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Abstract

The Netherlands seems to exhibit the unique conditions that allow cycling on the coun-
try level instead of only the city level. Moreover, the national transit system seemingly
provides one crucial condition: citizens use the train and cycling systems in an integrated
manner, with combined bicycle-train transport recently demonstrating strong growth. Rela-
tively little is known about bicycle-train users, i.e. the people who combine the bicycle and
the train in a single trip. In this paper, we investigate their profiles and travel choices, in
terms of the modes they choose for access and egress travel, their choice of stations, and
their choice of type of bicycles. Studying this specific group can add to our understand-
ing of the role of the train system in the success of cycling in the Netherlands, in turn
helping improve policy transfer to metropolitan areas in other countries. In 2017, in coop-
eration with the Dutch National Railways, researchers surveyed a sample of train travel-
lers, ultimately resulting in more than 3000 completed questionnaires. Descriptive analyses
revealed that, compared to train travellers who do not or rarely cycle to/from train stations,
bicycle-train users are on average more likely to be young people who are engaged in full-
time employment or entrepreneurs, commute to work and hold university degrees. As for
their cycling behaviour, bicycle-train travellers use bicycles much more often on the home-
end of train trips than on the activity-end. Furthermore, bicycle-train travellers infrequently
use suburban stations on the home-end, preferring large stations in the centres of major cit-
ies instead. For those who use bicycles, shared bicycles claim a considerable share on the
activity-end of a train trip.
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Introduction

Cycling, especially in relation to urban mobility, has experienced a strong surge of aca-
demic interest in recent years (Fishman 2016). While most studies examine cycling envi-
ronments in the North American context, increasingly academic and policy attention has
turned to the Netherlands, which offers a context where cycling is a more mature, main-
stream mode of transport (e.g. Harms et al. 2014, 2016; Rietveld and Daniel 2004; Nello-
Deakin and Harms 2019).

However, most of these studies have a critical blind spot: they largely study cycling as
a stand-alone transport mode and/or on the level of cities or neighbourhoods. The limita-
tions of solely examining this geographical scale is also an oft-cited research limitation of
papers about cycling environments. This is seemingly a fundamental limitation, especially
in the Netherlands. In the Dutch context, certain urban cores have local modal splits for
cycling of above 50%, but high cycling levels are not only confined to cities, as evidenced
by cycling’s 25% modal share on the national level (Harms et al. 2014). Hence, the Neth-
erlands’ favourable conditions allow cycling to function on the scale of an entire coun-
try of 17 million people (PBL 2016). Arguably, the Dutch case can provide relevant les-
sons about the necessary conditions for mainstreaming cycling in sprawling urban regions
around the world.

On this geographical scale, the proliferation of bicycle use is aided by the Dutch
national transit system. Although the train and cycling systems are originally not necessar-
ily integrated by design, their combination has created a new type of traveller—the bicycle-
train user. A bicycle-train traveller is defined as someone who combines the use of the
bicycle and the train in a single trip. Most bicycle-train travelers use a private bike which
is parked in a bicycle parking facility at the train station, a shared bike which is retrieved
from and returned to a facility at the train station, or a folding bike which can easily be
taken on board of the train. Very few people take their regular, non-foldable, bike on board
the train.'

Consequently, it has been argued that large parts of the cycling and railway system
across the Netherlands should be regarded as one distinct transport mode: ‘Cycling and
public transport can have a symbiotic relationship, forming a hybrid, distinct transport
mode’ (Kager et al. 2016, p. 208). The relevance of combined bicycle-train transport can
be illustrated by the fact 11% of all trips of more than 15 km are train trips in the Neth-
erlands and that 83% of all train journeys are multimodal trips.> In addition, combined
bicycle-train transport is experiencing strong growth in the Netherlands, with the number
of train passenger kilometres increasing by 21% between 2005 and 2016. This increase
is accompanied by the growth of cycling in the modal split at the home-end of the train
trip, from 36% in 2005 to 43% in 2016. At the activity-end this share rose from 10 to 14%
(Jonkeren et al. 2018).

The system characteristics and ramifications of the bicycle-train system are increasingly
being studied, both in academic research and in policymaking. See for example Jonkeren
et al. (2018), Kager and Harms (2017), Geurs et al. (2016), and Lee et al. (2016). The focus
of Jonkeren et al. (2018) is on bicycle parking at railway stations, Kager and Harms (2017)

! Less than 2.5% of the total number of bicycle-train travelers in our sample belongs to this last group.

2 Derived from the Dutch National Household Travel Survey, the percentages are an average for the period
2011-2013. As train trips are usually made over relatively long distances, the share of train trips in the total
number of trips is calculated for distances of more than 15 km.
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and Lee et al. (2016) discuss the benefits of improving the integration of cycling and tran-
sit, and Geurs et al. (2016) examine the impacts of bicycle-train integration policies on
train ridership and job accessibility.

Nevertheless, relatively little is reported about the people who use the combined bicy-
cle-train mode. Many studies to date have targeted either cyclists (e.g. Menghini et al.
2010) or transit travellers (e.g. dell’Olio et al. 2011). This paper presents the analysis of
a large-scale questionnaire that was specifically devised to bridge this gap and investigate
who the bicycle-train travellers are and how they use the system. Studying this specific
group will shed light on the key role that the train system plays in the success of cycling in
the Netherlands, although a relatively small number of bicycle trips is directly linked to a
train trip. The reasoning is that once a traveller can rely on the bicycle and train for longer
distance trips, the bicycle arguably becomes a more suitable mode for local trips. Thus, the
presence of a high quality train service can be seen as an important prerequisite for local
cycling.

The next section of this paper presents an overview of the academic literature on com-
bined use of cycling and transit. We then outline the survey data and methodological
choices, followed by a discussion of the results, presented in two separate parts. The first
part explores the profile of the bicycle-train users and their key characteristics, comparing
them to other train users. The second part examines their behaviour, zooming in on their
choice of stations, trip chaining, modes for access and egress travel, and type of bicycles.
By focusing on not one but several choices (most bicycle-train studies only examine access
and egress mode choices), we are able to provide a more complete picture of the bicycle-
train traveller. We close with a discussion of the implications of our findings for research
and practice.

Literature review on combined bicycle-train use

We reviewed two strands of academic literature: (1) conceptual studies that define and
characterise bicycle-train use as part of the mobility system, and (2) empirical studies that
focus on the use, behaviour and choices of bicycle-train users. Our selection of relevant lit-
erature is based on an extended search via multiple online engines, with the digital library
from the University of Amsterdam as a starting point. In addition, we applied backward
and forward snowballing, focusing the literature search on the features (author, references,
citations, keywords, etc.) of a key publication.

Conceptual studies

Recent conceptual studies increasingly characterise the bicycle-train combination as an
integrated transport system, with different characteristics than the sum of its individual
parts (Kager et al. 2016; Krizek and Stonebraker 2010). This synergetic characteristic can
be explained by the combined strength of both systems. When, for a given trip, a user can
personalise the use of speed and accessibility (by for example opting to cycle to a different
station than the closest one), the performance is not the average of the bicycle and train
characteristics, but rather the sum of those characteristics. In a similar vein, according to
Pucher and Buehler (2009) and Kager et al. (2016), the bicycle and train reinforce each
other in a largely symbiotic relationship: the bicycle amplifies the range or catchment area
of the train system, and the train, in turn, amplifies the range of the bicycle. The integrated
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bicycle-train system offers both speed (for connections between cities) and door-to-door
accessibility (for both access and egress trips within cities), and in many, if not most urban
constellations, the system can compete with the speed and accessibility of cars.

A recent study by Kager and Harms (2017) elaborated on these synergetic characteris-
tics of bicycle-train use, providing an overview of the various advantages of an integrated
bicycle-train system. The following two main advantages were identified:

1. Increased range Assuming an average bicycle speed of roughly three times faster than
an average walking speed (15 km/h versus 5-6 km/h), cycling can theoretically cover
a distance that is three times longer. The bicycle, therefore, covers a nine-fold larger
catchment area (Fleming 2016). In this way, stations are connected to considerably more
households, substantially increasing the potential number of users of these stations, their
services and their facilities.

2. Enhanced choice In urban areas where several stations are located within cycling range,
travellers can choose between stations. This ‘station choice’ will depend on the travel
destination, the available train services, the facilities at stations, and other factors. More
choice improves connections to the various destinations (matching the preferences of
more passengers) and increases reliability (in the event of planned or unplanned disrup-
tions). Moreover, this also implies the possibility of circumventing a nearby station that
offers a slower train service and instead cycling to a station situated further away that
offers faster and/or more frequent connections (Krizek and Stonebraker 2010); thereby
increasing access to fast train services.

The first advantage can be summarised as the ‘station perspective’, in which the same
station can attract more travellers that arrive by bicycle. The second advantage can be sum-
marised as the ‘user perspective’, in which the same user can reach more stations when
accessing them by bicycle.

Empirical studies

In the empirical studies selection, we distinguish between studies focusing on user charac-
teristics including station choice, trip characteristics, and other aspects of combined bicy-
cle-transit use.

There is very little available research on the user characteristics of combined bicycle-
transit travel, including demographics. A rare exception is the recent study by Shelat
et al. (2018), which reveals that bicycle-transit users in the Netherlands are more likely to
belong to a higher household income group and are more educated than the overall sample.
In addition they identify prototypical bicycle and transit users using Latent Class Clus-
ter Analysis.. The largest groups are university students living with their parents (22.7%)
and middle-aged, full-time professionals travelling to/from work from urban or suburban
regions to highly urbanised areas (26.5%). Contrary to the current paper they do not study
the choices which are made by the combined bicycle-train user. Research by Givoni and
Rietveld (2007) revealed that bicycles are relatively often used on a train journey’s access-
side by students and people commuting to/from work.

Another branch of the existing empirical research examines the factors underlying the
choice of a particular station. Based on data for the Netherlands, Van Nes et al. (2014)
found that users prefer to travel via larger stations where express (‘intercity’) trains stop,
even if they are not travelling via an express (‘intercity’) train. In addition, based on
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a recent survey among 269 bicycle-train users in the Netherlands, using a stated-choice
experimental design, Van Mil et al. (2018) concluded that five factors were crucial for trav-
ellers’ station choices: the total bicycle trip time; the time needed to park the bicycle and
walk to the platform (parking time); the bicycle parking costs; the total train trip time; and
the number of transfers. Additionally, based on the survey results, Van Mil et al. (2018)
derived so-called ‘values of time’, which help determine the relative importance of the
various factors influencing the choice of stations. The research found that the bicycle trip
time costs €0.11 per minute; the parking time (including walking time to platform) €0.08
per minute; the train time €0.08 per minute; and the transfer €0.60. This implies, for exam-
ple, that travellers are willing to cycle 5.5 min to a station located further away, in order to
avoid a single transfer, equalling 1.2 km of additional cycling distance (train travel time
and parking time being equal).

The third focus of the existing empirical research is on the trip characteristics of com-
bined bicycle-transit travel. Research by La Paix and Geurs (2015) found that perceptions
and attitudes also significantly influence the decision whether to cycle to stations (on the
access side): the higher the perceived quality of station environments, of parking facili-
ties and of train connections (in terms of frequency and punctuality), the more frequently
bicycles are used for trips to/from stations. Givoni and Rietveld (2007) showed that the
availability of a car does not automatically make it the first choice of access/egress mode:
of all respondents who owned cars, only 16% chose to use their cars to travel to stations.
In addition, they revealed that train passengers who experience improved bicycle parking
conditions (both monitored and unguarded) are somewhat more satisfied with their total
train trip. Similarly, Brons et al. (2009) found that the extent to which train passengers
were satisfied with their total trip was largely determined by the quality of access and
egress transport. More specifically, Hoogendoorn-Lanser and Van Nes (2005) found that
the access and egress travel to stations accounted for two-thirds of the trip’s usefulness
(satisfaction) in the perceptions of the travellers, while accounting for half of the total trip
time. Train passengers who cycle to/from stations would thus attach relatively high impor-
tance to bicycle storage facilities, as well as to the walking and cycling routes involved in
the entire trip chain. Additionally, Van Nes et al. (2014) classified the various access and
egress modes that can be used in combination with trains, based on the ‘resistance’ expe-
rienced when transferring between these modes and trains. Resistance is measured as the
perceived number of extra minutes of travel time due to the transfer. In an urban context the
ranking is as follows (from most to least attractive): walking, cycling, metro, car, tram, and
bus. The researchers emphasised that every mode transfer is disadvantageous for travellers,
and it is preferable to limit the number of mode transfers as much as possible, preferably to
only one transfer.

Regarding egress, research by Martens (2007) and Villwock-Witte and Grol (2015)
found that the introduction of the Dutch public transport bicycle (PT-bicycle)® resulted in
increased train use. Moreover, 15% of PT-bicycle users indicated that the combination of
PT-bicycle and train had replaced trips they had previously made by car. Further, studies
by Rietveld (2000) and Keijer and Rietveld (2000) revealed that the limited availability
of bicycles at stations on the egress side was a major impediment to train travel to these
stations, making travellers more inclined to use other modes of transport (for people who

3 The PT-bicycle (‘OV-fiets’ in Dutch) is the bike-sharing system of the Dutch National Railways (NS).
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routinely travel to the same station, purchasing a ‘second’ bicycle was a potential mitiga-
tion strategy).

Regarding the integrated bicycle-train trip (including both access and egress), accord-
ing to a literature review based on Dutch- and English-language academic publications by
Leferink (2017), the most influential factors for combined bicycle-train use are the access
and egress distance, the overall conditions for bicycle and train use (including safe bicycle
routes), competition from other modes (such as the car), the share of commuting trips in
total trips, and the number of rainy days.

Other empirical research focused on bicycle parking. Recently, Heinen and Buehler
(2019) conducted a review of the scientific literature on this topic. Their overall conclusion
is that the level of evidence on the importance of bicycle parking is limited. Several gen-
eral patterns were identified though: (1) greater bicycle parking supply is correlated with
more bike parking, (2) cyclists and potential cyclists prefer higher quality bicycle parking
facilities over lower quality facilities or no bicycle parking and (3) bicycle parking supply
appears to be a determinant of cycling for current and potential cyclists. Turning to several
research papers, based on a survey of five smaller stations in the Netherlands, Martens
(2007) found that 11% of respondents were more willing to cycle to stations because of the
improved bicycle parking conditions, indicating that improving bicycle parking facilities
can increase cycling to/from stations. A case study analysis of ‘Bike and Ride’ facilities
in San Francisco found that both additional bicycle parking facilities and improvements to
cycling infrastructure increased demand for cycling-transit use (Cervero et al. 2013). No
studies were found that referenced the choice of certain types of bicycles.

In summary, recent studies increasingly characterise the bicycle-train combination as
an integrated transport system, with different characteristics than the sum of the individual
parts. This synergetic characteristic can be explained by the combined strength of both sys-
tems. Most empirical studies, however, focus only on one part of the system, such as trav-
elling to/from the station by bicycle or parking, mandating a deeper investigation of the
bicycle-train system, as an integrated mode of transport, and its users.

Data and analysis
Data

In cooperation with the Dutch National Railways, a questionnaire was administered under
the NS Panel, from 27 March 2017 to 13 April 2017. The NS Panel represents all train
travellers in the Netherlands and is an initiative of the Dutch National Railways. The
67,000 members of the NS Panel are asked to complete questionnaires several times a year.
The goal of the NS Panel is to improve the service of the Dutch National Railways. The NS
regularly cooperates with research institutes and universities to analyse the answers to their
questionnaires.

In total 5,557 questionnaires were sent. One week after the respondents had received the
questionnaire, a reminder was sent to those who had not yet responded, ultimately resulting
in 3063 completed questionnaires (a 55% response rate). Of this total number of respond-
ents, 764 did not travel by train during the observed two-week period and hence were
excluded from the analysis, providing a final sample of 2299 respondents.

Respondents were asked to provide information about their travel behaviour during the
two-week period under study. By having the questionnaire span 2 weeks and by requesting
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information about travel behaviour over a relatively long period (instead of one day, for
example), we reduced the probability that the observed travel behaviour would devi-
ate from the respondents’ normal travel behaviour. Moreover, this reduced the impact of
external factors, such as bad weather, illness or interruptions in train services. The dataset
derived from the questionnaire was enriched with data about general travel behaviour and
personal data (as provided by respondents at the time they joined the NS Panel or updated
their profiles).* In total, the dataset contains about 60 variables with information such as
the postcode, age and household composition of the respondent, but also car use (not in
combination with the train but in general) and trip chaining.

The respondents were approached by email and were requested to fill out an online ques-
tionnaire on their computer or smartphone. The questionnaire focused on those respond-
ents in the NS Panel who had previously reported regularly travelling from/to the larger
Dutch cities: Amsterdam, Utrecht, Rotterdam and/or Eindhoven. This sampling approach
allowed the inclusion of respondents who live all over the Netherlands, with a concentra-
tion of residents living in the mentioned cities.> We opted for this approach because the
combination of bicycle and train is most frequently used in urban areas in the Netherlands.
This was at the same time also the only piece of information we have to base our sampling
strategy on. Had the sampling not applied the mentioned focus, it is very likely that a larger
proportion of respondents would not have used the combination of bicycle and train in the
two-week period, and thus a larger proportion of the sample would not be available for
analysis. A sampling limitation was the participation of NS Panel respondents in previous
questionnaires and research. Members are given a ‘rest period’ of about six weeks between
surveys, in order to prevent questionnaire fatigue.

The described sampling strategy might be criticized. It has some limitations as a result
of the multiplicity of themes covered, the unavailability of an own panel and the lack
of relevant earlier work giving directions for sampling. However, since the goal of this
paper is to explore several topics (station choice for example) in the field of bicycle-train
travel offering a basis for further research on these topics, this is considered an acceptable
drawback.

Analysis

For the analysis of the bicycle-train traveller in the next section, the sample of 2299
respondents was subdivided into three groups, according to their frequency of bicycle use
for access/egress:

4 Members of the NS Panel are asked to update their profile four times a year. As this update is not manda-
tory, not all members complete an update every three months. However, this is not considered a problem
because most members’ personal data and general travel behaviour do not significantly change every three
months. On the basis of the information from the NS Panel and considering the fact that that members are
on average quite dedicated to filling out questionnaires (response rate of 55%), the time between filling out
the survey and the last profile update is likely to be relatively short.

5 The city of The Hague was not included for the following reason: this paper is a spin-off, of a larger
research project on bicycle parking at railway stations in the Netherlands. This research project had a spatial
focus on those areas (cities) where bicycle parking problems were most severe. The Hague was not one of
those cities. We acknowledge that this is a limitation to our research. Of the studied cities, both Utrecht and
Eindhoven are characterised by having one large central train station and only a few minor stations in or
near the city, whereas both Amsterdam and Rotterdam offer a range of stations, both large and small.
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Table 1 Bicycle-train traveller groups

Frequency of bicycle-train combination No. of respond-  No. of cycling days to/from
ents home-end station in two-week
period
Not at all or infrequent bicycle-train traveller 990 0.12
Average bicycle-train traveller 634 3.39
Frequent bicycle-train traveller 675 4.14
Total 2299 2.24

e Not at all or infrequent bicycle-train traveller: 0-15% of total number of trips.
e Average bicycle-train traveller: 16-50% of total number of trips.
e Frequent bicycle-train traveller: 51% or more of total number of trips.

The respondents in the latter two groups are classified as ‘bicycle-train travellers’, while
the respondents in the first group are not. The threshold values were chosen so that the
sample is divided into roughly three equal parts (by number of respondents).® Table 1
shows that the average bicycle-train group is hardly different from the frequent bicycle-
train group but clearly distinguishes itself from the not at all or infrequent group in terms
of the average number of days in the two week period on which the bicycle was used to
travel to/from the home-end station. This justifies our choice to classify the respondents in
the last two groups as ‘bicycle-train travellers’.

The dataset contains several variables that can be used to identify the bicycle-train
traveller: age, social status, travel purpose, educational level, and gender. In order to map
their travel behaviour, they were asked to provide their travel preferences: choice of sta-
tion, choice of access/egress transport modes, and, when the transport mode choice was a
bicycle, choice of type of bicycle. The behaviour on both the home-end and activity-end
of the train trip was mapped. Whereas past studies have looked at only one of the men-
tioned choices—see La Paix and Geurs (2015) for mode choice and Van Mil et al. (2018)
for station choice—this study takes an integrated approach: analysing station choice, mode
choice and the choice of the type of bicycle in one go.

Comparisons with the Dutch National Railways’ passenger age data reveals that the aver-
age age of respondents was higher than the average age of the population.” In order to account
for the skewed age distribution and avoid the potential results bias, we analysed station choice,
mode choice, and bicycle choice for each age cohort separately. We found that only mode
choice differs between age classes; station choice and choice of type of bicycle did not.®

We employed descriptive analyses. This type of foundational analysis is still largely
lacking in the nascent bicycle-train literature and is well suited for an explorative investiga-
tion of relationships in order to enable follow-up research with a more in-depth focus.

% Provided the Dutch national average of 43% cycling use in access travel and 14% in egress travel to/from
rail stations (hence an indicative average of 30%) in 2016, we chose to define everything below 15% as low,
whereas everything above 50% is high, and everything in between is average, resulting in roughly three
intensity groups of equal respondent size in the sample.

7 In our sample, the average age of the ‘average bicycle-train traveller’ and the ‘frequent bicycle-train trav-
eller’ is 52 years old, while, according to NS’ 2014 customer satisfaction data, the average age of train trav-
ellers using bicycles as an access mode was 33 years old.

8 For an analysis of the age variable see Jonkeren et al. (2018, pp. 105-107).
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Fig. 1 Percentage of all travellers in three groups of varying bicycle-train usage per age category. Legend:
no or infrequent use of bicycle-train (0-15% bicycle share in access/egress); average bicycle-train usage
(16-50% bicycle share in access/egress); use bicycle-train frequently (more than 51% bicycle share in
access/egress)

Bicycle-train travellers: who are they?

As shown in Fig. 1, the bicycle-train traveller (orange and grey bars) is generally younger
than the train traveller who ‘not at all or infrequently’ combines train trips with cycling
(blue bars). In addition, there are small differences between the ‘average bicycle-train’ and
‘frequent bicycle train’ groups in every age class.

Next, we examined the extent to which different categories of social status are repre-
sented in the sample (Fig. 2), distinguishing five categories: study/school, entrepreneur,
salaried employment, (early) retired, and other. The ‘salaried employment’ category occu-
pied a larger share in the ‘average bicycle-train’ and ‘frequent bicycle-train’ groups (almost
60%) than in the ‘not at all or infrequent’ bike-train group (a bit less than 40%). There were
small differences in combined bicycle-train use in the ‘study/school’ and ‘entrepreneur’
categories. The bars for the ‘entrepreneur’ category indicate that the share of entrepreneurs
in the ‘frequent bike-train’ group is somewhat larger than in the ‘not at all or infrequent
bike-train’ group. Concurrently, the share for the ‘(early) retired’ category is considerably
lower in the ‘average’ and ‘frequent’ groups (18% and 19%, respectively) than in the ‘not
at all or infrequent’ group (38%). The ‘other’ category consists of persons with the sta-
tus ‘incapacitated for work’, ‘houseman/housewife’, ‘job seeker’, ‘I do voluntary work’, or
‘other’. In summary, the second characteristic of the bicycle-train traveller is that he or she
is more likely to be engaged in salaried employment or be an entrepreneur than other train
travellers. Please note that the shares of each cycling group in the different categories (for
example the category ‘Study/school’) could be different if we would have had more young
respondents. This is the result of the age bias. Therefore this conclusion should be taken
with some restraint.

The respondents were also classified according to ‘predominant travel purpose’ (Fig. 3).
The categorisation of ‘predominant’ reflects the respondent’s self-reported dominant travel
purpose when traveling by train and registering on the NS Panel; however, it does not nec-
essarily reflect the reason for all train trips made during the two-week survey period. The
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Fig.3 Percentage of all travellers in three groups of varying bike-train usage per predominant travel motive
category. Legend: no or infrequent use of bicycle-train (0-15% bicycle share in access/egress); average
bicycle-train usage (16-50% bicycle share in access/egress); use bicycle-train frequently (more than 51%
bicycle share in access/egress)
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access/egress)

home-work commute was by far the most common travel purpose for the ‘average’ and
‘frequent’ bicycle-train groups (46% and 43%, respectively). Travelers with a business-
related reason, people who study, and people with varying travel purposes claimed more
or less equal shares in the three groups. The ‘social’ and ‘leisure’ categories claimed a
larger share of respondents in the ‘not at all or infrequent bicycle-train’ group than in the
other groups. In summary, for all bicycle-train travellers the largest share stated commuting
between home and work as the primary travel purpose,” compared to the non-cycling train
travellers. Like with the previous characteristic, also the conclusion for ‘predominant travel
motive’ should be interpreted with some care.

Figure 4 shows the distribution according to educational level. The bicycle-train travel-
lers (orange and grey bars) are particularly distinguished by the fact that they are more
likely to hold university degrees than the group of train passengers who cycle not at all
or infrequently (grey bars). The ‘higher professional education’ category is more or less
equally represented in all three groups. Except for ‘other/no answer’, all other categories
(i.e. those with lower education levels) have a lower share in the ‘average’ and ‘frequent’
bicycle-train groups than in the group that primarily uses other modes of transport for
access and egress. Hence, the bicycle-train traveller is on average highly educated.

% As the vertical axis represents percentages, one cannot conclude that the ‘average’ and ‘frequent’ bicycle-
train travellers make fewer leisure trips than the ‘not at all and infrequent’ bicycle-train travellers. It is pos-
sible that the absolute number of leisure trips made by typical bicycle-train travellers in the home—work
commuter category is higher than the absolute number of leisure trips made by the ‘not at all and infre-
quent’ group in the leisure category.
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Table 2 Station typology of the Dutch National Railways

Location
City centre City border and Peripheral area
suburbs
Service status
High speed trains, intercity trains, sprinter 1
trains
Intercity trains and sprinter trains 2 3
Sprinter trains 4 5 6

Source: Van Hagen and de Bruyn (2002)

Regarding the final characteristic, ‘gender’, 47% of the bicycle-train traveller group
were men and 50% women, with 3% of respondents not indicating their gender. Of the
group that made a train trip but did not cycle, 46% were men, 52% women, and 2% did not
denote their gender.

Looking at all results presented in this section, the respondents in the ‘not at all or infre-
quent’ group clearly differ from the respondents in the ‘average’ and ‘frequent’ groups.
Respondents in the ‘average’ and ‘frequent’ groups share very similar characteristics, sup-
porting our decisions to typify respondents in both groups as ‘bicycle-train travellers’.
Compared to the ‘not at all or infrequent’ group, the bicycle-train travellers are on average
more likely to be young people who are engaged in full-time employment or entrepreneurs,
commute to work and hold university degrees. This profile matches the Shelat et al. (2018)
characterisation of the combined bicycle-transit user.

The bicycle-train traveller: what are their travel choices?

This section focuses on the most important travel choices of the bicycle-train travel-
lers, shedding light on their preferences and travel behaviour. Detailed knowledge about
their travel preferences can provide useful inputs not only for policies that aim to further
increase combined bicycle-train use in the Netherlands but also for informing policymak-
ing in other cities and countries.

Station choice

Station choice is analysed on the aggregate level, i.e. on the level of station type rather than
on the individual station level. The Dutch National Railways classifies its train stations
into six categories, ranging from very large stations in large cities (type 1) to small stations
in small towns (type 6). See Table 2 for a characterisation of the station types along two
dimensions: location and service status.

Column two of Table 3 denotes the number of stations per station type in the Neth-
erlands. Because our sample has a spatial focus on several large cities, it should not be
inferred that the respondents used all 400 stations. The information in column two is only
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Table 3 Chosen and skipped station types by bicycle-train travellers

Train station (according to NS classification) Station type chosen by  Station type skipped by
bicycle-train travellers at bicycle-train travellers
home-end at home-end

Type of station No. of stations® No. of trips (%) No. of trips (%)

1. Very large station in city centre 6 2439 49 155 3

2. Large station in medium-sized 30 510 10 52

city

3. Suburban station with hub func- 11 1061 21 632 13

tion

4. Medium-size station in centre of 147 363 7 392 8

small town or village

5. Suburban station without node 110 490 10 3181 67

function

6. Station in rural small town or 96 83 2 330 7

village

Total 400 4947 100 4742 100

Source: NS passengers, station classification (as per 30 Nov 2015)

meant to provide a general indication of the distribution of stations in the Netherlands
across the six categories.

Table 3 shows the extent to which bicycle-train travellers choose and skip the vari-
ous station types. Here, the unit of measurement is ‘trips’, not respondents. Respondents
reported the stations they used in the observed two weeks (with a maximum of five sta-
tions) and ranked them based on frequency of use. The number of train trips was then
distributed over the stations on the basis of the following weights: 100:50:30:25:20, so that
the most used station has the largest weight. Out of a total of 4947 trips to a home-end
station, a type 1 station was chosen 2439 times. A ‘skipped’ train station is defined as a
station situated closer to the respondent’s residential location'® than the chosen station.!!
To determine the proximity of train stations, the distance (in a straight line) between the
centroid of the 4-digit postcode of the respondent’s residential location and each railway
station was calculated. The group of type 1 stations contains only six stations: Amsterdam
Central, Utrecht Central, Rotterdam Central, The Hague Central, Eindhoven, and Amster-
dam Airport Schiphol. Because virtually no one resides in the vicinity of Amsterdam Air-
port Schiphol, the values for station type 1 actually relate to only five stations. A type 1,
2 or 3 station was chosen 80% of the time, while conversely a type 1, 2 or 3 station was
only skipped 17% of the time. This occurred at the expense of mainly type 5 stations, dem-
onstrating that higher tier stations attract cyclists from a wider catchment area and that
cyclists who live at a cyclable distance from these stations—especially type 1 and 2—
almost always choose this station type. Table 3 also shows that the group of type 5 stations
has by far the largest share of the total number of times that stations were skipped, which

10 The respondent’s residential location is known on the 4-digit postal code level.

11 Please note that, according to this definition, a ‘skipped’ station is not necessarily literally passed by the
traveller while cycling to a higher tier station. It can be also located in the opposite direction of travel. All
distances are measured in a straight line.
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can be explained by the fact that this station type is often situated in or near residential
areas at the edge of large cities. Many cyclists do not choose these stations as their home-
end stations even when they are situated close by, preferring instead to cycle to a more
distant but larger station. The general conclusion is that bicycle-train travellers prefer to
cycle further to avoid the need to transfer trains. This finding is in line with the stated pref-
erence study of Van Mil et al. (2018), who concluded that a bicycle-train traveller is willing
to cycle 5 additional minutes in order to avoid a transfer, and Nieves (2018), who showed
that ‘train-cyclists’ in the Amsterdam metropolitan area are willing to take longer cycling
journeys in order to shorten their train trips. In addition, higher tier stations offer better
services in terms of train schedules (more frequent train connections and more choices of
the fast intercity trains) and facilities (bicycle parking, shops, toilets, etc.) than lower tier
stations.

Activities during bicycle-train travel to/from train stations

Table 4 provides information about the ‘trip chaining’ that occurs during the bicycle leg
of the bicycle-train trip. Knowledge about the extent to which bicycle-train travellers are
involved in trip chaining is relevant because it indicates the ease with which this can take
place. In the current context, trip chains describe how bicycle-train travellers link their
travels between ‘significant’ locations (e.g. home and work location or location of a leisure
activity) and undertake the activities listed in Table 4. It appears that visiting supermar-
kets (41%), visiting other shops (28%), posting letters, and withdrawing money from ATMs
(28%) are the most popular activities for trip chaining on the bicycle leg. The bicycle might
be an important enabler for trip chaining. Already in 2000, Hensher and Reyes (2000) con-
cluded that complex trip chains require flexible travel modes. The bicycle is such a flexible
travel mode (along with walking). This conclusion is supported by the fact that at most
15% of the bicycle-train travellers in our sample were not involved in an activity at least
one time during the observed two-week period.

Mode choice

Table 5 (home-end) and Table 6 (activity-end) present the mode shares based on the
estimated number of trips per mode that the respondents made during the 2 weeks prior

Table 4 Activities of bicycle-train travellers on their way to/from train stations

Activity Share (%) of
bicycle-train travellers
(n=1309)

Visiting a supermarket 41

Visiting a shop (other than a supermarket) 28

Posting a letter or withdrawing money from an ATM 28

Visiting a restaurant/bar 20

Other or no activity 15

Visiting a service provider (e.g. dentist, hairdresser) 9

Pick up/delivery of parcel or goods 8

Bringing/fetching children from day care 5

Remark: The activity was carried out at least once during the observed two-week period
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Table 5 Mode choice at home-end of the train trip

Region Walking Bicycle BTM Car (driver) Car (pas-  Other No. of trips
(%) (%) (%) (%) senger) (%)
(%)
Amsterdam 17 51 30 0 1 1 2027
Rotterdam 27 39 29 3 1 2 1120
Utrecht 25 55 19 0 1 0 2093
Eindhoven 12 50 30 4 2 2 513
Other towns in 20 56 11 11 1 1 1491
the Netherlands
Total 21 51 23 3 1 1 7244

Remarks: BTM (Bus/Tram/Metro); Other includes scooter, ferry etc.; No. of trips are no. of respond-
ents X trips per respondent

Table 6 Mode choice at activity-end of the train trip

Region Walking Bicycle BTM Car (driver) Car (pas-  Other No. of trips
(%) (%) (%) (%) senger) (%)
(%)
Amsterdam 51 15 32 0 1 1 1538
Rotterdam 45 14 35 0 2 4 635
Utrecht 51 21 25 0 2 1 885
Eindhoven 51 22 22 0 5 1 194
Other towns in 51 20 23 0 4 2 3992
the Netherlands
Total 51 20 23 0 4 1 7244

Remarks: BTM (Bus/Tram/Metro); Other includes scooter, ferry etc.; No. of trips are no. of respond-
ents X trips per respondent

to completing the survey. The number of trips per mode is an estimate, due to the fact
that while the mode is reported by the respondents, the frequency how often this par-
ticular mode was used to travel to/from the station during the two-week period is not.
If more than one mode was used, it is assumed that each was used equally often. If for
example a respondent used the train on four days and indicated that both the bicycle and
BTM (Bus, Tram, Metro) were used, each mode is assumed to be used twice. The mode
shares are thus weighted for the number of train trips made. The transport modes most
often chosen on the home-end and activity-end are walking, cycling and BTM. Cycling
claimed a much larger share at the home-end than at the activity-end, which is likely
due to bicycles being less-readily available on the activity-end. At the activity-end, train
travellers rely on public transport bicycles (PT-bicycles), folding bicycles and private
bicycles (also called ‘second bicycles’) permanently parked at an activity-end train sta-
tion. Walking shows the precise opposite distribution than for bicycles: walking claims
a high share on the activity-end and much lower share on the home-end. BTM’s share
is approximately equal on both ends of the train trip. Regarding the location, cycling’s
share on the home-end in Rotterdam stands out as being significantly lower (39%) than
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in other urban regions and in the rest of the Netherlands (‘Other towns in the Nether-
lands’). Concurrently, Rotterdam had a relatively high share for walking. The 11% for
car use (as a driver) on the home-end for ‘Other towns in Netherlands’ is plausible, as
the category includes trips to/from stations in semi-urban and rural areas alike, marked
by lower accessibility to BTM, longer cycling distances to stations than in urban areas,
and car parking facilities that are generally easily accessible, free of charge and of suf-
ficient capacity (unlike most train stations in urban areas).

Figure 5 shows the relationship between the degree of bicycle use (to/from train stations,
home-end and activity-end) and train use during the two-week study period. People who
frequently travel by train also cycle relatively more frequently to/from train stations than
people who rarely travel by train. Although the share of ‘frequent bicycle-train’ increases
somewhat as the number of train days increases, the trade-off is primarily between the ‘not
at all or infrequent bicycle-train’ and ‘average bicycle-train’ groups.

Choice of type of bicycle

Table 7 (home-end) and Table 8 (activity-end) present the shares of the different types of
bicycles. The shares are weighted according to the respondent’s frequency of bicycle use.
Consequently, a respondent who indicated that he or she used a certain type of bicycle
for 6 days has double the weight of a respondent who used that type of bicycle for 3 days.
The tables consider six types of bicycles. The PT-bicycle (OV-fiets in Dutch) is a bike-
sharing system operated by the Dutch National Railways, allowing train travellers to rent
bicycles (which are primarily used at activity-end stations). Folding bicycles are compact
bicycles that can be taken on board of trains free of charge. Regular bicycles are standard
Dutch-style bicycles. Electric bicycles (or e-bikes) have electric-powered support, allowing
cyclists to travel longer distances or cycle faster. Special types of bicycles include moun-
tain bikes, racing bikes, cargo bikes and recumbent bicycles.

The general picture is that regular bicycles claim a higher share on the home-end than
on the activity-end. On the activity-end, major differences exist between regions. As the
number of respondents travelling to Eindhoven and Rotterdam and using bicycles there

100%

90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

1day(n=601) 2 days (n = 499) 3or4days (n=484) 5or6 days (n=266) 7 or more days (n = 449)

m No or infrequent bike-train m Average bike-train m Frequent bike-train

Fig.5 Bicycle-train use and train intensity. Legend: no or infrequent use of bicycle-train (0-15% bicycle
share in access/egress); average bicycle-train usage (16-50% bicycle share in access/egress); use bicycle-
train frequently (more than 51% bicycle share in access/egress). The horizontal axis denotes the number of
days trains were used during the studied two-week period
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Table 7 Choice of type of bicycle on home-end of train trip

Region No. of Type of bicycle
respondents

Regular Electric PT-bicycle Folding Special Other

(%) (%) (%) (%) (%) (%)
Amsterdam 386 88 2 1 2 0
Rotterdam 134 84 3 1 5 0
Utrecht 325 88 2 1 5 3 1
Eindhoven 91 76 3 2 11 7 0
Other towns in 273 87 4 0 8 1 0

the Netherlands

Total 1209 87 4 0 7 2 0

Remarks: Regular includes city bicycle, station bicycle, bicycles of ‘normal’ size; Special includes racing
bicycle, mountain bicycle, recumbent bicycle, etc

Table 8 Choice of type of bicycle on activity-end of train trip

Region No. of Type of bicycle
respondents

Regular Electric PT-bicycle Folding Special Other

(%) (%) (%) (%) (%) (%)
Amsterdam 72 73 0 13 10 3 0
Rotterdam 33 66 1 12 21 0 0
Utrecht 64 26 1 44 26 2 1
Eindhoven 14 21 0 14 65 0 0
Other towns in 295 56 1 23 17 2 0

the Netherlands

Total 478 55 1 23 18 2 0

Remarks: Regular includes city bicycle, station bicycle, bicycles of ‘normal’ size; Special includes racing
bicycle, mountain bicycle, recumbent bicycle, etc. The percentages relate to the choices made in the area.
For example, from the 72 respondents who cycle at the activity-end of a train station in Amsterdam, 73%
used a regular bicycle. Those respondents reside somewhere else than in the Amsterdam region

on the activity-end is low, reliable conclusions cannot be drawn for these groups. The use
of PT-bicycles and folding bicycles on the activity-end is high in Utrecht compared to the
other areas. The figures for these bicycle types (home-and and activity-end and all regions)
are higher than expected based on the ‘cycling knowledge’ of the authors. Consequently, it
could be that people who own folding bicycles had a higher response rate.

Discussion of results and lessons for policymaking

Compared to train travellers who hardly or never use bicycles to travel to/from train sta-
tions, bicycle-train users are on average more likely to be young people who are engaged
in full-time employment or entrepreneurs, commute to work and hold university degrees.
In addition, there seems to exist a positive relationship between the percentage of bicycle
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use in access and egress travel and the level of train use.'? In line with this observation, we
found that bicycle-train travellers frequently are also train commuters (as train commuting
is usually a recurring activity). This last observation corresponds to the findings of Givoni
and Rietveld (2007) in their study of access to railway stations in the Netherlands.

Looking at age, there are several possible reasons why bicycle-train travellers tend to be
young. Young people tend to have busier lives, spending more time in and around cities.
Consequently they have a greater need for efficient transport modes, like bicycle-train tran-
sit that is geared towards cities. Moreover, they are on average more physically fit, which,
on the one hand, removes a barrier and, on the other, can even provide an incentive (e.g. a
light workout as a daily routine) for the bicycle-train combination. The described profile of
bicycle-train travellers is useful for demarcating the target group of potential bicycle-train
travellers for policymakers in countries and cities where the combined use of bicycle and
train is still in its infancy.

Regarding the bicycle-train travellers’ choice of station, it appears that they emphati-
cally skip suburban stations without a node function (type 5 stations), frequently choosing
very large stations in the centres of large or medium-sized cities (type 1 and 2 stations).
These stations offer relatively good rail services (intercity connections in many directions,
restaurants and shops) as well as bicycle parking services (guarded, free parking, close
to platforms). At type 5 stations the rail and bicycle parking services are much poorer;
intercity trains do not stop there, and there is no free, guarded bicycle parking available.
The conclusion is that there seems to be a trade-off between cycling distance and station
service quality. Consequently, a key point in the context of policy learning is that bicycle-
train travellers are willing to cycle longer distances in order to avoid having to transfer
between two trains and to access higher quality service locations. Moreover, it seems that
due to its flexibility, the bicycle—and thus the bicycle-train combination—is well suited
for trip chaining. Regarding mode choice, a key observation is that bike-sharing is much
more prevalent on the activity-end of train trips than on the home-end. This seems to imply
that there is a large latent demand for bicycle use on the activity-end, which is currently
limited due to the comparatively low availability of bicycles on that end of the train trip.
If the supply of shared bicycles on the activity-end was improved, bicycle use would also
perhaps increase on the activity-end of train trips. This would add similar flexibility, allow-
ing travellers to personalise their entire trips, rendering the bicycle-train combination even
more attractive. Furthermore, bike-sharing on the activity-end is low in the major cities of
Rotterdam and Amsterdam, compared to the other areas. One reason for this finding could
be that both cities have highly developed metro networks, as well as relatively long aver-
age access/egress distances to stations, owing to their larger geographical sizes. This could
have a dampening effect, preventing travellers from taking advantage of the various options
for bicycle use on the activity-end: PT-bicycles, folding bicycles and second bicycles. Such
insights could prove valuable for other cities that have extensive public transport networks
and would like to encourage bicycle use for access and egress trips to/from train stations.
A key finding regarding the choice of type of bicycles is that regular bicycles claim by far
the largest share on the home-end. This can be explained by the fact that virtually every-
one in the Netherlands owns a bicycle that they store at home. Another observation is that

12° A possible explanation is that minimising waiting times at stations is more important for high-frequency
train travellers than for people who rarely travel by train. When using bicycles, waiting times at stations can
be planned to a high degree and attuned to personal or contextual preferences. This does not usually work
with buses, trams or metro as access and egress modes.
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PT-bicycles claim a considerable share on the activity-end, and, because PT-bicycles are
shared bicycles that must be picked up/dropped off at train stations, it further emphasises
the potential of bike-sharing systems to increase bicycle use on the activity-end. This is a
key point for consideration by policymakers in the field of active and public transport.

Limitations and further research

Several limitations to this research should be noted. First, we had to estimate the data for
combined bicycle-train use on the trip level. In the survey, the respondents reported on the
stations, modalities and bicycle types used during the two-week study period. The survey
also produced data on the number of train trips in this period. However, in order to render
the questionnaire easier to complete and in line with this study’s aims, the questionnaire
only asked for the various choices by binary categories, rather than by specification on the
trip level. This limitation was overcome by estimating the frequency as based on weights
(for stations) or an equal distribution over the trips (for access and egress modes and bicy-
cle types)."

Another drawback was that older train travellers were overrepresented in our sample.
Nonetheless, for station choice and choice of type of bicycle, there were practically no dif-
ferences between the age classes.

Third, we would like to stress that this piece of research is an initial, broad investiga-
tion by means of descriptive statistics, aiming to enable follow-up research with a more
in-depth focus on one or two of the key issues (e.g. station choice) addressed here.

Lastly, there are several reasons why the percentages for PT-bicycles and folding bicy-
cles (on both the home-end and activity-end) were larger than expected. First, the use of
folding bicycles (and also PT-bicycles) is perhaps more popular under travellers registered
on the NS Panel (self-selection), the basis for the sample. Second, the willingness to par-
ticipate in the survey was perhaps higher among PT-bicycle and folding bicycle users.

The absolute number of bicycle-train travellers with an electric bicycle in our sample
is low. The overall group of people using an electric bicycle is increasing fast though. In
2018, 40% of all newly sold bicycles in the Netherlands were electric bicycles (Nieuws.
nl 2019). Especially for longer distances, electric bicycles offer an attractive solution for
travel to/from train stations. This may indicate the existence of a completely new group of
bicycle-train travellers: the electric bicycle-train traveller. A direction for further research
could be to investigate the size and characteristics of this group, in order to identify their
profiles and service needs at railway stations.

We should acknowledge that the behaviour of the bicycle-train traveller is largely a bot-
tom-up phenomenon: the transport system in the Netherlands is not integrally planned to
facilitate or promote such behaviour. While it is true that transit planners are aware of and
plan for cyclists who arrive and depart from stations and that the key destination stations
for urbanites are well known, the synergies described above are largely unplanned. This
raises the question whether top-down planning could recreate these emergent character-
istics. Do we need a combined planning department for the bicycle-train system? And, if
so, on what level of government should it operate, since it connects locations on different
spatial scales?

13 For more details please consult the sections on station choice, mode choice and choice of type of bicycle.
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Finally, a key question to consider is how does this notion of a new, distinct mobility
system with clear synergetic characteristics translate into discussions about how transport
modes influence our spatial and social environments. Currently, such discussions mainly
see car, transit and active modes (mostly walking) as co-evolving with distinct ‘urban fab-
rics’ (Newman et al. 2016). While attempts have been made to also define cycling-oriented
development patterns, the bicycle-train combination would be a completely new construct.
In the Netherlands, the bicycle-train combination has co-evolved with a spatial pattern that
seems quite unique by international comparison—bundled deconcentration, or clustered
suburbanisation (Janssen-Jansen 2016). The Netherlands’ overall high density, yet with
local pockets of dense and diverse urban cores around a set of transit nodes, has led some
researchers to label the Netherlands not as a high-density country but rather as one large
empty city. How these spatial patterns impact the potential contributions of the bicycle-
train system (e.g. allowing for easy trip chaining) remains to be studied in greater detail.

This study is a step towards fully understanding the intricacies of the bicycle-train sys-
tem. Further advances along the outlined future research directions would provide valuable
insights into the success factors of this example of Dutch sustainable mobility innovation
and its potential for application in other contexts.
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