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Insights into factors affecting the combined bicycle-
transit mode

J.F.P.van Mil - T.S. Leferink - J.A. Annema - Enwort

Abstract This paper considers an upcoming, sustainable madtality: the combination of bicycle and transit.
The flexibility of the bicycle combined with theespd and comfort of good transit can be a highly metitive
alternative to the car. This study shows that mfacyors influence the uptake and attractivenestebicycle-
transit combination. An in-depth literature reviexsulted in over thirty unique factors: six transiated factors,
twenty first-last mile factors and fifteen contegtated factors. All these factors might influertke demand for
this ‘new’ mode positively or negatively. An expddory choice modelling study showed that Dutch tlieytrain
users in our sample are willing to pay €0.11 fariaute less bicycle time, €0.08 for a minute leaittime, €0.11
for a minute of less time to park and €0.60 petidagbtransfer. These kinds of insights give thegdie and transit
sector valuable information to be used in modellimgtimodality and cost-benefit analyses, therelgyp®rting
improved decision making and integrated designafdbe and transit networks.
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1 Introduction

This paper considers an upcoming, sustainable modiality: the combination of bicycle and transiteT
flexibility of the bicycle combined with the speeshd comfort of good transit can be a highly contpeti
alternative to the car. To decrease congestionlevels of air pollution, and improve their citizehgalth,
governments might encourage the bicycle-transitan@articularly when combined with the train, meB&T
and LRT, bicycle-transit can be very successfue(&tet al. 2017). When bicycle and transit netwankd systems
are well integrated, people will cycle further &ach stations and stops (Brand et al. 2017). Titastty increases
the catchment area and accessibility of the traysitem. Bicycle-transit combines the advantagespeéd and
accessibility of (particularly higher level) trahswith the flexibility and reliability of the bicye. Recent
publications have highlighted the potential of tharginalised and little researched bicycle-transihbination
(Kager, Bertolini, & Te Brommelstroet, 2016; KiMD26b; Scheltema, 2012; Singleton & Clifton, 201@his
paper aims to provide new knowledge on the bicy@asit combination. First, the paper gives an wesv of
factors affecting bicycle-transit demand. Desgigihcreasing attention for bicycle-transit in @@sh, a coherent
literature overview of these factors is lacking ¢§Band-Marleau, Larsen, & EI-Geneidy, 2011). Sectaded on
this overview, our study aims to give some quatitigainsights into the impact of some factors whigtre found
in the literature review influencing the combinadyisle-rail transit. Namely: bicycle time to statidime to park
bike, parking costs, train time and transfer (whetthere is a transfer within the train trip). Thexond part is
explorative and carried out in the Dutch contextoincerns findings from a stated choice experiment

The bicycle-transit trip can be seen as a chattiftdrent links and nodes, connecting a point éfiorand point
of destination. Two types can be distinguishedeBikd-Ride (BaR) and Bike-on-Board (BoB) (see EjgThis
research focuses on Bike-and-Ride (BaR) journeyareviravellers park their bicycle at the statiorstmp and
use the bicycle at the first and/or last leg ofjtheney.

train ansfe train
station statior station

(R -

train train
station station

Fig. 1 top) Bike-and-Ride (BaR); bottom) Bike-on-Board trip chains. Visualisation by authors.

Despite the theoretic advantages, bicycle-trarsgtis limited in worldwide practice. Consider accasd egress
for train journeys. In the European Union on averfayr percent of rail users arrive or depart fthmtrain station
by bicycle (BiTiBi, 2016). But there is an exception the Netherlands on average 43% of the homadbdrain
journeys start or end with a bicycle ride and thimber has been growing (Kennisinstituut voor Mitditsbeleid,
2017). As general levels of bicycle and transit aiseincreasing worldwide, the number of bicychasit rides
can be expected to rise too.

2 Methodology

The paper includes two main methods: a literatevéerv on factors influencing the bicycle-transitgination

and a stated choice experiment. The literaturesglested through searches in the database of G8oplaar to
not only include scientific papers but also greplmations on the rather new research topic. A fiearch was
made for combinations of keywords “bicycle/bikefeye transit/train/transit/public transport” andikb/bicycle-
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and-ride/bike/bicycle-on-board”. Sources were dekcafter reading the abstract, to only include epsp
considering ‘factors’ (also defined as charactiesstkey variables, determinants or aspects). Tosvkalling
technique was used in a second search by lookitigeatference list of the selected papers. Thigweincludes
over fifty publications in the English or Dutch uage.

The structuring of the factors and their relatiopsb bicycle-transit use is the result of an it process. By
cross-reading the selected papers, an initialdfssignificantly influential factors (according tihe studies
reviewed) was made. The described factors were svup per paper. Next, for each factor, the varpapers’
relevant sections were re-read and summariseddBasthese summaries all factors were assigneldt@oreship

with bicycle-transit use. This approach ensured finetors are not only described in text, but alaptured in a
more general relationship of ‘positive’ or ‘nega&ivinfluence on bicycle-rail use (marked by ++, +or --

symbols).

For an individual traveller’s station choice, fifactors turned out to influence the station’s atikeness most:
train time, bicycle time, time to park and walktk@ platform, number of transfers and parking cobtds was
based on expert opinion. To reveal the interdepecide between these five factors a stated preferehoice
experiment was set up.

The experiment consisted of nine separate choiewgelen two alternatives in an online questionndicedesign
these choices, a pilot study was executed. Thirnmdtion was used to generate a choice set as féicizm
design, which optimizes the information that is grated with a minimal number of choices. Statistizslysis
was then used to derive the impact of factors eratiractiveness of a station. A multinomial I[d§#NL) model
was used because it is a fast and efficient wagatoulate the parameters, which was in line with dlrailable
time for the experiment. Furthermore, the desigh mt require a more advanced model. The statedteho
experiment was incorporated in a questionnaire Wt filled out by 269 respondents. Social medigeténg
resulted in the majority (>90%) of the responseas thie additional came from travellers who receiadtyer at
two train stations in Amsterdam (‘Amsterdam RAl'darAmsterdam Zuid’). The questionnaire also incldde
questions about personal and socio-economic clegistids enabling deeper analysis in those chaiatits.
More details are available in Van Mil (2017).

3 Factorsthat influence bicycle-transit demand

A literature review of over fifty worldwide studies bicycle-transit yielded nearly forty factor$iéBe influential
factors can be grouped along the trip chain: ttafisst/last-mile and the larger context. The thigroups are
composed of the following elements:

« Trangt related: System & Service, Journey and Station typology
« Firgt/last-mile: Regions bikeability, Bicycle journey and Competitiother modes
* Context: Culture & attitude and User characteristics

This paper first describes each group briefly dahtpresents the related factors in a table. Esatbrfs relative
influence on bicycle-transit demand is capturedhwat ++/+/-/-- symbol as a rough indication. Notatth
correlations between factors exist. For examplghHevels of employment will closely correlate toonm
commuters on public transport.

For a more detailed description of the literatueeiew we refer to the work of Leferink (2017), afod more
understanding of the factors we refer to the odbgtudies in the sources mentioned in the taldetext.

It is not surprising that many of the factors faiog bicycle-rail integration focus on the transdega: the transit
stop or station. This part of the transit journeypically valued lowest by travellers (Peek & \fdagen, 2002).
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3.1 Transtrelated factors

The literature has a rich vocabulary related taditanetworks, stations or stops, and the trapsitrjey. For this
research the following definition of transit is dsa shared transport mode, in a network (conngstiops) that
operates on an interval or timetable.

In the introduction two types of bicycle-transiptchains were presented. For the transit leg jobieney, bike-

and-ride travellers are similar to other transé@rasfter they have parked or collected their BeyEhe differences
in transfers and transit may therefore mostly b@eeernced by bike-on-board travellers. This coatsicularly

for those with a fixed frame bicycle compared foldable bike.

Table 1 shows these factors, their relationship arain sources. They are discussed in more detathen
consecutive paragraphs.

Table 1 Transit Related Factors, with indication of the ¢ai&t influence on bicycle-transit use and relevamirces

Factor Relation | Source

Transit Journey

Total (transit) trip of significant lengtl + Catchment area increases with rail journey traiveé (Flamm & Rivasplatal
(min. 10-15km) 2014; Krygsman, Dijst, & Arentze, 2004) and transfely pays off on longe

distance (Van der Loop, 1997).

Transit Stop Typology

Station at small or medium-sized cify + Certain type of service level on station levélaatts more cyclists. Interpretatign
centre, out of town or urban areas with of numbers from study by Van Hagen & Exel (2014J atudy of Cervero et al.

parking (2013), also closely related to competition of otimedes.

Urbanised areas (e.g. Populatipn + Popularity for multimodal travel in general (VAies et al., 2014)

density around transit stop)

Bicycle-transit services (e.g. safe apd + Considering the value transit travellers attackhe transfer part of the journdy
sheltered bicycle parking) (Peek & Van Hagen, 2002); practical guidelinesfamiings indicate importance

of good bicycle parking, public bicycles and weitegrated ticketing systenys
(BIiTiBi, 2014; Rail Delivery Group, 2016).
Transit System & Services
Direct routes (no transfers required) + People amiglertake a maximum number of transits and are plauticularly
willing to switch from B/T/M-rail to bicycle-railfithis means one less transfge
(Bachand-Marleau et al., 2011; Heinen & Bohte, 3014

High transit service levels + Higher level trarssitvices (e.g. greater distances, speed, direjgset more
rail users (Blainey, 2010; Verschuren, 2016) inegahand thus bicycle-rail usels
(Martens, 2004).

=

3.1.1 Transit journey

Typically, the largest part of the bicycle-transitmbination is the transit journey, both in ternfisime and

distance. Still on average 30-50% of the travektwhbicycle-transit is spent on access and egeswding to a
Dutch study using active travel diary informatiérygsman et al., 2004), with similar findings irett)S (Flamm
& Rivasplata, 2014). It may be concluded that tmpensate for the inconvenience and extra time regdub

collect, park or board a bicycle, the transit jaymmust be of significant length. Another studykiog at the
Dutch railway system stated that for bicycle-raipiarticular, the travel distance must be at 1&8st5 km (Van
der Loop, 1997). For short trips people may be niocéned to cycle the whole trip or use the car domore
convenient journey. The stated choice study desdrib the second section of this paper looks dirdadm a

traveller’'s point of view.

3.1.2  Transit stop typology

There are many studies on general station’s atteass and accessibility. The important factorgeafrom its
cleanliness to location in the network, and from feeling of security to the number of benches é@emdijk,

2015). Not surprisingly, ensuring a good integmataf bicycle-rail at local station or transit sttgvel is a
requirement. There are various ways to improve dieyransit trips directly. Guidelines from an Ellop and

knowledge sharing project mention six vital sersideicycle parking, public bicycles (e.g. LondoSantander
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bikes), integrated payment systems (e.g. smarsdremes), collaborations of bicycle-rail organmadi positive
communication and safe cycling infrastructure (BiiT2017). These bicycle-transit ‘services’ ardued in this
overview to ensure completeness but their effegtslascribed in more detail due to large localatioi.

The location and services of a station also greaflyence the share of cyclists it attracts anddpices. The
services at different transit stations is describeskction 3.2.3 as these are implemented ontarsiswide level.

From data presented in a stated travel choice stotyng railway passengers in the Netherlands iteanoted
that particularly semi-urban stations see a redhtinigh percentage of bicycle-transit users (Vagéh & Exel,
2014). Another Dutch study indicated that the ngaimwth of bicycle-rail use at the turn of the ceptaccurred
at the commuter towns (so-called ‘voorstadstatiof\éan Boggelen & Tijssen, 2007).

Similar research was undertaken by Cervero €2@1.3), who divided the 42 light rail stations ietBan Francisco
Bay Area in five categories based on urban settimyparking provisions. The “urban with parkinggtgin type
was found to have the largest share of accessdyglbi(7% in 2008), where the transit service @&teat each
station was identical (same frequencies, farestexa). Note that in all these studies the avditglaf alternative
forms of transport play a large share.

3.1.3 Transit system &service

There are different types of public transport ssgias well as network typologies. Some systersgations seem
to be more likely to attract cyclists. Both thedstiby Bachand-Marleau et al. (2011) as well as lpynen and
Bohte (2014) found that if people are able to stidstone leg of their (primarily higher level) tit journey

currently undertaken by another form of public sjaort with the use of a bicycle, they are more keeswitch.

As bicycle-transit is already a multimodal trip #gfinition, any additional transfers are valued ennegatively.
Thus, stops with more direct services are moradttre. Additionally, other studies indicate thabple will cycle

greater differences to higher service level trastgips and stations (Blainey, 2010; Martens, 28@tschuren,
2016). Note that these system wide factors tridkien into the transit station factors of sectioh. B.

More abstractly, Brand et al. (2017) mention phgisand network integration, an integrated tickedtsgn and
high quality information system as preconditiondiafycle-transit use.

3.2  First-/last milefactors

The bicycle leg of the bicycle-transit journey gaake up nearly half of the total trip time as iraded earlier in
of section 3.1.1. This group of factors containg¢hsubgroups: generic ‘bikeability’ of a placealify of the
bicycle journey and competition with other modesnpetition applies to both access and egresstuihge train
station (competition bicycle) as well as the cortgldoor-to-door journey (competition bicycle-railjable 2
shows these factors, their relationship and maimcss.

Table 2 Overview first/last-mile factors, with indicatiorf the factor’s influence on bicycle-rail use antewant sources.

Factor Relation | Source

Regions bike ability

long summers / many hours of+ Indicated for bicycle-rail (Bachand-Marleau et 2011) and derived from a US stugy

daylight (Flamm & Rivasplata, 2014)

hilly - Research for cycling in general (Harms, ®éni, & te Brommelstroet, 2014; Parkin,
Wardman, & Page, 2008; Rietveld & Daniel, 2004)

low temperatures - Weather was found relevant (G/&ehiu, 2012)

rainy weather - According to (Cheng & Liu, 2012,0lh & Timmermans, 2010; Van Boggelen &

2004)

Bicycle Jour ney

good quality of cycling lanes Attractive routdided by (Krabbenborg, 2015) and explaining bicyel# use growth

by (Cervero et al., 2013)

Tijssen, 2007) and a research from Bickelbache20@l1 as described by (Marten

w

& Clifton, 2014)

high quantity of cycling lanes + As derived fromdies by (Cervero et al., 2013; Krizek & Stonebrak@10; Singleton
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often right of way + Mentioned by (Krabbenborg, 80$cheltema, 2012)

large number of other cyclists |/ + From Dutch survey by (Krabbenborg, 2015) andudystn Singapore (Meng, Koh, &

bicycle lane volume Wong, 2016)

direct cycle routes to statioh+ Described as linearity, continuity, right of waybicyclists, etc. (Scheltema, 2012), with

(directness) right of way verified by a Dutch survey (Krabbengpd2015) and generally tying-in with
reliability as important for train users (Brons &eRveld, 2009)

high bicycle ownership + Relevant for the homeistatrip part (Keijer & Rietveld, 2000; KiM, 2016a)

good bicycle storage facilitiep + In a discussion on what bicycle-rail requiregBycher & Buehler, 2009)

at/near home/office

lack of safety -- A dissatisfier for cycling to ailwvay station according to (Scheltema, 2012)

Competition other modes

high level of cycling ++ Higher share of cycling means a larger number demt@l bicycle-transit users.
Integrated in various bicycle-transit demand madglstudies (Ensor & Slason, 201{t;
Geurs, La Paix, & Van Weperen, 2016; Krizek & Stanader, 2010)
high level of transit use ++ Higher share of transit use means a larger numbeptential bicycle-transit users.
Integrated in various bicycle-transit demand madglstudies (Ensor & Slason, 201{t;
Geurs et al., 2016; Krizek & Stonebraker, 2010)

trip distance first/last mile 1 - 3/5 ++ Considering the total trip length, cyclists Wi willing to make shorter trips to/fron
km transit stations than cycling-only trips. Numer@airces with a range from 1 - 3
kilometers that correlate with transit service lemed cycling infrastructure (BiTiBi
2016; Cervero et al., 2013; Krizek & Stonebrak@l@ Meng et al., 2016; Sherwin &
Parkhurst, 2010).

[l

much congestion for cars + Given as reason by guaspondents in the UK (Sherwin & Parkhurst, 2010)

good BTM network - Captured in terms of frequenag alistance to bus stop (Brons, Givoni, & Rietveld,
2009; Meng et al., 2016; Pan, Shen, & Xue, 2010)

available and affordable car- Good bicycle-rail integrating measures such adtated bicycle parking increases its

parking (at station) uptake, similarly good car parking increases cal park-and-ride use (Brons et al.,
2009; Sherwin & Parkhurst, 2010)

high car ownership -- Higher car ownership corresisowith lower levels of bicycle-rail use (Heinen |&
Bohte, 2014; Huisman, R., Van Oort, N., & Shel@]2 Meng et al., 2016; Parkin et
al., 2008)

Inexpensive BTM - A low price (La Paix Puello & @s, 2016) or free public transportation card (for

=3

students) will compete with the bicycle as a feedede to particular higher level trangi
systems (Keijer & Rietveld, 2000)

3.21  Regions bikeability
There are a number of geographical features thedritie bicycle uptake in general and bicycle-railéls in
particular. At a local level these characteristicdude the weather, hilliness and city size.

The influence of weathés considered in various studies and even defisédnain external factor” by a study in
Taiwan of Cheng & Liu (2012), although user expeci can differ. Weather conditions were defineddig,
wind, and temperature. Rainy weather has a “langgact” according to a stated preference survey gnnaih
users in the Netherlands (Molin & Timmermans, 2041t ranked high as well by Van Boggelen & Tijs&07).
A small but much quoted empirical research by Blzkeher in 2001 found a decrease in the sharedifstyto
a Munich metro station from 16 to 6% on rainy d&8sasonal differences indicated a doubling of béyail use
in summertime in the study. The type of users rhawever, differ too, as Bachand-Marleau et al. Q@lescribe
how users cycle more in summer but increase thairatl public transport use during the winter - tcaipg a
predictable substitute.

In a survey in the US among bicycle-rail users, 38%he participants stated to use bicycle-rail“@roiding bad
weather or riding in the dark” (Flamm & Rivasplata, 2014). Note that this wasgibly the alternative to cycling
the whole trip. Their study also indicated thatimélss may actually increase the use of bicyclee@npared to
bicycle-only trips - arguably trips that else mapt have been made at all.
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3.2.2  Bicycle Journey

The bicycle journey to or from a train station €samany characteristics with other bicycle journaysattractive
and safe bicycle route will also be attractive aaft for bicycle-transit users. A Dutch study cdass the bicycle
journey to railway stations in particular. Schelge2012) formulated the “bicycle-rail travellersramid of

needs”. The fundamental conditions of any bicyc#l}- route are safety and directness includingnelets like

lighting along the route and right of way. The extalue comes from comfort and attractiveness, evhlEsments
as liveliness and bicycle parking are included. iflygortance of directness becomes clear when cersgithat

railway passengers attach much value to relial(iBtyns & Rietveld, 2009). The cyclist has a trircatch and
wishes to have as little traffic lights as possible

Good cycling infrastructure in quality and quantigs been mentioned in a number of cycle-rail skith greatly
affect bicycle-rail usage. Research in San Franddsy Area, US (Cervero et al., 2013) mentions hanumber
of infrastructure changes] clearly benefited rail stations (...) in attracting cyclists’. Bicycle infrastructure was
ranked among the top-3 most influential factorghe study by (Krizek & Stonebraker, 2010). A thstlidy
describes how bicycle-transit use — and its redulieycle parking facilities - was greatly undemestted after
cycling infrastructure in Portland improved (Sirtgle & Clifton, 2014).

3.2.3  Competition other modes

Bicycle-transit can be a faster, cheaper, more odatfle or convenient alternative to other transpoode
options. Public transport services and systemsivathe world from minivans to metro, BRT and higireed rail.
Railway services can typically be classified amtrgghigher-service level forms of public transp®tte previous
section showed that (more) people are willing toleyfurther) to more direct transit services. Hiere, this
section will mainly include studies that look ifiycle-rail trips.

A main indicator for mode choice is trip distandée exact distance that people are willing to cyea vary,
depending on aforementioned factors like statigmetwand geographic characteristics as well as iddali
preferences. Roughly speaking, the bicycle is mopular between 1 to 3, up to 5 kilometre distaimte that
travel time and the attractiveness (e.g. safetg)lm€ycle route can describe a catchment areertaettfor example
the study of Cervero et al. (2013) shows. Typicpépple will cycle further on the home-bound sifithe journey
(Krygsman et al., 2004; Meng et al., 2016; Shelat.e2017). An overall preference for walking obeth cycling
and bus to a higher level transit system seemmitienal, up to a distance of 1 km (Chen, Pel,rCSparing, &
Hansen, 2012; KiM, 2015). The financial costs fur alternatives is also a clear indicator of thieaetiveness of
the alternative modes (La Paix Puello & Geurs, 2016

Clearly, when both the levels of cycling and raétare high, the absolute number of bicycle-ratsisncreases
(Kuhnimhof et al., 2010; Martens, 2007). This ladiceasoning is integrated in various bicycle-cgmand
modelling studies (Ensor & Slason, 2011; Geurd.e2816; Krizek & Stonebraker, 2010).

For the complete door-to-door journey, the car géherally be the main competitor. Car ownershimragn
bicycle-rail commuters is slightly lower accorditggvarious studies (Heinen & Bohte, 2014; Menglgt2916;

Shelat, 2016), as among cyclists in general (Pakal., 2008) and cyclists in general. Nevertrelegycle-rail
users often still own a car ( Shelat et al. 201¥er®in & Parkhurst, 2010), just like other rail ts€Givoni &

Rietveld, 2007), indicating they are not ‘captipe/blic transport users per se.

3.3 Context Factors

Before we zoom into individuals’ travel purposedhs stated choice model in the next section, we tie larger
context of a cycling culture and attitude towargsling and typical user-characteristics. How isyble and rail
use perceived? What characteristics do bicycleussks share? How do transportation alternativfestathe share
of bicycle-rail? What transport policy is in placARswers to these questions will vary dependingvbere and
to whom they are asked. Note that these factorofse@ more qualitative, making it harder to assigdirect
relation. Table 3 shows these factors, their r@tethip and main sources.
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High levels of rail use and bicycle use are nottio@ed as factors explicitly in this overview bueassumed to
be captured by ‘positive attitude towards rail’ apdsitive attitude towards cycling’.

Table 3 Overview Context Factors, with an indication of thetor’s relative influence on bicycle-rail use aetevant

sources.
FACTOR RELATION | SOURCE
Culture & Attitude
positive attitude towards cycling + Link between general cycling levels and percept{Rietveld & Daniel, 2004)

(Pucher, Komanoff, & Schimek, 1999), (Tight et aD11), (Forsyth & Krizek, 2010),

positive attitude towards rail

General undersitagadf how mode perception influences use andwécea (Heinen
& Bohte, 2014), with attitudes varying per usereyfepartment for Transport,
2015).

low perception of barriers

Considering to trylaoyg. This is relevant as bicycle(-rail) use isilied in practice
(Gatersleben & Appleton, 2007).

car as status symbol

User Characteristics

According to Miles Tighttaake (2011), but the bicycle is also winning grduf
Heinen & Bohte (2014) consider further perceptien gser group.

>

al.

high number of commuters ++ Commuting trip purpose scores high (Martens, 20@r Boggelen & Tijssen, 2007
(Wedderburn, 2013) (Flamm & Rivasplata, 2014), (benal., 2016) and utilitarian
travel in general (Bachand-Marleau et al., 2011).

high number of students + Strong correlation irioteg Dutch studies (Keijer & Rietveld, 2000); (Kik014);
(Martens, 2007); (Huisman, R., Van Oort, N., & $iteP017).

full-time employment + Above average employmentgeneral and full-time in particular (Sherwin
Parkhurst, 2010); Most bicycle-rail trips are waekated (KiM, 2014).

share of mid/higher income + Study in the UK (8hey 2010) and in the Netherlands (Shelat, 2016hdbbicycle-
rail users are often higher income than averagelptipn (not than average rail usef).

economic growth + According to reflection on Duliibycle-rail development (Van Boggelen & Tijsse
2007).

high number of frequent rall + Found by various studies (Flamm & Rivasplata,01Cheng & Liu, 2012; Krizek

travellers & Stonebraker, 2010). Also defined as route knogéedMolin & Timmermans,
2010). Relates to frequent commuters and low pé&mepf barriers.

high share of males + Found in England, China aed\etherlands (Heinen & Bohte, 2014; Meng et
2016; Sherwin & Parkhurst, 2010).

higher level of education + Influence of educafibieinen & Bohte, 2014)

many 20-39 year olds depends Slight advantage dany to middle-aged adults (Krizek & Stonebraked1®

Shelat, 2016; Sherwin & Parkhurst, 2010), CR-useeiases with age (Meng et al.
2016) or does not affect use (Heinen & Bohte, 2014)

travel with heavy luggage

According to a stateefgrence survey in the Netherlands (Molin & Timmans,
2010)

wearing smart clothes

In top-3 reason for noswering to cycle to the station (Sherwin & Parldtu2010).
Connected to both culture and trip purpose.

331

Culture & attitude towards transport modes

The culture around, perceptions of and attitudeatol& various modes of transport, are all contexauabrs which
influence a traveller’s choice. Particularly theqeption of cycling seems to differ per countrysocial group.

Part of the perception is an interpretation ofabrial number and type of cyclists or transit udémly affluent

white males cycle on expensive road bikes (dubbadiMin the UK: middle-aged man in lycra) or comilsa

students on cheap bicycles, cycling will be peredigccordingly (Aldred & Jungnickel, 2014). The satounts
for expensive train travel that only affluent pemphn afford or vice versa, the train (or bicyele)a poor man’s
mode of transport who cannot afford a car. Negaiiva&ereotypical perceptions can become a baaiehanging

people’s travelling habits. The phrase “cycling &k ages and abilities” used by various pro-cyglgroups,

indicates work is being done on changing percegith hopefully practice.



CASPT 2018 Paper

3.3.2 Bicycle-transit user characteristics

Traffic flows are the sum of travel choices madeifmividuals. Research on who are travelling byyble, by
transit and even by bicycle-transit has accumulated the years. The literature review focusesaatofs for the
combination of the two modes only.

Particularly in this group of factors, large difeces between places were found. Where some laddies
indicated that income or gender may highly coreelaith bicycle(-rail) in other locations these aprl to be
insignificant. This should be kept in mind whendsting these factors. There remains much work tddoee in
this field.

Mostly socio-economic factors have been identifireithe literature. The differentiation of usersday age, gender
and household size, as well as many travel or atéumal themes including trip purpose, educatiorel
employment rate or types and income but also riftieguencies, route knowledge and even clothingrdfare
clearly correlations between these factors whiehoaitside the scope of this literature review.

3.4  Reflection on factorsfrom literaturereview

The relatively most influential factors determinittge demand according to the review are the fast/mile
distance (most people will cycle up to five km)rreut bicycle and rail use, competition of otherdes, safe and
high-quality bicycle routes to the station, shareamnmuters among railway passengers and numbairgf days.
The positive feedback loops (and potentially negatbops) between all the stated factors shouldtbeied in
more detail to develop our understanding furthenese feed loops are however evident: good bicycle
infrastructure will increase cycling levels andunn high cycling levels will push cycling measumesthe agenda
(e.g. safer cycling routes) which might increasmaied for bicycle train even further, and so forth.

On a system-wide level, good public transportatiod high-quality cycling infrastructure can provigeeliable
and flexible alternative to the car. People aratless reliant on their car. On an individual’ptdchoice level,
however, there is a competition for the first amst Imile between the bicycle and its alternatiea®ach or leave
a railway station. Then, for bicycle-rail in pattlar, bus, tram and metro systems will work asrapetitor.

As bicycle-rail literature is limited and considagithese large variations, more than a genericv@x@rcannot be
given. It may be assumed that a combination ofdahtors can give a first indication of the potehtia bicycle-
rail use.

4 Resultsfrom the Stated Choice experiment

An explorative stated choice experiment was sebdind the impact of some factors influencing theycle-train
mode. Five factors where included in this studytti@rmore, only the access trip was considerednandther
modes were included.

The five factors are:

« Bicycle time: the amount of time it takes to bieyélom home to the station.

e Time to park: the time it takes to park your bieyahd walk to the platform.

e Parking costs: the costs of parking your bicycle

e Train time: the time the train journey takes frdra thosen station to the destination station
e Transfer: whether there is a transfer within tlaénttrip
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4.1  Choice experiment

To reveal the interdependencies between the fivaorfs a stated Home

preference choice experiment was set up. The erpeticonsisted of

nine choices between two alternatives. Nine chowere presented to %

respondents to prevent fatigue. This was only ptesddy making the g)

experiment design more efficient (i.e. acquire miofermation out of

less questions). A pilot study was executed to mequriors, to deliver

the necessary information to create an efficienigte The choice set was m m
¥ Y

generated as a D-efficient design.

Statistical analysis was then used to derive theaohof factors on the @‘Q &

attractiveness of a station from a bicycle-railrisspoint of view. The k ¢ l

model used was multinomial logit (MNL), this modektlivers the A
required outcomes and has the benefit to be siamplecan be calculatec ;

very fast. Q
42  Results /

= |
421 Reative utility of five station-choice factors Qﬂg \ /
The outcomes are the impact of the five researdaetbrs on the transfer ‘
attractiveness (utility) of the bicycle-train mod@ecause they are al Destination
linked through utility it is possible to comparetimpact of the factors

Figure 2 -Example of a choice between two alternativi
the experiment

Table 4).

Table 4 - Outcomes, impact on station attractiveness peoffact

Factor name B (impact on Stderr t-test p-value
utility)

-0.19 0.0091 -21.02 0.00
-1.77 0.0965 -18.33 0.00
-0.14 0.0061 -23.28 0.00
-1.06 0.0669 -15.80 0.00
-0.13 0.0155 -8.66 0.00

By normalising the outcomes (Table 4) the factoraufility) can be benchmarked to ‘daily used’ veduike euro
and minute. The result of this normalisation isugigsed in two pentagons, where bicycle time isased base
(Figure 3) and parking price (Figure 4). For FigBréhis means that bicycle time is equal to oneuteinlt is
possible to create five different pentagons, eaith avdifferent base factor. Figure 3 shows tha tain transfer
in the combined bicycle-train trip is equal to audility of almost 6 minutes bicycle time to thet&n This
supports anecdotal evidence that people cycleéiway station further away from their point ofgin in order
to catch a train which takes them directly to thigistination without a transfer. This knowledge akso be used
to make certain stations more attractive by tumivegprice parameter. MNL modelling showed that comsrs are
willing to pay €0.11 for a minute less bicycle ting®.08 for a minute less train time, €0.11 foriaute of less
time to park and €0.60 per avoided transfer.
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Bicycletime asa base

- One minute of bicycle time is equal tc
€0.11 (of parking price)

- One minute of bicycle time is equal tc
1.43 minute of time to park

- One minute of bicycle time is equal tc
1.36 minute of train time

- One minute of bicycle time is equal tc
0.18 transfer

Figure 3 - Interrelation pentagon bicycle time base

Parking price asa base

- One euro of parking price is equal to 13.
minutes of time to park

- One euro of parking price is equal 12.!
minutes of train time

- One euro of parking price is equal to 1.6
transfer

- One euro of parking price is equal to 9.2
of bicycle time

Ho@

Figure 4 - Interrelation pentagon parking priceebas

4.2.2  Accounting for personal preferences

The outcome of the choice experiment dependenbebaviour of the respondents. Since the choiceviinain
this particular case might differ per respondenugrit seems useful to analyse the data for selegteups (with
personal characteristics and habits). Scientificdilis is important because it further enlargesvledge on the
subject, practically it is valuable because it nsatke findings more usable and applicable to alprolin practice.
For example, when the utility for a specific usesup is different from others, the effect of a agrtmeasure for
the utility of this specific group can be calcuthtmore accurately. In this study participants wgreuped by
gender, age, preference for access mode, job dionpavel purpose and train trips per week.
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In Table 5 the segmented outcomes are presented.eBhlts are normalized by setting price parantetet for
all characteristic categories. For example, thsaghthat increasing one minute of bicycle time (foe general
outcome) increases the benefit of this trip withl0Euro (equal to a Value of Time of 6.6 Euro/hour

Table 5 - Outcomes per personal characteristic, Middel (normalized)

Bicycletime  Price Time to Transfer Train time
park
-0.11 -1.00 -0.08 -0.60 -0.08
-0.11 -1.00 -0.09 -0.63 -0.08

([ Male

-0.11 -1.00 -0.06 -0.60 -0.08
:
-0.10 -1.00 -0.09 -0.60 -0.08
-0.18 -1.00 -0.15 -1.30 -0.15
-0.11 -1.00 -0.09 -0.61 -0.08
-0.10 -1.00 -0.08 -0.62 -0.08
-0.10 -1.00 -0.07 -0.61 -0.07
-0.11 -1.00 -0.08 -1.23 -0.08
-0.12 -1.00 -0.10 -0.73 -0.09
-0.09 -1.00 -0.04 -0.40 -0.07
-0.11 -1.00 -0.10 -0.67 -0.08
-0.11 -1.00 -0.06 -0.58 -0.08
Trips per week

-0.10 -1.00 -0.08 -0.52 -0.07
-0.11 -1.00 -0.07 -0.55 -0.09

ST (T S o=l -0.12 -1.00 -0.07 -0.75 -0.09

month

REIEY - - - - -

All shown parameters are significant at the 1% level. Not shown ( - ) parameters were
insignificant.

The most notable differences are between age a&sg@5-44 vs. 45-64) and between students andogetgh
people. For example, the value of bicycle time ahalvoiding train transfers during the whole triftlee younger
and studying people are lower than these valueslf@r people.

The table also shows that women experience ledstamse about longer ‘time to park bike’ than men.
Furthermore, these results indicate that peoptdréneel by train often (once a week or more) aitept a transfer
easier than people who barely travel. For traveliieat use the car as their main mode this effeetén stronger.
Generalizability

The outcome (table 4, Figure 3, Figure 4 and fiest table 5) is possibly not representative for tigole
population of potential bicycle-rail users.
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The age of the respondents is compared with the&ly& travellers (Van Hagen & Exel, 2012). Thisngarison
showed that the age distribution of the respondeftise choice experiment differs from the disttibn of train
users. The age categories 16-24 and 25-44 areepvesented in our experiment while the other categ@re
underrepresented. Since the outcomes differed betthe age categories 25-44 and 44-65 this might tesulted
in an underestimation of the general value of tikiehe same time, also the youngest categorydgetrapresented
which might compensate for this effect. This, hoareeannot be verified because the outcomes footther age
categories were insignificant.

There is another factor that influences the reptasigeness of our sample and that is that abo% 86 the

respondents are highly educated. Research hasdo@enon typical Dutch bicycle-transit users. Thisearch
indicates that users are in general highly educggbdlat et al. 2017). The overrepresentation gifidii educated
people in our sample, therefore, might not be tanifial for making our sample not representativetfe whole

population but we cannot underpin this clearly liseaguantitative underpinning is impossible duac& of data
about the population. Also, the level of incomeim sample might result in a skewed result. Aceuraformation

about the income of train travellers is not avddaherefore a detailed comparison cannot be madeuld have

resulted in an overestimation of the overall vadfi¢ime, since people with higher incomes are nglto spend
more on time savings.

The geographical location of our respondents calgd have been of influence on the generalizabiditythe
whole of the Netherlands. Most respondents in shigly live in the Randstad area, the Netherlandsstm
populated region.

423 Validation

The outcomes were validated by expert interviewslana comparison with previous research on vafuerne.

A total of nine experts were interviewed, both exsbers and policymakers. In the interviews thaei$owas on
the credibility of the outcomes. They judged thiuga of time from this research as low. A reasartHs could
be that in the choice experiment the mode choiceal@ady given to the respondents.. Thereforeelteas are
already willing to use this mode. The lack of cotitimn with another mode leads to a lower valuérok. Another
thing that surprises most interviewees is thatétitm park’ has a less negative impact than bictiole and an
approximately equal impact as train time. Remarkdiglcause this is one of the most ‘chaotic’ parth® trip.

Furthermore, it is a transfer which is generalliped very negative. An explanation for this couddtbat parking
is per definition a part of a cycling trip. A paftthe negative impact could therefore alreadyrbéné valuation
of bicycle time. The other values were confirmegblasisible by the experts.

Next to the interviews the components were comptoditerature about value of time and time factdrisere is

not a singular value for value of time in literawince it is very context specific. For travellioge hour is valued
from about €5 (Antoniou, Matsoukis, & Roussi, 206y pbout €20, with a Dutch average of €9.25 (Viéanifis,

De Bruyn, & Van Hagen, 2016). The value of timecaddted in this study ranges from about €4,80 t6&6T his

is despite that it is on the lower boundary, stillhin the range that can be found in literaturbe Tcalculated
transfer penalty (7.5 min) is within the realistange of 5-15 minutes (Warffemius, De Bruyn, & Mdagen,

2016).

424  Limitations

There are limitations to the design of the studhe limited number of included factors and the numdosd

composition of respondents. The method of stateicehacquires outcomes within a non-existing canteken

the outcomes are used in a real situation thisldhmiconsidered. Furthermore, it was impossibliedtude all

factors that influence station choice. However, tiest influential factors were a part of this studylarger

research with a deeper analysis on the factorsrifiaénce station choice would have made it pdedibinclude

more factors in the study and thereby generate indoemation. Nevertheless, the number of respotedand

observations was high and led to many significahies. The last limitation is that the compositiddnespondents
was not perfect, as discussed in ‘generalizability’
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5 Conclusions

This paper shows that many different factors inflieethe choice for using the bicycle-train comhoratAn in-
depth literature review resulted in six unique siirelated factors, twenty first-last mile actarsfifteen context
related factors. All these factors might influertice demand for this ‘new’ mode positively or negely. Some
of the factors found in the literature can be iefluaed by policy-makers and/or operators of pubdingport (e.qg.
housing projects near stations, transfers on rautésctors related to cycling infrastructure). Soof the factors
are very context dependent and are much hardefltence (e.g., weather, hilliness, employment, aigraphy),
implying that stimulating the demand for the bielansit combination needs also to be contextnidgrd. The
review implies that a ‘one size fits all’ policy duproject strategy for stimulating the bicycle-sarcombination
does not exist. We argue that the factors identifiethe review can result in positive and negatierlback loops
which were not scrutinized in this study. Factolsna can never capture the complexity. Therefore, w
recommend further scientific research by identifythese potential feedback loops by using systenamhycs,
for example.

An exploratory choice modelling study showed thattdh bicycle-train combination users in our sangile
willing to pay €0.11 for a minute less bicycle ting®.08 for a minute less train time, €0.11 foriaute of less
time to park and €0.60 per avoided transfer. Thasés of insights might give the bicycle and trarsactor
valuable information to be used in modelling mutithality and cost-benefit analyses, thereby supprti
improved decision making and integrated desigri@fdbe and transit networks. Our choice experinguady had
some limitations related to factors which were takeato account and the representativeness of thelsa
Therefore, we find our results not completely gafigrusable but we think that this way of modellifwghich
should also be context depend) can result in ugpfahtitative information to be used by policy-makeSo, if
cities or regions aim to stimulate this relativelgw mode we recommend to carry out these kindshoice
experiments using factors which might influenceutity of the bicycle train combination which aspecific for
this region or city.
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