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SUMMARY

Bicycle sharings one of thefastest growingransportationmodesof the past decade ankas

been implemeted in many cities around the world@heimplementationof bicycle sharing
systemshas proven to contribute to various environmental and social probleni&ecently,
there has beenincreasing awareness regarditige integration of bicycle sharing andain n

order to achieve more complete dooo-door journeys by trainThis integrations assumed
to havethe potential to cause a modal shift from the private dancouraging anodal shift
towards more sustainable transportatioalternatives is necessary The everincreasing
private carusehasnegatively influencedhe quality of lifein cities limiting further economic
and social developmenOne of the main policy goals of the Dutch governmerthésefore

to cause a modal shift from the private car to ttrain. The train servicen the Netherlands
however,is notstill organizedo be able toattract the current private car users.

The principle of bicycle sharirgystemsis clear, that is providing bicycles to users over a
variety of unattended station8 K N2 dz3 K2 dzi I RS T A YWSRS RISD Tiag: & ANSSEF ¢
function of bicycle sharingystemdulfillsthe weakness of the egress trip of train journeys. In
order to make traifjourneys more attractivethe train service must be approagetias chain
mobility. Bicycle sharing systems offtére potential to minimize negative influences in the
egress tripas experienced by travelers the Netherlands, with the exception of the @i¥ts
(single nationwidepublic transportationrelated bicycle sharing sysitn), only a few small
scale initiatives are operating currentlowever, the O¥iets offers limited flexibility and is
considered expensive for frequent use by travelditse question arises what the effect would
be of demandspecific urban bicycle shag systems in the Netherlands and what attributes
the system should have.

Traffic congestion in the morningnd eveningoeak can mainly be attributed to commuter
traffic. Realizing a modal shift with this travel motive would contribute to the negative
environmental and societal problemsban areas are facingnainly caused by private car use.

It is assumed that the implementation of urban bicycle sharing systems can improve the train
service, and therefore increase the attractiveness of commuting trigealoy. The aim of this

study is to provide insight into the preference of individswaith respect to the design of urban
bicycle sharing systems, and the influence of urban bicycle sharing systems in the egress trip
2F GNI Ay 22 dzNy Sspdrtatidrnymodeyciviteddgirding Eotnfuting Kipsy This
research aimcorresponds with the following research questions:

How slould urban bicycle sharing systems be designed in order to maximize the
preference of individuals?

What is the influence of urban bicycle sharing systenthe egress trip of multimodal
GNI Ay 22dz2NySeéa 2y Ay RA O hdhatagdoranuting iNgQy a




In order to investigatéoth researchlguestions a stated preference experiment is conducted.
Because there is no largeale urlan bicycle sharing system currently operatatghe Dutch
market intended for commuting, this relates to a hypothetical situatidhebicycle sharing
systemattributes of the stated preference experimerare explored in the literature review
The statedpreference data is collected through an online questionnaileere respondents
are recruited by Panel Inzichihich isan online fieldwork organization in the Netherlands
Two questionsare formulated for the selection of respondents. Orthe respondentswho
commute more than once a week by private car or travere guided further by the
guestionnaire.In total, 385 respondentsompleted the questionnaireompletely of which
260 private car commuters and 125 train commuters. Fdiscrete choice analysiare
performed the attributes that influence the preference ¢1) private car commuterand (2)
train commutersfor urban bicycle sharing systemie (3) attributes that influence the
willingness of private car users to shift to the train for commutigs; and the (4) attributes
that influence the willingnessf train commutersto use urban bicycle sharing systems as
egress mode instead of the current transportation mode. The preference of individuals for
urban bicycle sharing systems dsalyzedby Multinomial Logit models, andBinary Logit
models are estimated fdahe analysis ofransportation mode choice

Regarding the analysis of urban bicycle sharing systerdel preference of private car
commuters, two attributesare found most influential, theental fare costs andeliability at
starting point. To a lesser extent, the access time, egress time, and reliability at endpeint
also found to influence the preference of individuals. Less decisive, however still significant, is
the influence of bigcle type.

Almost dentical results are obtainedvith regard to the attributes that influence the
preference of train commuters for urban bicycle sharing systérhs. reliability at endpoint

has a lower influence compared to the access and egress timéeFmore, the results show

that bicycle type does not influence the preference of train commut&ased on the
alternative specific constant of both models, it can be stated that urban bicycle sharing
systems are preferred by private car and train comenstin relation to the O¥ets.

The willingness to shift from the car to the train by thvate car commuters is influenced
mainly by the egress time to the urban bicycle sharing system, followed by accessetitaé,
fare, and finally bicycle type.sfexpected, the alternative specific constant shows that the
private car is preferred as commuting mode for this group of respondents.

The willingness to shift from the current egress mode to urban bicycle sharing systems by the
train commuters is onljound to be influenced by egress time from the bicycle sharing system
station to the final destination. The alternative specific constant indicates that the current
mode is preferred as egress modEgardingcommutingtrain journeys.

In short,it can be oncluded that urban bicycle sharing systems in the egress trip of train
journeys can influence the transportation mode choice of both private car and train
commuters in the Netherlands. The most important attribute to realize this is egress time to
the final destination.




SAMENVATTING

De deelfietsbehoort tot een van de snelsgroeiendevervoersmiddelervan het afgelopen
decenniumen ilmiddelsover de hele wereltbegepast Detoepassingzandeelfietssystemen
heeft bewezen bij te dragemanverschillen@ milieu en sociale problemerOnlangsis er een
toenemend bewustzijn ontstaarvoor de integratie vande deelfiets en treinom een
completeredeur-tot-deur verplaatsingnet de treinmogelijk te makenDeze integratie wordt

als potentieel beschouwd ormea modale verschuiving van de privéauto naar de trein mogelijk
te maken Het aanmoedigen van eanodak verschuivinghaar duurzamevervoerswijzens
noodzakelijkDe steeds verder toenemende autogebruik heeft de kwaliteit van het leven in
steden door de jeen heen negatief beinvioed, waardoor een verdere economische en sociale
ontwikkeling wordt beperkt.Een van de belangrijkste beleidsdoelen van de Nederlandse
overheidis het veroorzaken van eemodak verschuivingran de privéauto naar de trein.
Echter, @ huidigetreinservicein Nederlands nog steeds nievoldoendegeorganiseerd om

de huidigeautogebruikerde kunnenverleiden

Het principe van deelfietsen is eenduidig, dat is het aanliade fietsen aan gebruikers over
een verscheidenheid van onbeheerde stations in een afgebakend stedelijk gebied op basis van
eend I-nieededo I acbricépt Deze functie van deelfietssystemkomt de zwakte van het
natransport in treinverplaatsingenegemat. Om treinverplaatsingen aantrekkelijker te
maken, dient the trein service als ketenmobilitestworden benaderd. Deelfietssystemen zijn
potentieel in staat om deervarenongemakkertijdens het natransportte minimaliseren. In
Nederland,met uitzonderirg van de O¥iets, zijn er momenteel slechts enkele kleinschalige
initiatieven actief. De O¥iets biedt echter beperkte flexibiliteit en wordt als duur beschouwd
bij frequent gebruik door reizigerddet is de vraag wat het effect van een vraagspecifiek
stedelijk deelfietssysteem in Nederlarkén zijn, en welke eigenschappen dit systeem zou
moeten bevatten.

De verkeersdrukte in de ochtendn avondspits kan voornamelijk aan het wearrkverkeer
worden toegeschrevertet realiseren van een modale verschog/ met dit reismotietkan
bijdragen aan de negatieve milieen maatschappelijke problemen waar stedelijke gebieden
momenteel meeworden geconfronteergdvoornamelijk veroorzaakt door privéutogebruik.
Aangenomen wordt dat de toepassing van stedelgleelfietssystemende treinservicekan
verbeteren en daardoor de aantrekkelijkheid van wemserkverpladasingenmet de trein kan
bevorderen Het doel van deze studie is om inzicht te verschaffen in de voorkeur van
individuen met betrekking tot het ontwerp vaneslelijke deelfietssystemen, emun invioed

te bepalen in het natransport van treinverplaatsingen bij wawerkverplaatsingenDit
onderzoeksdoel komt overeen met de volgende onderzoeksvragen:

Hoe moeten stedelijke deelfietssystemen worden ontworpen om de voorkeur va
individuen te maximaliseren?




Wat is de invloed van deelfietssystemen in hdtaressport van multimodale
treinverplaatsingen op de vervoerswijzekeuze van individuen met betrekking tot wc
werkverplaatsingen?

Om beide onderzoeksvragen te onderzoeken, wordt &éa & R (G LING TepbiiggnO S Q
uitgevoerd.De attributenin het experiment worden onderzocht ide literatuur. Dedata
wordt verzameld via een online vragenlijst waarbij respondenten worden geworven door
Panel Inzicht, een online veldwerkorganisatie in Nedetlarwee vragen zijn geformuleerd
voor de selectie van respondenten. Alleen de respondenten die meer dan één keer per week
pendelen per privéauto of treiwerden verder geleid door de vragenlijst. In totaal vulden 385
respondenten de vragenlijst volledig, mwaarvan 260 privorenzen en 12%reinforenzen Er
worden vier discrete keuzanalyses uitgevoerd: de attributen die van invloed zijn op de
voorkeur van (1privéauto-forenzen en (2) treinforenzen voor stedelijieelfietssystemen

de (3) attributen dievan invloed zijn op de bereidheid van piawdo-forenzenom over te
stappennaar de trein bij woon-werkverplaatsingenen de (4) attributen die de bereidheid
beinvioeden om stedelijkeeelfietssystemene gebruiken alsatransportmiddelin plaats van

het huidige natransportmiddeldoor de treinforenzen De voorkeur van individuen voor
stedelijke deelfietssystemenwordt geanalyseerd door Multinoraal Logitmodellen, en
BinaireLogitmodellen worden geschat voor de analyse varvele/oerswijzekeuze

Met betrekking tot de analyse van de voorkewan de privéauteforenzenvoor stedelijke
deelfietssystemen zijn twee kenmerken het meest invioedrijk, detprijs en de
betrouwbaarheid bij het beginpunt. In mindere mate blijken de toegangstijd, uitgangstijd en
de betrouwbaarheid bij het eindpunt ook van invioed te zijn op de voorkedinder
doorslaggevends de invloed van het fietstype.

Bijna identieke resultaten worden verkregen met betrekking tot de attributen die de voorkeur
van treinforenzen voor stedelijkdeelfietssystemeieinvioeden. De betrouwbaarheid bij het
eindpunt heeft een lagere invloed in vergelijking met de toegaagsiitgangstijd. Bovendien
laten de resultaten zien dat het type fiets geen invloed heeft. Op basis van de alternatieve
specifiekeconstante van beide modellen kan gesteld worden dat stedddigadfietssystemen

de voorkeur genieten met betrekking tot de @igts.

De bereidheid om van de auto naar de tr@iner te stappendoor de privéautoforenzen
wordt voornamelijk beinvioed doode uitgangstijd vanaf het stedelijk deelfietssysteem
gevolgd door toegangstijaaar het systeenritprijs en ten slotte het fietstype. Zoals verwacht,
laat de alternatieve specifieke constante zien dat de privéauto de voorkeur heeft als
vervoersmiddel De bereidheid om ovete stappenvan het huidigenatransportmiddelnaar
stedelijke deelfietssystemen wordtdoor de treinforenzen alleen beinvioed door de
uitgangstijd vanaf het deelfietssysteemstation naar de eindbestemming. De alternatieve
specifieke constate geeft aan dat de huidigeatransportmiddelde voorkeur heeft.

Samenvattend kan worden geconcludeerd dat stedelijkieelfietssystemen de
vervoerswijzekeuze van zowel privéautogebruikers and treingebruikers in Nederland kunnen
beinvioeden.Het belangritsste kenmerk om dit te realiseren i®egangstijd naar de
eindbestemming.




ABSTRACT

Bicycle sharing is one of the fastest growing transportation modes of the past dedagle. T
implementation ofurban bicycle sharing systen{8SShas proven to contributéo various
environmental and social problemRecently, there has been increasing awareness regarding
the integration of bicycle sharing and train. This integration is assumed to have the potential
to cause a modal shift from the private car. The ewmereasing private car usespecially due

to commuter traffic,has negatively influenced the quality of life in cities, limiting further
economic and social developmeriEncouraging a modal shift towards more sustainable
transportation alternatives is therefe necessanyjt ishoweverunknown hav urbanBSS$nust

be designed in the Dutch context, and their influence in the egress trip of train journeys
regarding the transportation mode choice of commuteisstated preference experimerd
applied where data 6385 respondents is collected in the Netherlarflse estimated discrete
choice models show that both private car and train commuters add most value to the rental
fare and reliability at starting point regardirige preferencefor urban BSSsin additionalso
significant are thattributesaccess time, egress time, and reliability at endpoint. For the train
commuters also the bicycle type is found to be significant. The attributes that increases the
utility of private car commuters to shift to the trainebicycle type, rental costs, access time,
and egress timeyhile only egress time increases the utility of train commuters for urban BSSs
instead of their current mode. Furthermore,lsa the socioeconomic characteristics,
commuting trip characteristics,na transportation modeelated and BS&lated attitudinal
factors are found to influence the preference for urban BSSs and the transportation mode
choice of commuters. Igeneral, it can be concluded that the integration of bicycle sharing
and train has ptential to cause a modal shift in the Netherlands.
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INTRODUCTION

1.1 PROBLENDEFINITION

Our society is becoming more and more motorizedi that is not surprisingMobility fulfills
asignificantfunction inLJS 2 LJt &r@ éontribites &the quality of life (Steg & Kalfs, 2000).
Over the yearspeopleare not making mordrips or being longer on travebut the large
amount of private car traffic, mainly due to commuter travetanbe attributed primarily to
population growh and increasén the share oprivate car usg(Steg & Kalfs, 2000)\part from

the fact that cars need space that leads to the deterioration of natprvate car use is the
main cause of congestion, noise, and air pollution in urban environmentsgl&dding, 2010;
and Redman et al., 201¥ncouraging a modal shift towards more sustainable transportation
alternatives is therefore necessary. The eimreasing private car use haectedthe quality

of life in cities,limiting further economic andaxial developmen{Krygsman, 2004)n the
Netherlands, traffic and transportation account for 21 percent of the total €fissions, and

53 percent of thiss caused bpassengetransportation(CBS, 2016Especially congestion is

a major societal problen which involvesboth personal andsocial costs. Only in the
Netherlandsthe costs associated with delays and traffic jams were estimated at 2.3 to 3.0
billion of euros per yearMinistry of Infrastructure and Environmen2016).Recently, the
European coimission announced the target t®@duce thetransportrelated CQ emissions
with 60 percent by 2050, compared to 2000 |le(&luropean Commissions, 201This forces
governments to consider sustainaldéernatives instead of therivate car.

In order b mitigate the negative impacts @frivate car use,policy makers are constantly
looking forsolutionsto increase the use of sustainable transportatialternatives, such as
walking, cycling, and public transportati¢re. train, bus, metro, and tramA policy goal of
the Dutch governmento realize a modal shift from therivate car to the train(Ministry of
Infrastructure and Environment, 2015Yhe service quality is essential to increase the
attractiveness ofthe train (Beirdo & Cabral, 2007)However, the train service in the
Netherlands is not being capable to competehitie private car yet (Steg, 2003).ravelers
experiencehe service as unreliable (Hensher et al., 2G08) inconvenient (Krygsman et al.,
2004).The nain reason for this, ishit the train service is not organizeéa such a wayo
achievecomplete doofto-door journeys (Harms et al., 2007o this end the train service
must be approached ashain mobility; including the accesg.e. the trip from residence to
home-end train gation) and egress tridi.e. the trip fromactivity-end train station to final
destination)(Givoni & Rietveld, 2007; arKtygsman et al., 2004A lot ofdisutility is involved
with the access and egress trimakingprivate @ar travel more attractive (lKygsman et al.,
2004).Integrated transportation is therefore regarded as the key to sucteesausea modal
shift from the private car to the train (Brons et al., 200Fspeciallfthe physical distances
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involvedin the egress trip have significanteffect on the decision tomake use othe train
serviceby travelers(Tilahun et al., 2016)n order to increase the attractiveness tbie train
servicethe influence oboth access and egress trip must be minimig€d/gsman et al., 2004)

The bicycle isncreasinglybeingpromoted to mitigate the traffierelated problemsn many
citiesaroundthe world (J&ppinen et al., 2013; Pucher et al., 2010; and Zhao & Li, 28dlifig

is regardedasan environmental friendly, fast, flexible, healthgnd low-costtransportation
mode (Akar & Clifton, 2009; Jappinen et al., 2013; Moudon et al., 2005; and Zhao & Li, 2017).
The integration obicycleand train is assumed toontribute tothe attractivenessof the train
service andtherebyincreasehe share okustaindle transportation(Martens, 2007; Ministry
of Infrastructure and Environment, 2014nd Rietveld & Daniel, 20pBecausehe Dutch
population can becharacterized by a high bicycle ownershipistintegration igarticularly
interestingin the egresphaseof train journeygJappinen et al., 2013n recent years, much
attention has been paid to bicycle sharing prograar&initiativeshavedesignated in policy
plans worldwidgBechandMarleau et al., 202; DeMaio, 2009andZhao & Li, 2017)n order
to achieve more complete dodp-door journeyspbicycle sharing systenae consideredas
potential to improve theoverall efficiency of thérain service(Shaheen et al., 2010; Fishman
et al, 2013)

The principle of bicycle sharing is clear, that is mhong bicycledo usersover a variety of
unattended stationshroughouta defined urbanareg y I ¥ S&R% R DeMaid,RG¢; 0
Shaheen& Martin, 2014; andParkes et al., 2013Y.he strong emergence of bicycle sharing
systems worldwide is due tilne public and governmeral awarenesgegardingthe negative
impacts ofprivate car use andhe technologcal advancementgFishmanet al., 2015).In
addition, bicycle sharing systentsan help to increase the cycling populatioimprove the
accessibility of urbaregionsreduce emissions, and improve public heaBe¢handVarleau

et al., 2012PDeMaio, 2009)In 2018 bicycle sharing systems have been implemeriteghore
than 1,600cities around the world (Meddin & DeMaio, 201Bjpowever, ih the Netherlands,
with the exception of the O¥iets, only a few smalscaleinitiatives such as the Nextbike and
Urbee,are operating currentlyThe OMietsisa single nationwide bicycle sharing systtrat
requires a membership subscription for use (Wang & Zhou, 2Thg)public transportation
related system has been introduced as a supplement to the train seraiak especially
intendedfor the egresdirip (NS, 2015). However, the @i¢ts offers limited flexibility and is
consideredexpensivdor frequent useby travekrs The question arises what the effect would
be of demandspecific urban bicycle sharing systems in the Netherlamisvhat attributes
the system should have

Traffic congestion in the morning peak can maimyattributed to commuter traffic. In the
Netherlands, commuter traffic accounts f@8 percent of the total kilometers traveledf

which77and 10percent by caand train respectivelf{CBS, 2016lRealizinga modal shift with
this travel motive would therefore contribute to the negative environental and societal
problems.In order b achieve thissustainable transportation alternativesustbe made more
competitive in relation tothe car. It is assumed thathe implementation ofurban bicycle
sharing systemsanimprove the train serviceand therefore increasethe attractiveness of
commuting trips by trainHowever, the design of this system must be cohereith the

preferences of potential users.

16 |

/o)



Many studies examined how the transit service quality can be improvedReSgt £ Qhf A 2 S
2011; Hensher et al., 200&nd Litman, 2008)A study from Belgium revealed that even free
access to public transportation denot leadto an increase in use (De Witte et al., 2005).
More effort is needed to achieve a modal stirim the car to more sustaable alternatives
Several studieg.g. Boarnet et al., 2017; Brons et al., 2009; Givoni & Rietveld, 2007; Krygsman
et al., 2004; and La Paix & Geurs, 20di®b)eemphasizedhe importance of the accesand
egress trip on the attractiveness of th&in serviceand potential increase of train usé€here

is increasing awareness$ the potential of bicycle and train integratiqge Souza et al., 2017,
Jappinen et al., 201&nd Wang & Liu, 20}3anda considerable amount aftudiesfocused

on the Dutch corext (e.g.Hendriksen et al., 201Martens, 2007 Rietveld & Daniel, 2004;

and Van Boggelen & Tijssen, 2Q0The integration of bicycle and tralmasthe potential to
achieve more complete dodpb-door journeys(Chakrabarti, 2017)making the train more
competitivewith respect tothe private car (Givoni & Rietveld, 200:AVith the emergence of
urban bicycle sharing systemis offers possibilities for improvinghain mobility by train.

Most studies in the field of bicycle sharing systems fedusnthe environmental benefits

(e.g. DeMaio, 20Q%nd Shaheen et al., 20)0demand (e.g. Frade & Ribeiro, 2014nd
factors that influenceperformance(e.g. Karki & Tao, 2016;iu et al., 2012and Médard De
Chardon et al., 20)7Those studieprovide insightinto the most important attributes and

the potential ofandzNB I Yy 6 A O& Of S & fOhINdfef Studie (&gl Blahh erab a A 3y
2017) examined the influence of urban bicycle sharing systemardingcommute travel
However,no studies havdeenfound that explores the integration witthe train. Although

the integration of bicycle sharing system and train is widely promoted (e.g. DeMaio, 2009),
there is a scarcén the existing literature Fuller et al., 2012; andilahun et al., 2017)n
addition, since no largescale urban bicycle sharing systems are operating in the Netherlands,
there is a lack dftudiesin the Dutch context. This study aims to contribute and provide insight
into the preferences of commuters regarding the design of urbapdbécsharing systems, and

the influence of the integration between bicycle sharing and train on the transportation mode
choice of commuters.

1.2 RESEARCBBIECTIVESIDQUESTIONS

The aim of this study is to provide insight into the preferenaecommuers regarding the
design of urban bicycle sharing systems, and the influehceban bicycle sharing systems in
0KS SaNBaa OGNARL) 2F YdZ GAY2RIf GNIAYy 22dzNYy S¢
regarding commuting tripgn the NetherlandsSeveralauthors (e.g. Hoogendoonrhanser,
2005; and Krygsmaret al., 2004)have emphasized théhigh distility associated with the
egress tripFor this reason, in order to improve the train service improvements to the egress
trip areneeded. Inthe presentstudy, it is hypothesizedhat the introduction of urban bicycle
sharing systems in combination with the current train service in the Netherlands has the
potential to improve the attractiveness and reliability of multimodal train journeys, and
thereby cause a natel shift. The introduction of urban bicycle sharing systestherefore
consideredan additional service to achieve more complete daordoor journeys by train.

The other trips partgi.e. access and traimip) of multimodaltrain journeys fall outsidethe
scope of the studySnce commuter traffic is problematic aneven increasinglyn the
Netherlands, a modal shift from the private car to the trennstbe encouragedThis is in line

with the policyplansof the Dutch government (Ministry of Infrasitture and Environment,
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2015).In order to reduce the complexity of the study and generate momsdpth insights two
types of commuters are distinguished, i.e. thepgiijvate carcommuterand the (ii) train
commuter By doing this, insight can be proviieto the behaviors separatelyn addition

both types of commuters have a different choice situation. The private car commuters (i.e.
the individuals whaenerallytravel by private car to work) are asked if they are willing to shift
to the trainif anurban bicycle sharing system is available in the egresswide the train
commuters are asked whether they would wseurbanbicycle sharing systemstead of their
current egress mode. Based on the research objectives the following research qaestion
formulated:

How should urban bicycle sharing systems be designed in accordance with the prefe
of individuals in the Netherlands?

What is the influence of urban bicycle sharing systienthe egress trip of multimodal
train journeysonf RA @A Rdzl £ 4 Q G NI y Zelaibdsbnmith@typ® Y 2

In order to answer the main research question, the following-gubstions are formulated:

1. What is multimodal (train) transportatioh

2. What are the most relevant attributes of existiagban) bicycle sharing systems?

3. Whatattributesinfluence the transportation mode choiceasimmutertravelers?

4. What attributes influence the preference for urban bicycle sharing sy8tems

5. How should urban bicycle sharing systems be desigmdéte egress trip of train
journeys in ordeto attract the current private car commuterf®r commuting by train?

6. How should urban bicycle sharing systems be desigmetle egress trip of train
journeysn order to attracthe current train commuterso make use of shared bicycles?

1.3 RESEARJBESIGN

In the previous section the research objectives and questions have been formulakesl.
section discusses the research design that is developed to achievestsrchobjectives and
provide asubstantiatedanswer to the researcfjuestions.The research design tfe study is
shownin Figurel andisdiscussed below

Introduction of research

The first step is to identify a problem that is less understood or examined by existing literature.
A problem has been identified for this study hetfield of public transportation and bicycle
sharing systems research. It is important to clearly define the research problem because it
leads to the research objectives and questions. Understanding the influence of urban bicycle
sharing systems and theessibility of attributes on the transportation mode choice of
individuals regarding commuting trips in the Netherlands is central to this study.

Literature review

Based on the research objectives, three topics are distinguished and elaborately discussed i
the literature review, i.e. (imultimodal train transportation (ii) bicycle sharing systemand
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(ii) transportation modebehaviorof individuals. The literature regarding multimodal train
transportation explains the need of chain mobility and the guital of the integration of
bicycle and train. In this study, the literature regarding (urban) bicycle sharing systems is most
important, where the system &tributes and userelated preferences are explored. The last
part, transportation mode choiceglevant literature is discussed that helps to explain the
behavior of individuals and to interpret the research results. The literature review serves as
background information, and provides an answer to researchogigstions 1 to 3.

Problem definition

Chapter 1 Main principles of the study

Research objective and questions

Multimodal (train) transportation
Chapter 2 Literature review Bicycle sharing systems
Transportation mode choice

Research method Define objectives and experiment aspects
Experimental assumptions

Generation of experimental design

Chapter 3 Construct the questionnaire

Test questionnaire

Data collection Online questionnaire

Descriptive analysis

Chapter 4 Data analysis Model estimation
Validation
Conclusions

Chapter 5 Conclusions Discussion

Recommendations

Figurel. Research design

Research method

The literaturereviewforms the basis for the researchethod of the study A widely applied
research method in the analysis of transportation demand and mode choice behavior is
discrete choice analysis (Békiva & Lerman, 1985n principle discrete choice modelaim

to analyze angredict the behavioof a decision makefor choosingone alternative from a
finite set of mutually exclusive and collectively exhaustive alternatjideppelman & Bhat,
2006) Rather than concentrating on one individual, tfoeus of discrete choice models is on
predicting the behavior of a large amount of individuddy determining the influence of
attributes of alternatives in their decision maki(@enAkiva & Lerman, 198and Koppelman
& Bhat, 2006)Discrete choice modefacilitatethe estimation of parameters that can be used
to predictthe behaviorof an individualn specific situations. The theory of utility maximization
applies,which postulates that an individual cbses the alternative that provides the highest
utility (Hensher et al., 2005 this study, it is assumed that tiferban)bicycle sharing system
with the highest utilityor attractionis preferredby an individual
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The research modebevelopmentis dependent on data collection (Ortazar & Willumsen,
2011).This is because the research model influences the type of data that should be collected.
Discrete choice modelgly ontwo types of choice data, i.e. f@vealed preferencéRP) and
(il) stated preérence(SPHata. The first type, RP data, refeo the actual or observed choices
made by individuals in re@harket conditionsWith this type of data discrete choice models
can be estimated that explain how individuals acexistingenvironmens. However, there
are some limitationgissociatedvith RP dataBecause&hoices are based on existisiguations,
models maynot be suitablefor forecasting behaviorgby combinations of attribute leve)s
detect the influence of secondary attributes (e.g. seevqualityrelated), andforecast new
situations for policy (Ortuzar & Willumsen, 201Theselimitations could be avoied by
applying controlled redlife experimentsput in practicethis type of experiment istill rare.
The second type, SP datdHfers a solution when there is no access to nerket data, and
refer to the choice of individualin a hypothetical situationWith SP data the researcher is
enabledto investigatethe influenceof attributesand leveldor non-existing alternativesand
how likely that alternative will be chosen by an individudhis makes SP dasaitable for
forecastingoehaviors and policy makingtended for the future Also SP data is characterized
by some limitations. For instance, it can be wondered to what extbet ¢hoices ofan
individual would besimilar to those in realife situations.In addition, it is possible that
attributes become more or less importaimtthe course of time, whicbanaffect the reliability
of the model. In general, bwever, SP data hasnajor benefits for future implications
compared to RP data

Because there is no largeale urban bicycle sharing system currently operating in the Dutch
marketintended for commutingrips, this relates to a hypothetical situatipmndtherefore
SP data is neededfor model estimation The SP data isollected through an online
guestionnaireFor this, a SP experiment is desigiiseke Chapter 3) wheteypothetical urban
bicycle sharing systesnare presented to respondentsWhile the SP experimenthe
respandentsare required to make tradeffs among alternatives that differ in attributes and
levels.Based on the SP data insight into the attributasd levelscan be providedthat
influencethe preference for an urban bicycle sharing systspecifically aime at the Dutch
market. Besides the influence of an urban bicycle sharing systeamthe egress trip of
multimodal train journeyson the transportation mode choice of individuategarding
commutingis examined

The design of SP experiments is complex raggiires a lot of time and effort. In this study,

the experimental design process is followed as extensively discussed in previous work by
Hensher et al2005). In total, eight stagesedistinguished thashouldbe correctly executed

(see Section 3.2)1For the sake of convenience, the stages are briefly discussesdly, the
research objectives of the study are clearly defined, and the relevant aspects such as
alternatives, attributes and levels are identifieNext, the experimental assumptions are
defined that will be considered during the experimental design generabepending on the
assumptions made, the design of the experiment is generaad the questionnaire
instrument is constructed. Finally, the questionnaire is tested for mistiaki® design before
proceeding to field distribution.
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Data collection

As discussed above, the SP data relating the urban bicycle sharing system preferences and
transportation mode choices of individuals is collected through $f&experiment in the
guestionraire.Besidesfor analysisalso data about the respondendse collected such as the
characteristics of theicommuting trip and socioeconomic characteristitee questionnaire

is made available online and respondents were gathered througlutah online panel In
addition also individuals from the social network were invited to participate to the
guestionnaire.

Data analysis

The datahat iscollectedwith the questionnaire is extensively analyzed. Firstly, a descriptive
analysis is provided of theanple. Resultgive insight intdhe characteristics of the group of
individualswho have participated to the questionnairéurthermore the descriptive analysis

of the sample provides insight whether the sample is representativenftire Dutch context

or not. Following, the data is used for model estimation. In relation with the research
objectives, twaypes oflogit models are estimated, i.e. ultinomial Logit mode{(MNL) and

(i) Binary Logit mode(BLM).The estimated models arentendedto answerresearch sub
guestion 4to 6.

Conclusions of the research

The last stegs drawing the conclusions of the studihe main findings of the study are
discussed and an answer is provided to filenulated mainresearchquestion Finally, based
on the resuls and conclusions of the study, recommendations are nfad&urther research

1.5 THESISONTENTS

Theremainder of thethesisis organizedas follows(see Figurel). Chapter 2provides an
overview ofthe most relevanexistinginsightsfrom the literatureregarding multimodal train
transportation, bicycle sharing systepand transportation mode choice. Chaptedi8cusses
the adopted methodologyThe fundamentals of the applied logits models presentedand
the stated prefeence experiment design process is elaborately discusdeajpter 4 discusses
the data that is collectedith the questionnaire anthe results of the estimated logit models.
Thethesis ends with theonclusionsand discussion of the results, and recommetiaias in
Chapter 5.

21

/o)
—



LITERATURE REVIEW

2.1 INTRODUCTION

Chapter 1 addressed the neamimprovethe egress trip of multimodal train journeys in order
to achieve more complete dodp-door journeys by train. By doing this, it is assumed that the
competitiveness betweethe train versusthe private car can be increasethe integration of
urban bicycle sharingystemsand train is consideretb havepotential to cause a modal shift
from the private caregarding commuting trips in the Netherlands

This chapter discusses thexistingliterature that serves as background information in the
study. Since this study aims to examine the potential of the integration of bicycle sharing and
train in relation to private car uséor commuting trips, onlythe private car and train are
considered as transportation modes to realize commuting trips. In Section 2.2 the journey
structure of both transportation modes is discuss&egction 2.3 discusses the development

of bicycle sharing systems apdesents systemshipractice. Lastly, the factors that influence
the transportation mode choice of individuals, and especially commuters is discussed in
Section 2.4.

2.2 UNIMODAL ANMULTIMODATRANSPORTATION

This study discuses two types of modalities: the (i) prieateand (i) trainin the literature,
the private car is characterized asimodal while the train is characterizeloly multimodal
transportation(Van Nes, 2002)n advance to describe how an unimogaivate car journey
is structured (see Section 2.2.dndfrom which parts anultimodal (train) journeyonsists of
(seeSection 2.2.2)Xhe definition of both termss provided below

AN unimodal journey can be characterized as a journey in which only one modality is used
transfers are need by the traveler to travel from origin to final destingtién

(Minigry of Infrastructure and Environment, 2014

In the literature,different definitionsexistfor multimodal transportation. Most authors (e.g.
Ministry of Infrastruture and Environment, 2014; Van Nes, 2002), refer multimodality to the
use of two or more different transportation mod@s orderto complete a single journey from
origin to destination, in which at least one transfer is required between transportatioreshod
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From another perspectiveKrygsman (2004) assumes that public transportation (referring to
train, bus, tram and metro) journeys are always being multimodal. Individuals are required to
accesgshe public transportation system arebresgo their final cestination. This implies that
public transportation journeys include sevepalirneyparts, and therefore consist of eéhain

of trips (Givoni& Rietveld, 2007). Given this study focuses on the egress miasaltimodal

train journeys the latter approachis most adequate and followed.

0A multimodal journey involves the use of two or more different transportation modes from ¢
to destination, and includes access to, and egress from the main service, in which transpca
mode transfersre required €

(Givoni& Rietveld, 2007; Krygsman, 200

Multimodal transportationinvolvesthree mainaspects the (i) transfers,(ii) transportation
modesused and (iii) trip parts (Van Nes, 2002Yhese aspects are discussed below:

A Transferds an important aspect of muthodal transportation. Generally, a distinction
can be made betweerntermodal and intramodal transfers. Intermodal transfers
involve a change of transportation service or modes. This unlike an intramodal
transfer, that always occurs within the same traogation service, as for example, a
transfer from one train to another.

A Transportation modesgary in characteristics, such as speed aoohfort. According to
Van Nes (2002), a distinction can be made betweevate and publictransportation
modes.The pivate transportation modes refer to bicycle and private car; while the
train, bus,tram and metrobelong to public transportation modes. It is assumed that
transfers within a multimodal journey involve the integration of private and public
transportation nodes (Van Nes, 2002).

A Journey partare a function of transfers between transportation services or modes
within multimodal transportation. In principle multimodabnsportationincludestwo
or moretrip parts, or rathertrips.

Multimodal transportationcompetes with unimodal transportation. The main advantage of
unimodal transportatia is that no transfers are involve@nd only one transportation mode
is used from origin to final destination. For this reason, with unimodal transportatiore
completedoor-to-door journeys can be realized.

2.21 Unimodal Car Journey

A car journey is consideredumimodal journeyThis is because car journeys involve only one
transportation mode, which is the car itself. However, referringtgure2, a car journey
consists of three trip parts. Generally, car journeys begin at home, which @itfie (O) of
the journey. Before to the car trip, there is alwaywalking tripassociatedo reach the car.
Following, at the moment the traveleets in the car, the car trip starts. The car trip represents
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almost the total travel distance and time of the car journey. From the starting point of the car
trip the traveler drives to @arking placgP) nearby the desired journelestination(D). After
parking the car, the traveler has to make any effort to reach the final destination. With the
aim to minimizeeffort, travelers choose the closest parking place to the final destination.
However, this is not always possible. Mainly in city centers, whegeetis a lack of space.
Evidently, when a too high effort with parking is encountered by travelers, transportation
mode alternatives are considered in order to realize the journey. In addition;retaged
factors (e.g. parking fee, taxes) and securigpdnave an influence on the transportation mode
choice of car users.

Home-end Activity-end
Origin Destination

Walk trip o Cartrip o Walk trip
° °
YA = A

Car journey

Figure2. Unimodal private car journey: Overview of tripased on work byivoniand Rietveld(2007).

2.2.2 Multimodd Train Journey

Figure3 presents the structure ofmultimodaltrain journeysfrom origin tofinal destination
and visualizethe transferstations types oftransportation mods, andthe trip parts.

Home-end Activity-end
Origin Destination

0 Access trip o Train trip Egress trip
T Access mode E Egress mode

Train journey

Figure3. Multimodal Tain journey: Overview of tripbased onwork from Givoniand Rietveld(2007).

Transfers

The starting point of a travel is determined as ti@me-end origin(O), and demand location

as theactivity-end destination(D). Within train journeys, transfersainvolved at specific
transfer stations(T). A distinction is made between those, that are separated by the main
transportation service:

A Homeend transfer station (the transfer station, after access trip from origin).
A Activity-end transfer station(the transfer station, before egress trip to destination).

Tripparts

As illustrated above, multimodaltrain journey consists of a chain of trips. Several weks.
Givoni & Banister 2010 Givoni & Rietveld, 2007)emphasized the importance of trip
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integration for systems consisting of different parts. By achieving this, more continuous door
to-door journeys can bachievedto travelers (Givon& Rietveld, 2007).The following three
trips can be defined:

A Access trip (the trip at the homeend side of thequrney).
A Main (train) trip (the trip from homeend to activityend transfer station).
A Egress trip (the trip at the activityend side of the journey).

Theaccess trigan be described as the trip at theme-end side In other words, it represents
the trip from the origin of individuals (e.gesidencé to the homeend transfer station. The
access trip ensures access to than service.

Themain tripis the second trip part of train journeys. It involves the travel between at least
two transfer statons; one transfer station at the horrend side and one at the activignd

side. Agnentioned previouslytransferring only between transportation services and modes

is considered as an intermodal transfer. This simplifies the stated choice experiment as
transfers within a transportation service network can be left out of consideration.

Theegress trips the last trip part of the chain. Transfer stations are rarely the final destination
of individuals. For this reason, effort in terms of movement by iddizis is required. The
egress trip represents the travel at the activégd side, and includes the trip from the activity
end transfer station to the final destination (e.g. walace.

Transportation modes

A multimodaltrain journey involves the usef dwo or more different transportation modes.
This postulation is in accordance with the definition provided in Section 2.2. Transportation
modes used in the access trip are referrechtitess modesnd thoseusedin the egress trip

are referred toegressmodes According to Krygsman (2004), the main trip is always realized
by public transportation modes (i.e. train, bus, metro, or metro). However, this studyttunly
train is considerecdaismain mode

Tain [ =

Home-end side Tram/metro | N I
Access trip i i i i i i i i i
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Train

Activity-end side Tram/metro
Egress trip

o 10% 20% 30% 40% 50% 60% T0% 80% 90%  100%

Bus

0

-}

Bl walking<1km Cycling B caras passenger Tram/metro

Bl walking>1km Car as driver B Bus Other

Figure4. Share of accessd egress modes in the Netherlands; figtimistry of Infrastructure and Environmef014).
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In Figured the share of various access and egress modes in the Netherlands is jgbomain

mode. As presented, access to the howmed transfer station involves mainly @yclingtrip,
representing 47 percent of all access trips. The share of walking is considerably lower (15
percent), whereby most of those (approximately 70 percent) is shorter than 1 kilometer. The
high share of cycling inot accidently. The bicycle is a popular transportation mode in the
Netherlands, and fully integrated in the Dutch culture. Having a bicycle is therefore not
something special, which at the same time offers individuals an additional transportation
modealternative.

Given the sharef the egress modes, there are some differencegelation to theaccess
modes Not cycling is the most popular egress mode, but walking from the actwity
transfer station to destination is most common (i.e. 50 percertt)s Thdicates that half of all
destinations are within walking distance from the actistyd transfer station. Planning
policies have contributed to this by retaining urban sprawl and encourage mixeeutend
(Givoni& Rietveld, 2009). However, some indivals are forced to walk to their destination,

for example, when there is no other transportation option they can choose from. This can be
a reason for individuals not to opt for the train service. The role of cycling is considered to be
modest in the egess phase, and only has a share of 13 percent. Apparently, not having a
bicycle at the activityend side forces individuals to walk or use public transportation (i.e. bus,
tram, or metro). Few train travelers have a bicycle available for the egress aipndia
second bicycle may not affordable to them, or costs related to parking and risk of theft are
impediments. In addition, renting a bicycle is not always considered an option to individuals,
as the costs involved are perceived too hifarf Boggelen& Tijssen, 2007). It is widely
recognized that providing bicycles in the egress trip may increase the share of cycling as egress
mode Martens, 2007; and Rietveld & Daniel, 2D0dnd may attract individuals to make use

of the train serviceJappinen et aJ.2013.

2.2.3 Comparison between journeys

Having discussed the structure lobth private carjourneysand train journeg, the modalities
are compared in terms of time per costs owatisplacementThis measure is adopted by Van
Nes (2002) to indicatthe disutility of the access and egress trip perceived by the traveler.

Time/
costs

»

o
/|
Walking

Train service

Distance

Figureb. Private car journey versus train journey over travel time and costs; From V&ORN2sp. 12)
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Figure5 shows the impct of the access trip, egress trip, and transfers onatiectiveness

of train journeys in relation to private car journeysshould be noted that the private car
journey as illustrated des not includethe walking trips, which can affect the utiligf the
journey.TheNJ Yy aFSNE A Y RA Ol (ada lam@imgadt én the witradtikeBesst A 3 dzN.
of the train service, because it is always associated with extra travel time while no distance is
covered.This also applies for the access and egres indicating the disutilityexperienced

by travelers irboth phasesThe train service (i.e. main tripjustcompensate the lost utility

(i.e. delay anahconvenience) in order to kedpe serviceattractive by users (Van Nes, 2002).

224 Access andgeess travetlistanceand time

The quality of train journeys is not only determined by the miain) trip, but it depends
alsoon how individual€accessand egresghe train service. Both trips contribute to the total
traveldisutility, andareassumel as the weakest parts afultimodaltrain journeys (Krygsman

et al., 2004) Since most access and egress trips involve a walking or cycling trip, individuals
are confronted byphysical distances and travel timéghesedrip characteristicare discusses

in this section.

Individuals are only willing to cover a certain amount of distance or time to adcEss
stations and egress to final destinatiorisspecially walking and cycling havéravel time
threshold(Krygsman, 2004)f the access or egressprexceeds an absolute travel time (or
distance) threshold, individuals will not make use of the train seraivg consider other
transportation mode alternatives, such as the private. €uring the access trip a mean travel
distance of 2.3 kilometer is wered, while this is 2.8 kilometer for the egress trip (Krygsman,
2004).This may explains the relative low share of private car use as access and egress mode
(seeFigured). Remarkably, the average trawdistance of the egressip is higher than that of

the access trip, while the share of walking tripsassiderably higher in the egress phase (i.e.

50 percent) compared to the access phase (i.e. 15 percent). Apparently, longer trips are made
by public transportatior{i.e. bustram, or metro)and bicycle in the egress trip.

Krygsman (2004), investigated the access and egress trip distributions of walking and cycling
for commutingrelated multimodal train journeys. A part of his work is presenteBigure6.

It is supposed that individuals are willing to walk or cycle 10 minutes to and from the train
service (Krygsman, 2004). Assuming that walking and cycling have a mean travel speed of
respectively 4 and 12 kilometer per hour, this involves a distahe@proximately 700 meter

and 2.0 kilometer respectivelBoth distancesare slightly higher compared to the average
distances mentione@arlier.

As illustrated inFigure6, around 90 percent of the cycling egress trips areg@nthan 6
minutes (i.e. 1 kilometer), while only 20 percent of those are longer than 16 minutes (3.2
kilometer). It is clear that the physical distances between train station and final destination
can havean influenceon the transportation mode choice ohdividuals.On the one hand, a

lot of time is lost in the access and egress trip. This is because at a relative short distance,
relative long travel times are associated. On the other hand, the train trip has comparable
travel times with the private (Be2004; and Post, 2012).
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Figure6. Access and egress travel times for walking and cycling;Krggsman2004, p. 126).

In order to achieve more complete dotw-door journeys the egress trip must be better
organized and prode travelers an alternative transportation mode, especially for those who
cannot make use of the bus service and are forced to walk relatively long distose of

the train users do not have a bicycle available in the egress trip, while this couldtheake
train service more attractive for them (Van Boggelen & Tijssen, 2007).

Interconnectivity ratio

Theinterconnectivity ratiaeflects the share of access and egress trip time to the total journey
travel time (Goek Tiwari, 2016; Krygsman, 2004). Tratia provides insight into the effort

that individuals are willing to make teach trainstations (access trip) and destinatisfegress

trip). The interconnectivity ratio onlyeflects the physical occupied time of individuals.
Waiting and transfer timesare assumed to be caused by the train service (Krygsman, 2004).
The interconnectivity ratio always falls within the range 0 to 1, which ensures comparison
betweenmultimodal chainsAs the ratio value increases, the share of access and egress time
takes |p to the total journeytravel time. Figure7 shownthe interconnectivity ratio otwo
multimodal chains over increasing journggvel time. Referring to thebicycletrain-bicycle
chain, all interconnectivity ratio values fall hih the range 0.2 to 0.5 (Krygsman, 2004). As
illustrated below, at travel times between 40 and 70 minutes the interconnectivity ratio is
stable, followed by a gradually decline. In general, access and egress cycling trips together
take about 20 to 30 mires, depending on the total journey tim&roviding a seamless
integration between the different trip parts is assumed to result in travel time reductions
(Givoni & Rietveld, 2007).

Bicycle - Train - Bicycle Walk - Train - Walk
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Figure?. Interconnectivity of different muihodal chains; fronKrygsman2004, pg126)
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2.2.5 Multimodality in the Netherlands

In the Netherlands, multimodal journeys represent a modest role in the mobility, as shown in
Figure8. Although only 3 percent of all journegse multimodal, they account to a share of

12 percent in the total kilometers traveleM(nistry of Infrastructure and Environmer2016).

The high share of travel kilometers, relative to the low share of number of journeys, reflects a
long travel distancger multimodal journey. Considering the share of main transportation
modes, the train is used by 61 percent of all multimodal journ®igiétry of Infrastructure

and Environment2014). This may explains the relative long travel distance of multimodal
journeys, as mentioned before.

97% «:3%
- e
. 2%
1%
1%
Unimodal m Multimodal Train MWBTM ®ECar HBicycle ®=Walk Other

Figure8. Multimodality and share of transportation modes used, in the Netherlands in Ba$8n orwork byMinistry of
Infrastructure and Environmeii2014, pg. 21).

It is evident that differenceapply between urban and rural areas in the share of multimodal
journeys. In rural areas access to public transportation service is often limited, while (densely
populated) urban areas are provided with an extensive public transportation network. The
shareof multimodal journeys is highest in the four largest cities (i.e. Amsterdam, The Hague,
Rotterdam, and Utrecht), involving shares falling in the range of 7 to 10 pengimis{ry of
Infrastructure and EnvironmenR014). This is considerably higliean the national average

(i.e. 3 percent).

B Between urban centers
M Between urban municipality and urban center

M Between urban municipalities (not center)

42%

Between urban center and not urban area
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26% not urban area

\ 59 Other urban related relation
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Figure9. Multimodal journey relation types (left), and multimodality between urban centers (rizgggd orwork byMinistry
of Infrastructure and Environme(2014, pg. 103).
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Sofar, insight into the representation of multimodal journeys in the mobility has been
provided, and how this relates in different regions. Next, attention is paid to the direction of
multimodal journeys and the mobility (by different transportation modeg), from, and
betweenurban areas. It is not surprisingly that most multimodal journeys are related to urban
areas (i.e. 58 percent); mainly having an origin and destination located in urban centers (i.e.
16 percent). To realize these journeys, the train isdrytlie most used transportation mode,

as shown inFigure9. Again, indicating that the train is mainly used to travel over longer
distances ifitercity trave). When also considering unimodal journdggsfrom and between
urban aras, the influence of the train is less significant, however varying from one city to
another. The share of public transportation (especially the train) range between 17 to 28
percent in the four largest cities, while this is around 15 percent in other l{smaities
(Ministry of Infrastructure and Environmern2014, p. 115).

2.2.6 Integration of transportation systems

As stated bysivoni and Banister (201@)ntegration isprobably still one ahe most important
means to advancseustainablegransportand sustainability (Givoni & Banister, 2010, p..1)
particular, integration is important ien systers consist of multiple partand theindividual
parts have to complement each other to operate togethwsre efficiently. Multimodal(train)
transportaton consists of several par{se. access, main, egresgnd requires therefore
integration between the individual parts in order to reduce the societal costs to the minimum.
Integration is therefore an important concept to make multimodal transportatioore
attractive and encourage transportation mode choice towards more sustainable alternatives
such as the traiiGivoni & Banister, 2010).

The decision of individuals for choosing a travel optil@pends on the characteristics of the
entire chain of tips of that option The private car is regarded as matractive thanthe
train, andother public transportation modesn general This is becausmdividualsalways
seek to minimize their costs of travel (i.e. travel time, travel costs, effort, arabriy). The
fact that the private car is more attractiys becausat involves the use of only one network,
which provideghe travelercompete doorto-door transportation(Givoni & Banister, 2010)
However, his does not appifor train transportation yet. Although train stations can be easily
reached by privatdransportation modes €.g.walking, bicycleand car), the egress trip is
considered a barrier to overcome in achieving integration of train transportation.

Ibrahim (2003) distinguishes total four types oftransport integration, i.e. (iflare integration

(i) information integration (iii) physical integration(iv) network integration(lbrahim, 2003)

Fare integration refers to the integration of the ticketing systevhjch ensures travers to

pay by using a single system, such as a public transportation card. Information integration
refers to a system where information of different servi¢es. modalities)s provided Physical
AYGS3aANI GA2Y NBdamlésS a (i N2 y & e tyodL istriainly on the
transfer between modalities Lastly, network integration refers to the incorporation of
different serviceghat satisfy a certain performance level, where the total service is improved.
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The integration ofmultiple transpatation networksto create an integrated transportation
systemis noteasyto getrealized. This implies that different challengesust be overcome.
Givoni and Banister (2010), appoints three challenges of transportation network integration:

A The supply ofransportation must be integrated in order to provide the traveler the
desired transportation from origin to destination (e.g. from residence to workplace);

A The transportation consideration and decisioraking should be incorporated by
identifying the Ieations that generate demand; and

A The integration and collaboration between the institutions that are responsible for
the transportation network.

In short, the transportation systenmust not only be organized orderto provide service
from station to $ation, butmustconsider the entire journey of travelersor this, @termining

the demand locations is a key aspect and the system tmiablereach these location&Vhen

both conditions are met, collaboration between the responsible institutionst ke pursued
to ensure alignment of services and quality.

2.3 BICYCLBHARINGSYSTEMS

Bicycle sharing systemar ratherbicycle sharinghave received lot of attention in recent
years. Various bicycle sharing initiatives were introduaeslind the world, most ofwhich
focused on promoting cyclingrovidingcomplementary reach of transit modes, aretlucing
environmental impacts associated with private car use (DeMaio, 2009).

Before discussinghow bicycle sharing systenimave evolved overtime (see Sedbn 2.3.1)
presenting some systems in practice (see Section 2.8iussing the potential of bicycle
sharing systems (see Section 2.3.3), #recharacteristics ofystems consists of (see Section
2.34), a clear definition of bicycle sharing is pr®d.

0A bicycle provided for shetgérm (time) use at lovwcost (payment), within a network of public
accessible distribution points. The bicycle sharing system is accessible, easily for useriantec
to the daily mobility supply, besides other transportation mode alternatives (e.qg. train, bus,
metro, car,andown bicyclek

(Huysman£ Van Iperen2017)

Bicycle sharing systems have been introduced in many mobility,@dadshowever currently
(i.e. June 2018pperating inmore than 1600 cities around the wor{@leddin & DeMaio,
2018). Additionallyjt is considered the fastest growing transpoitat mode, with an average
grow of 37 percent annually since 2009 (Meddin, 20T8g development of bicycle sharing
systems per continent ipresentedin Figure10. The number of bicycle sharing systems is
increasng rapidly, mainly in Europe.
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Figurel0. Development of bicycle sharing programs around the world (Mid20y3)

2.3.1 Bicycle sharinghroughthe years

Although bicycle sharing emerged the last decade principally, thegersération of bicycle
AKFNAYy3 aeaisSvya S@2f SR Ay (GKS Wcnad {AyOS
place, thatgaverise to the rapid expansioworldwide. Based on the developments in the field

of bicycle sharing, there have been five gatems of systems, gaesentedin Figurell.

First generation Second generation Third generation Fourth generation Fifth generation

Free bicycles Coin-deposit Smart stations Smart bicycles Interoperability

White bicycles Bycyklen Velib GoBike In operation
Amsterdam Copenhagen Copenhagen Rotterdam

1965 1995 2000 2010 2017 Now

Figurell. Bicycle sharing system generation: From free bicycles to integrated systems. Based on(Maykrbgns Van
Iperen 2017).

First generation:rée systems

The first generation of bicycle sharing systems dates from the year of 1965, and originated in
Amsterdam, the Netherland$haheen et al., 201L.0)Vhite painted bicycles, hence also named
White Bikeswere spread throughout the city for publice& (DeMaio, 2009). One could pick

up a bicycle, make the ride, and drop it anywhéme stations)in the city for the next user.

The main of goal of théree bicyclesvas to reduce traffic related problems (i.e. congestion,

air and noise pollution). Howevein short time many bicycles disappeared and this initiative
came to an end.
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Second generation: Cdiased gstems

It took until 1995before thesecond generation bicycle sharing systems came into being. In
Copenhagen, Denmark, ti@oirdeposit systemvas launched (DeMaio, 2009). Such systems
were designedwith docking stations, spreathroughoutthe city. The useof bicycles, also
referred to. & O @& | WaSfe€di charge, however a deposit of 20 Danish Krone was required
(Shaheen et al., 2010). Conosrabout the system were related teealizing operation
efficiency and as there was no limit to the use of the bicycles. As a result, bicycles were
occupied over long time or even never been returned (Shaheen et al., 2010).

Third generation: ICT basgdtems

The problems of vandalism, failure of return, and theft were main reasorthésmergence

of third generation bicycle sharingystems smart stations.Due to technological advances
improved user identification became possible, but also bicycle vesen, pick up, return,

and information tracking was ensured (DeMaio, 2009; Shaheen et al., 2013). To rent a bicycle
users are required to provide personal information (e.g. ID details, credit card). In this way, it
has been made easier to traakersby operators in case of problemand to charge the costs
incurred (Gauthier et al., 2013). Third generation systems are considered as the basis of the
rise of bicycle sharing worldwide. In Rennes, France, the first bicycle sharing system operating
with smartcard technology was introduced. Later, more robust systems followed Mgfth?2 Q @
from Lyon in 2005 and the ParisianS f irh 2007 (DeMaio, 2009). Both, are considered the
prototypes of third generation bicycle sharing systems (Gauthier et al., 2013).

Faurth generation: Integration systems

Afterthe third generation bicycle sharing systems, in which implementation of technology has
been very important, it was uncleawhat the contributions of fourth generation bicycle
sharing systems would be. AccordimgReMaio (2009), these contributions were related to
increasing the efficiency, sustainability, and the usability of systems. Shaheen et al. (2010)
identified fourth generation bicycle sharing systems as multimodal systems, or rather
demandresponsive Ths means an usearentered approach, which includes technological
improvements on stations and bicycles to facilitdbe use and share, the introduction of
electric bicycles, and integration with other (public) transportation services (DeMaio, 2009;
Shaheeret al., 2010). In addition, the bicycles are no longer dependent on docking stations,
as the technology requirefr thiswas integrated into the bicycles, referringsmart bicycles.

Fiith generationinteroperability

Increasing use of smartphonésisfacilitated user registration, reservation of bicycles, and
payment by applications. However, the high number of operators existing in cities (especially
in Chinahascomplicated the ease of use of users. Addressing this issue has been resulted in
the fifth bicycle sharing syste@yeneration,interoperability(Huysmans Van Iperen 2017)

The main goal is to ensure that users can make use of different bicycle sharing systems
operatingin the samecity orarea with only one registrationHuysmans Van peren, 2017.

In the Netherlands, th&our de Forceame intoactionas initiative to address this.

Various bicycle sharing systems are currently operating worldwide, of which most of them are
from the third, and increasingly of the fourth generatidn. contract to third generation
systems, he fourth generation bicycle sharing systems offer great potential in terms of
integrationwith urban and transportation systen{s.g. tariff system, user cardnhodularity
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of system (e.g. repositioning of docking gsians), demandresponsive approache.g.
redistribution), and development of environmental friendly technolog{esg. solar panels,
electric bicyclesjMéatrai & Toth, 2016)This makes fourth generation systems very attractive
for implementation. In thistudy, both third and fourth generation bicycle sharing systems
are further analyzed.

2.3.2 Bicycle sharing systems in practice

Before bicycle sharing system implementation, market research is required on the potential
effects (Campbelet al, 2016).Quccessfulness or failure depend on the main objectives as
defined previously to the projectNlédard De Chardon et al., 201®icci, 201p Objectives
NBflGSR (2 0A080fS aKIFINAYy3I aeaidsSya RAMTFSNI FN
one city des not necessary to be achieved in the other city. This makes generalization of
bicycle sharing systems complex. The culture, habits, and infrastructure in countries is found
to playagreatrole in the operation of systen{€ampbell et al., 2016l-or thigeason, systems
operating in Europe are easier to generalize to the Dutch situation. However, since cycling is
part of the Dutch culture, and the Netherlands is characterized by high quality infrastructure,
foreign practicegan bemisleadingn the Dutchcontext In order to get a clear understanding

of bicycle sharing systems in practit@yr systems are highlighted in this section:

. St A0Q operating in Paris, France
ii.  Bycyklen operating in Copenhagen, Denmark
iii. Calla-Bike national system, operatmin Germanyand
iv. OWiets national system, operating in the Netherlands

The systems mentioned above are considered to be representéioausaheyusedifferent
bicycletypes, return forms, and rental pricing systemsSf A0 Q A& (KScyc2aid a&c
sharing system in Europe, mainly because of its high densely network. The Bycyklen-s a high
tech bicycle sharing system operating with electric bicycles. Although Copenhagen is
considered to be one of the best cycling cities in the world, thigsys$ias not been successful

yet. The last two systems considered are combined with public transportation accessibility.
Calla-Bike is a flexible system that provides bicycle return at other locations than as picked
up. The OWiets in the only large bicyel sharing system operating in the Netherlands.
Although this system has been very successful, it has a number of limitations. Those limitations
will be discussed later on this sectidrhis OMiets is used as referential bicycle sharing system

in this study.

+StEAOQ AY tIFNARAZI CNIyOS

9aitlof AaKSR AYy HnnTtI ++StA0Q NBLINBaSyda GKS f
in Paris, France, this system includes over 23,600 bicycles within a network of 1,800 docking
adFdA2ya oxSft A obDsI bicycle shanngsystes finAvbich ddcking $tatidiJare
spread throughout the city and located 300 to 400 meter of each other, facilitating access to

its users. The shared bicycles are available to everyone, and for all users the first 30 minutes

is free of charge. However, a distinction is made between shemn and longterm
subscribers. Shotterm subscribers can rent a shared bicycle only at terminals by buying a
ticket for a period of one day or a week, costs are 1.50 and 8.00 Euro respectivalyo(\EE
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2017). By using their subscriber card, lgaagn subscribers have easily access to a bicycle at

any docking station in the city. Subscription is for a period of a year and costs are 29 Euro.
CKSYy>S (GKS SftA0Q aKI NBR 0 ¥da&Oyfed aith@ mgkimons dzi S
rental time duration of 30 minutes. After the first 30 minutes, lelegn subscribers have to

pay an increasing rental free by each additional half hour.

The large numbeof docking stations ensurelaackto-many system, andherefore, users do

not need to return their bicycle to the piakp location {.e. backto-2 Yy SO @ +Sf A0 Q A &
a successful bicycle sharing system and recognized all over the world. This is based on its
accessibility, flexibility and low fare fee. Wever, there are also downsides concerning the
system, as for instance the need f@distribution of bicycles The shared bicycle fleet (flow

of bicycles) is different for each station, and being never equal between stations. Every day
again bicycles have be redistributed over the docking statiorsto provide enough supply

at stations and free places for retuqiresulting in high operation costs. Based on historical
data the supply is regulated. However, optimal distribution is hard to achieve. leraal
stimulate this users can get 15 minutes extra for free at the next ride, when returning the
bicycle at the so called + b-Rlus)tationsé + St A6 QX HAMTU

Bycyklen in Copenhagen, Denmark

Bycyklen is &ourth generationbicycle sharing system openagy in the city of Copenhagen,
Denmark. This system followed up the Copenhagen City Bike system, which represents the
first system of the second generatigsee Section 2.3.1Ypgrading the Copenhagen City Bike
system was found to be costly, and the blegcdisappeared from the city after expiration of
the contract in 2013ZCPH Post, 2012As successor the Bycyklen was introduced by GoBike
andthe government in 2014. Modern and innovative electric bicycles were designed, in which
integration with the pullic transportation network is provided. Users can rent a shared bicycle
with the Ww S 2 3 i% Jti® Banich public transportation card. The bicycles are equipped with
a tablet on the steer, ensuring control of the entire renting process (e.g. pick turnre
payment), GPS navigation, and get public transportation information about connections and
stations (Bycyklen, 2017).

Registration is required for using a Bycyklen. Although there is no application available,
individualscan register themselves orsenartphone or even on the tablet of the bicycle. Users
pay a hourly fare fee of approximately 4 Euro (i.e. 30 Danish Crows), but also a deposit by
credit card is needed (Bycyklen, 2017). Subscription is possible on monthly basis. The rental
fee is generajl higher than bicycle sharing systems operatingther European citiesMain

reason for this, is thathe Bycyklen operates with electric bicycles which have higher usage
costs. However, with the Bycyklen a travel speed of 24 kilometer per hour carhleyed.
Depending on the riding style of users assistance over a travel distance of 25 kilometers can
be provided with a full battery (Bycyklen, 2017). Picking up an electric shared bicycle is
possible at all docking stations spread throughout the city.@&odrop zonesre added to

the network of stations. This increases the flexibility of the system, however more control and
distribution activities €.g.move bicycles with empty battery) may be required. Users do not
needed to return their bicycle tde pickup location. They can return their bicycle at any other
docking station or dropping zone in the city, and those locations can be viewed on the tablet.
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Initially the objective of the Bycyklen was to provide an alternative mode for commuters. By
using the Bycyklen commuters could travel directly to their work, or use it as access or egress
mode to public transportation. However, in first instance the bicycles were mainly used by
tourists. This was because residents presumed that the Bydykigative was more suitable

for tourists, and therefore they did not use the bicydl€openhagenize, 2013)owever, after

a moderate introduction the use of the Bycyklen bicycles has been increasing.

Calla-Bike, Germany

Calla-Bike is a bicycle sharing systehat combines public transportation accessibility (Call
a-Bike, 2017). This system is operated by the Deutsche Bahiérman national railway
company), and includes 13,000 bicycles spread over 50 cities in Germany. -Cakedo
CallBikesare mainlyavailable at docking stations located at train stations, city squares, and
intersections. Important to note is that the system differs from one city to another, in terms
of return form or rental fees. The number of registered users have been increasingheve
years, and reached 860,009 2016 (Calta-Bike, 2017).

To use a CallBikmdividualshave to register. This can be done through the -@dllke
application, on internet, or at terminals. After registration users have the possibility to rent a
CallBke by a phone call or application. Registration is accompanied with an annual
membership, and costs&iro per yearThe rental fee differ by city and can be based on a fix
rate per minute or half hour (Gauthier, 2013). In most cities users have to paatd 30
minutes 1 euroHowever, in Hamburg, Stuttgart and Lineburg the first 30 minutes of use is
free of charggCalta-bike, 2017) In order to lock a CallBike users have to call the telephone
number given on the bicycle which includes the CallikeSubsequently, by voice addgit
opening code is provided that can be entered on the touchscreen lock. The same method
applies for returning the bicycle, with the addition of the street name where the bicycle is
locked at. However, users can also obthia 4-digit opening code by using the application. In
some cities (e.g. Munich, Frankfurt am Main) bicycles are equipped with GPS in which return
can be satisfied by pressing a button. GenerélblIBikes can be picked up at docking stations.
However, thereturn form differs from backto-many (docking stations) tivee Floating (drop
zone) by city. For instance, CallBikes can be dropped at many street corners in @aligh

Bike, 2017)

The Calb-Bike bicycle sharing system is found to be an additmrthe current public
transportation system. Travelers can use a CallBike for their access and egress trip. The
availability of CallBikes providéghem an alternative mode to travel short distances after
public transportation use. In addition, the builtlock ensursthat breaks can be made during

the ride. Although almost all CallBikes are traditional bicycles, pedelecs are introduced in some
cities (i.e. Stuttgart) to travel faster between locations.

O\Aiets, the Netherlands

The O\Hiets, is a Dutchnationwide bicycle sharing system which originated in 2003. This
system has experienced a strong growth in recent years, and is still growing fast. In 2016, 2.
million trips wererealized by usersand this is 26 percent more compartmthe year2015
(Verkeersnet, 201Y. The current O¥iets network provides bicycles at almost 300 locations.
Bicycles are mainly available at stations, bus and metro stops, city centers, arahparée
facilities(NS, 2018)This is because, the @ts system serves as @&xtension of the public
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transportation network, and involves mainly egress trips. Although the demand of bityades
exceeded supply, expanding the @&ts network isstill not the caseThe focus of NS (i.e.
Nationale Spoorwegen; the Dutch nationailiay company) isather increasing the supply
at the main train stations, i.e. Amsterdam, The Hague, and Utrecht C€NBal2016)

Given the high bicycle ownership in the Netherlands, bicycle sharing systems are less
attractive in first instance. Howev, becausemost of thetravelers only own a bicycie the
accesgphase of multimodal (train) transportation journeysere is a need for fast, reliable,

and flexibletransportation modean the egresgphase The OMiets provides this alternative to
users.However, the system can be characterized by some limitationstder to rent an OV
fietsusersare required to own a public transportation card (i.e.-€h\fpcard). Membership is
required, however it i$ree of charge Subscribers can rent a bicy&be 3.85euro per trip per

day, with a maximum of 3 dagensecutivelyNS, 2018)The rental fare of the O¥fets is high
compared to other bicycle sharing systems that are currently operating in Europe. For this
reason, the system is usually used onrasidental basisThere are three way® rent an OV

fiets: at a guarded bicycle parking, se#frvice bicycle parking, and bicycle carousel. In
principle by scanning th®\tchipcard of theuseran OWiets is allocated. During the rental
period,userscanmake unlimited use of the bicycle, in which they can lock andtharkicycle
anywhere theywant for their travel. In general, the Ofiets satisfiesusersin convenience,
speed, freedom, and costsFiétsersbond 2011; Ministry of Transport and Water
Management 2009). Using the Ofiets enable travelers to move fast from one place to
another, without having to search for a docking station during their trip, at relative low costs.
Unlike other bicycle sharing systemusersare always required to return thbicycle to the
same location as they picked upulfersdeviate from this, extra service costs are charged.

In the past, alternatives were presented for the -@&ts, such as electric bicycleskigycle)

and scooters (Maartens, 2015). Between 2011 20d4, at a limited number of stations,
travelers could rent an-bicycle. The aim of this initiative was to increase the travel range of
travelers. However, objectives have failed and thisative was stopped at the beginning of
2015 (Maartens, 2015At that time, ebicycles were not profitable enough because of the
low number of users and high operational costs. Additionally, more parking space was
required for ebicycles, compared to traditional bicycles. The initiative of scooters failed for
the sane reasons.

The OMiets is mainly used for visiting friends or family members 4i2percent),andis less
common forbusiness related trips (i.e. 18 percernd social recreation (i.e. 13 percent)
(Fietsersbond, 2011Y.his may explains the fact thatost of the users (i.e. 56 percentjake
usethe OVAiets less than once a monthn general, the O¥iets users are content with the
service provided and indicated convenience (i.e. 79 percent), freedom (i.e. 68 percent), and
speed (i.e. 44 percent) als¢ most important factors for use. On the other haadarge share

of the userg(i.e. 41 percentjndicated that theywould like to be abl¢o deliver the bicycle at
other locations at no or lower cos(gietsersbond, 2011)
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2.3.3 The potential of Bycle sharing systems

It is widely assumed that bicycle sharimgsa positive contribution to social, economic, and
environmental aspects (DeMaio, 2009; Handy et al., 2014). This reflects the growing interest
in bicycle sharingystemsmplementationworldwide, in which goals are related to increase
the cycling population, reduce congestion, enhance air quality, and improve public health
(DeMaio, 2009Gauthier et al., 20L,3Matrai & Toth, 2016and Shaheen et al., 2010The
benefits of bicycle sharing tour society andthe potential towards more sustainable
transportation in cities are described below.

Contribution to urban quality

Bicycle sharing contributes to the urban quality of life in different ways. It provides individuals
a transportation mode lernative to travel over short distances that are beyond their reach
on foot, and otherwise have been made by car (Gautéiexl., 2013) For instance, atudy by
Caulfield et al. (2017), revealed ttraore than70 percent of the tripgakeless than 9 nmutes.

A decline of private car usar increase of public transportation uslerough bicycle sharing
introduction has been the goal of several cities (e.g. Washindddd.and Londoi) aiming to
reduce congestion and improve the air qualiifidgley, 201). Wang and Zhou (2017) found
that with bicycle sharing introduction, if one percent of the current private car commuters
shift to other transportation modgthis will result in a 0.3 percenmtductionin congestion
levels.The availability of shared biclgs has also an effect on the cycling population. Next to
existing cyclists, bicycle sharing prograane able to attract new users, thus increasing the
cycling population. In cities such as Barcelona and Paris this relationship has been proven
(DeMaio, ®09). More people cycling, contributes to a healthier populatibecausecycling

is an active transportatioomode (Gauthier et al., 2013). Although bicycle sharing mainly
concerns environmental issues, it can improve the image of cities and possibly areatling
culture over time (Gauthier et al., 2013).

Integration of transit and bicycle sharing systems

Public transportation and cycling are often promoted to mitigate the negative impacts of
private car use. Previous research (e.g. Martens, 2004;eé?P@thal., 201Q and Rietveld &
Daniel, 2004 noted that efficient integration of cycling and public transportation has the
potential to increase the share of transit use. However, this integration is seldom seamless, as
it does in the Netherlands. Despitgcling is typically Dutch and transfer stations are mainly
reached by bicycle, the share of cycling is relatively low in the egress phase (as discussed in
2.2.2). Bicycle sharing has the potential to overcome shortcomings related to bicycle and
public transportation integration (Jappineat al., 2013).The integration between bicycle
sharing systems and public transportation aims to encourage travelers to use the bicycle as
transfer transportation mode to and from transit stations. However, consideriegDhtch
situation, where most a large proportion of the population aenbicycle in the acceghase

a bicycle sharing system would contribute to the public transportation service by facilitating
transportation in the egress phaseéeveral authors (e.gMatrai & Toéth, 2016) have
documented the potential of bicycle sharing systearsd especially in the egress phasane

reason is that cycling has a higher speed compared to walking which could encourage travelers
who generally walk to their final destinat to useshared bicycles instead, and bicycle sharing
systems provide a more flexible service compared to public transportation, such as the bus
(Keijer & Rietveld, 2000%everal authors (e.g. Jappinen et al., 2013; Nadal, 2008; Shaheen et
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al., 2010) reprted that improving the accessibility to and from transfer stations is one of the
main goals of bicycle sharing systems. For public transportation, integration with bicycle
sharing systems is of value, as it increases its competitivenasgation to the private car.

For instanceJappinen et al. (2013) fourttdat the launch of a bicycle sharing system could
decrease travel times with public transportation by 10 percent, as a result of reductions in
access and egress time3he integration of bicycle shag systems with the public
transportation service have a langehance to succeed in especially in larger citidss is
because population density is fourmhe of the mostimportant factors of bicycle sharing
system performance (Gauthier et al., 20Médard de Chardon et al., 2017; and Zhao et al.,
2014).In general, larger cities are characterized by more robust public transportation systems,
compared to smaller cities (Wang & Zhao, 2017). The allocation of bicycle sharing systems
nearby public transprtation stops or stations would therefore encourage multimodal
transportation by providing more seamless connections. In addition, the system can increase
the accessibility to suburbs or work locations (e.g. industrial areas) (Zhao & Li, 2017). In smaller
cities, the implementation of bicycle sharing systems can contribute by serving as a
complement to the existing public transportation system (Wang & Zhao, 20h1R.study
considers the integration of bicycle sharing system and ttadoes this by preiding a bicycle
sharing system in the egress phase of multimodal train journeys regarding commuting trips.

2.3.4 Characteristicsf bicycle sharing systems

Bicycle sharing systems consistdferent characteristicghat influence their attractivenes
and feasibility from the perspective of the user. Huysmaarsl Van Iperen(2017)
distinguisted in total five characteristicshat determine the design of bicycle sharing systems.
This sectionbriefly discusseghese characteristicsand definesthe bicyck sharing system
characteristicghat are further considered in the study.

Accesdo bicycle sharing system

Theaccesgo bicycle sharingystems refer to the possibility of individuals to make use of the
service provided, the bicycleB generalbicyck sharing systems can bestinguished bywo

types of system@ I Qi@.S(idapen systemsnd (i) closed systemspen systems are
available to all individuals (the public) for use, while closed systems refer to systems that are
only available for agstricted group of individuals, such as employees of a compeatoyrists.

Userregistration

Regardless aflhetherthe system is open or closed, user registration is necessary for the use
of a bicycle from the system. By user registration, ithentity of the user is provided to the
operator of thebicycle sharingystem.One the one hand, users can regispar ride. This
meansthat usersmust provide personal informatiorat eachrental session On the other
hand one-time registration is more conveniernd time efficientfor usersat regular use.
Users have access to the bicycle sharing system for a certain period df.gnfer a week,
month or year)by using gpublic transportation)card or smartphone applicatio®netime
registration is usuallgpplied in modern bicycle sharing systems.
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Returnstructure

The returnstructure of bicycle sharing systems is more complex, and therefore an important
designelement. Basically, there are threeturn structures as presented ifrigure12. The

first return structureisbackto-one. Bicycle sharing systems with thesurn structure ensures

pick up and return of bicycles at the same locatithe docking stationA more flexible system

can be provided by thbeackto-manystructure. Users do not need to return their bicycle to

the same location as picked up, but they are able to return at other locations as the system
provide to them. The laseturn structuredefined isfreefloating, and this is the most flexible

one. There aremdocking stations available, but however a geographic area is defined. Within
this area the bicycle can be returned and made available for use to otBieysles operating

with a free floatingreturn structure are equipped with an intelligent lock. THisck type
prevents lockage of the bicycle outside the determined geographical area. Consequently as
the bicycle cannot be locked, payment cannot be completed. As a result, costs keeps
increasing for the user until the bicycle is moved into the geographreal.

! ahad! %9
®o——© BO e Al Fo o do

Back-to-one Back-to-many Free floating

Figurel2. Return forms of bicycle sharing systems; based on work by Huy&nwarslperer(2017)

For the sake of simplicity, bicycle sharing systems can be divideiikiedi@andflexiblesystems
(DeMaio, 2009)Many bcycle sharing systems are operating according the flexible return
& 0 NHzO( dzNB = & dzQakbikd (see SeQioni2 3.8) hl Oyfiets usés fafixed return
structure, which means that users are required to return the bicycle at the same location as i
was picked up.

Number ofocations

The number of locationr the network of bicycle sharing systenis an important
characteristioof the design In principle three types of networks can be distinguished, i.e. (i)
singlelocationnetworks, (ii) restrided networks, and (iihigh density network(Huysmans

Van Iperen2017) Traditionalbicycle sharingystemshat require both pick-up and return of

the bicycle at the same location can be characterizedalsingle location networkSuch
systems oftemmequire registration per use. Bicycle sharing systems that have a limited number
of locationsspreadover acity or spreadover a largeregion can be characterized by a
restricted network High density network bicycle sharing systems are often operatingoian
areas and characterized by many stations within an specific area.

The accessibility of bicycle sharing systems depends on the number of distribution groints
rather docking stations in an area (Gauthier et al., 2013). Increasing the number afglock
stations,i.e.the density of the network, within a certain area ensures that individhalseto
covershorter distanceto access the system. The general guideline for the distance between
dockingstations is 300 meter, which is equivalent to 4 mesitvalking (Gauthier et al., 2013
Shaheen et al., 20)0rhe preferred maximum distance from the public transportation service
to the bicycle sharing system is 400 meters (Shaheen et al., 2010).
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Type of locations
The network of bicycle sharing systemsoatiepends on the type of locations where the
bicycles can be pickegp and returnedin generalfive types of locationsan be distinguished

i. Residencdocations
ii.  Worklocations
iii.  Touristor recreationalattractions
Iv.  Public transportation stops omain sations and
v. Parké& Bike locations

The network of bicycle sharing systems can have diffetgoes oflocations. However, it
should be noted that the type of location is dependent on the potential users (i.e. the
individuals the system aims to reach)tbé system (Municipality of Amsterdam, 2017).

Based on the fiveesigncharacteristicgliscussedn this sectionin total five types of bicycle
sharingsystemscan be distinguishe@s shown inFigurel13. The current OMiets system
belongs toa publictransportationbicycle sharing systenThis system is characterized by a
large scale network with docking stations spread throughout the Netherlands. Most of the
pickup locations are locatedearby public transportation stops andtations. However,ni
relation to urban bicycle sharing systems, the-f@ts system offers less flexibilitidrban
bicycle sharing systems are characterized by a high density network of locations within a
specific defined area. This increases the fleyolf users to realize trips. Having many bicycle
sharing stations implies that users need to walk less to reach a station (access), and walk less
after bicycle return (egresdn this study, it is assumed that urban bicycle sharing systems can
contribute to the integration with public transportation, and especially the tralrban bicycle
sharing systems should serve as egress mode from the train station at the aetigliside to

the final destination (i.e. work location).

Corporate Park & Bike  Traditional Public Urban
transportation
System access  Closed Closed Open Open Open
Registration One-time One-time Per use One-time One-time
Return Back-to-one  Back-to-one Back-to-one Back-to-one Back-to-
(Fixed) (Fixed) (Fixed) (Fixed) many
(Flexible)
Network Small scale Smallscale  Single Large scale High density
Restricted Restricted location restricted
Locations Company Transferia Urban PT stops and Urban
PT stops and stations
stations

Figurel3. Types of bicycle sharing systems; based on work by (Huysmans et al., 2016; and Municipality of Amsterdam, 2017)
Next to the five above described bicycle sharing systems characteri$terg, are other

system characteristics explored in theehditure that have an effect on the attractiveness of
the system. These characteristics are:

i. Bicycle type
i. Rental fare
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Type okhared Icycle

Assuming that individuals have their own preferences, this make it difficult to prowdarad
bicycle that sasfy the preferences of all (potential) users. Many factors have to be considered
when designing aharedbicycle for public use. Basic design aspects relate to (physical) size of
individuals(i.e. weight, length)Shared kcycles should be appropriate fatl individuals for
travel, and therefore be easily adjustable to different sizes. In addition, it is also important
how shared bicycles look like. Generally, shared bicycles have a distinctive appearance,
referring to their operator. Sincadividualsadd value to their appearance while in public, the
design of bicycles may attract or even discouragbvidualsto use bicycles of operateior
shared bicycles at all. Especiadlyaredbicycle use by businessdividualsis found to be
influenced negativel (Heijningen, 2016 Considering practical factors, the bicybksto be
robust, requiring low maintenance, and secure in use. Additionally, aspects related to theft or
vandalism have to be taken into account. The bicycle have to be designed in a such wa
preventing or limiting the chance of theft and vandalism. For this readwaredbicycles have

to be equipped with a tracking mechanism which ensurespbesibility of the bicycle to be
trackedby the sharing operator when required to do. &hared eletric bicycles differ in some
aspectsfrom the traditional (nonelectric) shared bicycle€vidently, electric bicycles are
equipped with battery and require charging facilities. Tedtery provides assistance and
ensuresindividualsto move faster and wi less effort. Additionally, some shared electric
bicycles are equipped with modern gadgetstiakethe ride attractive and convenient. One
example is the GoBike, which is originally a Danish sySthis bicycle type has a tablet with
built-in GPS, lugagge rack on front, LED lights, and puncténee tires (Bycyklen, 2014). With

the tablet, thesharedbicycle can be unlocked and locked, grayment be done. In addition,
providinginformation regarding the availability of bicyclgsiblic transportation conections,

and location of dockingtations is possible to users. Suahycles are commonly referred to
Smart Bicycles he introduction of shared electric bicycles in systems is intended to decrease
the impact of areas, making the use of bicycle shasygiems more attractive (Matrai & Toth,
2016).

Pricing

There are severalost structures for bicycle sharing systems. A common cost struosee
for urbanbicycle sharing systengse. high density networky free 3@minutesuse (Gauthier

et al., 2013)After this period of time the user is charged by every additional 30 minutes. The
focus ofsuch bicycle sharing systemsraher on increase the cycling population, than
generating high revenues&icycle sharing systenwith a free 3Gminutes cost struttire are
operating infor exampleLyon & S f )2 Ra@s@ib®, Montreal (Bixi) and Madrid (BiciMAD)
(Matrai & Téth, 2016)The rental fare aftethe expiry ofthe free 30minutes use differ by
system andvaries from 0.6CGuro (BiciMAD) to 1.4%®uro (Bxi) (Matrai & Toth, 2016)The
German nationwide bicycle sharing system (&#like) uses fora specific bicycle type
(pedelec$ a cost structure where users pay @@rocentper minute (Calta-Bike, 2018). The
O\Aiets in the Netherlands operates withdaily cost structure. A main reason for this, is that
promoting cycling is not the principle objective of the systebut proving an alternative
transportation mode for the egress trip.
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2.3.5 Bicycle sharing system mode choice

In the previous sectiaknowledge has been gained regarding bicycle sharing sygsteat
are operatingabroad, the Dutch bicycle sharing system-i@¥s, and the elements of bicycle
sharingsystemdesign. This section discusses the medtvantinsights from the literature
that will be used in the SP experimgi@hapter 3)This relates to the attributes that influence
the attractivenessof the useof bicycle sharing systesnThe bicycle sharing system mode
choice is approached from three perspectives:

i.  Triprelated characterists;
ii.  Bicycle sharing systemelated characteristics; and
iii. Userrelated characteristics.

Although it is assumed that the cycling culture in Netherlands can influence the feasibility
of bicycle sharing systems in the Dutch cities, the implementatidriayicle sharing systems
can offertravelersan additional sustainable transportation alternative (Heijningen, 2016).
This is especially the case in the egress trip of train journeys, when tradelerst havethe

own bicycleat handand, in particular, ae forced to walk ouse public transportatioto reach

the final destination(discussed in Section 2.2.Rather than allocating bicycle sharing system
station at residential locations (i.e. for the access trthg stations should be allocated at
publictransportation stops and stations, work locations, tourist and recreational attractions,
and incity centers. A good example in practice is tBerman Calh-Bike bicycle sharing
system, which offers great flexibility to usesthe locations of need

Trip-relatedcharacteristics

Thewillingness to use the service provided by bicycle sharing systems is influenced by the
current travel patterns of individual$n order to promote the use of bicycle sharing systems,
the system must be regarded by individsias an improvement to the current travel patterns.

For example, if thentegration between bus and trainis seamless, and the bus service is
reliablein the egress phase, the chance of failure of bicycle sharing systeronsiderable.

The same applieshen traveles experienceatoo high effort to use the systenthe current

trip patterns are therefore important to analyze.

The following trip characteristiagill be analyzed:

Frequency of commuting;

Current (main) commuting transportation mode;
Totaltravel time

Egress travel timeand

Residence and work location.

> > > >

Bicycle sharing system characteristics

The bicycle sharing system characteristicattributesare alreadyexplained in Section 2.3.4.
Incorporatingof all attributesin the SP experimentould makethe experimentunnecessarily
complexfor the respondents. For this reason only the most relevant characteristics that are
expected to influence the mode choice of individuals will be furtwrsidered The selected
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attributesdo not only relateo the characteristics of the bicycle sharing system, but also relate
to the commuting (egress) trip itselfhe following attributes are selected:

Return option;

Bicycle type;

Reservation option;

Rental fare;

Density of bicycle sharing system statioasoess and egress time);
Reliability of the system (waiting time).

I v > > >

User characteristics

The socioeconomic characteristics of users are expected to influence the preference for a
bicycle sharing systerim addition, past experiences may influence the vadundividuals for
bicycle sharing system use. For this reason also their experience with thet©) important.
Furthermore, attributes, habits and social norms are found to influence the travel behavior,
and therefore the transportation mode choia# individuals (Ajzen, 1991; Aarts, 1996). The
following attributes and factors are analyzed:

A Socioeconomic characteristics (gender, age, education level, household type);
A Experience with O¥iets;

A Attitudinal factors regarding commuting (main) transpdita mode; and

A Attitudinal factors regarding bicycle sharing systems.

2.4 TRANSPORTATIMODECHOICE

At is widely recognized that attempts to address unsustainable patterns of travel involve a
detailed understanding of travel behavior and the reasonglioosing one mode of transport

2 S NJ | (Agabl& 20D p. 1). There are various arguments for which individuals decide
to use the private car instead of other transportation modes. Travel behavior is traditionally
approached from the perspective tifne, costs, and socioeconomic factors; based on the
Theory of Maximum UtilitgSchneider, 2013). This theory postulates that each individual seeks
to maximize its utility, and chooses the transportation mode with the highest utilityigar

& Willumsen, 2001). However, many studies applied psychological theories to predict
transportation mode choice (Anable, 2005). In particular Tieory of Planned Behavjon

which several psychological factors are brought together by Ajzen (1991). It is widely
recoghized thatthe Theory of Planned Behaviorodelhavea high predictive power (Anable,
2005; Hendriksemt al., 2010). This approach assumes that individuals have differesds

and preferences and therefore consider transportation mode alternatives fraimeir own
perspective. Rather than maximum utility, this approach is supposed to provide a more
complete understanding to mode choices.

24.1 The Theory of Planned Behavior

NRAY 3 (2 !efplaifivghumandehavidr inLdtbits momplexits a difficult

1 002
| &Thisé reflects precisely the purpose of Tiieory of Planned Behavidn order to predict

l.:.l
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and explain human behavior, a number of conditions have to be met. First, a particular
behavior can only be followed if individuals consitleat behavior alternative; and second,
interventions should be avoided, since those may affect intentions or perceptions of
individuals of being capable to follow a specific behavior. The theory of planned behavior
postulates that behavior is a function loéliefs The (ipehavioral beliefsefer to the influence

of attitudes towards a specific behavior; (igrmative beliefsefer to views and expectations

of others; and (iiigontrol beliefsnvolve perceptions of behavior control (Ajzen, 1991; Anable,
2005). The intention to follow a specific behavior is determined by three independently
related determinantsAttitudesreflect all important convictions and values of an individual
towards the behaviorsocial normsrefer to the convictions as expectedofn the social
environment of an individual, and the pressure associated by following or not following the
behavior; andperceived behavioral contred a function of controlling beliefi& accordance

with the perceived ease or difficulty of following thetmavior (Ajzen, 1991; Hendriksenal.,

2010) In principle, a behavior change can be achieved by changing any of these factors
(Hendrikseret al., 2010).

Inclusion of habits in Theory of Planned Behavior

Next to attitudes, social norms, and perceivechbeioral control, alsdabitsinfluence the
decision making process of individuals (Aarts, 1996). Specific decisions often made in the past,
or rather recurring patterns, ensure decisions being made less consciously and reasoned
(Dianaand Mokhtarian, 2009. Individuals with aveak habitconsider all possible alternatives

to them, while astrong habitlimits the deliberation process; increasing the variability among
individuals (Aart®t al., 1998). Since travel behavior cannot be fully explained ratignadly
however assumed by Ajzen (1991), expanding the model with habit increases the
predictability of transportation mode choices (Aarts, 198i@ndrikseret al., 2010).

(Aarts, 1996)

Attitudes

Individual
characteristics

Subjective

Intention

form

Perceived
behavioral
control
(Ajzen, 1591)

Context
factors

(Hendriksen et al., 2010)
Figurel4. Theory of Planned Behavior from Ajzen (1991héu elaborated by Aarts (1996) and Hendriksen et al. (2010).
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Inclusion of context, knowledge, and socioeconomic factors

Besides the intrapersonal determinants as mentioned above, the transportation mode choice

of individuals is also influenced lmpntext factors,socioeconomidactorst Y R A Y RA @A R dzl
knowledge (Hendriksenet al, 2010). Thecontext factorsrefer to the journey or trip
characteristics; socioeconomic factors involve the characteristics of individuals; and
knowledge refer to the ability foindividuals to consider other transportation mode
alternatives. Both, socioeconomic factors and knowledge have an indirect influence on the
transportation mode choice. IRigurel4the elaborated Theory of Planned Behavior model

presented.

24.2 Personal factors

This section discusses thersonal factorsof the elaborated Theory of Planned Behavior
model, as illustrated in previous section. The factors that are discussed relatertdiadual
However, this does not medhat the environment(with respect to relatives, colleagues, etc.)

of an individual is left out of consideration. Views of others can well exert an indirect or rather
direct influence on the travel behavior of amgdividual(Hendriksen et al., 2010)

Individualcharacteristics

Various studiege.g. Beirdo & Cabral, 2007; Cervero & Duncan, 2003; Krygsman jr2@zl)

field of travel behavior includedhdividual characteristics referring to demographic and
socioeconomic characteristics. It is assumed thdividual characteristics do not provide a
direct basis for explaining transportation mode choice (Schneider, 2013), but are rather
indicative to more complex determinants, such as attitudes and habits (Anable, 2005; Welles,
2003).The most often analyd individual characteristics were useage, gender, education
level, household incomandcar ownershipOther identified characteristics aemvironmental
concern, access to household modes. bicycle, electric bicycle, and private car) used by
Camppell et al. (2016);physicaldisability, public transportation card ownershigndaccess to
lease cain Yap et al. (2006

Attitudes

The attitudes concerning a transportation mode is found to have an influence on the
transportation mode choice of induals (Harmst al.,2007 Welles, 2003; A Y 0 Sdt&.€ f dz
2015).Attitudes reflect the cognitive evaluation process, that are based on expectancy beliefs
and the desirability of consequences of choosing for a specific transportation mode (Steg,
2005). h principle, individuals choose the transportation mode that best meet their level of
expectancy. How transportation modes are perceived dependnstrumental factorqe.g.
speed,convenience, and comfor{Anable, 2005Hensheret al,, 2003; Langendonck009)

but also feelings reflectingffectiveandsymboligsocia) factors(e.g. power, freedom, status)

as well have a considerable effect (Steg, 2005).

The way individuals perceivespecific transportation mode, is also determined by the extent
to which one make use of that transportation moftéarms et al., 2007 This relationship has
been proven in work byarms et al. (2007 in which the perception of individuals on 13
quality attributeswere examined to public transportation, car, and bicycle. ddtributes as
comfort, conveniencgrelaxion speed pleasure safety, independenceand flexibility are
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referred to the car. Public transportation is poorly assessed by travelers, compared to the car
and bicycle. Main reason for this, is that publi@rnsportation does not doeto-door journey
transportation. Therefore, improving the access and egress trip of public transportation
journeys may contribute in getting a more positive vieweTcar is by nature the most
attractivetransportation mode (Beir@& Cabral, 2007).

Social norms

The mode choice behavior of people can be influenced by their social environment. Basically
three elements of social norms can be distinguish&dbjective normssocial pressureand
exemplary behaviofHendriksen et al.2010). Together, these elements influence the image
people have towards a certain transportation mode. On the one hand, this is partly
determined by past experiences, and on the other hand, by external factors. The conception
of others may encourage people stick a certain behavior. For example, if most employees
travel to work by public transportation, this can be considered as exemplary behavior.
Employees who travel to work by car may perceive a social pressure (e.g. from organization
or other employes) due to their deviant behavior. Heinen (2008) found that when people
experience social pressure from their colleagues as a result of cycling to work, they tend to
cycle more often to work.

Perceived behavioral control

Based on own experiences and thagethers, people access whether they are able to follow

a certainbehavior Hendrikseret al., 2010). In thigvay, it may happen that a transportation
mode alternative is not considered by people, as this alternative is even faster than the chosen
transpatation mode. For instance, traveling in urban areas is generally faster by bicycle than
by car at short distances. However, car users do not perceive the bicycle as a faster
transportation mode at those distances. From their perspective, they expectlingienger

by bicycle to their desired destination. The perceived behavioral control relates to the
perception of people regarding the travel speed, time, and distance of transportation modes.
Therefore, it plays an important role in the mode choice afgle between the train and car.

Habit

Habitual travel behavior refers to actions and choices that are carried out automatically
(Ministry of Infrastructure and Environmer2014). This can lead to a routine process in which
people make choices more uncansusly. It is widely assumed that people who use a
particular transportation mode regularly, tend to consider it as an alternative in the future
(Kléckner& Matthies, 2004; Loukopoulo& Garling, 2005; Schneider, 2013). Additionally,
repeated travel behawer becomes more dominant over time affecting the deliberation of
people to choose other transportation modé&arling& Axhausen, 2003For instance, car
habit is negatively associated with the intention or actual use of public transportation
( A YO S Nedjderdz& Rundmo, 20}5This indicates that people who mainly use the car,
tend to be less willing or even consider to use public transportation (or any other
transportation mode).Generally, habits are interrupt in two ways: firstly, in case people
experience life changes or eventBafmberg, 2006; Klockner, 2004nd secondly, when
people perceive their travel to be more beneficial with another transportation mode
(Schneider, 2003 However, if circumstances are kept unchanged, habits are not ndéade
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2.3.3 Situational factors

Traveling involvesostswhich have an influence on the mode choice of people. Although
travel cost are often referred tononetary costsit also includegravel timeand effort (Van
Hagen, 2011; Schakenbes al., 2016).These three cost elements determine the level of
disutility for a specific transportation mode (Schakenkosl., 2016). Since people seek to
reduce the total costs to its minimum (i.e. Theory of Maximum Utilitity), the mode that
provides them the leastravel costs is chosen (Ewing and Cevero, 2010; Schneider, 2013).
Besides trip disutilityavailability of public transportatioms also an important determinant
(Krygsman, Dijst, and Arentze, 2004).
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METHODOLOGY

3.1 INTRODUCTION

Asdiscussedn Chapter 2 the egress trip isegarded asa weak partin the chain of trips of
publictransportation This is egeciallythe casewhentravelling by traing whichis the focus
in this study, travelers experienceuch a higlevelof unreliability and iconveniencehat this
can affect their transportation mode choic&he implementation ofurban bicycle sharing
systensis proposedas a supplement to th&ain serviceto achievemore complete dooto-
door train journeys. Since the Netherlands dealing wth high congestion levels due to
commuter traffic, this travel purpose ismployedwith a further distinction being made
between two types of commuters: the curren) private carand (i) train commuters This
study aims to examine the attributes thatfiuence the preferencef individualsfor urban
bicycle sharing systems, and to investigate the influence of urban bicycle sharing systems
the egress trip of train journeysn the transportation mode choice ahdividuals for
commuting trips The methadology that will be adopted must be supportive.

This chapter discusséise methodology of the present studgnd is structured as followsn

the following sectiorthe theory of discrete choice modeis explained $ection 3.2 This is
followed by the ehboration of the experimental desig(Bection 3.3 Subsequently, he

method ofdata collectionis described $ection 3.4 Finally,the conclusionsare presented
with respect tothe researchmethod adopted Section 3.5

3.2 THEORY dBISCRETEBHOICHVIODELING

In daily life,everyoneis confronted with choice situations including more than one chpice
simplyalternatives Decisionmakingdoes notonlymeanchoosing one of the alternatives, but
it is rather a complete process. For this, the decisiorkendi.e. an individual or group of
individualg is required toconsider a set of alternativesonstrained by the environment
evaluate each of thesend apply a decision rule after whiclthoiceamong the alternatives
follows(BenAkiva& Lerman, 2005Koppelmar& Bhat, 2008. Although the set of alternatives
must be universal, however it may occur that not all alternatives are actually considered by
an individual This subsetf alternativesincludesonly the alternatives that are feasible and
observabé by the individual For example, i&n individuabdoes not have a bicycle available for
use, he or she cannot consider this alternative transportation matdall to realize trips A
choicestems from the valuation of theharacteristicor attributes that reflect alternatives.
Thisallowsresearchesto investigatewhether there are relationships betwedhe attributes
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of choicesmadeby individuals The methodthat has proven its capability to provide insight
into the behavior of individualby modellingtheir mode choice processs discrete choice
models(BenAkiva& Lerman, 1985).

According to Koppelman and BH@006 p. 1), the application ofliscrete choice modédl tha «
Fyrtel S FyR LINBRAOG  RSOA&AAZY VYoetofSitally OK2 A C
exclusive and collectively exhaustive alternativés other words, the decision makenust

be provided with all possible alternativelse able to choose at least one of these, and the
number of alternatives must be finit€redicting thebehavior ofone individualis never the

goal itself, but it is about the behavior of a group of individuedghis studythe population

is defined by alprivate car and train commutetis the Netherlandswhichmakeat least one
commutingtrip per week. For them, it is aimed to provide insight into the attributes that
influence their preference for urban bicycle sharing systems, and the influence of urban
bicycle sharing systems on their transportation mode chorR&her than choicesliscrete
choicemodelsgive an indication to the preferences of individuals thahlead to areallife
decision Assuming that decisions are made rationathe preference for a specific alternative
isdefined bythe total utility that analternativeobtains fromits atributes. This will be further
describedbelow.

3.2.1 Choice and Utilitfheory

The attractiveness of an alternativereflected bythe utility of that alternative(Hensher et
al., 2005) The utility represents a valugat is attachedo an alternatve by individuals Since
individualsalways seek tonaximizetheir utility, it canbe assumedhat the alternative with
the highest utility will beselected Thisrefers to theTheory of UtilityMaximizationwhich is
the commonly applied decision rule dgecision makingoppelman& Bhat, 200$. As noted
by Koppelman and Bhat (200@he utility maximizatiordecision rulas robust and provides a
goodrepresentation of the choice behavior of individudir the application of the utility
maximization rulea functionis requiredthat contains the attributes of alternatives artte
individuals and describes the utility of an individual for each of the alternativiag. choice
behavior of individuals is influenced byboth observedinfluences V, and unobseved
influences 8. The utility function, U, associated witha specificalternative i, chosenby
individual q, is expressed in Equatidgh).

D;q = I{q + &jq (1)

Where:
Y, is the utilityassociated withalternativei andindividualg;
W , is the representative component of utilifpbserved influences); and
-, is the random or error component of utilifunobserved influences).

The observegroportion of the utility of an alternative is a function of the attributes of the

alternative and the individuah Qarameters (Koppelmar® Bhat, 2006).Although, the
unobservedinfluenceis unknown by the researchey and therefore treated as a random
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factor ¢ thisdoesnot imply that the utility of an alternative is equal to tbeserved ifluence
The observed influencer representative component of utilitis defined as a linear equation
andcan be expressedsfollows: Equation )

I{q = 50;’ + 51 f (Xu’) + 52 f (Xzi) + 53 f (Xsi) + -+ ﬁKf (XKL’) (2)

Where:
[ ,Is the alternativespecific constant
[ ,is theweightof a parameter ofttribute k; and
8 , is thevalue ofattribute k associated with alternative

Giventhe theory of utility maxinzation,the alternativewith the highest utilitywill beselected

by the individual Based on thisssumption, the probability afhoosing aralternativecan be

calculated.As denotedin Equation(3), the probability of alternativej, being selected by
individual g, is equalto the probability ofthe utility of alternative,i, beinggreater than or

equal to the utility of alternativej,

P(ilCq) = P(Uiq = U

L Vi € Cp) (3)

Where:
0 , is the probability of alternativebeing selected bindividualg;
Y , is the utility associated with alternatividor individualg; and
Y his the utility associated with alternativjdor individuald.

3.2.1 Logit models

After having discussed the main principlesobibicemodelling, attention will be paid tthe
logit modelsthat areappliedin the present studylt is widely assumed that logit models are
capableto model complex transportation mode choice behasiof anypopulation(i.e. group

of individuals(Khan, 2007; Ye& Chen, 201). The mathematical framework of logit models
is based on the theory of utility maximizatioFhis has been elaborately discussed in previous
work fromBenAkivaandLerman (1985).

Two typesof logit modelswill be discussedn this study.

A Binary Logit modehnd
A Multinomial Logit model

The main difference between these two logit models, lies in the number of alternatives that

are includedo the model As the name revealBinary Logit (BL)models are capable to model
onlytwo discretealternatives whereasMultinomial LogittMNL)models aresuitableto model
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higher numbers of alternatives(Khan 2007). Both type of logit modelsare applied inthe
present studyThis will be further discisgd inSection 43.

In general, three assumptions appliEs logit models regarding the random component of
utility (- ) (Khan, 2007)The random component of utility is,

i.  Gumbel distributed;
ii.  Independentlydistributed; and
iii. Identically distributed

Thefirst assumption indicatethat the utilities of an alternativeshould be assumed as the
linear sum of attributesandhave the same scale parametéisually, the last two assumptions
are combined and referred tmdependence of Irrelevant Alternagis(I1A) which means that
the alternatives used are independent of each other.

As mentionedoreviously BL models and MNL models diffesm each othetby the number
of alternatives than can be includéathe model. This implies that both models argpessed
differently. The probabilitpf an individuachoosing alternative, by individual,q, is given in
Equation @) and 6) for BL models and MNL models respectively.

L exp(Vig) :
P, (1) = ex0(Vig) +exp i) Vi € C, (4)
P() = —2Y)__ yiec, (5)

Ljecq eXP(Vjq)

Where:
0 , isthe probability of alternative being selected by individug]

Themathematical technique dflaximum Likelihoodstimation(MLE) is one of the mossed
to estimatethe estimators, orparametersof discrete choice models (Hensher et al., 2005).
Accordirg to BenAkiva and Lermaf1985, p. 2Q)the estimators can be described ésii K S

Gl £dz2S 2F (GKS LI NIFYSGSNBR F2NJ 6KAOK (GKSn 2063aSN.

other words, the MLE is used to estimate the parameters that explaichioece behaior of
a population. To calculate thgparameters by MLEuNnction, the observations o& (random)
samplemust beindependentlyrelated (Wittink, 2011).Accordingly the likelihood of the
whole sample is the product dfie likelihoods of the individual obseations as indicatedvith
the symbo] B, in Equation (6). The MLE functiomontainsan indicator variablew , whereit
is defined by valuef 1 if individualg, choose alternativa, oravalue equal to O if alternative,
J, iIs chosenThe MLE functioran beexpressed as follows:

L) = ﬁ]_[Pq(f)yw ©)

q=1 iec;,
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Where:

is the likelihoodf the model assigned to the vector of the alternatives;

, IS the probability of alternativebeing selected by individug|

ep"Q"'Qé Q QU m:ﬂ&)&oloo@ 0 Qi §;Ql')(‘3 ‘Qu Q
T'QIQE Q QU YA &di@ 0 Qi €0 QU Q

0,
0
® , is the indicator variabl

The MLE function presented above can be transformed intd_thge LikelihoodLL) function
asdenoted in Equatior7). Several authors (e.g. Abdahl, 2017; Ber\kiva& Lerman, 1985;
Khan, 2007havedocumented thisapproachas being more convenient for usempared to
the MLE functionSince the Lofunction is monotonous,te values of the paramete not

changeTo calculate the LL function, the natural algoritlongof the probability of alternative,
i, being selected by individual, issolved

LL(B) =ZQ: Z Yig X In(Pig) (7)

n=1ieCq

In order to provide insight into the significance of Logit models descriptive measures, i.e.
the (i)Log LikelihoodLL)ratio-testand the (ii)Log Likelihoo@_L)atio-index will be discussed
that are used in the present study.

Firstly,LL ratietest, also referred ta;2LLis briefly discussed-or this test, the LL function of
the unrestricted 00 , andrestricted 00 , modelis comparedwith the Chisquared statistic,
? , as expressed iBquation(8). AssumeKfor the number of estimated parametershe value
of the chi-square statistic can bdeterminedfrom the distribution table depending on the
number of degres of freedom (i.e. 0 0 ) and level of confidence uset.the difference
between the unrestricted and restricted model is considerdahbt exceeds the cksquared
statistic (i.e.? z¢ ,), the null hypothesis can be rejected, which postetathat the
unrestricted model is niobetter than the restrictedmodel (Koppelman& Bhat, 2006)

Likelihood ratio-test = x> = —2(LLg — LLy) (8)

Where:
00 , is the likelihood of the restricted model; and
00 , is the likelihood of the unrestricted model

It should be notedhat in the remainder of this study, the unrestricted moglgb , is referred
to the optimal mode] 00 , and the restricted model0 , is referredto the null mode) 00 .
This is done to allow a better interpretation of the model resakslisaussedin Chapter 4

The second measui logit modelds thelLLratio-index which is reflected by the rhsquared
value (?). This measure describes theerall goodness of flhetween two statisticamodels,
i.e. how well a model performs in relation & seconanodel (Hensher et al., 2005ThreelLL
functions oflogit modek can bedistinguishedKoppelman & Bhat, 2006)
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i.  Null model 00 ;
ii. QGonstantsonly model 00 ; and
ii.  Optimal model 00

Consideringhe LL function of the null mad and optimal model, theho-squared valuén fact
represents the relationshipetweentheselLL functionsHow to calculate the rhesquared, is
expressed in Equatiof®).

s LB

Po =27 TL(0) £l

Where:
", is the ratio between the reference aael and estimated model;
0 Or , isthe likelihood of the optimal model (estimated); and
0 Om, is the likelihood of the null model (reference).

By definition the value obtained fronEquation &anges between (no fit)and 1 (perfect fit).
Althoughmany authorge.g, BenAkiva& Lerman 1985 Koppelman Bhat, 2006)remarked
that no guidelinegxistfor the rho-squared valuemore recentstudies €.g, and Khan, 2007
Ortuzar and Willumsen, 20)1assume a value of 0.3 or higher to represent a gowdiel fit,
which is equivalent ta Rsquaredvalueof 0.6in linear modelgHensher et al., 2005)

3.3 DESIGN OSTATEBPREFERENEEPERIMENT

This sectiondiscussesthe processthat is used to generatethe experimental design.
Experiments have one prircipal goal that is, ensuringobservation into the effect of the
response variabley manipulating the levels of one or more otheariables(Hensher et al.,
2005 p. 100. LG akK2dzZ R 0SS y20SR GKIFdG GKS (SN¥a
interchangealy in this chapter

Stage 1 | Problem Refinement le-
Stage 2 | Stimuli Rjﬁnement |<—
Stage 3 | Experimental Design Consideration  |¢———
Stage 4 | Generate Experimental Design |<—
Stage 5 | Allocate Attributes to Design Columns ———
Stage 6 | Generate Choice Sets |
Stage 7 | Randomizethoice Sets |
Stage 8 | Construct Sur\ty Instrument |

Figurelb. StatedPreferencéExperiment design procesdessed on work bidensher et al2005 p. 102).
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In the present study, the approach biensher et al. (2005) fsllowed, wherebyeight stages
are estabkhed to design th&ated Preference (SP) experimerfigurel5 gives an overview
of the relevant stages. Step by step, these stages are described in the following sections.

3.3.1 Problem Refinement

A modal shifttowards moresustainable transportation alternativel@.g. bicycle, train)s
required to address the problemsur society is currentlfacing as a result othe ever
increasingprivate caruse Especiallcommutertraffic deserves attentionwhich is the focus
in this study A cleardefinition of theresearch problem forms the basis to provide insight into
what the studyaims at thefinal end(Hensher et al., 20055iventhe research objectiveas
definedin Section 1.4the followingformulation can be provided

dThis studyaimsto examinethe attributes that influence the preferencé individuals
for urbanBSS, and whetherurbanBSSin the egress tripf train journeysnfluences
the transportation mode choice of individuals regarddg Y'Y dzi A y3 (NI @St o¢

The unetrlying idea of thisormulationis thatthe implementationof urbanBSSin the egress
phase ofmultimodal rrain journeyscancontribute to more complete doorto-door journeys
Since the egress trig one ofthe weakest paid of the chainof trips of multimodal train
journeys(see Section 2.4),the implementationof urbanBSSnay enhance the servige this
way from the perspective of travelers

In so far, the theoreticabackground(Chapter 2)hasprovidedan answer to theresearch
guestionsrelatingto multimodal {rain) transportation(researchquestion }, bicycle sharing
systemgresearchguestion 3, andthe factorsthat influence thetransportation mode choice
of commuters(researchquestion 3. However,there arestill three research questionshat
need tobe answered by means of tlexperiment.

Research question 4:
What attributes influence the preference for urban bicycle sharing systems?

Research questioh:
How should urban bicycle sharing systems be designed in the egress trip of train
journeys in order to attract theurrent private car commutefer commuting by train?

Research questio6:
How should urban bicycle sharing systems be designed in the egress trip of train
journeys in order to attract theurrent train commuterto make usef shared bicycles?

Since the integration betweemrbanBS&ndtrain is not naturaln the Netherlands, thisefers
to a hypotheticalsituation (i.e. a choicesituation not existing or fully integrated yet into a
population) that will bepresentedto the respondentsGiventhis assumption, &Pexperiment
isasuitable method to provide an answer to thesearch questionmentionedabove
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In order to reduce the complexity of the SP experimehé research questions are analyzed
separately based on thgubdivision that is made within the sampléhis implies that only the
current private car commuters and train commuters will be invited to participate to the SP
experiment.Considering the research objectives of the study, the other respondents or type
of commuters are not relevant to be analyzed, andl be therefore rejected from the SP
experiment. Furthermore the present study focuses exclusively on multimodal journeys
where the train is used as main transportation mode for commuting tfipghis way, insight

can be provided into the potential of model shift of the current private car commuters to the
train. Theurban BSS is presented to respondents as egress mode to travel from the train
station to the work locatia. The first stage of multimodalyoneys, the access trip, has been
omitted during theSPexperiment.This is in line with the scope of the study, which is exploring
the influenceof urbanBSSin the egress tripn the transportation mode choice of individuals

The general setup of thePSexperiment is shown iRigurel6. Two subexperiments can be
distinguished which both consist of two parts or elements. Research question 4 relates to the
bicycle sharing systepart, in which the attributes regarding the prefarce for choosingra
urbanBSS in relation to an Cféts are investigated. The second pdrgnsportation mode
choice investigates the influence of the attributes on the transportation mode choice of
commuters. A subdivision between two types of comnmatenables to explore whether
differences exist between them in termsBE $reference. It is hypothesized that private car
commuters add more value to waiting times comparedtte train commuters, as the latter

are used to do this more often.

Figurel6. Subexperiments and elements the Stated Preference experiment
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