transit integration U Spatial data analysis

1.4 Contributions

This thesis offers upo-date information on twevheel transport modes, especially BS (DBS)
development. Besides, a novel ddt&ven mathematal methodology, as well as novel research
outcome are drawn which could be inspirfiog all parts that involved in the bikghare market. The
detailed contributions are shown in the following.

Subtopic 1:

1 The empirical study of twavheel transport modes development in China is proposed. Policy
backgrounds are firstly organizeatd nfluential factors in a natietevel ardfirstly identified over
a longtime span

Subtopic 2:

1 The empirical study orthedevelopment of B&ndDBS is proposed, with upo-date information.

1T DBS usersd6 characteristics are exerted from n
1 Influential factors and feasibilities of DBS are firstly given.

Subtopic 3:

1 A novel datadriven methodology to studihe impact of new mass transit on an existBg is
proposed, based on research outcome frortapib 1 and 2.

1 The differencan-difference model is firstly adopted in this topic to acquire a bedakafter
study resit.

1 A new index is proposed to initiatekameans clusteringwhich could be further used in other
shared mobility research.

Subtopic 4:

1 Adatadriven methodology to studgctors influencing BS and mass transit integrasgroposed,
based on resedroutcome from subopic 1, 2 and 3.

1 Ordered Probit model based anSP surveydata is adopted. The model and survey are designed
in a developing communigontext, where rapid mobilization, changing the idea of infrastructure
design and cycling tradition eexist at the same time.

1.5 Thesis Structure
Figure1-1 shows the structure of the thesis. It is divided into three parts, and the total seven chapters
are made up.

T Partl: (Chapter 1 Chapter 2): Introduction and Literature review are provided
T Partll: (Chapter 3 Chapter 6): Four sutbpics mentioned above are presented.
T Partlll: (Chapter 7): Conclusion of this thesis.

Part | of this thesis is made up of two chapterChiapter 1the background aheBS, DBS and their
relation with the mass transit firstly introduced, followed by the researaim, objectives andcope
The contributionsand thesis structure are then explainadChapter 2, itmainly reviewsthe related
studies in three aspectse development of twavheel transport mode in China, the methodology of
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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 Il of his thesis focuses on the empirical studies iamglementationof models in four chapters.
Chapter 3 (sulbopic 1) is asystematic review of the twaheel transport modes in China. Chapter 4
(subtopic 2) is an empirical study of BS and DBS developmer€hina. Chapter 5 (suiopic 3)
measures the immediate impact of a new mass transit system on an existinm&&desa kefore
andafter change study with differencein-difference modela kmeans clustering, and a case study.
Chapter (suttopic 4) proposed a dathiven methodology to investigate the factors including the
integration between BS and the mass transit sydtentludesan Qdered Probit model based tre
surveyandthe same ase studyas in suktopic 3

Part 11 of this thesis includes one chapter. Chaptawdlvesthe key findingsand contributions tehis
research. Also, it shows the recommendation$ufinire work.
PART I

CHAPTER 1: INTRODUCTION
Background, the research objective and scope, contribution, thesis structure

CHAPTER 2: LITERATURE REVIEW
Development of two-wheel transport mode in China, the methodology of inter relationship study between BS and the
mass transit system & the influential factors related

PART 11

Sub-topic 2 Methodology

CHAPTER 3:
AN EMPIRICAL STUDY OF THE TWO-WHEEL
TRANSPORT MODES DEVELOPMENT IN CHINA

Systematic Review

Paper 2
CHAPTER 4: Systematic Review
AN EMPIRICALSTUDY OF DEVELOPMENT OF BS, Gradient Boosting Decision Tree
DBS IN CHINA Model
Paper 3
CHAPTERS5:

Before-and-after change study with
difference-in-difference model
k-means clustering

A DATA-DRIVEN METHODOLOGY TO STUDY THE
IMPACT OF ANEW MASS TRANSIT ON AN
EXISTING BIKE-SHARE SYSTEM

Paper 4

CHAPTER 6:
A DATA-DRIVEN METHODOLOGY TO STUDY
FACTORS INFLUENCING BS AND MASS TRANSIT
INTEGRATION

Ordered Probit model
SP survey
Spatial data analysis

PART III

CHAPTER 7: CONCLUSION
Key findings and contribution, future research

Figure 1-1 Thesis structure
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CHAPTER 2: LITERATURE REVIEW

PART 1
CHAPTER 1: INTRODUCTION
Background, the research objective and scope, contribution, thesis structure
PART 11
Sub-topic 2 Methodology
T T T T T T T T T T T T T T T T T e — | P ———
CHAPTER 3:
AN EMPIRICALSTUDY OF THE TWO-WHEEL Systematic Review
TRANSPORT MODES DEVELOPMENT IN CHINA
CHAPTER 4: | Systematic Review
AN EMPIRICALSTUDY OF DEVELOPMENT OF BS, Gradient Boosting Decision Tree
DBS IN CHINA Model
CHAPTERS5:

A DATA-DRIVEN METHODOLOGY TO STUDY THE
IMPACT OF A NEW MASS TRANSIT ON AN
EXISTING BIKE-SHARE SYSTEM

Before-and-after change study with
> difference-in-difference model

k-means clustering

CHAPTER 6:
A DATA-DRIVEN METHODOLOGY TO STUDY
FACTORS INFLUENCING BS AND MASS TRANSIT
INTEGRATION

Ordered Probit model
SP survey

Spatial data analysis

PART III

CHAPTER 7: CONCLUSION
Key findings and contribution, future research
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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:

1 Challenges in the ufp-date studies of twavheeledtransport and BS/DBS development in China
(Section 2.2).

1 Challengedn thebeforeandafter change methodology studying intelationship between BS and
mass transi¢Section 2.3)

1 Challenges irdatadriven methodology to investigatefluential factorsof BS and mass transit
integration, considering devel opiSedgion2dmmuni t i

Finally, it concludes with a summary of research gaps through this literature review. Solution methods
to address those gaps are then piteskin the following chapters.

2.2 Challenges inthe study of two-wheeledtransport mode and BS/DBS development in

China
As an exbicycle kingdom and the birthplace of the innovative DBS together with active government
control, a better understanding of Chid s -wheeled transpodnd BS/DBS developmemtould be
inspiring information for urban planners, policymakers and even potential stockholders of DBS in
overseas countrie¥he twowheeledtransport modecould be divided intdumanpowered bicycls
andmotorbikes/Ebikes.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 comryuwith a long cycling tradition, not only
network, infrastructure design, but also social awareness in China are quite different from developed
communitiesSince abundantcyclinge | at ed studies are conducted b
cases (in whih normally bicycles are subjected to a private car), the investigation towards history,
policy and social attitude of twawheeled transport in China could bring a whole new perspective in
bicycle transport research area. The outcome could be generalkmadle for other developing
communitiesd paper ©

2.2.1 Problemdn the twoewheeled transport mode development in China

2.2.1.1 The development of humapowered bicyclgein China and government policies

Limited studies are related in this field, most of which areofwtate.Zhang, Shaheen, and Chen (2014)
conducted a review of humgmowered bicycle transport in China, which covered a limited period. They
concluded there were four phases of bike development in China between 1900 afdy2@tg 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 (1998062) and the Attitudes and Policies
Diversification Phase (2002 to 2012)imited pieces of research covered fragments of bicycle
development in Chin&rame, ArdilaGomez, and Chen (2017) presented a comparative analysis of data
from Wuhan and Amsterdamo e xpl ore why AChina was no | onge
concluded that earlier government attitudes towards transport policy and infrastructure construction
were the main reasons for the decline of humawered bicycle use in Chin8imilarly, Yang et al.
(2015) revi ewed t pavergddicyele trammort strétegiedh thengaatity of the two
wheeled cycling infrastructure, and the prevalent ideas for cycling plaimiag early stageThey
concluded that these three issues were mendly to cycling for a decade and should be reversed if
China wanted to revive cyclinghao et al. (2018); Frame, Ardifaomez, and Chen (201pmpared
two-wheeled transport policy and infrastructure between Wuhan and Amsterdam, and Beijing and
Copenhgen, respectively, and suggested ways of promoting local cycling in these two Chinese cities.
0 paper ©

2.2.1.2 The development of motorbikes andlikes in Chinaand government policies

Research of bike draws more attention than a traditional bicyjddes er s 6 behavi our , s
widely discussefLing et al. 2015; Zhang, Shaheen, and Chen 2Bia\yever, investigation oegioral
differences of policies anthallenges of future development is limited. Unlike hurpawered bicycles,
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policies towads motorbikes and gasoline mopeldave both egional and temporalvariations
According toGuangzhou Modern BRT & Sustainable Transport Institute (FObiha) (20173 report

about the Ebike industry, the first batch of-Bikes appeared in Shanghai ir8BB9By the end of 2000,

E-bike production had begun in China, and then in 2004, a-tar@e enterprise was formed. The boom

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

per annumn that year, annual production, and sales-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 oftitkes (Ruan, Hang, and Wang 2014hg et al. 2015). Industrial reports

have argued that-Bikes have had stable production and sales, but as the market has become saturated,
it might be at a turning poitiGuangzhou Modern BRT & Sustainable Transport Institute (FODha)

2017) ® paperdO

2.2.2 Problensin thestudy of twewheeledransport mode and BSBS 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; 29@ZoinDeposit Systems that firstly
appeared in Copenhagen in 1995; 3)bAsed Systems; and 4) DemdResponsive, MultModal
SystemgBachandMarleau, Lee, and Ebeneidy 2012; Shaheen, Guzman, and Zhang 2005t
current BSn Chinaare third geneation products where bikes are normally returned and rented by smart
cards or credit cards while the terminal centr
information (Ricci 2015) According to the Bikesharingmap (2017), cities andgdadeployed BS
increased from 101 to 1,286 at an annual rate of 152.8% from 201074oB}0the end of 2016, China

had already become the largest BS maukdit now. By that time,1.9 million bikes and 430 cities and
places deployed BS while the totalmber of shared bikes worldwidea®s2.29 million. Fourth
generation BS (also known as a dockless-share system, namely DBS) is a highly flexible dockless
system comprising GPS and personal smart phone, easier to be irfSiadleden, Guzman, and Zhang
2010b; Parkes et al. 2018) paper D

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 (Fishma2016), let alone the research on DBS. Zhang et al. (2015) presented an empirical study
and anafsed bikesharing systems in five Chinese cities. They concluded that-plegihed
configurations of transport, system designd choice o& business model arkey 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 otfigarly 2010s. Reviews

of BS development in Chineontext are limited. As Fishman (2016) stated in his review papero
country has the bikeshare scale ofdopaeilha, yet

Thus,no paperso far hadliscussd the development and the policy background of &8l DBS in the
Chinese contexiTherefore, one of the biggest research gaps is Ithaugh 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, developamsd supported. BS and DBS development and the
governmentsd policy in diff er entbdaemmreatienbaséd i t s
on both national and city levels, which is hard to find in the existing literature.

2.3 Challenges inthe 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 traing#igrateis to initiate abeforeandafter study. It

could bring a relatively accuratetowc ome i n studying how ridership
However, this methodologlyased study is few since the opportunity to take the snapshot is rare. Not to
mention those studies in a developing community con@xerall, research related to B$sss transit
integration tended to focus on B,%dsalontmBRsutveyon t
conducted in developed or eariented communitieg.g., how much public transport and walking are
substituted by BS) (Fishman 201&)or instance, anumber 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 interchdhge t
metro. A study conducted by Nair et al. (2013)
stops revealed thahe coupling of BS and transit stops can lead to higher public bicycle use. By
comparing BIXI (a BS in Montreal, Canada) cgtdi with private bike users, BachaMarleau, Larsen,

and EtGeneidy (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 subwaynstatio
that are well utilized, generates bikeshare trips, so did Fdigtaihi et al. (2014) revealed in the case in
Montreal.While themajority of thestudies tended to support a positive effect of BS on publiqioans

Martin and Shaheen (2014) compareel tthho 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 lsdvansits
systensinfluence BS are very ravehile it is importantespecially in the largest BS market China where

new mass transit systems keep growao 2018; Dong et al. 2018) paper D

2.3.2 Problems in the study of the influential factors

In general, most of the studies are conducted based on cases in degelredientedcommunities.

Cycling habits and cyclinfriendly network in these cases are different from developing communities

as Vietnam|ndonesia, an€hina. In the latter pl&s, new infrastructures are constructed to feed more
cars while rich people just left bicycles no so lagp In the meantime,lkeys that fitting cycling are

still marked in historical urban patterns, which make cycling favourdideneet the challengess
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
communitybased studies.

2.3.2.1 Weather

As for the factorsthani ght i nfl uence the BS and mass trans|
been done. Aarge number of studies have indicated that weather and temperature have a significant
influence on cycling. MirandMoreno and Nosal (2011) found temperature)fedi and humidity had

an immediate and large impact on cyclists. Ding (2016) studied the impact of the built environment and
weat her o0 n-Pr6te ant todn@ @nsual Bix@nbers and-n@mbers behaved differently in
different weather conditions. By sty i ng Br i sbanebds O6CityCycl ed, Co
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. 205B)ofntloem
focused on health i mpacts while no previous re
O paper D

2.3.2.2 Calendar event

As for calendar evest Kim (2018) found that heat and naerking days differently affect the demand

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

some subtle variations in the spatial distribution of trips. Borgnat et al. (2009) predicted the number of
bicycles hired per hour i n intrgdocm@explanatom factansisucly b i
as the number of subscribed users, the time of the week, the occurrence of holidays or strikes, and
weather parameters. paper D

2.3.2.3 Spatial factors

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

or demand; many of which indicated that proximity to metro stations promote BS demand (Wang, Tsai,
and Lin 2016; Fagh#mani et al. 2014; Wang and Zhou 2017; Jgpinen, Toivonen, and Salonen 2013).

A high level of walking canectivity and walkingriendly built environments near transit station areas

are vital to bicycldransit passengers (Bernardi, La PBixello, and Geurs 2018). By studying the
bicycle-metro integration in Beijing, Zhao and Li (2017) concluded that tbeenrce of bicyclsharing
programs, mixed land use, and green parks in metro station areas were associated with higher rates of
cycling transfer. EAssi, Mahmoud, and Habib (2017) used a case in Toronto to reveal that proximity
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to universities promote B8 i der s hi p. However, whet her proxim
intersection) plays a positive role as influential factors remains a research pper 2

An exclusive bicycle lane is normally considered to be beneficial for cyaliddS in westa countries

or caroriented areasA very recent study conducted in Mashad, lf@mnd that road separations are
closely associated with high BS usage, and users prefer exclusive bicycle lances out of safety concern
(Abolhassani, Afghari, and Borzadaran 20Xnilarly, Noland, Smart, and Guo (2016) introduced a

trip generation modeffor bikeshare in New York City and found that more bicycle lanes (especially
onstreet bicycle lane) within BS service area are associated with increased weekend and holiday trips,
which was consistent with whatWang, Tsai, and Lin (2016Jenhung Wang edl. (2016) found in
Taipei 6s Youbi ke syst e mderaonstrate inte Minndapaligbike gharea | . (
system. A recent study conducted in Zhongshan, China by Zhang et al. (2017), also presented that BS
trip demands were positively influencby the length of bike lanes and branch roattsyvever, some
domestic research from China argued that wide roads and too many road separations make cyclists and
metro users inconvenie(tin, Wu, ard Hao 2017)d paper D

2.3.2.4 Traffic condition

Most studies of BS mentioned that BS are environdamgmdly and could mitigate urban congestion,

and many of them mentioned BS had a conditional substituting function of private traffic mode (Wang
and Zhou 20 7 ; Fi shman 2016 ; Zhang et al . 2017 ; Tr an
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 (29 foat the introduction of

BS shows a conditional but significant mixed impactti@ific congestion in general. Additionally,

policies designed to discourage car use, such as congestion charging and road pricing, could benefit the
promotion ofBS. (BueHer et al. 2017).

On the other way around, the level of traffic congestion and parking fee are seldom considered to
influence the usage of carghile they are listed as significant reasons why people turn to BS and metros

in a survey conducted in Suzhdathina(will discussin section 3) Another challenge is thattlaough

BS is considered to mitigate traffic congestion, no research so far investigates whether novel factors
(traffic congestion, road separ atfdareace to,useBatoki ng
interchange metro®. paper ®

2.4 Challenges in datadriven 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 betwebarbileand transits

is to understand how they affect each other. A direct way to study this effeat iadol e d-ard6 be f o
afterdod stedipes, memadéamt@admmvisaed mithe domain of transport research
(Lathia, Ahmed, and Capra 2012). It is useful and accurate when studying &dalgdransport
environment 6s change, by observing and compar.i

observéon intothe pre- and postinvention period.

In an early study of London, UKOs underground?d
Fuller et al. (2012) concluded that limiting transportation options (even it is unintended) may have a
potential to increase population levels of physaxivity by promoting the use of cycling. Basecdtioa

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 bedadafter change study, the authors
employed a differenem-differences model with twavay fixed-effects panel regression and concluded

that the introduction of BSSs shows a significant mixed impact on congestion in general. This
differencein-difference method is frequently used in evaluating transport policy problems (Li, Graham,
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and Majumdar 2012; Hurand West 2014; Billings 2011). The idea of building treatment and control
groups at different times inspired this reseaécipaper

The challenge in this research 0s BtSh atatad cBdt ifire
data is neededvoreover, the control group and treatment group of BS should be divided according to
a spatial connection with mass transits.

2.4.1.2Index to indicate BS usage and cluster

Overall, clustering is widely used in impact analysis, especially in indicating signif8&rusage

patterrs. When comparing the BS usage pattern (as the sthtisad temporal distribution of trips),
clustering is widely used. In very recent research condunt&henzhen, Chingv/u, Wang, and Li

(2018) applied time series analysis intwo dist ct s6 compari son -andaftdry ( si
change study) and used NAB (Normalization Available Bicycles) as an index to cluster BS stations in
different districts. Similarly, the same clustering methods (ase&insand hierarchical cluster
resgectively), are used bWang, Tsai, and Lin (201@) theirst udy i n Tai Kne(R0A8 BS s
in his study in Daejeon, Korea. Lathia, Ahmed, and Capra (2012) usedeedtia approach combined

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

BS stations changed before and after a systeate bikesharing policy was releasedl.paper D

However, challenges exist that NAB data cannot tell the difference between rebalance and actual usage,
which maks it less accuratélost of the shared bike research relied on the survey or usintimeal

number of the available bike (NAB) sinttee BSNAB datasets normally easy to access. However, by

NAB, it is hard to reflect the changing of both renting andrreébhg 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 numberhange is caused by operators or ugeaghikimani et al. (2014) studied BIXI

in Montreal to investigate how bicycle infrastructure and land use i@BS flow, in which NAB in
statiortlevel was used directly to transfer to the value of renting and returning. In this process, the author
commented that #Aby ugpossiple ta dgiradty dstmdguieh wihethlereosnpt the t i
addition (removal) of bi kkesides, the methalolagywbasedios NABme r <
cannot be used in dockless bikleare (DBS) since there are no stations or docks of DBS while renting

or returning data of DBS are usually accessible and accurate. Therefore, continutingereating

and returning trip data with rebalancing excluded is much more needed not only for accurate research
of regular BS but also for DB®. paper D

2.4.1.3 Survey anl probit modelling

Traditionally, sampling surveys and expert interviews have been waltdptedin BS research
especially in issues as transport mode Wihenft ar
investigating how public transport demand changed after a BS program opened in two US cities, Martin
and Shaheen (2014) asked survey patrticipants how they changed their bus/metro usage frequency after
thenew BS program operated. To make the survenplksd and easy to understand, they gave scales in
the option (as Aincreased a | oto, Aincretlesed a
ordinal regression model (to fit the multiple levels of options) was used to find out significams fac

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 tieestudy
level-choice problem ordered (ordinal) regression et@slwidely used in transport mode choice areas

(Ma et al. 2018; Daisy, Millward, and Liu 2018).paper D

2.4.2 Problems in processing spatial analysis

In organising big data of BS usage or preparing spatial analysis processingcspatial data as
congedbn/travel timeis a cardinal step to initiate a comparison between the control group and treatment
group.In a very recent study conducted in Madrid, GaAtbertos et al. (2018) calculated travel times
between transport zones using the Google Maps AdPtanstructed origin and destination (OD) travel
matrices. Ji et al . (2017) acquired an esti mat
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studies inspired us to turn to local Navigation Maps API to acquirsghgalindex @s congestion,
acessibility). 0 paper ®

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

1  The limited upto-date studies oftwavh eel ed transport modebs deve
in thedeveloped community as China

1 No upto-date research so far about BS/DBS development and policies related in the developed
community as China

1 No studyconducing a beforeandafter change caused by the impact of a new metro omnBs,
developed communitysaChina(the biggest shared bike marketd one of the biggest mass transit
marke}

1 Noresearch so far considering the new BS indexdikihguishing renting and returningnd study
the difference between firstile and lasimile

1 The limited studies of the potentially influential factas traffic condition and road design,
considering developing communitiesé fast trar

The following four chapters willtteempt to fill the above research gaps.
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3.1 Overview

In the | ast decade, China has built the worl do
Gu,Kim, and Currie (2019b}he 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 Januaan@018
converted the long decreasing tresfchumanpoweredbicyclesacross the nation. Motorbike transport
development also has lagged while electric bikéile) usage has boomed. Arbike is classified as
nonmotorized for registration purposes in China. As atbieycle kingdom and the birthplace of the
innovati ve DBS together with active goverwheetht coO
transport development and related policies would be useful and inspiring information for urban planners,
policymakers and even potential stockholders of DB&vierseas countries.

In general, ugo-date and systematic studies of twheeled transport development in China have been
limited. Zhang, Shaheen, and Chen (20%t)died the humapowered bicycldransport evolution in

China from the 1900s to 2011. Very recentBy, Kim, and Currie (2019h)erformed an empcal
analysis, focusing on DBS development in China and the reasons behind the DBSrhogmet al.

(2015) proposed three major reasons why cycling had declined in China. Since the research was
conducted before DBS emerged, the new cycling revival wadisaussedZhao et al. (201&ndFrame,
Ardila-Gomez, and Chen (201¢pmpared twewheeled transport policy and infrastructure between
Wuhan and Amsterdam, and Beijing and Copenhagen, respectively, and sugggsted pramoting

local cycling in these two Chinese cities.

However, much of the existing literatureversthe time before 2015, which means the resistance of two
wheeled transport caused by BS and DBS is neglected. Moreover, the existing lifexatsee on a
particular aspect of the big picture of tmdeeled 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;toplate information based on both national and-letel data,

which is hard to find in the existing literature.

In this component of researclan empirical analysis of the development of mweeled transport is
conducted, based on tip-date literatureand reports acquired from domestic and international sources.
This chapter is further extended in Chapter 4 when it comes to the latest development dhBBS
research gap and objective are describédhirie3-1.

Table 3-1 Research gap and objective of Chapter 3

Research topic Research gaps Research objective
U  Existingliteratureis limited.
U The msistance of twavheeled

U  To organize the development of twa
wheel transports modes (human

An tefr\r;p;\c:lga\lllvﬁteidly of tnrgtn zg\%tré:gused by BS and DES powered bicycles, motorbikes and E
. . bikes) in China
transport modes U  User preference, infrastructur .. ; . . .
. . . L To investigate influential factors
development in Chine social awareness of cycling in

behind the development, especially

developing communitgontext are the policies

seldom investigated.

3.2 The development of the humarpowered bicycle in China

Zhang, Shaheen, and Chen (20&dhcluded there were four histoal 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 Diversificatbtn Phase (2002 to 2012). During this latter phaskik&s and BS development

began in China (until 2010frame, ArdilaGomez, and Chen (201@)esented a comparative analysis of
data from Wuhan and Amsterdam to explore why #fCcC
concluded that earlier government attitudes towards transport policy and infrastructure construction were
the main reason®f the decline of humapowered bicycle use in China. Howev¥gng et al. (2015)

revi ewed t he ¢g-@oweredrbicyele ttadsport strategies) the quality of thevilveeled
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cycling infrastructure, and the prevalent ideas for cycling planning. ddwcluded 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 chaning 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

Humanpowered bicycles were introduced to China in the early 20tituge and again after the
Economic Reform in 1978, when they became the most important mode of transport until the early 2000s.
Humanpowered bicycle ownership reached its peak in the 1990s. There were 197 bikes per 100
households in urban China in 199®d 147 bikes per 100 households in rural China in {88&onal

Bureau of Statistics of China 2018) other words, each urban family owned almost two bikes while
every ruralfamily-owned 1.5 bikes at this timEigure 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 peakvalue in 1993. A similar trend occurred in rural China. Although the National Statistical
Yearbook(National Bureau of Statistics of China 20t8psed to record public humpowered bicycle
ownership after 2006, the China Academy of Transportation Sciences released nationwide human
powered bicycle ownership reports in 1995, 2001, 2003, 2012 and2i@]3Vu, and Hao 202). They

show that humaipowered 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 vthied ofilgicycle
ownership vanished.
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Figure 3-1. Human-powered bicycle ownership between 1995 and 2012

Note: For humaipowered bicycle ownership nationwide, only data from 1995, 2001, 2004, 2013, and
2014 (green bars) are provided, thus the authors have usadititerpolation to add the missing year
data. SourceYin, Wu, and Hao (2017); National Bureau of Statistics of China (2018)

The annual produictn of humanpowered 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 abitk&s from domestic anufacturers. In that decade,

the production of regular twavheeled humaipowered bicycles decreased at the rate of 21.2% while E

bike production increased markedly from 2006 to 2013. However, in 2017, fpoagred bicycle
production increased from 53.@dllion to 58.99 million at a rate of 11.2% in one year. According to the
Secretariat of China Bicycle Association (201fhjs recovery of the humgmowered 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.
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Figure 3-2. Human-powered bicycle production and Ebike production in China from 2006to
2016

Source:Secretariat of China Bicycle Association (ZQ&and theNational Bureau of Statistics of China
(2018)

Zhang, Shaheen, and Chen (20dystematically studied the humpowered bicycle transport evolution

in China from the 1900s to 2011 and concluded that income was closely a&sbadiathumarpowered
bicycle and motorbike ownership. By comparing huspawered bicycle ownership in different income
groups, they found that higher income groups welcomed hyooaered bicycles in the 1970s until the
1990s, which led to a higher ratepafssession in higher income groups. However, after the 1990s, these
higher income groups became wealthy enough to purchase motorbiké®sEor even private cars.
Accordingly, their ownership of humgrowered bicycles declined and was exceeded by loweme
groups.

This al so expl ai ne dcarwwngrship sharadla sitGilet slowedteendpvithiurbaan t e
China because the average income in rural China has always been lower than in urban Grigiadsee

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 (Begure3-4) (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, | gGDbPbd6s coefficient of O0.066

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

Private_car_ownership Coefficient St. t-value p-value [95% Conf
Error Interval]
IgGDP 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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Even though many humgrowered bicycles are still registered and included in the statistics, most of

themarenod nger wused and |lie forgotten in bicycle
According to Liuds survey conducted in Hangzhou
powered bicycles, more than 90% were sleeping bicytlasand Yang 2016)Therefore, the ownership

is not representative of humgnower ed cyclingés role in urban t

humanpowered bicycles exist in China, the split between the various nobdesnsport is studied as
follows.

3.2.2 Mode share of humanpowered bicycles from 1985 to 2019

Overall, the mode share of humpowered cycling has changed dramatically over the past three decades.
Generally, humaipowered bicycle transport was dominantriost 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 1986u, Kim, and Currie 2019bHowever, from the late 1990s to 2015, there
was an apparent decline in both ownership and bicycle transport natiomalde3-3 lists some of the

major cities with a tradition of humgrowered 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 {fésport.
transport comprises the following: humpawered bicycles, #bikes, motorbikes and cars that are
individually owned; and humapowered BS bikes and DBS bikes andbikes, mopeds and the like,
which are owned by various companies and are hired ontlitdduals. 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
poweredcycling 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 relativelylhighv e | , for instance, Suzhoc
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 humaowered cycling mode share, which coincides with the year (2016) DBS
began in China. Based on ownership and the rebde= between humaoowered bicycles, DBS and BS,

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

China. In Shenzheni,dm 2015 to 2017, the humgmowered bicycle mode share rose from 8% to 10.7%,
while 9.8% of cyclists (over 1% of the total travelers) were once private automobile dWugrsvu,

and Hao 2017)Beijing had the same trend, as showT &ble 3-3, where the humapowered 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 | Year |Bicycle | Year |Bicycle | Year |Bicycle | Year |Bicycle | Year |Bicycle | Year |Bicycle
mode % mode % mode % mode % mode % mode % 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 111 2001 143
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 modghare in Nanjing contains both hurAaowered bicycles and-Eikes. 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 fleetds Taeenetr a
3-4 shows the penetration of BS and DBS in selected citigShina 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 itistical yearbooks. The overseas city data were collected and collated from the
Guangzhou Modern BRT & Sustainable Transport Institute (FObiha) (2A7b) as well as from

DeMaio and Medin (2017) Since humaspowered 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 wpoamed cycling. An industry report,

the white paper released Mobike Global & Beijing Tsinghua Tongheng Planning and Design Institute
(2017) one of the largest DBS operatishowed that cities that had DBS witnessed an increase in
humanpowered cyéhg 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 BS DBS Start time Penetration of Penetration of BS
Population (10k) (10k) of DBS DBS (fleets/pop)
(million) (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 8.3 415 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 0.68 3.7 * 7,2017 * 0.5%
D.C.
Montreal 1.7 6.3 - - - 0.4%
Berlin 3.7 8.5 - - - 0.2%
Paris 10.6 18.2 - - - 0.2%

SourceNational Bureau of Statistics of China (2018, Kim, and Currie (20198 ote: 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. irnteeper2017, but no figures about its market
penetratiorare available.

3.2.3 Influential factors behind the decline and then revivalof human-powered bicyclesn the

last three decades
There were many reasons for the ldagn decline in humapowered 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 infragmeictchanges in public transport and
government policy and even weather conditiifishman 2016; Shaheen, Guzman, and Zhang 2010;
Martin and Shaheen 2014; Ahmed, Rose, and Jacob 2010; Bdker, Dijst, and Prillwitz RO$3)
understandable that cities with a flat terrain are more favourable to cycling than hilly cities. This explains
why most cities with a bicyclgadition are located in east China, whitas vast flat plains while central
and west China have hilly topograp@hao and Li (2017yommented that a continually ie@sing city
size and urban expansion presented considerable challenges tofgmwegiad 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 tilerand policies in China and IndRwicher et la (2007)
found as city size increased, trip length increased, and hpoaered bicycle use decreased sharply.
According toZhang, Shaheen, and Chen (2014% popularity of humapowered cycling in China in
the 1980s and 1990s was highly attributable to relatively low household incomes, compact urban
constructionand short trip distances, which is consistent with vihather and Buehler (200&8vealed
when investigating the success of cycling in the Netherlands, DepamatiGermany.

Moreover, some studies have indicated that hupmwered cycling, especially BS cycling, had a
conditional positive impact on increasing public transport, especially mass transit like the3ugelion,

and Currie (2019ahvestigated 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 tad@nmetro stations in Nanjing, Chiida,

et al. (2017¥ound that commuting BS users were tily to interchange at the metro. There are many
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earlier studies which drew similar conclusiaidair et al. 2013; Bachar®larleau, Larsen, and El
Geneidy 2011)

Figure3-5 shows the results of a national survey conductettidhina Academy of Transport in 2013,
(Yin, Wu, and Hao 201#p discover the reasons that travellers no longer chose hpovaared bicycles

as a mode of transport. The main reasons were ¢ongmuting 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-mmtorized traffic planning survey in 201Suzhou
Planning Bureau & Jiangsu Institute of Urban Planning and Design.280®participants were asked

to choose the three most important reasons why they would not use personal bicycles to commute (see
Figure3-6). Long commting distance, narrow and/or bicycle lanes occupied by motor vehicles, and the
availability of Ebikes 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 stsighyblic transport became more
convenient, participants became reluctant to use their bicycles.

Since the literature about influential factors of bicycle development across China is eitbiedatg or
fragmentary and inconsistent, thesearchie-builds the situation at a macro level. To better understand
these factors, a preliminary analysis was made using natevalindexes.

Long commuting distance 58.30%

Bicycle lane occupied by motor vehicles 46.80%

Difficulties to cross the streets

(divided by overpasses or street median separator) I3

Shortage of parking places
Concern of theft 41%

Air, noise pollution by motor cars

Disruption from buses when passengers are

embarking/disembarking 23%

Social ethos 12.90%
0% 10% 20% 30% 40% 50% 60%

Figure 3-5. A national survey showing the main reasons why travellenso longer choose human
powered bicycles

SourceYin, Wu, and Hao (2017)

Long commuting distance I 15.6%
Narrow or/and occupied bicycle lanes I 41.8%
Noise and air pollution I 35.5%
Replaced by E-bike since it saves strength I 33.2%
Faulty infrastructure (broken pavement. missing... D 32.3%
Convenient public transport I 29.6%
Insufficient parking spaces G 26.3%
Inconvenient to cross the street (two-step crossing) I 23 7%
Inappropriate behavior of other cyclists IE—— . 19.5%
Insufficient shelter on rainy and sunny days m® 11.5%

10% 15% 20% 25% 30% 35% 40% 45% 50%
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Figure 3-6. A national survey showing the mairreasons 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 Aadvantage distanceo. For -@kmecwhichrisg i n
20-40 minutes of cycling. Tang, Liu, arRAn (2010) found that the average commuting trip length in
Chinaincreased from 4.6 km in 1978 to 6.5 km in 2009. Furthermore, in a seribgkefdhd normotor

vehicle transport reports, it was revealed that the average commuting trip distance iraSharegsed

from 6.5 km in 2009 to 6.9 km in 20X&Guangzhou Modern BRT & Sustainable Transport Institute
(ITDP-China) 2017apndin Beijing, it increased from 5.8 km in 2000 to 8.1 km in 2Q&bangzhou
Modern BRT & Sustainable Transport Institute (ITORina) 2017h). As a city grows andifr distance
increases, people find it harder to cycle.

In thischapter the Area of Built District (ABD, green bars igure3-7) is used as an indea tndicate

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 meathsit as the city expands, longer travel distances folkagure3-7

shows that as the ABD increased, the usage of hypoaered bicycles began to fallince 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 highlevel humarmpowered bicycle ownership. Below that threshold, hupanered

bicycle use is less affected byyciize 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 r&solt® inFigure 3-5 and
Figure3-6.

S
o

197.16
37.31 200

w
[l

152.27 147.02

w
[=]
=
I
(=]

117.57 118.10

N
w

o

o
~
[
o
~

80.64 65.1 80

15 / 60
49.7 40

Area of Built District per 100 people

Ownership of different transport modes

SIS IS T R
»QQ W§ o > N
V

A P O O NN PO N DD ODDDD > L b
D DD OO DS D O SO O O ]
FFFFPIPPIL I I EFFEFTSSE

$ &
T P AP AP
Area of Built District per 100 people (km2) Urban Bicycles (per 100 households)
Rural bicycles (per 100 households) Urban mopeds (per 100 households)

=4=rban motorbikes (per 100 households) ==l=Rural mopeds (per 100 households)

=R ural motorbikes (per 100 households) ==@=private cars (per 100 households)
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 bothikes and gasoline mopeds, but after 201t8smmost
cities banned gasoline mopeds, they were replaced witkes. SourceNational Bureau of Statistics
of China (2018)

Figure 7 shows how urban sizedexed as ABD) has changed in the last three decades and how the rise
and fall of humaspowered 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 DevelommdriReform
Commi ssi on of Chi n a-yeardlarechNew UrbafiZatioa (20P80t2h0 ) i, v ewh i ¢
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 @58%en 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 AControllingndncre
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, hpoveered cycling
ownership might even increase again in the &uitur

3.2.32 Public transport

Since public transport is often considered to
investigated in thisomponent of resear@t a macro level. It is found that both ownership and the use

of bicycles do not share the same trend as publisgahdevelopment. 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 grotju(e8es).

To determine the mode share at a-tdtyel, faur representative cities were chosen, but no positive
relationship was found between hum@owered bicycles and rapidly growing urban railways, as shown

in Figure3-9. 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 becom
more concentrated, people might choose not ttecyurther studies should consider theseetations

since it is not the topic of thiomponent of researc®verall and unexpectedly, public transport has no
positive effect on the popularity of humaonwered cycling.
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Figure 3-8. Bus and urban railway development vs. humaipowered bicycle ownership

Source:National Bureau of Statistics oh@a (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

Sourcell, Guo, et al. (2016); Shanghai urban and rural construction and Transportation Development
Research Institute (2015); Suzh@lanning 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 concers 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. Althgh 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 thir
(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 Ath®)igh

some studies focused on the relationship between air pollution and diddieilaughton et al. 2014;
Jarjour et al. 2013; Hatzopoulou et al. 2Q18dst cyclists are heaftonscious. There is little tjp-date
research focusing on tlpact of air pollution on humapowered bicycle usage in a Chinese context.
Chan and Yao (2008}tudied air pollution in Beijing, Shanghai, Guangzhou, Shenzhen, and Hong Kong
from 1999 to 2007, and pointed dhat 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 aveeggtact on

cycling. Campbell et al. (2016hvestigated the factordfacting 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_bgnd Kamargianni (2018)

As for the futurethe authohold 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
Agreementin 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 pollutantéNational Development and Reform Commission 2016)

3.2.3.4Bicycle infrastructure (safety concern)
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Motor-caroriented urban planning has led to a shrinking of the bicycle infrastructure environment,
resulting in more car lane3his hasdirectly and negatively affected humpowered cycling rates
because humapowered bicycles, bikes, and motorbikes all share the same cycling space (of which
humanpowered bicycles have the lowest speed and are the most vulnerable). A narrower dneycle |
means more conflicts among these-twlweeled transports. Moreover, when car parking occupies bicycle
lanes, safety concerns grow for all twbeeled 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 2012h)ao et al. (20183tudied bicycldriendly
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¥ang et al(2015)described humapowered bicycle infrastructurboth lanes and

parking placesas Ai nsuf ficiento. Only 17% of urban str
Shanghadia city with a long history of a humaowered cycling cultuidive main roals in small, core

urban areas have no bicycle lai®hanghai Municipal Administration of Planning and Land Resources

& Shanghai Municipal Transportation Committee 20F&)rthermore, it is not unusual to see human
powered bicycle lanes cut off, occupied, or even replaced bgrmats Figure 3-10). Only 24% of

streets in core Beijing areas have hurpawered bicycle parking places, and only 49 out of 126 railway
stations were equipped witticycle parking facilities. Bicycle racks and rain protection facilities at BS
stations are seldom seen in Ch{vang et al. 2015; Frame, Ardi@omez, and Chen 2017; Zhao et al.

2018) Pucher et al. (2008Iso mentioned that in the early stages of rapid urbanization and motorization

in the 2000s, cycling and walking facilities in @ase 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 widthi{Huifen 2018) as can be seenkigure3-11. Frame, ArdilaGomez, 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% iser@aroad area, most of which comprised wide major
arterials, typically with eight to ten lanes and sirggetion roads with no central separation (cyclists had

to detour to cross the road). A narrow and occupied bicycle lane is the second higheqide8%6n

why people did not use personal bicycles in a recent survey conducted iniQuzhpwith a cycling

tradition and large populatiqSuzhou Planning Bureau & Jiangsu Institute of Urban Planning and Design
2019)
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Figure 3-10. A common view showing cars parked in &uilding entrance blocking the bicycle
lane

Photo taken by the authors in February 2018.
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Figure 3-11.  Typical main street reconstruction showing reduced bicycle lane width (unit: m)

SourceHuifen (2018)

Per capita road ardas an index to represent road development) and private car and-pamened

bicycle ownership (representing cycling space change in past years) are used to determine a national
guantitative index of cycling infrastructure or cycling environment in thieé€3le context. A comparison
between the growth rate of per capivad area and private car ownership (Begire3-12) shows that
although both incr@sed from 1990 to 2016, the growth of per capiéal 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 ovimérsheased 165 times. Thus, this has

led to a decreasing road space for hupawered bicycle users, which in turn may be related to
decreasing humapowered bicycle usage.

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

di scussed before as fAControlling Increment and
from new construction to renovation of existing infrastructure. With a growing concern for the
environment and a worsening traffic @mmnment, 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 hyooaered bicyas will improve.
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Figure 3-12. The relationship between per capita road area and ownership of humagomowered
bicycles/private cars

SourceNational Bureau of Statistics of China (2018, 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 imanvared bicycle fleets. Nation

wide potential influential factors as private car, disposabiime/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 give
in Table3-5. Since the original variables are discrete, normalized process is ppdteddre the-test,

where most of the variables are converted into logaritffionim.

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

Influential Factors Time Statistical Description
private car ownership 19852016 Min:0.2691985) Mid:5.487
(per 10 thousand people) Max: 118.103(2016) Count:32
bus 19902016 Min:2.2(1990) Mid:11
(per 10 thousand people) Max: 13.8(2016) Count:19
urban railway 20002016 Min:1.2(1990) Mid:8.1
(network length per 10 Max: 36.4(2016) Count:17
million people)

Area of builtdistrict (ABD) 19852016 Min:8.87(1985) Mid:18.27
(km2 per 100 people) Max: 37.3(2016) Count:32
Capita road area (m2) 19902016 Min: 3.1 (1985) Mid:9.3

Max: 15.8 (2016) Count:27

Table 3-6 shows the results of thedst. It is found that most of the variables mentioned previously as
mass transit, private cars, and ABD had a negative impact omwlweled humampowered bicycle
development, which is consistent with Figure 3 to 12. Somerfawiith 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***
IgPrivate car -0.082 0.036 -2.290 0.037 -0.006***
IgABD -0.264 0.052 -5.080 0.000 -0.153**=*
constant -0.266 0.141 -1.880 0.080 0.036**

#k 0<0.01° ** p<0.05

The possible factors influencing humpowered bicycle usage are showrTable3-7. These potential
factors, which have influenced the change of huanered bicycle usage over three decades, can be
further divided into two major categories, nameégmand-side factors andsupply-side factors. While

city size and public transport havacha negative or partial negative correlation, infrastructure, policy,
and air quality have had a positive correlation. Hupawered bicycle development has led to mixed
results; humaipowered cycling demand is gradually increasing while the cyclingament supply is

gradually decreasing.

Table 3-7. Factors influencing humarnpowered bicycles

Factors Content Index Description
Demandside Household Disposable income Within a suitable threshold, human
factors income powered bicycle usage increases. Beyt
City size Built areas of districts that threshold, humapowered bicycle
usage falls.
Public transport Bus and urban railway Public transport improves while huma
ownership powered bicycle transpodecreases.
Air quality PM2.5 and PM10 Humanpowered bicycle usage decreas
as air quality deteriorates.
Supply-side Bicycle Urban road space an Bicycle infrastructure continues t
factors infrastructure bicycle lanespace worsen while usage declines.
Policies National and local policies National and local governments ha

regulations and codes

experienced a changing policy towar

humanpowered 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 PublidySBateau (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 humgrowered bicycle transpot

Earlier literature commented that four phases existed before 2012. After reviewing Chinese research and
government reports, including grey literature after DBS showed up in #t8 &uhtore-organize the
development phases in this section based opdliey. Because the government attitude towards human
powered bicycles, represented by policies and regulations, is a critical -sigipliactor. It can be the

most important aspect in a country like China where the government has strong authority;. cewnéraill

and local governments have held a changing attitude towards fponamed bicycles comprising four
phases, based on policies and hupawered bicycle development from 1985 to 2016.

In Phase Ongfrom 1985 to 1994), relatively compact city size and low income made hpoveered

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 precioimlimtry (Zhang, Shaheen, and
Chen 2014; Haixiao 2011When household income increased shortly after the Economic Reform in
1978, humaspowerea bicycles were considered valuable assets and experienced a high growth period.
Overall, it was thgeriod during which growth and policy were consistent.

InPhaseTwol f rom 1994
vehicle industry

t o
policy

2002) ,

t wo
19940

i mportant omati on
released by the
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and the other was the ACode for ©Obanspeitapkdr
Ministry of Construction in 199%Zhang, Shaheen, and Chen 20IB)e former announced that the
vehicle industry would be a future keydumstry 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 humanpowered bicycle transport: Medium and large cities were required to develaptprsport

to replace humapowered bicycle transport for lordistance trips. Some local government policies were
more radical. For exampl e, Guangzhou released
objective was to limit and decrease bicyctage(Yin, Wu, and Hao 2017; Mackett et al. 201During

this period, humaipowered bicycle transport decreased rapidly and motor cars increasedddigie

groups favored motorbikes and motor cars which led to a rise in theseddes of transport. The
growing trip distance, expanding city size, worsening hup@mered bicycle infrastructure, the poor
planning for noAmotor transport, as well as a tendency to favor motor cars for government and regular
travelers, contributedtodecl i ne of bicycle wuse. Since the
transport was negative, and travelers were turning to motorized modes of transport, this period was a
declining stage of humarpowered bicycle transport

Phase Threg2002 to 2012)vas a period where mobilization accelerated in China, and the ownership of
private cars boomed (séégure 3-3) from 12.1 million in 2002 to 88.4 million in 2012, av&nfold

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

More vehicles provoked more environmental problg@kan and Yao 2008; Zhang and Mi 2018)
However, the attitude towards humpro wer ed bi cycl e transport subt e
Airreecogni zedod, especially by 1l ocal governments.

This conversion began with the release of the 0
in 2002, which stated that the huraaowered bicycle was a complement to public trang@@mg, Liu,

and Pan 2010; Zhang, Shaheen, and Chen 2012004, walking and humgowered bicycle transport
were announced in the A MaXh2e0aésseatidheement indhe futaré Be
Beijing transport system: f#A[A] Safe, efficient
cyclists and pedestrianso. Mor eover, from 2008
AWal ki ng eand almispywelt mode planningo and AOpti mi z
in typical str eet gMackettetrak 20113nd fellaveed iy othenmaprecitigs suahg

as Hangzhou, Shenzhen, and Nanjing, whitiproposed that their master urban plan would promote a

slow mode of transpoiZzhang, Shaheen, and Chen 2018yrthermore, in support of these human
powered bicycldriendly regulations, Hangzhou established the first govermsgmtorted BS system

in 2008, rapidly followed by other cities and by the end of 2011, 30 hai@gstablished city BS systems,

mostly funded by local governmerftSsuangzhou Modern BRT & Sustainable Transpustitute (ITDR

China) 2017b; Wei and Wei 2013)

According to some scholars, the reasons behind these changing attitudes was due to concerns related tc
the growing number of motor cars and the worsening urban envirori@eangzhou Modern BRT &
Sustainable Transport Institute (ITEFhina) 2017h) 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 cycl&iendly urban transporiTherefore, it was the time when local government
attitudes towards humanpower ed bicycle transport were subt
Arreecogni zed, 06 although bicycle use continued t
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 aoa In quantity(Zhao et al. 2018;
Guangzhou Modern BRT & Sustainable Transport Institute (FObiha) 2017h) On the other side,
environmental concerns grew, and even the central government realized it had to act arabed rele
nationwide regulations and guidelines to promote huspawered cyclindChan and Yao 2008; Zhang

and Mi 2018)
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I n 2012, a national AGui dance (To alnmproodvte SYrshh &m
was released jointly by the Ministry of Housing and UdBamal Development, National Development

and Reform Commission and the Ministry of Fina(@@12) The guidance proposed a green transport
environment, urged local gernments to adopt a better slnansport environment before 2015, and set
humanpowered cycling goals for local governments as a political performance indicator. Several months
later, the China State Coun(013)i ssued the fAGuiding Opinion on G
Devel opment , 06 and stated that | ocal government
and Aincrease -1 nanpspment iinn2012,BdijimrandcShanghandiated a

series of reconstruction projects aimed to redeploy and widen hpoveered bicycle lanes in central
districts(Guangzhou Modern BRT & Sustainable Transpestitute (ITDRChina) 2017bwhile more

cities began to embrace city BS systems. Then in 2014, the Ministry of Housing andrlugban
Devel opment rel eased fGuidelines for planning
sy st e msedmore detailed design and planning specifications and required local governments to
produce a slowiransport plan before the end of 2015. Most local governments began to follow the
national gui@linesandto revive humarmpowered bicycle infrastructure. Bhe 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, thepguyreaed bicycle
transport mode share in majties was still low, as shown ifiable3-3. From 2012 to 201folicies

towards humanpower ed bicycle transport were fAsupport.i
still lagged.

Phase Five(2016 t02019 began with the rise of the private operatamed 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 increasefine bicycle mode of transport share in most Chinese megacities, such as
Beijing, Shanghai, Guangzhou, and ShenZ@n Kim, and Cuie 2019b)

The release of the AShanghai Street Design Gui
different from former local guidelines or regulations for hurmpamwered bicycles. In this guideline,
detailed design requirements were proposefllfill a complete and living street, in which human
powered cycling was promotédor the first time in an influential local regulatidrat a higher priority

than motor car and public transp@hanghai Municipal Administration of Planning and Land Resources

& Shanghai Municipall ransportation Committee 2016)

Policies towards DBS have been changing ever sinc
neutproasli atitviet ude towards DBS when it released the
devel opment of I nterneshaealali bi2@kdse sjTdidmtciky ensenl

ten national wagni ser ues 4 weah iDcBISt6 si n chif ¢ aeimticiew aasn dn otv
dr aw(i G, Ki m, and Cocealeg2O0é®hmentstbebhdda DBBANTG
n e u tproasli(tciavuet-w®lus é mreay tnreaglat ¢ ¥ @t-¢ mmutsd ¢l | ed) f(rGaum 20
Kim, Camndie. 209dwidbyem, Augwhten2 ®BB, fl eets kagamcityp,
Shangvesi the first to |imit new DBS fleet devel op me
met hods to maintain Tohridseirneemds @ anrskiamgyl lydfiagviilrogwse.dGu a
andlozens of oTablex8) ci Thies §¢65aea swiddanoadishe dpfawe u ma n
cycling that wagoncetr.fRolregsden i ziewdle bwa st hae ti me when D
di fferent citiepewar @t oluigdy ehliugnrain$daugea ntgot DB S .

Table 3-8 Times when DBS began and was then limited in selected cities

City Ti me DBS Ti me DBS Dur afmoon hs)

(mont h, (mont h, introdwowcti
Beijing 9, 2016 9, 2017 12
Shanghai 4 2016 8, 2017 16
Hangzhou 2, 2017 8, 2017 6
Shenzhen 1, 2016 8, 2017 19
Guangzho 9, 2016 8, 2017 11
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Nanjing 1, 2017 8, 2017 7
Wu h an 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. Phasef human-powered bicycle usage and policy development (from 1985 to present)

Phase One: Rapid growityernment held a limited and positive view about huipewered bicycles (1985 to 1994)

Bicycle Usage Humanpowered bicycle usaggrew rapidlyfrom 102.5 t0194.3bikes per 100 households in urban China, and 22.8 to 147.0
per 100 households in rural China from 1978 to 1995
The humarmowered bicycle became theain mode of transport for daily mobility. The average cycling rate accounted for 4-
around 1985 in cities shown Trable3-3.

Government Enmuraging.
Attitude

Policy or regulation No policywas releasedbout humaspowered bicycle transport.

Phase Two: Humapowered bicycle usage reduced due pomlcy that opposed it (1994 to 2002)

Bicycle Usage Humanpowered bicycle ownership began to decrifiem 194.3 to 142.71 bikes/100 households in urban China, and 147.0to .
bikes per 100 households in rural China from 1995 to 2002. The average cycling rate accounted for 35% in around 19!
shown inTable3-3.

Government Discouraging.
Attitude

Policy or regulation| National level

ANational vehicle industry pol i c wrbdned{GB502d5 )AAC ovdeer & orre
were seto promote motor car transport and to decrease cycling.

Local level

Some local policies were more radical.

The AGmhou Urban Pl anni ng Ipgvedbicycled shoaly be gradaalydimited amcahtspaletred
bicycle usage would gradually decrease. In Shenzhen, hpavegred bicycle lanesere gradually removeflom main roads fron
19921998 and humapowered bicycle transportas marginalizetby the local government.

Phase Three: Humgmowered bicycle usage continued to decrease, local policy slowly converted to a positive stance (2002 to 2012)

Bicycle Usage Humanpowered bicycle ownership continued to decline. The average cycling rate accounted for 212000stmecities shown in
Table3-3.

Government Converting and reecognizing bicycle use, especially by local governments.

Attitude

Policy or regulation Local level

Page B4



Chapter 3 An empirical study of the twewheel transport modes development in China

Beginning with the #AWhite Book of Shanghai Urban Tran
humanpowered bicycle transport as mmportantpart of theurbantransport system or even a complement to public transport.
A governmenisupporteBS system was first launched in Hangzhou in 2008 and adopteddy 30 other major cities.

Phase FourHumanpowered bicycle usage continued to decrease, both national and local government promoteubtuerehbicycle cycling agai
(2012 2016)

Bicycle Usage Humanpowered bicycle ownership continued but declined sliglilywever most bicyclesvere nolonger usedandactive usage
was even lower than during thest phase. Average cycling accounted for 13.3% of transport in around 2015 in selected «
shown inTable3-3.

Government Encouraging.

Attitude

Policy or regulation National level
iGui dance to | mprove Urban Pedestrian and Bicycle Tran
AGui ding Opinion on Giving Priority to Public Transpor
AGui delines for planning and desiygrn eanfsour ban pedestria
The aimwas torevive slowtransport and sein increasindqqjumanpowered 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 acceftednore than 200 cities

Phase Five: Dockl ess bp&weerhead ebieanealges ,u ssendwehsumaenvi ved. Cycl i ng
rapidly chahlg9)ng (2016

Bicycle UsCycling mode sdhahe liynead meanoesd <cities deploying DBS.

Government Towar dsp hwenaend bicycle: encouraged.
Towards DBp®sinewterdln centralgaevernimant ozmad mewtralment s

Policy or National l evel
AGui dance mg eemdc orueguwliati ng the developmeshaoné) dnivas neel
government to encourage and regul ate DBS devel opment .

Local 1 evel

AShanghai Street Design Gui del i-moevwe rwaisc yrce lee atsreadn, s pwlritc ht
transport and motor vehicle transport in the urban tran:t
From August 2017, megacities began to | imit new DBS felse
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raid ate DBS operhtlbbesdweperadi sonoulEagedd in most cities.

SourceHan (2017); Haixiao (2011); Zhang, Shaheen, and Chen (2014); Mobike Global & Beijing Tsinghua Tongheng Planning andtiasg2017); World Resouces
Institute & Mobike Global (2018); ational Bureau of Statistics of China (2018); Technology (2018); Li, Guo, et al. (2016); Tang, Pan, and Shen (2011¢t ki, {20,16);
Mackett et al. (2011); Cherry, Weinert, and Xinmiao (2009); Gu, Kim, and Currie (2019b)
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3.3 The development of motorbike, Ebike in China

Generally, Ebikes are electriassisted bicycles with a similar style to regular hupeawered bicycles
(Fishman and Cherry 201&iowever, i the Chinesecontext,E-bike covers aelatively large range of
vehicles comprising a bicyclgtyle, a scooter style (sE@gure3-13), and mopeds. According to the Road
Traffic Safety Law in the People's Rdpic of China (released in 2004);Hkes, despite their small
motors, belong to the nemotor vehicle category, which means they share the same cycling lanes with
regular humaspowered bicycles. On the other hand, motorhigesvered by gasolifeare congiered

a motor vehicle and share lanes with automobfMational People's Congress 201Therefore,
investigating these modes of transport in damponent of researdilows a better understanding of the
problems associated with these iodds.

Figure 3-13. Bicycle-style (left) ‘ ght)E-ks
SourcelLing et al. (2015)righthand figure photographed loye ofthe authas.

3.3.1 The growth of ownership of motorbikes and Ebikesin China

Compared to the decreasing use of the huptavered bicycle, motorbikes anebiikes have experienced

quite different growth trends between 1990 and 2016 Kgpae 3-14). A steep increase was seen in

urban mopeds (from 2.72 to 49.7 bikes per 100 households2DA%) and rural mopeds (from 40.3 to

57.7 bikes per 100 households from 2@0A6). However, urban motorbikes reached their peak in 2007
then decreased and halctuated since due to the widespread motorbiening 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 hed siowcent years. Overall; E

bikes have prevailed while motorbikes in urban areas have decreased.

According toGuargzhou Modern BRT & Sustainable Transport Institute (ITCHna) (2017ayeport

about the Ebike Industry, the first tbikes appeared in Shanghai in 1983. By the end of 20@ikeE
production had begun in China, and then in 2004, a-lsegke industryvas formed. The #ike 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 beam the largest producer, consumer, and exporterkés (Ruan, Hang, and

Wang 2014; Ling et al. 2015)ndustrial reports have argued thabikes have had stable production and
sales, but as the market has become saturated, the industry might be now at a turnjGg@ogzthou
Modern BRT & Sustainable Transport Institute (IT-ORina) 2017a)

Page 87



Chapter 3 An empirical study of the twewheel transport modes development in China

[e]
o

70 67.6 65.1

57.7
50 49.7

25.3
80 20.9

Motorbike and Ebike ownership
(bikes/hundred households)
N
O

0
1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016

—&— Urban moped (E-bike included) —— Urban motorbike
Rural moped (E-bike included) —a&— Rural motorbike

Figure 3-14. Moped (E-bike) and motorbike ownership between 1995 and 2012

Note. Before 2013, mopeds consisted diikes and gasoline mopeds, and after 2013, mopeds were
replaced by Ebikes.Source:National Bureau of Statistics of China (2018)

3.3.2 Motorbike development phases and policies related

As indicated, motorbikes and gasoline mopeds witnessed ddangncrease before 2000 nationwide.
Moreover, overall policies towards motorbikes and gasoline mopeds were neutral during tllangme

et al. 2015; Zhang, Shaheen, and Chen 20H#wever, 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 thel@9ids. For instance, Guangzhou stopped
registering newnotorbikes 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 180rcifihina have banned or
partially banned motorbikes and gasoline mog&dsolin 2017; Fishman and Cherry 2016; Shao 2017)
However, considerably high motorbike ownership continues in rural China, where reguletiomsch

freer, as can be seenhkigure3-14.

3.3.3 E-bike development phases and related policies

The prevailing phenomenon oftiikes has beedemand-driven rather than supply pushed (Wells

and Lin 2015; Lin, Wells, and Sovacool 20b8cause not much national or local government support
occurred to promote-Bikes and their increase is mostly motivated by user demand. -bite Boom

began in 2005 when-Eike sales exceeded gasoline motorbikes, and the ban on motorbikes and gasoline
mopeds began to be noticed. In 2016, the ownershiphikds in urban and rural China was 49.7 and
57.7 bikes per 100 households, respectiyshtional Bureau of Statistics of China 2018ationally, an
estimated 150 million #Bikes existed in 2013, and this number reached 220 million in @04 et al.

2015; Lin, Wells, and Sovacool 201&ome researchers believe thbike boom was directly triggered

by the Chinese governmentds effort to restrict
bikes as zer@misson vehiclegCherry, Weinert, and Xinmiao 2009; Shao 2017; Ling et al. 2015)

In a wideranging review, Fishman and Cherry (2015) argued tHzik&s 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 submttially displacing cargling et al. 2015; Lin, Wells, and Sovacool 2018 in a
study conducted in Nanjing, they were displaci
humanpowered cycling, and bus usggén, Wells, and Sovacool 2017)hus, they are helping to enable
motorizeddependent lifestyles that may in the future be supported by cars, rather than offering a real
departue from carborcentered, motorized forms of transport. A growing number of studies have
revealed that ikes are responsible for a large number of traffic injuries and negative safetyfengs
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et al. 2010; Bai et al. 2013; Ruan, Hang, and Wang 2044gh jeopardizes their position as a promising
mode of transport.

At a national level, Bbike policies are few and neutral. Simple technical standards and the transport rights
ofE-bi kes are regul ated as setf otuhe i Pedplee ARORap L
(released in 2004), which confirms thatbkes belong to the nemotor vehicle categoryNational

People's Congress 201Thus, they operate in bicycle lanes because theirrights are the same as
humanp ower ed bicycl es. Nati onal s t & rGdneral dechnicalu ¢ h
requirementso and ASafety technical speeld9)j cat i
then updated in 2018 (GB 177@2018)(Technology 2018) t hey ar e quite s4rict
bi keo. $haoMROL7tated that 55% of-Bikes in Shanghai weighed over 40 kg, 90% had a
speed limit highethan 20 km/h, and 60% had no manual cycling function, that is, they were non
compliant. An industry repo(Guangzhou Modern BRT & Stainable Transport Institute (ITB®&hina)
2017a)declared that almost 95% oflEi kes -aff @ mibot according to exi
though the new standard has even higher limits Tabée 3-10), many Ebikes have higher speeds and

larger mass than that set by the standard. Pedelecs (speed<25 km/h, motor power<250w) are bicycles
whi ch have a smal |l el spedaling. Motethat unuer the Emropean segutationst h e
pedelecs, are categorized as bicycles whereas in China, they are classiflakiess E

Table3-100. St andards to define fAie$ectric bicy

Country Speed limit Mass limit Motor Power  Human-powered cycling
(km/h) (battery limit function (pedal equipped)
included) (kg) (W)
Chinanew standard 25 55 400 Required
(2018)
Chinaold standard 20 40 240 Required
(1999)
USA 32 N/A 750 N/A
Europe power ed 25 N/A 1000 N/A
mopeds 2545 N/A 10004000

SourceTechnology (2018); Fishman and Cherry (2016)

Policies towards tbikes have changed in the lasbtdecades. Local government attitudes towards E
bikes are quite divergent due to the confusion and the lagging problentskaf &andards that have not

been solved. The existing national standard is too strict and therefore, is not implemented adkitth le
more confounded local standards and policies. There are 185 legislative texthikes B national and

local governments, wherein, there is one law, 20 regulations, two decisions of the National People's
Congress, 14 rules and 148 administratir@vizions, many of which are contradictory; some cities have
banned or have limited the usage dbikes while others tacitly approve ofliikes(Guangzhou Modern

BRT & Sustainable Transport Institute (ITEFhina) 2017a)For instance, southern cities in the Pearl
River Delta, such as Guangzhou, Shenzhen, and Foshan hold a radically negative opiniofbidesut E

as they did with humrapowered bicycles.

However, cities in the Yangtze River Delta, such as Shanghai, Suzhou, and Hangzhou, usually hold a
favorable positive attitude towardstiikes, as they did for humgrowered bicycles. These cities across

the plains in the Yangtze RivBelta have a long tradition of cycling ovier the last century. Local and
central government attitudes are listed able3-11.

Table 3-11. Local government attitudes towards Ebikes

Attitude towards Description Government
E-bike
Neutral E-bikes standards amgell-defined, and nc Central government

national banning is stated.
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Accepting E-bikes may register; registereebitkes are Shanghai, Chengdu, Hangzhou, Suzh
allowed on the roads. Jinan, Chongging, Wuxi
Limited E-bikes may register; registeredbtkesare Bei j i n g, Fuzhou, Xi
only allowed in certain areas or roads Changsha
urban areas.
Banned E-bikes cannot be registered and are ban Guangzhou, Zhuhai, Shenzhen, Xiam
in most urban areas. Foshan
Source:Technology (2018); Fishman and Cherry (2016); Suzhou Planning Bureau & Suzhou Public Security
Bureau (2018); National People's Congress (2011); Xiaolin (2017); Zhiying (201&)adié2011); Shao (2017)

Central and local governments all share a negative attitude of all for sharkesEIn August 2017, 10

national ministries (Ministry of Transportation, Ministry of Industry and Infation Technology,

Ministry of Housing and UrbaRural Development, People's Bank of China, and another six ministries.)
jointly endorsed and issued the fAGuidance of e
rental bicycles (dockless bilgharé o . Not ab-bykeshweed Elearly fAnot
A Gui d4Guckiny and Currie 2019b)Local governments sucais Beijing and Shanghai soon
followed and banned shareebike operators from deploying fleets on their str¢eit018).

3.3.4 Other electronic modes of transport

It will be interesting to see if other unique tmteeled modes of transport like kick scooters or even
single rider electrippowered vehicles (e.g. the Renault Twizy, which is an elggtnieered quadricycle)

find their place in China. These vehicles hagger 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 steylelectrie
powered vehicles, are in a grey or unknown regulation @datonal People's Congress 201Although

there is no precise national regulation, scooters are usually not allowed on municipal roads due to safety
concerns. The pnary users of kiclscooters are car drivers who need light aiptdwered transport that

can be carried in a car. These =@ vehicles are subject to harsher regulations. They are not big, safe,
or qualified as normal-automobiles and they are not tmdeeled. This means they cannot use car lanes

or bicycle lanes. Thus, local traffic laws have banned the usage-chswehicles in urban areas with

one exceptiod they can be registered as exclusive vehicles for drivers with a physical disability
(Dowling 2018)

Although in other countries kick scooters and-sabvehicles are considered a fldgibype of transport,

able to complete a mitkrm trip, they face challenges from regulations, technical standards, and user
acceptance in China. Moreover, their function overlaps substantially witkes; there is no reason to

use new and risky scooteshien there are technically developed and abundduiitds.

3.4 The future of the two-wheeled mode of transport in China

3.4.1 Human-powered bicycles

As discussed iformer sections, some of the influential factors behind the use ciriaeeled human
powered bicycles might not be the same as they have been over the last three Tlab®42 is a
summary of the factors influencing hurpowered cycling, most of which have become beneficial to
this mode of transport.

Table 3-12. Factors influencing the use of humaspowered bicycles

Factors Change in the future Impact on cycling

Demandside Household income Stable Neutral or positive

factors City size Stable Neutral or positive
Public transport Improved Neutral

Air quality Improved Neutral or positive
Supplysidefactors | 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 congntio 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 humgnower ed <cycl i ng. DBS6s prev
substantial andirect investment rather than from user fees. There is no guarantee of sustainable profit in
the future, which makes the DBS industry fragile and unst@le Kim, and Currie 2019b)tricter

policies and negative attitudes towards DBS might add to its risk unless more effective technology is used
to prevent streetconmgdfondddByy from Abicycl e

While DBS offers excellent convenience to users, it usually charges more and is notfasndigrfor

many elderly people (smtphones are usually needed to unlock DBS bikes). DBS typically costs 4
RMB/hour compared to BS, which is fre®use for the first hour. While DBS has the advantage of higher
potential profit for operators and less supervision pressure from the govertimagigk 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 agogarket fragile. By early 2019, the former giant company ofo was bankrupted
due to castilow problems, sending a warning to other operat@rs. Kim, and Currie (2019bitiated

a DBS empirical study and concluded the feasibility of DBS for different cities. A summary is shown in
Table3-13.

Table 3-13 Recommendations for bikeshare systems in cities with different characteristics

Docked bikeshare Dockless bikeshs
The predomingCities with |l ow|Cites with high
transport | arge number of
City finance Abundant governmLimited gover nme
Mar ket scale (Medium and snLarge (hmaaokweltat i o
(popul ati on)

Cycling infragLimited cycling|Good cycling i
public space forjpublic space for

Government c|Limited governme/Strong governmer

controlling ¢BS operators DBS operators

operators

3.4.2 E-bikes, motorbikes, mopeds and other electronic modes of transport

E-bikes, which are #exible 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 safaheadverse 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 figandbptechniques are
introduced €.g., lithium batteries replace lead batteries), government attitudes may become even more
favorable to Ebikes. Therefore, undemanding regulations can be expected. Overall, the authors hold a
positive attitude towards-gikes.

Motorbikes and mopeds halast their attraction to users and have been gradually replaceebixe®

and automobiles, as can be seen from the usage rates. The governments have been responsible for somr
of this decline as they are banned in some cities. The inherent charactaoloieganakes 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 arslibcar 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 extentiB th

3.5 Chapter conclusion

Through upto-date empirical analysis, thomponent of researdliscussed the development of two
wheeled transport, especially hurqaowered bicycle transport in China from 1900 to 2019. A series of
demandside factors (such asapid urbanization) and suppbjde factors (such as obsolete human
powered bicycle infrastructure) were analyzed to investigate their impact enheesled transport in
China. While city size and public transport had a negative or partial negativeatiorralith human
powered cyclingbs popularity, infrastructur e,
correlation. The impact of household income was relatively neutral. Hpomaared bicycle
development showed a mixed result; the demandbéas gradually declining, and infrastructure supply
has been falling behind.

The development of humgowered bicycle transport in China, from 1985 to 2019, has seen five phases
where policies towards humgomowered cycling have changed frolne ncour aged?o, idi
iconver treedc oagnndi zreed 0 , supportivedo to fiencouraged
rapid mobilization. Humaspowered cycling fell from 1995 until DBS emerged in 2016. Due to its
enormous scale and capacity toact users, DBS has helped to revive huipawered cycling in China.
E-bikes and motorbikes witnessed an independent growth trend similar to 4pomared 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 vgefirvironmental pollution concerns, whilébkes

have been diversely treated in different citi@slear regional difference in thelttke policy was seen

in southern cities of the Pearl River Delta, where a negative attitude towhikssEexists whileities

in the Yangtze River delta have a positive attitude towards them. The rapid growftiikesks found to

be demandiriven rather than supplushed.

After discussing the change of the influential factors over three dedaidesincluded thathe future of
two-wheeled transport in the form of humpowered bicycles and-Eikes 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 alasigned safely with consideration given to user convenience, and a
proper and innovative business model is introduced, people will choose®ealed transport, especially
humanpowered bicycles.

The development of twavheeled humapowered bicycles, ahg with Ebikes 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 shiowfable 36 and 311, factors such as policy is
directly determinety government, while infrastructure, city size, and air pollution are indirectly affected

by government. Therefore, in the ntiekrm (10 years) as these Fiyear Plans continue, if policies
support cycling, if usefriendly infrastructure is provided, arfdthe cycling environment is improved,

there will be an even greater revival of twheeled humapowered bicycles. dbikes and motorbikes

are treated differently based on their respective policies. Of course, in the long run, usualkmessd
ratherthan administrative order will prevail. However, usemand could also be satisfied by new forms

of transport. The world is experiencing rapid changes in transport and communication suetirasraglf
vehicles, shared mobility, telecommuting and theceph 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
cyclingorEbi kebés position in say 20 or 30 yearcles from
will continue to hold an essential place for a long time to come.

Urban planners and government officeham the same background as Chinaght benefit from this
research on how to set goals and policies to prooyatang. As for scholarssincethis 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 modd transport, ideal city size, or trip distance for a cymtdy 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 emhaeicand the impact of

air pollution on cyclists. Furthermore, in tlibapter 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 bénspiring for other countries to follow and to learn how they may support a
particular mode of transpoiloreover, in this chapter, the born of DBS is mentioned as one of the main
reasons that cycling revives. Which leads to detailed DBS investigatiommext 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
developsin less than 3 years, dockless bi#tgare emerged and prevailed in China and other countries,
fundamentally changed the way people live. As #tenaf fact, DBS reached its peak in early 2018 at

million fleets deployed in more than 200 citi@$is innovation now has spread to overseas countries
including the US, UK and Australia, bringing convenience along with the downside known as fleet
Acgastionodo (casual par ki ng Abettetunderstanding bfBEandDBg p e
devel opment , pol i cy andi thedaegess and okt aapidlycchamging BBSi ¢ s
market in the world could help other countries to dewi appropriate policies and avoid potential
negative impacts.

However, relatedtadiesare few since its fast risalthough China holds the largest BS and DBS market

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

i mpl emented, developed, and supported in China.
in different phases of its development require solidioagate information based on both national and

city levels, which is hard to find in thexisting literature. Therefore, thidsmponent of researcbviews

both traditional BS development in China and the implementation of DBS.

This chapterconducts an empirical analysis of the development of BS and DBS basedt@daip
literature (not covering the time DBS prevailednd from domestic and international reports. It is
important to point out that some of these documents are still indftendrstage and written in Chinese.
To the best of our knowledge, thigidyis the first attempt to address tDBS developmeniThe research
gap and objective are describedlable 41.

Table 41 Research gap and objective of Chapter 4

Research topic Research gaps Research objective
U  Exiting BS literature is limited
and not covering the time DBS
prevailed, in a developing i
communitycontext.
No literature had systematicall
reviewed DBSs0 far.

Organize the development of BS ar
DBS in China;

Il nvestigate DBS
characteristics, influential factors ar
feasibilities of DBS and BS.

An Empirical study
of BS and DBS
development in Chine

The chapter includes the following paper:

Gu, Tiangi, Kim, I.*, & Currie, G. (2019). To be or not to be dockless: Empirical analysis of dockless
bikeshare devepment in China. Transportation Research Part A: Policy and Practice, 1191422
(SCI, IF:3.693

4.2 Paper 1: To be or not to be dockless: Empirical analysis of dockless bikeshare
development in China

This chaptegives anup-to-date empirical analysienthe development diikeshargprograms in China,
especially the innovative dockless bikeshare (DBS) system. Bicycle sharing programs had existed in
China since 2008However overall bicycle mode shaiept decreasingntil 2016 when DBS emerged.

A comparison of classical city docked bikeshare (BS) programs found that goveorieated 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, innovee, flexible, shared bicycling systenthe DBS- had grown from nothing to a
substantial 23 million fleetsystem. Itovess over 200 cities and regions, nesldocked BS insignificant.

As a highly capitaidriven, privatelyoperated business mod&BS ae 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 devel opment of
Al i mi tedod phasierse.i nWha Isshaoarhe centr al-p@gsivteirwnene ng
towardsit, the rapid expansion of dockl ess fleets
government polici eposhthnyge ngetgtartMomedaynse2017, foackful

limiting regulations have been implemented. DBS systems have advantages such as easy access using
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smart phone, convenience of pickup and park and low cost. These merits attract its main users, who are
found to be young, highleducated 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 stippegovernment,

and (3) those promoti ng o p ¢herapidgrovehoof decklgse bikgshareT h e
programs i s -dmaiimdry Mysuppéyatorso rather t han
government pol i chility,van&alismanddthreatlto bisyalesindastrynbyg 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 inthagiifg. The
feasibility of docked bikeshare and dockless bikeshare are compared and coatthdeeind ofthis
component of research. This component of research would help us to get a macro perspective of how
BS/DBS promote public transport before giigy the datadriven methodology to study BS/DBS and

mass transit integration in Chapter 5 and 6.

The published version could be seerhttps://doi.org/10.1016/j.tra.2018.11.007
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ARTICLE INFO ABSTRACT

Keywords: This paper discusses the development of shared bike programs in China, especially the innovative
Docked bikeshare dockless bikeshare (DBS) system, using up-to-date empirical analysis. Bicycle sharing programs
Dockless bikeshare had existed in China since 2008 but overall bicycle mode share decreased until 2016 when DBS
China

emerged. A comparison of classical city docked bikeshare (BS) programs found that government-

Policy _ oriented operators and a low financial threshold for users were the keys to the success of docked
Users’ characteristics . . . . . . )
Challenge BS in China. In less than two years, a new, innovative, flexible, shared bicycling system - the DBS

Feasibility — has grown from nothing to a substantial 23 million fleets, covering over 200 cities and regions,
making docked BS appear insignificant. It is a highly capital-driven, privately-operated business
model, 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 this new system, the rapid ex-
pansion of dockless fleets soon exceeded cities’ limits and resulted in local government policies
changing from “neutral-positive” to “neutral-negative”, and from August 2017, forceful lim-
iting regulations have been implemented. DBS systems have advantages such as easy access using
a 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 government, and (3) those promoting operators’ supply. The results show that 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. Feasibility of docked bikeshare and
dockless bikeshare are compared and concluded in the end.

1. Introduction

In 10 years, China built the world’s leading classical city docked bikeshare (BS) market. However, the dramatic growth of the new
innovative dockless bikeshare (DBS) system has quickly overtaken the BS market. Private operators introduced DBS in China in 2016
and since then it has dramatically spread across mainland China and fundamentally changed the way people travel and therefore
their lives. DBS in China has grown from 2 million in 2016 to 23 million in 2017 and made itself one of the most significant shared
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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). Since China owns the
largest BS and DBS markets and has witnessed rapid expansion of DBS, 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. For instance, overseas cities like Melbourne are experiencing vandalism
and improper parking of dockless fleet bikes (David King, 2018), which have already been experienced and counter-measured by
many Chinese cites. Lessons can be learnt from China’s experience of DBS.

Studies of cycling development in China in recent years are either out-of-date, or have focused only on a small part of cycling
development in China. It is important to understand the rise of DBS. Zhang et al. (2014) systematically studied bicycle transport
evolution including BS in China from 1900s to 2012. Frame et al. (2017): Zhao et al. (2018) compared cycling policy and infra-
structure between Wuhan and Amsterdam, and Beijing and Copenhagen, respectively. Another study by Yang et al. (2015) suggested
how to revive bicycle transport in China. However, although case studies of BS in China are frequent, recent research has mostly
focused on answering technical questions about BS’s impact on other urban transport modes or investigating factors that influence BS
usage (Andrew Archibald Campbell, 2012; Qin et al., 2018; Yang et al., 2018). 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. Wei and Wei
(2013) investigated BS operation and the scope of application in China. Few papers have been published in international journals
about DBS because it is a new model that began in China. Spinney and Lin (2018) studied DBS’s impact on society and urban
environment, while Du and Cheng (2018) conducted a survey on DBS in Nanjing, China to find factors influencing DBS usage.
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 paper reviews both traditional BS development in China and the implementation of DBS.

This paper conducts an empirical analysis of the development of BS and DBS based on up-to-date literature 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.
The next sections are organized as follows. Section two investigates BS development and related policies in China, whereby four
operator modes are categorized. The BS program in China is compared with other metropolitan cities in the US and UK. More
importantly, the third section investigates aspects of DBS - its scale, business model, central government and local government policy,
users’ characteristics and challenges to the system. Conclusions and suggestions for further study complete the paper.

2. Development of docked bikeshare
2.1. Bikeshare’s emerge in China and its scale

Zhang et al. (2015) presented an empirical study and analyzed bike-sharing systems in five Chinese cities. They concluded that
well-planned configurations of transport, system design and choice of business model are key to a sustainable and successful city
bikeshare system. Tang et al. (2017) and Karki and Tao (2016) studied BS in Shanghai and Suzhou during the development and policy
introduction of BS in early 2010s. Zhang et al. (2014) also evaluated BS and its role in promoting cycling in China and concluded
there were four development phases of bicycle evolution in China from 1900s until 2012. 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”. Thus, the current paper appears to be the only one that discusses development and the policy background of BS
and DBS in the Chinese context.

It is widely accepted that there are four generations of bikeshare development (Fishman, 2016). The first generation was Am-
sterdam’s “White Bike” in 1965 while Copenhagen’s coin-deposit BS in 1995 was considered second generation. These generations
generally lacked the necessary security devices (Parkes et al., 2013; Zhang et al., 2014). The third-generation of BS, developed in
Lyon, France, in 2005, included kiosks and user interface technology. This system operated successfully because it solved the theft
problem by punishing users when they did not return the bicycles (Parkes et al., 2013). Manzi and Saibene (2018) stated that “a real
boom of BSs all over the world has been experienced”. Rebalancing the number of bicycles among different stations motivated the
fourth-generation system. Some scholars (Fishman, 2016; Parkes et al., 2013; Shaheen et al., 2010) considered that the highly flexible
dockless system with its use of GPS and a personal smart phone, easier installation, and power assistance is the fourth generation
system.

The earliest BS in China, a second-generation system, appeared in 2005 in Beijing. It was owned and operated by a private
company and reached its peak in 2008 with 100 stations and 8000 bicycles. As a market economy activity, it was short of government
support, failed to profit, and soon was bankrupted in 2009. This also happened to a private BS system in Changzhou (2000 fleets).
During this period of 2000s, the ownership of private vehicles boomed from 12.1 million in 2002 to 88.4 million in 2012, a 7-fold
increase in 10 years with an annual rate of 21.5% while cycling decreased (National Bureau of Statistics of China, 2018).

While facing worsening pollution and congestion caused by automobile growth (Chan and Yao, 2008; Zhang and Mi, 2018), local
governments turned to shared cycling. In 2008, Hangzhou, a city with tradition of cycling, built its own BS, the first government BS in
China (Guangzhou Modern BRT & Sustainable Transport Institute (ITDP-China), 2017b; Shaheen et al., 2011). It was a third-gen-
eration BS and grew from 61 stations and 2,500 fleets in 2008 to 3,833 stations and 86,800 fleets by the end of 2017. There was an
average of over 300,000 daily trips in 2016 (96% of the trips were free), and for each fleet, the average daily rental reached 4.5 times
in 2017 (Ltd. Hangzhou Public Bicycle Service and Development CO., 2017), which was a sound turnover rate especially when
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Fig. 1. Bikeshare market scale in Chinese cities by the end of 2017. Source: http://www.itdp-china.org/bikesharing, statistical yearbook of pro-
vinces related.

considering the huge number of cycle trips (Guangzhou Modern BRT & Sustainable Transport Institute (ITDP-China), 2017b; Gauthier
et al., 2013). Due to Hangzhou BS’s huge success and its contribution to sustainable transport, it received the international Ashden
Award in 2017 (The Ashden Awards, 2017).

After the implementation of a third generation BS system in Hangzhou, cities including Shanghai, Wuhan and Beijing set up their
own BS systems in 2009, 2011, and 2012, respectively. Fig. 1 shows the market scale of leading BS markets in China. It demonstrates
absolute/ per capita numbers of BS fleets in the leading 26 Chinese cities by the end of 2017, along with GDP per capita in each city.
High consistency could be seen in these two indices — cites with stronger economies tended to have larger BS scale. This might be
because more affluent cities normally have more financial support for public matters, which includes BS. In Fig. 1, the number of
bikes per 10,000 residents and GDP per capita share the same left Y-axis.

The four largest cities, considered mega cities with a residential population over 10 million, Hangzhou, Beijing, Shanghai and
Wuhan, owned a BS fleet of over 80,000 (not including the DBS fleet) by the end of 2017. After accounting for population, medium
sized cities, such as Changshu, Ningbo, and Kunshan, with large economic productivity and flat topography, have better BS market
penetration (indexed as the number of bikes per 10k population). It has been shown that BS penetration is closely related to
economic performance (GDP). An exception is Taiyuan, a northern Chinese city with relatively low GDP per capita, where the state-
owned bus company operates a successful BS. In this case, not only has BS received direct financial support, but also it is integrated
with transport planning and the regular bus services (interchange discount policy). This is in contrast to other cities where in-
dependent commercial operators run the BS. Besides, medium-size cities like Taiyuan might also have more flexible opportunities to
deploy BS in terms of policy, financial support, residents’ acceptance as well as construction conditions. Another interesting finding
lies in one of the mega cities, Guangzhou, which appears second last in Fig. 1. Guangzhou has the poorest cycling infrastructure
among the Chinese mega cities. Many Guangzhou roads have no independent bicycle lanes, which in part explains this low ranking.
Currently, the Wuhan BS is closing due to the impact of DBS (Guodong and Jun, 2017).

According to the “Bike Sharing World Map”, BS systems increased from 101 to 1328 at an annual rate of 152.8% from 2010 to
2017. By the end of 2016, China had the most BS (430), accounting for over one third of BS worldwide, followed by Italy and USA, as
shown in Fig. 2.

From 2010 to 2016, BS fleets increased from 139,000 to 2,294,600 worldwide, an increase of 16.5-fold, of which China con-
tributed 1,900,340 bikes in 2016 (Bikesharingmap, 2017: Demaio, 2017). Almost 83% of the fleet are deployed in China. However,
when considering population scale, France and Spain also had a BS fleet penetration of over 6 bikes per 10,000 population in 2015, as
can be seen in Fig. 3. They were followed by mainly European countries such as Belgium and Ireland although Taiwan also is shown
in this ranking.

Since France has a cultural background of cycling, it was one of the earliest markets to deploy third generation BS and thus leads
the BS market. For similar reasons, many northern and western European countries are included in this list. China and Taiwan are the
only Asian regions in the top 10 BS markets.

2.2. Policy towards docked bikeshare and operators
Government attitudes towards BS are encouraging — not only do they provide guidance and assist by relaxing or changing
regulations to promote the BS industry, they also subside BS in an indirect or direct way. In 2012, the Ministry of Housing and Urban-

rural Development released “Guidelines for planning and design of urban pedestrian and bicycle transport systems” and encouraged
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Fig. 2. Top 10 bikeshare system countries (by the end of 2016). Source: www.bikesharingmap.com, Langford, Chen et al. (2015), Demaio (2017).
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Fig. 3. Top 10 shared bike markets considering population, unit: bikes per 10,000 people, 2016. Source: www.bikesharingmap.com, Demaio (2017),
population data from http://www.populationpyramid.net/.

local government to promote development of BS and offer necessary subsidies (Ministry of Housing and Urban-rural Development,
2014). Some scholars have stated that governmental input is one of the most important elements that makes BS implementation
successful; its ultimate goal of building a BS is to reduce environmental impact, lessen traffic congestion and finally improve public
health (Demaio, 2009; Mateo-Babiano, 2015). A counter-argument is that a profitable business is necessary to maintain a sustainable
development of a BS market (Beroud et al., 2010; Susan Shaheen et al., 2010). Most city BS systems in China follow the former
statement. Normally, BS systems are welcomed and supported by local governments in most cases in China. Governments provide
direct financial subsidies or indirect privileges to operators; most local governments treat BS as a form of public service rather than as
an economic industry or business. Zhang et al. (2015) stated that stakeholders, city governments, communities, even advertising
agencies should be carefully organized in a localized way to ensure the success of BS. Wei and Wei (2013) studied BS business models
in China and suggested three models: (a) Single Circular Model run totally by private operators, (b) Complex Circular Model run by a
public-private-partnership (e.g., Paris, Lyon, Wuhan, Shanghai), and (c) Straight Line Model under strong control of local
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governments (e.g., Hangzhou). However, the potential risks of solo or multiple operators in the second model were not fully revealed.

Therefore, by collecting the most up-to-date information (June 2018) of BS systems deployed in major cities in China, operator
models have been organized into four categories in this paper. Most operators received government subsides (pure private operators
without government support are neither failed or on a break) (Wei and Wei, 2013). The number of BS fleets, stations and turnover
rate were acquired by the time this paper was published yet were only available for the period from 2016 to 2017. Due to the impact
of DBS (since 2016), the actual BS operation index as turnover rate or operation stations in some cities has decreased (though no
detailed data is available) while the BS service in Wuhan, Shenzhen and Chengdu has ceased.

The four categories of BS systems are Model A — one private operator with low-level or indirect governmental subsidy; Model B —
several operators (private operator and state-owned operator) with various governmental subsidies; Model C — one state-owned
operator with high-level government funding and Model D — one private operator with high government funding under full gov-
ernment supervision (Guangzhou Modern BRT & Sustainable Transport Institute (ITDP-China), 2017b; Cai, 2017; Guodong and Jun,
2017; Ltd. Hangzhou Public Bicycle Service and Development CO., 2017; Li, 2017; Liang, 2017; Jiapeng et al., 2017; Zhu, 2017). The
turnover rate is collected through different sources (Gauthier et al., 2013; Médard de Chardon et al., 2017; Tang et al., 2017; Yang
et al., 2015; Zhang et al., 2015), and there are some inconsistent data in Beijing, Suzhou and Chengdu. These data were carefully
checked with the latest authorized source and data from the more credible source used. Despite this step, these data should be used
with caution.

Due to the lack of unified management, Model B normally had problems with different operators’ fleets in the same city (e.g.,
Shanghai, Shenzhen) whereby rent and return cannot be unified, in other world, users could only return bicycles to particular stations
rather than all the stations, which makes using BS more inconvenient and compliant by users. For instance, separate BS systems are
deployed in Shenzhen with different pricing and thus different levels of patronage; the one in Yantian District (daily ridership 10.3
rides per bike per day) is fully funded by the city government and offers a lower renting price to riders with a first-hour-free policy,
while the one in Nanshan District is operated by a private operator with limited subsidies and no free riding time and thus has a much
lower ridership (3.7 rides per bike per day) (Yang et al., 2015). Moreover, another problem lies in the public-private-partnership
contract (PPP) or Built-Operate-Transfer contract (BOT) in Model B as mentioned before. For example, Wuhan- once the largest BS in
China that reached 60 thousand fleets in 2009, signed an 8-year BOT contract with a private operator named Xinfeida, and were
awarded CNYO0.3 billion (16% in cash and 84% in advertisement equivalent) by the government. After the company manipulated the
advertisement revenue and made profits without properly operating the BS, the government closed Wuhan BS temporarily in 2011
and then installed a state-owned operator. Therefore, it changed from Model B to Model C. Cities with Model C and Model D
operators (supported and supervised directly by local governments) have larger, more stable BS services, and therefore can resist the
impact of DBS compared to cities with Model A and Model B systems.

Strong support from government causes two beneficial outcomes regardless of profit. One is the low financial threshold that
attracts more potential users. The other is offering a rapid BS expansion strategy (see Table 1).

One significant outcome of government-controlled operation is the low financial threshold that attracts potential users to access
BS in China. In Table 2, a range of financial data for BS in China and selected overseas cities is compared. BS customers in China have
1-2h of free ride time while overseas counterparts usually have 30 min. This is believed to have a significant positive influence on BS
performance (Zhang et al., 2015). In fact, over 96% of travel on BS systems in Hangzhou is free (Shaheen et al., 2011) and in Suzhou,
98% of trips are free of charge with no monthly subscription fee, whereas in overseas cities, free-riding times are either shorter, or
non-existent. Moreover, the financial requirements to gain access to the system in western countries are much higher than in China.
For Paris, Washington, D.C. and Mexico City, over USD200 deposit is required plus a subscription fee ranging from USD31-75p.a.
London does not require a deposit, although it has the highest subscription fee (USD123 p.a.). In contrast, only a small deposit and no
subscription fee are needed in China. Rental cost in China is on average 5% to 20% of that in western cities. Still, lower manu-
facturing costs in China also helps to lower the fees of BS - the average cost of procuring a bicycle in China is around 3% to 10% of the
cost of BS bikes in western cities (see Table 2).

Another benefit along with financial support from government is the rapid expansion of BS. For instance, Hangzhou’s city BS was
operated by a state-owned operator with little concern for profit. In less than 10 years, its scale increased 62 times (annual growth
rate 58.2% at stations) and 35 times (annual growth rate 58.2% of fleet) (Ltd. Hangzhou Public Bicycle Service and Development CO.,
2017). Similarly, Suzhou city’s BS increased from 11 stations, 200 fleets in 2010 to 2,200 stations and 45,600 fleets in 2017 — 20 times
growth in 7 years (annual growth rate 53.4%) (Suzhou Planning bureau, 2018). With support from government subsidies and with
less profit concern, local governments and their commercial company partners can rapidly expand BS into new areas, even though
there are fewer users (lower profit) now. In 2012, 50 cities in China had BS systems, which increased to 215 cities by March 2015
(Institution for Transportation & Development Policy, 2017).

Notwithstanding, rapid expansion can be a heavy burden on city finances, which raises doubt on the sustainability of a gov-
ernment-controlled operation. Some scholars fear local governments spend too much on promoting BS. They argue that this policy is
not only a heavy burden on local governmental finance, but also may lead to an unhealthy competition between BS and private
bicycles (Yin et al., 2017). This is experienced mainly in of Chinese context could and should be treated with caution when applied to
other places.

Table 2 shows that China has a strong government-supported BS system, which performs better than a profit-oriented BS system.
Strong government control (from direct funding or forming a state-owned operator) is key to both easy access for potential BS users
and rapid expansion of BS. As can be seen, financial threshold (e.g. the deposit or usage fee) in China is much lower than overseas
counterparts. Even though the Chinese turnover rate seems to be lower when compared to turnover rates of its overseas counterparts
(6.9 in Paris, 8.3 in Lyon), if the larger scale is considered, most BS in Chinese cities show high-penetration and high performance
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Table 2
Information of BS financial index in selected cities.
City Cost per bicycle (USD) Deposit (USD) Subscription fees (USD) Usage fee (USD)
Beijing N/A 45 No subscription fee is needed 0-1 h: free
Shanghai N/A free > 1h: 0.15/h
Chengdu N/A 15
Hangzhou 66 30
Nanjing 80 45
Suzhou 80 30 or free’
Paris N/A 199 Daily: 3 0-0.5h: free
Weekly: 13 0.5-1h: 1.3
Annual: 123 1-0.5h: 5.1
15-2h: 7.7
London N/A N/A Daily: 2 0-0.5h: free
Weekly: 11 0.5-1h: 1.1
Annual: 38 1-1.5h: 2.2
> 1.5 h: 4.48/30 min
Washington, D.C. 890 202 Daily: 7 0-0.5h: free
Weekly: 25 0.5-1h: 2
Annual: 75 1-1.5h: 4
> 1.5 h: 8/30 min
Mexico City 573 393 Daily: 7 1day: 90
Weekly: 24 3days: 180
Annual: 31 7 days: 300
Annual: 400

Source: Suzhou Planning bureau (2018); Fishman (2016); Gauthier et al. (2013); Shaheen (2013); Yang et al. (2015). Note. The data related to BS
were updated at the time of paper publication and cover 2016 to 2018. All BS systems listed are free for the first hour and have no membership fee or
subscribtion fee. For the Suzhou BS, users with high Alipay (a popular online payment app) credits may have free access to BS.

(Gauthier et al., 2013), and are considered successful (Institute for Transportation & Development Policy (ITDP), 2018).

The reason behind government support, as stated in the last section, is the concern caused by rapid mobilization since 2002
(Guangzhou Modern BRT & Sustainable Transport Institute (ITDP-China), 2017b). BS is an ideal “last-mile” service that feeds the
urban railway system (Alex, 2018; Fishman, 2016; Ji et al., 2017; Institution for Transportation & Development Policy, 2017), which
also boomed in 2000s (China Urban Railway Transport Association, 2018). Out of 34 cities that have metro systems, 33 had deployed
BS by the end of 2017 (China Bicycle Association, 2017). The only exception is Chongqing, a mountain city that is renowned for its
vertical topography. The director of the Suzhou Urban Administration Department, the bureau supervising Suzhou BS, noted that
many BS in China were initiated to enhance urban railways by providing an interchange service while aiming at renovating cycling as
well.

3. Development of dockless bikeshare

As a new innovation, DBS studies are very rare. Du and Cheng (2018) pointed out four characteristics of DBS: (1) no fixed stations;
(2) users tend to be mobile internet users while BS users are more likely to be local residents who hold BS cards; (3) DBS systems are
normally private, entrepreneurial, venture capital projects, while BS are normally funded or invested in by governments. These two
have different operational management models; and (4) most DBS fleets have GPS devices which is convenient for redistribution and
maintenance. It appears no empirical analysis about the development of DBS in China has been conducted before. Therefore, it is
important to present such a study in this paper.

3.1. DBS development and market scale

In 2014, a group of Peking University graduates established ofo (the first DBS company in China) to serve internal transportation
demands on campus. By June 2015, 2000 ofo fleets had been deployed at Peking University. In April 2016, Mobike (another leading
DBS operator in China founded in January 2015) began the first version of the Mobike fleet in Shanghai. It was the first time that DBS
had penetrated urban transport, therefore 2016 was called “the first year of the DBS era”. After attracting attention from investors,
the DBS market boomed across the entire country as can be seen in Fig. 4. Known investment in DBS companies worldwide amounted
to an incredible USD2.6 billion in 2017 (compared with only USD290 million in 2016), of which most investment was attributable to
DBS in China. Within China more than USD1 billion was attributable to ofo, and another USD800 million to Mobike. In March 2018,
ofo raised USD866 million in new financing led by the Alibaba Group. In April 2018, China's Meituan Dianping (China’s largest
provider of on-demand online services) bought Mobike for USD2.7 billion excluding debt. This trend towards shared mobility has
extended globally. Very recently, a shared scooter startup, Lime, raised USD250 million led by Uber investor GV (formerly Google
Ventures) (Lynley, 2018).

It is difficult to determine the exact DBS market scale due to its rapid expansion and multiple data resources. According to Mr. Liu
Xiaoming, Vice Minister of the Ministry of Transportation, 57 DBS operator companies had deployed 23 million fleets on the streets of
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Fig. 4. Investment of DBS in China from 2015 to 2017. Source: Savannah Dowling (2018).

China by January 2018. Total estimated DBS ridership so far has reached a combined 17 billion, with the highest peak use hitting 70
million rides a day (ITong Mo, 2018). This figure is consistent with data presented in some third-party consulting institutes and by
DBS operators, who also revealed rapid growth in both users and fleets from 2016 to 2017 (see Table 3). The number of DBS fleets
deployed rose from 2 to 23 million in one-year while the number of cities with DBS also increased from 33 to 200. DBS users and trip
length grew more than 10 times during the same time, which means that there is one registered DBS user in every 6.5 people in China.
Considering the huge population of China, this is an astonishing number, especially when it occurred over 18 months (ofo & China
information and Communication Research Institute, 2018a, 2018b).

Mobike and ofo are currently the two biggest DBS operators in the industry with a combined market share of 90% in China. In
December 2017, Mobike already had more than 8 million fleets and more than 200 million registered users in 200 cities (mostly in
China). ofo, with similar users and cities penetrated, had 10 million fleets by January 2018. This means that these two giants
increased their DBS ownership from around 5 million in April 2017 to 18 million fleets by the end of 2017 (Guangzhou Modern BRT
& Sustainable Transport Institute (ITDP-China), 2017a; AllTechAsia, 2018; European Bicycle Manufacturers Association, 2018).

To indicate temporal change of DBS at a city-level, data from mega cities with the highest DBS volume are collected in Fig. 5 and
are shown as two stages (the orange bar indicating an earlier stage, and the grey bar indicating a later stage). In Fig. 5 Hangzhou and
Guangzhou’s earlier DBS data were collected in 2017Q1 while others were recorded in 2017Q2. Shenzhen’s later DBS data were
collected in 2017Q4, Guangzhou, Nanjing, Wuhan were collected in 2017Q3 while the remaining cities’ data were collected in
2018Q1. The capacity of each city is collected from local government reports or policy statements about DBS.

Three implications can be seen from Fig. 5. Firstly, it shows that the numbers of city DBS outweigh the numbers of city BS. The
difference varies from 10 times (Hangzhou) to 60 times (Shanghai) or even higher in those with few BS (Chengdu). Secondly, in a
very short time (one year or less), DBS grew significantly in each city and reached a peak in 2017Q3/Q4, 2018Q1. Thirdly, most of
the DBS deployed had already exceeded city capacities. For instance, according to a Shenzhen DBS assessment report, Shenzhen has
parking places for 0.43 million DBS and bicycle lanes for 0.8 million DBS, while 0.89 million DBS were already deployed by the end of
2017 (Transport Commission of Shenzhen Municipality, 2018).

Moreover, in many DBS assessment reports, indices expressed as fleets over population are widely used to indicate penetration of
DBS. Table 4 shows “penetration” for selected cities and for some overseas counterparts. (Washington, D.C., Montreal, Berlin and
Paris are the top overseas countries with BS penetration and that their data were collected in August 2017). Thus, DBS has superior
penetration, and the combined DBS and BS penetration in Chinese cities are higher than their overseas counterparts. As the capital of
China, Beijing has a BS penetration of 0.40%, which means 0.4 BS bicycle exists for every 100 residents. This is not a small number

Table 3
Growth of DBS market in China (2016-2017).

Year Supply-end Demand-end

Fleets (million) Cities with DBS Number of DBS operator Number of registered users (million) Accumulated trip length (billion km)

2016Q4 2 33 25 18.86 2.50
2017Q1 4 43 N/A N/A N/A
2017Q2 10 70 45 100 N/A
2017Q3 16 N/A 77 130 N/A
2017Q4 23 200 57 221 29.95

Source: Guangzhou Modern BRT & Sustainable Transport Institute (ITDP-China) (2017b); European Bicycle Manufacturers Association (2018);
iiMedia Research Institute (2017); Wang Lin et al. (2017); ofo and China information and Communication Research Institute (2018a, 2018b).
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Fig. 5. DBS and BS use in selected cities, note that DBS and BS have different Y-axis value. Source: Guangzhou Modern BR'T & Sustainable Transport
Institute (ITDP-China) (2017a, 2017b); Nanjing Trasnport Bureau (2018); Hangzhou Comprehensive Transportation Research Center (2018); Beijing
Municipal Institute of City Planning & Design (2018); Shanghai Urban and Transport Research Institute (2018); Li (2018); Transport Commission of
Shenzhen Municipality (2018); Yi (2017).

Table 4

Critical indices of cities with greatest DBS volume.
City Population urban BS (10k) DBS (10k) Entering time of DBS  Penetration of DBS (fleets/ Penetration of BS (fleets/

(million) pop) pop)

Beijing 21.7 8.6 235 2016.9 10.83% 0.40%
Shanghai 24.2 3.03 170 2016.4 7.02% 0.13%
Hangzhou 9.5 8.96 84 2017.2 8.84% 0.94%
Shenzhen 125 2.2 89 2016.1 7.12% 0.18%
Guangzhou 145 1 80 2016.9 5.52% 0.07%
Nanjing 8.3 4.15 45 2017.1 5.42% 0.50%
Wuhan 10.9 8 70 2017.1 6.42% 0.73%
Chengdu 16 0.18 145 2016.1 9.06% 0.01%
Suzhou 10.7 4.65 No DBS existed 0.43%
Washington, D.C.  0.68 37 * 2017.9 : 0.5%
Montreal 1.7 6.3 - - - 0.4%
Berlin 3.7 8.5 - - - 0.2%
Paris 10.6 18.2 - - - 0.2%

Source: Cities statistical yearbook related; Nanjing Trasnport Bureau (2018); Hangzhou Comprehensive Transportation Research Center (2018);
Beijing Municipal Institute of City Planning & Design (2018); Fratila (2018); Shanghai Urban and Transport Research Institute (2018); Li (2018);
Transport Commission of Shenzhen Municipality (2018); Yi (2017). "Note that Mobike entered Washington, D.C. by Sep. 2017, while no figures
about the market scale is revealed so far.

considering the huge population base of 21.7 million. Its DBS penetration is substantially high at 10.83%, that is, every 100 residents
have more than 10 DBS fleets. It is 25 times compared to its own BS penetration, one or two orders of magnitude more than overseas
counterparts, such as Washington, D.C. and Montreal. When considering such a high penetration occurred in less than 2years by
private operators, it becomes even more surprising.

3.2. Policy towards DBS

As a new innovative BS mode, DBS drew great attention from all levels of governments in a very short time. Overall, the central
government holds a neutral-positive attitude while local governments hold more cautious attitudes. In 2 years, as a private operator-
oriented transport mode, the scale of DBS grew fast. Local government attitudes have lagged yet kept changing. Policies and reg-
ulations gradually formed from nothing to a systematic method at local and central government levels. For instance, at the beginning
of DBS (May 2016 to March 2017), no significant policies or regulations existed towards DBS, so DBS enjoyed a free and unlimited
growth period which largely drove its development. In a short time, three phases could be distinguished based on policy and scale
changes as can be seen in Table 5, which will be elaborated in the following sections.
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Table 5
Phases of DBS development.
Phase DBS scales Local governments Central Government Description
1(2016.5-2017.3) 4 million fleets No regulations Rapid growth with little limitation;
45 cities
2(2017.4-2017.8)  About 14 million fleets, 120 Neutral-positive Neutral-positive Regulations are issued;
cities attitude attitude DBS scale increased rapidly:
3 (2017.8-present) 23 million fleets, 200 cities (by Neutral-negative Neutral-positive Tougher regulations are issued to directly limit
the end of 2017) attitude attitude new increase of DBS;

DBS scale fell slightly to an unknown degree;

3.2.1. Central government

In May 2017, China’s national Ministry of Transportation and the National Development and Reform Commission jointly drafted
the first national framework for regulating DBS, in which internet-bicycle-rental services are considered a “complement to urban
green transport”, and should be “encouraged and regulated” (Qi, 2017). The official document regulated bicycle and traffic stan-
dards, punished individuals for illegal behavior and required local governments to ensure an even distribution of DBS fleets and to set
up designated parking spaces. It is very rare that 10 national ministries (e.g. Ministry of Transportation, Ministry of Industry and
Information Technology, Ministry of Housing and Urban-Rural Development, People's Bank of China) jointly endorsed and issued the
“Guidance of encouraging and regulating the development of Internet rental bicycles (dockless shared bike)”. In this important
“Guidance”, central government confirmed a positive attitude towards DBS and considered DBS “a part of green transport system”, “a
convenient transport mode that serves short-term trips and offers interchange service to public transport” that “should develop
coordinately”. It also stated that “regular bikeshare (BS) and internet-bicycle-rental services (DBS) should be integrated” to form “a
multi-level, multi-choice urban transport system” (Jiang, 2018). However, it was not a total encouragement of DBS. However, in
these national regulations and guidance central government has stated that local regulations should be established and optimized to
prevent misuse of DBS. It also clarified the responsibilities of each participant (local governments, operators and users) in DBS
activity where local governments were the main bodies of DBS management (Ministry of Transportation et al., 2017) as shown in
Table 6. Central government did not specify DBS’s scale limitation but left this authority to local governments. It is notable that
shared E-bikes were clearly stated as “not encouraged” in this “Guidance”.

3.2.2. Local governments and development phases of DBS

The DBS first emerged in Shanghai in April 2016 and spread to over 40 cities before March 2017. However, no local regulations
were issued in this time frame. This was a time (Phase One) for DBS operators to deploy fleets unwittingly which caused a boom in
DBS in China (4 million by March 2017). Two more phases followed that witnessed changing attitudes of local authorities.

Phase Two started in March 2017 and ran to August 2017. In March 2017, Chengdu released the first local drafted regulation
about DBS - “Tentative guiding opinions on encouraging DBS development”. For the first time, DBS operators were made responsible
for parking of DBS bikes and avoiding DBS “congestion”. Most major cities, such as Jinan (March 2017), Shanghai (March 2017),
Shenzhen, Beijing, Tianjin (April 2017), Guangzhou (June 2017), Wuhan, Nanjing, Zhengzhou (July 2017), followed rapidly with
their own regulations for DBS. In these drafted local regulations, DBS operators were required to take responsibility for their bicycles.
They were required to routinely check the bikes, undertake maintenance work and ensure users’ physical and personal information
safety. In some cities, DBS fleet capacities and limits were estimated (Shenzhen) while user requirements including a real-name
register were specified (Shanghai). Some detailed requirements of DBS operators’ entrance into particular cities were issued as well
(Jinan). Overall, local governments issued a series of draft regulations, cautiously encouraged DBS and tried to regulate the man-
agement of DBS operators during this stage (before August 2017) (see Table 7). These local regulators held a general neutral-positive

Table 6
Responsibilities of participants of DBS.
Participants Responsibilities
Local governments Main body of DBS management;

Make regulations and policies towards DBS;

Assess DBS market scales, set necessary limits and control the expansion of DBS;

Supervise DBS operators;

Promote cycling infrastructure construction including bicycle lanes and parking spaces:
Operators Offer DBS service, optimize management and improve user experience;

Be responsible for orderly fleet parking;

Build real-name-registration, a credit-system mechanism and purchase insurance for users;

Secure the safety of users’ financial and personal information;

Users Use the fleets and park responsibly;
Follow real-name-registration and credit-system regulations and mechanisms;
Industry associations & organizations Encourage set dards and p technology develop
Source: Ministry of Transportation et al. (2017).
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