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ABSTRACT

The rapid and global growth of bikesharing has come at a time when concerns for the
environment are central in policy-making. It has, however, become apparent that the
environmental benefits of bikesharing are at its best when bikesharing does not substitute
walking, cycling or public transport and when it is combined with public transportation in
covering the first and last mile of public transportation journeys. This thesis investigates how
bikesharing is being integrated with public transportation in Oslo. To further understand the
relationship between bikesharing and public transportation quantitative models were applied to
address three knowledge gaps on the topic. Firstly, integrated use of public transportation and
bikesharing on a trip-level tend to be the norm in studies. Results from this study show however
that combined usage of public transportation and cycling in daily life is important in explaining
membership choice. Secondly, previous studies usually view bikesharing members and non-
members separately. Viewing these groups together has identified factors that affect interest in
participating in bikesharing and factors that matter for actual membership. Findings suggest
that environmental consciousness can explain interest in bikesharing, but membership choice
is more likely to happen when urban characteristics and transportation in daily life makes it
convenient. Finally, studies on integration between bikesharing and public transportation on
trip-levels are often based on survey data or on bikesharing station frequencies. In this thesis it
has been highly beneficial to use bikesharing population data on routes. Results indicate that
bikesharing might serve an important integrational purpose with the metro- and railway- system

in covering the first - and especially the last - mile of metro/railway journeys.
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1 INTRODUCTION

The pressing issues of climate change challenge how we conduct our lives as nearly all aspects
of our current society contribute to greenhouse gas emissions. Transportation is one major
source accounting for nearly a quarter of Europe’s total greenhouse gas emissions and is the
main cause of air pollution in cities (European commission, 2016). Reducing fossil fuel based
travel is therefore crucial for both the local and global climate and has become a major policy

objective for national- and city- governments across the globe (Moss, 2015).

Sharing our resources is viewed to be one solution to the over consumption of the world’s
resources, congestion and urban space issues and recent years have seen the emergence of a
sharing economy (Frenken, 2017). The sharing economy allows services and goods to be shared
amongst strangers and advances in the sharing economy have been especially apparent in cities
as urban environments have proven to be beneficial for sharing (Munds & Cohen, 2015). For
the transportation sector it is argued that sharing mobility has the potential to make travel
cheaper, cleaner and more accessible (Adams et.al, 2017). Innovations as well as participants
within the field of shared mobility have been numerous; a development encouraged by many

city governments.

One increasingly popular shared mobility service is bikesharing, and bikesharing systems have
appeared in cities across the world as a green transportation measure (DeMaio, 2017; Mayer &
Shaheen, 2017; Fishman, 2016). Bicycle sharing programmes serve as an alternative
transportation mode in cities and provide public access to pick-up and drop-off bikes at
numerous locations (Adams et.al., 2017). The potential environmental benefit of such
programmes is however debated as a considerable number of trips are substituting other green
transportation modes and the sustainable impact of bikesharing is argued to be limited (Fishman
et.el. 2013).

It is however largely agreed upon that bikesharing systems in combination with public
transportation can provide a low-carbon solution for the “last-mile” problem of a transportation
journey without the need for a motorised vehicle (Liu, Z., et al., 2012). The “last-mile” problem
is argued to be a major challenge in the public transportation system as using the transportation
mode in itself requires some sort of travel. This challenge is one of the reasons why the private

car is a comparatively efficient transportation mode since cars can provide door-to-door



transport. Bikesharing may therefore serve an important role in access and egress trips to and
from public transportation stops (- i.e cycling from a pick-up point to a metro station and / or
vice versa). This can increase the competitiveness of the public transportation system as a

whole.

Combining bikesharing with public transportation has thus been viewed important for
sustainable travel and a new advance in shared mobility, mobility as a service may contribute
to more easily combined transportation modes. Through smart phone technology, mobility as a
service aims at facilitating door-to-door travel by integrating conventional forms of public
transportation with shared mobility services (Jittrapirom et al., 2017). The emerging trend
where accessing transportation modes is becoming relatively important compared to owning
them, suggests that integrated transportation solutions will become more important in the near
future. The new shift in trends, from ownership-based to access-based, point to the need for
more research on integration between transportation modes (Frenken 2017). In this thesis,
integration will be viewed from a user perspective on two different levels. Firstly, integrated
use of the two systems may happen on a trip level in the form of access trips to public
transportation and egress trips from public transportation to final destinations (Fishman et.al.,
2013). Secondly, integration may happen in daily mobility as part of the different transportation

modes individuals have access to and use in their day to day lives.

Bikesharing has long been considered a niche area, however because of its global reach and the
proliferation of bikesharing schemes it be cannot be considered so anymore (Croci & Rossi,
2014). Despite its newfound relevance, research is lagging behind. Typical studies on
bikesharing focus on their innovative aspects as well as how best to optimise the current systems
(Shaheen, Guzman & Zhang et.al 2010, Pal & Zhang, 2017). Bikesharing integration with

public transportation however is a field which has been somewhat neglected in current research.

Luckily, a few scholars have researched bikesharing in relation to public transportation systems
(Fishman et.al 2013; Campbell & Brakewood 2017; Noland, Smart & Guo 2015; Martin &
Shaheen, 2014). The main topic of these studies has been to what degree bikesharing is being
used instead of unsustainable transportation modes such as private cars and taxis. These studies
are usually quantitative in nature and typically find that bikesharing is substituting few trips
from unsustainable transportation modes, and substituting many trips from sustainable

transportation modes like public transportation and walking (Fishman et.al., 2013). The



findings from the research is however not consistent, as some scholars argue that bikesharing

is significantly contributing to sustainable travel (Martin & Shaheen, 2014).

In the current body of literature there are some knowledge gaps that | will address in the thesis.
Firstly, research regarding who subscribe to bikesharing schemes tends to be based on surveys
on bikesharing members (Fishman et.al, 2013; Martin & Shaheen, 2014). Only a few studies
have collected data from non — members (e.g Efthymiou et.al., 2013). Comparison of data from
members and non - members could be beneficial in discovering whether aspects related to
public transportation are important factors in integrating bikesharing in daily life. This could
identify which factors affect interest in bikesharing and distinguish those from factors that are
important in taking the actual step to become a member. Such a comparison could also be

beneficial to map the potential for upscaling the system.

Secondly, there are few, if any, studies that view bikesharing in relation to people’s daily
mobility patterns and transportation resources outside of bikesharing. The focus of previous
literature on bikesharing members has mainly concerned itself with bikesharers’ socio-
economic and socio-demographic characteristics (Martin & Shaheen, 2014; Campbell &
Brakewood, 2017; Fishman et.al, 2013; Guo et.al., 2017). Research on integration between
bikesharing and public transportation in people’s daily mobility is therefore necessary in order

to fill this knowledge gap.

Finally, research regarding how bikesharing is integrated with public transportation on a trip
level tend to either use survey data or data on bikesharing station frequencies and not routes
between the stations (e.g Yang et.a., 2010; Noland et.al., 2016; Zhang et.al., 2017; Campbell &
Brakewood, 2017). Station frequencies can be important to identify factors that increase use of
a station, but in many ways, such a focus fails in explaining mobility patterns between the
stations. An advantage would however be to focus on route frequencies between bikesharing
stations to see if routes that are connected to public transportation at one end of the route
positively correlates with higher user frequencies. Looking at the routes can thus indicate

whether bikesharing is being used to cover the first and / or last mile of the journey.

1.1 AIM OF THE THESIS

This thesis is based on a theoretical framework informing about assumed causality on

transportation behaviour generally, and on bikesharing behaviour specifically. Previous

3



findings, which will be presented in a theoretical framework, form the basis for the rest of the
thesis as hypothesis, and the choice of variables firmly rests on previous work on the topic. To
address some of the knowledge gaps presented above this thesis will provide a comprehensive
approach to bikesharing integration with public transportation. Two levels of integration will

therefore be explored.

The analysis draws on data from multiple sources. A survey amongst bikesharing users and
non-users based on the general population in Oslo and Baerum will be used to compare people
who have a bikesharing membership with people who do not. The survey will be used to address
bikesharing integration in daily mobility. Population data on bikesharing trips will be used to
explore bikesharing mobility patterns and how this might be integrated into individual journeys.
Various quantitative modelling techniques will be used to understand bikesharing integration
with public transportation. The quantitative models are used to test hypothesis related to the
topic and to discover correlations amongst the independent variables on dependent variables.

The main research question for the thesis is:
In what way and why is bikesharing being integrated with public transportation?

Some form of integration is expected as it is unlikely that the transportation modes are being
used in total separation to bikesharing. Whether the integration is comprehensive or not, is
however another question. The focus is therefore: why and how is integration happening? As
the objective of the main research question is to understand integration in a comprehensive
manner, it is necessary to unpack the question into two research questions linked to integration
in daily life as well as in individual journeys. Answering the following questions can therefore

contribute to further understanding the effect public transportation might have on bikesharing.

RQ 1: How do daily- access and use of public transportation affect revealed bikesharing

membership choice compared to stated interest in bikesharing participation?

This question aims at addressing bikesharing integration in daily mobility. The majority of the
respondents are not bikesharing members, but some are, forming a basis for comparison. The
objective is to assess whether the respondents current mobility modes affect their interests in
bikesharing schemes. By comparing the results, it is possible to find out if public transportation

plays an important role for bikesharing integration in daily mobility.



Ordinal logit models will be used to see whether transportation resources and daily mobility
patterns related to public transportation increases the likelihood of stated interest in
participating in bikesharing programs. Binary logit models will be used with the same
independent variables to see if they affect revealed membership choice.

RQ2 seeks to explore integration of bikesharing routes as port of individual public

transportation journeys, either as access, egress or both.

RQ2: What impact has connectivity to public transportation, along with other urban form
aspects at bikesharing origin and destination stations, on bikesharing route frequencies?

By answering this question, it is possible to gain insight into whether bikesharing is being used
to access or egress public transportation. Proximity between public transportation and
bikesharing station is used as an indicator for combined travel. However as other features at the
bikesharing stations might be the real cause for route frequencies it is important to control for
aspects known to impact ridership levels. Aspects known to impact bikesharing is urban form
at start and end station as well as distance and elevation between stations (Liu et.al. 2012). In
this thesis urban form is indicated by density, diversity, destination accessibility and distance
to public transportation. If route frequencies are higher on routes that are connected to public
transportation at one end of the route when controlling for the urban form at bikesharing
stations, this can indicate that bikesharing is possibly used to access or egress public
transportation. If this is the case bikesharing might play an important role in covering the first
and last mile of a transportation journey. As mobility patterns change throughout the day, route
frequencies during weekday morning and afternoon will be explored in addition to general

frequencies.

The data used to answer this question is population data on bikesharing trips. This data has been
joined with other spatial data that informs about the urban characteristics at the bikesharing
stations as well as distance to public transportation. Negative binomial regression is used to
measure the effect connectivity has on bikesharing route frequencies in general, as well as

morning- and afternoon - frequencies.

By viewing key results from RQ1 and RQ2 together, bikesharing’s role in relation to public
transportation might be better understood.



1.2 THE CASE OF OSLO

The rationale for choosing Oslo is threefold: Firstly, literature on bikesharing has tended to
have a limited focus on a few cities in the US, Great Britain, France, Australia and China
(Fishman, 2016). As bikesharing may be related to factors like urban form, demography,
economy, culture and climate, the current pool of literature is lacking studies from Northern
Europe. Northern European cities are often distinct in that they have well-functioning public
transportation systems, strong seasonal variation, and a high share of active modes like walking

and cycling; a study from Oslo might therefore show a variety in bikesharing (Eurostat, 2018).

Secondly, Oslo is a city with ambitious environmental targets aiming at reducing greenhouse
gas emissions by 50% within 2030 (Plansamarbeidet, 2015). Over half of the city’s total
emissions originate from transport, and policy objectives have therefore been directed towards
the transportation sector. Halting car ownership in the Oslo region is viewed as one solution
and sustainable transportation modes like public transportation, cycling and walking are
supposed to account for any new growth in the transportation sector for the coming years (St.
Meld. 33(2016-2017) p.147). As a consequence, sharing platforms like Oslo’s bikesharing
scheme have gained importance as a transportation mode in the city (St. Meld. 33(2016-2017)
p. 76).

Finally, Oslo has had a bikesharing scheme since 2002 (Alsvik, 2009). The extent and
membership numbers of the scheme “Oslo City Bike” has increased, especially in the latter
years of its existence (Dagens naringsliv, 2018). Between 2015 to 2016 the subscriber number
increased from 29 000 to 40 000 users (Regnskap og @konomi, 2018). The program is currently
gaining relevance as advances in the transportation company, “Ruter”, is working towards more
integrated travel solutions in the Oslo region; this includes bikesharing integration (Aarhaug
2017). The transportation company is taking a mobility as a service approach using smart phone
technology to ease combined usage of public transportation in addition to shared mobility in
order to promote sustainable mobility. The developments currently taking place in Oslo call for
research on bikesharing integration with public transportation; this is a topic that has not yet
been studied (Alsvik 2009; Bergstrom 2017; Langfeldt 2011). Furthermore a study from Oslo

can add to the pool of international literature.



1.3 THESIS OUTLINE

In chapter 2 | will present a literature review on relevant research on the topics of shared
mobility and bikesharing. Furthermore the theoretical framework will be presented here
explaining relevant concepts and relationships between aspects that are related to bikesharing
membership and bikesharing mobility patterns. There will be in particular a focus on integration
between bikesharing and public transportation. Key concepts from time geography will also be
presented in this section. Chapter 3 is the research design chapter. Here the study area, data and
operationalisation of the theoretical concepts to quantifiable variables will be presented. An
emphasis will be put on how data and methodological choices may impact the validity and
reliability of this thesis. Also in this section the quantitative models will be presented and
explained. Chapter 4 will deal with bikesharing integration with daily mobility and the results
from RQ1 will be presented and discussed descriptively as well as analytically. Subsequently
the results from RQ2 will be presented and modal integration will be discussed in chapter 5.
This will first be done descriptively in maps before proceeding to the analytical results. The
main findings from chapter 4 and chapter 5 will be viewed in relation to each other in order to
answer the main RQ in chapter 6. The limitations of the thesis as well as further study will also

be presented here.



2 THEORY

Bikesharing has been designated a specific role in sustainable travel, to cover the first and last
mile of a public transportation journey (Liu et al., 2012). Whether bikesharing actually is used
in this manner remains to be seen. To properly understand bikesharing integration with public
transportation it is important to look to earlier research on the topic as well as looking to
explanations regarding sustainable mobility. This body of literature forms the basis of the

analytical framework which will be applied in this thesis.

The first section in the analytical framework seeks to explain bikesharing related travel
behaviour, looking to the individuals using the system as well as the urban structures for an
answer. Figuring out who bikesharers tend to be and what motivates such travel behaviour is
viewed to be important for further analysis on bikesharing. Studies have also indicated that
spatial structures, in terms of the urban form of an area, encourages certain types of travel
behaviour, amongst others, bikesharing (e.g. Ewing & Cervero, 2010; Noland et.al. 2015; EI-
Assi et.al. 2017).

The next section of the analytical framework is dedicated to understanding mobility patterns
from a time geographic perspective. Time and space impose opportunities as well as constraints
on individuals’ ability to travel (Hégesrstrand, 1985). I will argue that this perspective can
enhance our understanding of bikesharing as it enables a more dynamic interpretation of the
phenomenon. The first section of this chapter is however dedicated to the concept bikesharing
and how this shared mobility service has developed from small scale idealistic initiatives to
large scale sharing run by private operators (Martin & Shaheen, 2014). Literature from a
Norwegian context will also be presented here.

2.1 BIKESHARING’S PLACE IN THE SHARING
ECONOMY

“The Sharing Economy” was first conceptualised in 2008 and is argued to be among the most
significant economic developments in the past decade (Puschmann & Alt, 2006, Frenken,
2017). The term was originally used to describe consumers granting each other temporary
access to under-utilised goods (Frenken & Schor, 2017). The sharing economy has however

undergone development since its emergence, as a significant number of businesses are taking



part in the sharing economy. This trend has especially been apparent in shared mobility forms,

such as bikesharing.

Even though sharing is something that has been going on throughout human existence, its
present large and increasing scale and the fact that sharing is happening among strangers
constitute important characteristics of the term sharing economy today (Frenken & Schor 2017).
The sharing economy is in its most basic sense understood as consumers sharing physical
artefacts in their usage (Frenken, 2017). One of the main characteristics of the sharing economy
Is that the consumer does not create a demand, but rather uses an under-utilized good, like a flat
or a car. By lending or renting out under-utilized goods the consumer takes part in a positive-

sum game, meaning that it is a win-win situation for both parts (Frenken, 2018).

A traditional characteristic of the sharing economy is a consumer-to-consumer (C2C)
interaction, where the consumers grant each other temporary access, rather than giving another
consumer permanent access, distinguishing it from second hand shopping where the consumer
gets permanent access (Frenken & Schor, 2017). Digital platforms have been essential for the
sharing economy because it can enable sharing between strangers by reducing the risk by rating
systems. Even though strict definitions of sharing economy emphasize C2C interaction, the
notion of sharing economy is often expanded to include other forms of interactions and
increasingly businesses to consumers (B2C). This trend has especially become apparent after
the commercialization of the sharing economy and the move from an ownership-based

economy to an access based one.

As the sharing economy encompasses any under-utilized goods sharing mobility focuses on
under-utilized transportation. Car sharing, ridesharing and public bikesharing are all forms of
shared mobility which have been subject to recent research (Shaheen, 2016). Much of shared
mobility has B2C interactions and this is especially the case for bikesharing. The B2C
interactions are however increasingly used in combination with actors within the public
transportation sector, a consequence of an emerging shift towards access-based transportation
preference (Jittrapiron et.al, 2017). Mobility as a service (MaaS) is used to describe this shift
in consumer preferences and MaaS is characterised by being flexible, personalised and on-
demand (Aarhaug, 2017).

Similarly to the sharing economy the internet and other technologies are an essential part in its
functioning. With that said MaaS extends well beyond shared mobility as important
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characteristics are service bundling, cooperativity and interconnectivity in transport modes and
service providers (Jittrapiron et.al, 2017). This entails that car- and bike- sharing is part of a
broader mix of transportation modes, often in cooperation with public transportation, where the
user of the service pays one fee in order to access all transportation modes. MaaS aims for
integrated solutions that enable door-to-door travel, eliminating the first and last mile problem,

which will be discussed in more detail later.

The developments in the sharing economy suggest that it is taking on new forms, as not only
businesses have entered the sharing economy, but that developments such as Maa$S facilitates

conventional forms of mobility to be combined with shared mobility.

2.2 BIKESHARING

Bikesharing systems have become an alternative low-emission and on-demand transportation
mode in many cities (Parkes et.al. 2013). The concept “bike sharing systems” started in the mid
1960s as an idealistic initiative, but it is really only in the past decade that bikesharing is truly
experiencing a rapid growth (Mateo-Babiano et.al, 2016). In 2016 bikesharing became a global
phenomenon with around 2.3 million bikes available for the public on six continents (Demaio
2017). It is important to note that the rapid growth of bike sharing systems has come at a time
where concerns for the environment, culture and health are central in policy-making, a trend
which is also apparent in Oslo’s current policy making (Zhang et.al, 2015; Alsvik, 2009). The
growth of bike sharing systems is therefore something that should not be viewed separately
from broader political trends, especially so since many bikesharing schemes have been put in

place as sustainability measures (Langfeldt 2011).

2.2.1 How bikesharing works

The principle behind bikesharing systems is simple; bikesharing users can access the bikes on
an as-needed basis (Parkes et.al. 2013). The bikes are typically distributed on unattended
stations in urban or dense areas where the users easily can pick-up and drop-off the public bikes.
The fact that the stations are unattended, can be accessed beyond normal opening hours and
managed at a large scale, separate them from ordinary bike rentals (Mateo-Babiano et.al, 2016).

The past years have also seen an increase in dock-less bike sharing systems, especially in Asia
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(The economist, 2017). A common trait is however that the user gains temporary access over
the bike.

Bikesharing systems are normally distinguished by four generations connected to specific
characteristics (Martin & Shaheen, 2014). Bike sharing started as an idealistic idea where
anyone could access unlocked and free of charge bikes which were spread around the city. This
is referred to as the first generation of bikesharing, which started in Amsterdam in 1965. White
bikes were placed around the city, but the system did not last because of vandalism and theft of
the bikes in addition to police officers removing the bikes from the street (Frade & Ribeiro,
2014). The second generation is the coin- or identification- deposit system. The most known
example is from Copenhagen, where anyone who wanted to use the sharingbikes could insert a
coin in order to access them. The system did not fully solve the theft and vandalism problem,

but still operates some places in North America (Martin & Shaheen, 2014).

The third generation, which is most common today, is usually run by companies and uses
information technology to operate the system and is incorporated into remote management of
rental and payment systems. Smartphone apps can inform the users of bike availability, in
addition the operators get a constant information flow of information on how the bikes should
be distributed. Shaheen et.al (2010) also highlight the emergence of a fourth generation of bike
sharing which is characterized by flexibility, clean docking stations, bicycle redistribution
innovations, smart card integration and GPS technology and electric bikes. The IT based bike
sharing system has also opened up for broader research on the topic, as crossing user data with
movement data has become an alternative (Vogel et.al, 2014). This type of data can be used to
study mobility behaviour at an individual level, an area which has only to a small degree been
explored.

2.2.2 Existing literature on the Oslo City Bike scheme

To date there is a limited amount of literature on bikesharing systems in a Norwegian context,
highlighting the need for more research on the topic, especially so because bikesharing is
becoming a highly used transport mode in Oslo (Dagsavisen, 2018). Most of the knowledge
which is available of Oslo’s bikesharing scheme come from previous master theses and

newspaper articles. I will try to summarize their main findings.
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The focus of Alsvik’s (2009) master thesis lies on what the purpose of the Oslo bike sharing
scheme was and why the scheme was adopted by elected officials. She highlights that even
though many positive implementations of city bike schemes were mentioned by city officials,
there were no clearly defined goal or expectations to the scheme before its implementation. She
also argues that the bike sharing scheme in Oslo has functioned nearly as a trojan horse for the
advertisement firm Clear Channel who gains advertisement access to desirable urban spaces.
Bergstrom (2007) has also studied the impact advertisement funding has on the bikesharing
system in Oslo and public-private partnership lies at the centre of the master thesis. His findings
show that the funding model puts limits on the physical development of the system, in addition
the outdoor advertisement affects the accessibility of other actors to use the outdoor media

landscape.

Another master thesis which looks into the Oslo City Bike program is Langfeldt (2011), who
has compared bikesharing programs in Barcelona, Bordeaux, London and Oslo in order to
discover common features which indicate success of the bikesharing schemes. Langfeldt notes
that the Oslo City Bike is not linked to a clear vision of sustainable mobility and increased

mobility, compared to the other cities.

Earlier research on the Oslo City Bike has focused on players behind the program, city officials
and private actors. There is therefore a large knowledge gap within the bike sharing literature
in Oslo. There is little academic knowledge related to who the users are, and their socio-
economic and demographic backgrounds and we know nothing about potential users among the
general population. Furthermore, little focus has been dedicated to bikesharing and public
transportation integration in Oslo, a topic increasingly covered in the international pool of
literature. To what degree the bikesharing system in Oslo is being used in combination with
public transportation to cover the last mile of a trip is therefore largely unknown.

Knowledge about ridership patterns in Oslo has to my knowledge not been published in any
journals, even though a few newspaper articles and blogs have covered it. A highly read
newspaper article by Aftenposten has for instance reported that most bikesharing trips in Oslo
are going downhill (Aftenposten, 2016). Whether the travel pattern is mainly a consequence of
a dislike of hills or other factors, like land use in the urban core and temporal patterns, is

something which needs to be studied in more detail.
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2.3 ANALYTICAL FRAMEWORK

Explaining bikesharing related travel behaviour

Travel behaviour ultimately rests on individuals’ choices (Ness, 2015). There is however
certain individual- and urban characteristics that are linked to using sustainable transportation
which may help to explain bikesharing integration with public transportation (Nass, 2006). The
next section therefore is dedicated to previous research seeking to explain who tend to use
bikesharing systems and to what degree these are related to public transportation, what

motivates the users and how much the urban form of an area may contribute to bikesharing.

2.3.1 The socio-economic and demographic background of bikesharers

In past studies socio-economic and demographic attributes have proven to be of great
importance when analysing bikesharing (Fishman et.al., 2013). However, much of the earlier
literature has not accounted for the users of the system and a majority of studies are based on
internet surveys and smaller samples (Marleau et.al. 2012; Efthymiou et.al, 2013).

Literature on bikesharing point to some common membership characteristics. The largest group
of bikesharers are generally in their mid-thirties, and the majority generally under the age of 40
years old (e.g. Martin & Shaheen, 2014; Campbell & Brakewood 2017; Fishman et.al, 2013).
Furthermore bikesharers tend to be highly educated and often in high-income groups.
Interestingly, a study by Shaheen et.al. (2011) found that the individual characteristics of
bikesharers tend to be similar to that of early adopters. Early adopters are generally young and
highly educated individuals who apply past practices and norms in new and innovative ways.
Such individuals tend to be eager in learning about and adopting new products, such as

bikesharing.

Male majority is also a common trait of bikesharing (Fishman et.al., 2015). Reasons for the
male majority has been pointed out by Adams et.al (2017) who argue that a lack of
infrastructure can explain why some women avoid bikesharing as women often have higher
safety concerns. Furthermore women generally take on more responsibilities than men when it
comes to daily duties as for example shopping and child care. Bikesharing might therefore not
be an ideal transportation mode when transporting more than one person or when there is more

than one mandatory activity on a journey. Gender may therefore impact ridership frequencies.
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2.3.2 Bikesharers’ transportation resources and daily mobility pattern

Studies on bikesharing members and their transportation resources have typically focused on
ownership of the transportation resources car and bike. Transportation resources is a term
commonly used to describe the ownership of, or accessibility to, different sources of mobility
like private vehicles, bicycles, public transportation tickets and car- and bike-sharing
memberships (Plevka et.al 2018). Few studies have to my knowledge had a specific focus on
the relationship between access and use of public transportation in peoples’ daily mobility and

being a member of a bikesharing system (Bachand, Lee and EI-Genedy, 2012).

Studies on bikesharers tend to find that they own their own bike, an unsurprising result as
cyclists already have skill and habit of cycling and may also feel more confident travelling by
bike (Fishman et.al. 2013; Adams et.al., 2017). Nuances however show that there are
differences in their usage. A study comparing bikesharing mobility with cycling found that
bikesharing bikes are used differently, as private bikes are often used for longer trips and
exercise (Castillo-Manzano et.al 2016). Bikesharing bikes might also be used instead of a

second bike, which are normally older and cheaper bikes or for one-way trips.

Even though there are limited studies that focus specifically on the impact of public
transportation resources and mobility patterns on bikesharing membership, a few studies, such
as Bachand-Marlau, Lee and EI-Genedy (2012) do however include variables concerning travel
patterns and access to public transportation. Their results show that using public transportation
has a small, but significant effect on being a bikesharing member, whereas having a habit of
combining cycling and public transportation greatly increases the likelihood of membership.
The finding thus suggests that previous habits of intermodal travel is linked to integrating

bikesharing with public transportation.

The relationship between the car as a transportation mode and bikesharing is however a topic
that has gained more attention, as replacing car trips with bikesharing can have a considerable
positive effect on the environment (Shaheen et.al., 2010). Yet studies usually find that
bikesharing is negatively correlated with car ownership (Fishman, 2016). A study from China
did however have different results as it found that car owners were more likely to be an early
adopter of the bikesharing system (Shaheen et.al, 2011). Consistent findings were found in
Canada, which showed that the likelihood of being a bikesharing member increased for people
with a driver’s licence (Bachand-Marlau, Lee and EI-Genedy, 2012). Fishman et.al (2013)
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however argue that the relationship between car ownership and bikesharing membership may
be unique to China, in which early adopters also were more willing to purchase a car.
Furthermore access to a car may be a better measure for car usage than driver’s license as there

are more people with licenses than car access.

In terms of mobility patterns commuter trips are the most common trip purpose. Recreational
trips are less frequent, but this varies between short term and long term members (Martin &
Shaheen, 2014; Fishman, 2015). Not surprisingly bikesharing members report to use
bikesharing for one-way trips, as the pick-up and drop-off functioning allows for a flexible

mobility pattern.

2.3.3 Attitudes related to green travel

Attempts to change unsustainable travel behaviour has often been done trough campaigns trying
to change individuals’ attitudes (Prillwitz & Barr, 2011). However as there is an apparent
mismatch between caring for the environment and sustainable behaviour, a body of research
has tried to explain to what degree attitudes actually are affecting travel behaviour. The question

thus becomes what motivates sustainable travel?

As argued above previous studies have found that bikesharers often are high income earners,
which does not exclude them from being economically oriented. A question is whether the low
prices of often heavily subsidised bikesharing schemes may be contributing to bikesharing
participation. Not surprisingly, multiple studies find that economic incentives are related to
using sustainable transportation modes (Gardner, 2009; Riggs, 2017). Efthymiou et.al (2013)
found that the economically friendly prices of bikesharing schemes increased peoples’ intention
of becoming a member in the near future. Exploring this aspect further is therefore of interest,
as it may impact the decision to become a member. Furthermore saving money has been stated

as a motivational factor of becoming a bikesharing member (Fishman, 2016).

Pro-environmental attitudes or “green values” have in multiple studies shown to be correlated
with more sustainable daily travel (Kahn & Morris 2009; Prillwitz & Barr, 2011). A study from
Greece on intention to join a bikesharing programme for instance found that people who were
environmentally conscious had a higher intention of joining a bikesharing scheme within a
shorter time period than non-environmentally conscious people (Efthymiou et.al., 2013).
Similarly Prillwitz & Barr (2011) found green consciousness to impact green travel behaviour.
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Their study from the UK showed that green travellers often are young professionals living in
urban areas who tend to vote for green parties. Compared to the other participants in the study

this group walk and cycle more in their commuter trips.

Khan & Morris (2009) however argue that the consistency in earlier research on green travel
behaviour and being environmentally conscious is low. Results from their own study showed
that residents with high levels of pro-environmental beliefs cluster in high density areas close
to city centres and rail transit, strongly suggesting that it is rather urban characteristics that
promote green travel than attitudes. I will argue that this is in line with Prillwitz & Barr’s (2011)
study which also finds higher degrees of green travel by urban residents, further suggesting that
it is urban living that is the real cause for sustainable travel.

Before presenting and discussing urban characteristics and how this is related to green
transportation it is interesting to explore the idea that green travel might also be related to having
an urban outlook in life. It has for a long time prevailed that there are some inherent differences
between the urban and rural (McAndrews et.al, 2016). Some of these differences are physical
like population density, industrialisation and a high variety of building functions and services
(Naess, 2012). Other differences between the urban and rural are built on some common
perceptions, for instance that rural lifestyles are simple and slow and even old fashioned. Urban
lifestyles on the other hand are perceived to be fast, complicated and restless. There is of course
much more to urban and rural lifestyles and any simple urban-rural dichotomy may conceal
complexities in ways which may matter for transportation choice. Furthermore the car is more
used in rural areas than in urban areas (Pucher & Renne, 2001). Rural dwellers, regardless of
age and income rely on the private car for almost all travel needs. This has much to do with
elements associated with low density like dispersed residences, activities and services which |
will come back to later. With that said car ownership is closely linked to identity and maybe it

is something about a rural identity which is closely connected with the private car (Hall, 2014)?

Bikesharing, which is nearly always found in urban settlements, may be linked to some sort of
urban identity. This was suggested in Langfeldt’s (2012) thesis who argues that bikesharing
might be part of an urban identity as it is such a visible transportation mode in cities. Exploring
this idea further to see if rural-urban preferences are linked to being interested in bikesharing
participation as well as having a membership is therefore of interest. It is particularly interesting

here, because the sample of this thesis does not only include the metropolitan area of Oslo, but
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also the neighbouring municipality, Baerum, where a higher mix of urban-rural preferences

most likely will be found.

2.3.4 Urban form and travel behaviour — the five Ds

A highly studied area within urban planning is how the built environment may affect travel
behaviour (Ewing & Cervero, 2010). Certain urban form characteristics has been linked to
increased use of sustainable transportation like walking, cycling and public transportation.
Moreover research related to bikesharing trip frequencies often look to the areas’ urban form

for answers (Noland et.al, 2016)

The urban form can thus play an essential role in explaining bikesharing usage and is commonly
described by looking at five attributes, all starting with the letter D. Originally there were three
Ds, density, diversity and design coined by Cervero & Kockleman (1997). Later destination
accessibility and distance to transit was also added (Ewing & Cervero, 2010). These variables

are known to say something about how the built environment affects travel.

Density, which is often measured as gross or net population, dwelling units, employment, etc,
is known to affect travel behaviour. Denser cities are linked to lower levels of automobile travel,
whereas in cities with low density there are tendencies to travel more by car (Hanssen, 2015).
This pattern can also be seen on a smaller scale as people living in high-density neighbourhoods,
such as the inner-city, are often less car dependent and use transportation modes like public
transportation and bikes to a higher degree than those living in low-density neighbourhoods
(Naess 2012, Williams, 2005). Density in Nordic cities contribute to reduced car travel, meaning
that car travel is being substituted by other transportation modes like public transportation,
walking and biking (Nass, 2012). The relationship between density and sustainable travel
modes is therefore a reason why different measurements for density is nearly always included
in studies of bikesharing patterns, as previous studies have at times found a strong relationship

between dense areas and cycling (Zhang et.al., 2017).

Diversity, which is highly linked to density, measures the different land uses in a given area. A
high mix of facilities reduces the need to travel far to access different facilities (Ewing &
Cervero, 2010). A varied mix of facilities also become a destination in itself. Travel behaviour
is especially influenced by the location of residence in relation to a concentration of facilities,
rather than the distance to the closest facility (Nass, 2012). Where people live in relation to
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areas with high diversity is therefore an important indicator of travel behaviour. For bikesharing
complementary land use like residential and retail can potentially function both as origin and
destination for bikesharing users, increasing the use of stations placed in such areas (Mateo-
Babiano et.al, 2016). Diversity is therefore something that is related to ridership frequencies.

Design is a measure of the street network characteristic within an area. Some network
characteristics promote walking and cycling whereas others discourage it. Grid shaped
networks for example encourage walking as the street network offers direct routes in most
networks (Ewing & Cervero, 2010). This is however an aspect of urban form I will not delve

too deeply into in the thesis.

Destination accessibility says something about the cost or ease it takes for people to get to their
destinations (Ewing & Cervero, 2010). A common indicator for destination accessibility has
been the distance to the city centre where there is a higher concentration of facilities. Short
distances to the city centre are often linked to increased cycling and walkability, whereas longer
distances are linked to increased used of motorised vehicles (Ness, 2006). Accessibility to the
city centre can also be linked to bikesharing stations which in most cases are confined to inner

city areas.

Distance to transit is commonly measured as the shortest route from a residence or workplace
to the nearest public transportation stop (Ewing & Cervero, 2010). The distance says something
about the use of public transportation. Earlier research has found that when the distance to
public transportation is under 400 meters the transportation mode will generally be used more
frequently than if the distance to public transportation is longer (lacobucci, et al., 2017). This
varies however, depending on the transportation mode. A study from Oslo and Akershus shows
that people are willing to walk further for high efficiency transportation modes like metro and

railway than to for example bus and trams (Ellis et.al.,2018).

An interesting aspect of distance to public transportation is that it might not only impact the
use of public transportation, but also which mode people use as access and egress on their way
to and from public transportation (Throndsen, 2017). Bikesharing might only be used in
combination with public transportation if a bikesharing station is placed near the public
transportation stop. Distance to public transportation has been used in a number of studies

explaining bikesharing ridership levels, as bikesharing and public transportation have
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increasingly been viewed together (Bauchand-Marleau & El-Geneidy, 2012). | will discuss this

relationship in further detail later.

2.3.5 Urban form and travel behaviour, is it so simple?

The argument above indicates a causal relationship where the urban form impacts travel
behaviour. High-density areas encourage walking and cycling and low-density areas encourage
the use of motorised vehicles. The causal relationship may however not be so simple, as
individuals’ residential preferences might be the real underlying cause for such travel behaviour
(Naess, 2014). This phenomenon is called residential self-selection, and raises the question that
maybe people are inherently different from each other and this is the real reason for choosing
residential location. This can be exemplified with the conclusion from Morris and Khan’s
(2008) research presented above. Their study found that people with environmental preferences,
who may want to live a certain lifestyle, to a larger degree clustered in inner city
neighbourhoods. It might therefore be their desire to travel sustainably that cause their choice
of residence and subsequently transportation behaviour. As Holden & Nordland (2005),

however argues it is the urban form of the area which easier facilitates sustainable transport.

The issue of self-selection becomes problematic in quantitative regression models for two
reasons. Firstly, because the independent variables are supposed to be independent of each other
(Field, 2018). Secondly, the self-selection can function as an underlying third variable, where
preference is the real underlying cause of the changes seen in the dependent variable, an aspect
I will come back to later. It is however somewhat doubtful that people move to specific
locations because they want to use bikesharing systems. With that said it is thinkable that people
with urban or environmental attitudes move to avoid using a car, and bikesharing being amongst

other transportation modes that they may chose.

I will argue that a similar logic of self-selection can also be applied to the location of the
bikesharing stations. The locations of the stations are not random, as the locations are carefully
planned in order to create a well-functioning transportation system (Jaffe, 2011). This suggests
that bikesharing stations may be built with an intention to increase route frequencies. Stations
are for instance located in areas that are in proximity to important destinations as well as being
built in proximity to transportation hubs. Route frequencies, the dependent variable for RQ2,

may therefore partially be a result of how the bikesharing system is planned. If the bikesharing
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system is planned as a consequence of demand, this will not be a problem for the thesis, as
demand is likely related to the urban form of the area. If the supply on the other hand dictates

the demand, self-selection becomes a problem for the analysis.

Another underlying factor which can impact the planning of bikesharing schemes and
subsequently this thesis is advertisement at bikesharing stations. The Oslo City Bike, like many
other bikesharing schemes are partially funded by advertisement placed at bikesharing stations
(Aftenposten, 2014). It is possible that station locations are partially chosen with advertisement
in mind, consequently advertisement exposure might be an underlying cause for bikesharing
behaviour. If this is the case, the distribution of bikesharing stations might be located unevenly
in places where people with purchasing power can be exposed for advertisement (Alsvik, 2009).
It is however somewhat improbable that advertisement is the main factor behind station
locations in its whole. As argued above bikesharing is related to density, diversity and
destination accessibility, a type of urban form which is probably also beneficial for

advertisement too.

With that said it is difficult to plan for how thousands of routes may be cycled and I will thus
not be too concerned with the issue of self-selection presented above, though it is important to
elaborate on as well as keeping such issue in mind. This discussion has however highlighted
that the causal relationship between urban form and travel behaviour may not be as simple as
first presented.

2.3.6 Understanding bikesharing mobility from a time geographic

perspective

Stating the obvious, travel patterns change with time; during the day, season and decade. It is
for instance a very different experience travelling at 11am compared to at the rush hour peak at
08am. It is therefore helpful to view travel behaviour through a concept that seeks to understand
spatio-temporal mobility patterns. Time geography is an approach first developed by Torstein
Hégerstrand and his associates, and central to the approach is that actions and events which
constitute individuals’ lives, always happen within the context of time and space (Pred, 1977).

The main principles to the theory is:

“ (1) that human life is temporally and spatially ordered; (2) that human life has both a physical and social

dimension and (3) that the activities which constitute human life are limited by certain basic temporal and spatial
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constraints which condition various individual and group based activity possibility combinations” (Gregson, 1986,

p.188).

The constraints that can steer the action and event sequence of an individuals’ daily life are
capability-, coupling- and authority- constraints (Pred, 1977). Capability constraints limit
peoples’ activity through their own physical, biological and cognitive capabilities like the need
to sleep and eat. These physiological necessities limit the distance an individual can cover
throughout any given time-span. Capability constraints like age can limit the distance a person
is willing to bike or if the person is able cycle at all. This can for instance explain some of the
demographic features of bikesharers, like the fact that most bikesharers are under the age of 40.
In addition other physiological constraints like sweating or fatigue can limit certain routes or
distances that people are willing to cycle, potentially saying something about people’s mobility
patterns. Capability constraints can help understand why attributes such as destination
accessibility and distance to public transportation play such important roles when it comes to

the choice of transportation mode.

Coupling constraints define when, where and for how long an individual must join other people
or objects in order to form production, consumption, social, and various activity bundles. An
example of a coupling constraint is to join other people at a work-place at a given time during
the day. Consequentially this is impacting mobility patterns, as many people have the same
coupling constraints linked to a nine to five job. The commuter pattern will in most cases put
pressure on the public transportation system in form of cramp conditions on busses, trams,
metros and railways in addition to queues on the roads. The distinct commuter pattern linked
to coupling constraints also strains the bikesharing system as empty or full stations is common

during rush hour depending on location.

Authority constraints on the other hand, are limitations imposed by regulations, laws,
economics, such as the opening hours of bikesharing stations. An authority constraint imposed
on bikesharing systems can be regulations regarding where to build bikesharing stations. If
bikesharing is not a priority in urban planning the development of the transportation system can
be limited, as stations are not gaining access to important areas where bikesharing might be
used (Hagerstrand in Pred, 1977).

The resources, preferences and constraints of individuals are not context free, but linked to
socio-demographics like age, gender, ethnicity and health issues. Socio-demographics may

therefore affect individuals’ preferences or function as mobility constraints (Dijst, 2013).
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Constraints, preferences and resources are not static, but dynamic, meaning that the possibility
boundaries, the paths available for individuals and groups to fulfil their projects will change
with time and space (Gregory et.al. 1994). Students, with fewer resources, will for instance
often have a different mobility pattern than a well established professional.

Hégerstrand (1985) points to the fact that human beings need to return to their home after
shorter or longer excursions in order to rest, as one major constraint. It is only a limited time
individuals can be away from their home before he/she needs to return. He calls this the
principal of return, a principle that regulates and organises society as a whole (Hégerstrand,
1985). This impacts working hours, opening hours and the amount of time individuals can
interact with others. Consequentially it also impacts how we travel, and can be used to

understand different mobility patterns throughout a day.

How far an individual can travel
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Geographical

given the individual’s mandatory Space
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activities in time and space, time

budget and the travel velocity of
his/her transportation mode. The Figure 2.1:Time-space prism in Miler, 1991
space time prism is three-dimensional as shown in Figure 2.1. The potential path space, which
is bounded by the space time prism, demonstrates the area an individual can access within a
certain amount of time. The potential path space varies and is limited by constraints such as the
number of duties an individual has throughout a day, his/her health situation as well as the

transportation resources the individual has access to.

The potential path area on the other hand represents the reachable area by the individual and
signifies how larg