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Both the average household car ownership and the absolute number of private cars have increased in The
Hague over the last ten years (CBS, 2019a, 2019b). Cars are parked for more than 90% of the time (KiM,
2018). This requires a considerable amount of parking space. Municipalities would like to use the parking
space for other purposes due to the limited urban space. A transition from a mobility system based on car
ownership towards a mobility system based on sharing may reduce the need for parking space. For instance,
Nijland and van Meerkerk (2017) investigated the effect of carsharing on household car ownership among
Dutch carsharing users and concluded that car ownership has reduced from 1.12 to 0.72 cars/household.
However, it has not yet been investigated to what extent mobility hubs could contribute to reduce household
car ownership. Mobility hubs are locations in residential areas, where shared cars, mopeds, electric bicycles
and electric cargo bicycles are offered together. This research is aimed at investigating the potential effects
of these mobility hubs. The intention to use mobility hubs and to relinquish a car have been investigated by
conducting a survey among households with a car in two research areas in The Hague: the inner-city
neighbourhoods Geuzen- en Statenkwartier, Bomen- en Bloemenbuurt and Vruchtenbuurt (N=583) and the
VINEX-neighbourhoods Ypenburg and Leidschenveen (N=591). Both research areas have a high parking
pressure. The investigated inner-city neighbourhoods have a larger supply of shared modes and different
built environment characteristics than the investigated VINEX-neighbourhoods.

What determines the intention to use the mobility hubs?
The intention to use mobility hubs has been investigated through a stated choice experiment, focused on the
last car trip from the respondent’s dwelling to a destination in The Hague. The respondent was asked to
choose between:

- two mobility hubs with different characteristics and none.

- their car and one of the shared modes offered by the preferred mobility hub.

Residents of the investigated inner-city neighbourhoods are more likely to choose one of the mobility hubs,
whereas residents of investigated VINEX-neighbourhoods are more likely to choose none. Thus, residents of
the inner-city neighbourhoods are more positive towards the use of mobility hubs. The presence of a shared
car is the most important system characteristic in the choice for a mobility hub. Subsequently, reducing the
walking time with three minutes is the most important system characteristic. Increasing costs by €0.10/km
for the moped and electric (cargo) bicycle are experienced as negative as a reservation obligation. People of
45 years and older are less likely to choose a mobility hub, whereas people with a positive attitude towards
shared cars and sustainable transport modes are more likely to choose a mobility hub.

Residents are more likely to prefer their car rather than one of the shared modes offered by the preferred
mobility hub. Besides, residents are most likely to choose the shared car among the shared modes. The other
shared modes are suitable for specific situations given the large standard deviation in the utility. This implies
that the added value of a mobility hub over a carsharing system is limited. However, reduced travel costs of
these shared modes result in a higher chance of being preferred. All shared modes are more often preferred
by inhabitants with a positive attitude towards shared cars and sustainable transport modes. This also applies
to unregular trips (<1 day/week) of inhabitants of investigated VINEX-neighbourhoods, which is in
accordance with previous research (KiM, 2015).

What is the potential effect of mobility hubs on household car ownership?

The potential effect of mobility hubs on household car ownership is a reduction of 15% in the investigated
inner-city neighbourhoods and 11% in the investigated VINEX-neighbourhoods. It should be noted that
mobility hubs must satisfy the requirements of the residents. Thus, the potential effect of mobility hubs on
car ownership is limited. The shared car is the most important shared mode in a mobility hub in the decision
to relinquish a car, followed by the electric bicycle. Walking time towards the mobility hub and the costs for
the use of the mobility hub are the most important factors in this decision. Younger people and frequent
train users are more likely to relinquish a car when providing a mobility hub. Households with more than one
car are more likely to relinquish a car in the investigated VINEX-neighbourhoods, in accordance with previous
research related to carsharing (Nijland, Van Meerkerk, & Hoen, 2015). This effect has not been found in the
investigated inner-city neighbourhoods.
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Zowel het gemiddeld autobezit als het totale aantal geregistreerde auto’s in Den Haag zijn in de afgelopen
tien jaar toegenomen (CBS, 2019a, 2019b). Auto’s worden voor meer dan 90% van de dag geparkeerd (KiM,
2018). Dit zorgt voor een aanzienlijke benodigde parkeerruimte. Gemeenten willen gezien de beperkte
ruimte in de stad deze parkeerruimte voor andere doeleinden gebruiken. Een transitie van een
mobiliteitssysteem gebaseerd op autobezit naar een systeem gebaseerd op delen zou het benodigde aantal
parkeerplaatsen kunnen verminderen. Onder andere Nijland en van Meerkerk (2017) onderzochten het
effect van autodelen op het autobezit onder Nederlandse autodeelgebruikers en concludeerden dat het
autobezit daalt van 1,12 naar 0,72 auto’s/huishouden. Het is echter nog niet onderzocht in hoeverre
mobiliteitshubs kunnen bijdragen aan het verminderen van het autobezit. Mobiliteitshubs zijn locaties in
woonwijken waar deelauto’s, deelscooters, elektrische deelfietsen en deelbakfietsen gezamenlijk worden
aangeboden. Dit onderzoek is gericht op het onderzoeken van de potentiéle effecten van mobiliteitshubs.
De intentie tot het gebruik van mobiliteitshubs en het wegdoen van een auto zijn met behulp van een
enquéte onderzocht onder huishoudens met auto in twee gebieden in Den Haag: de binnenstedelijke wijken
Geuzen- en Statenkwartier, Bomen- en Bloemenbuurt en Vruchtenbuurt (N=583) en de VINEX-wijken
Ypenburg en Leidschenveen (N=591). Beide gebieden hebben een hoge parkeerdruk. De binnenstedelijke
wijken hebben een groter aanbod van deelvervoer en andere ruimtelijke kenmerken dan de VINEX-wijken.

Wat bepaalt de intentie tot het gebruik van mobiliteitshubs?
De intentie tot het gebruik van mobiliteitshubs is onderzocht door middel van een keuze experiment, gericht
op de laatste autoverplaatsing vanaf de woning van de respondent naar een bestemming in Den Haag.
Daarbij werd de respondent gevraagd om te kiezen tussen:

- Twee mobiliteitshubs met verschillende kenmerken en geen van beide;

- De eigen auto en één van de deelvervoermiddelen uit de gekozen mobiliteitshub.

Inwoners van de onderzochte binnenstedelijke wijken kiezen vaker tussen één van de twee mobiliteitshubs
terwijl inwoners van de onderzochte VINEX-wijken vaker geen van beide kiezen. De binnenstedelijke wijken
staan dus positiever tegenover gebruik van mobiliteitshubs. De aanwezigheid van een deelauto blijkt het
belangrijkste systeemkenmerk te zijn in de keuze voor een mobiliteitshub. Het verminderen van de looptijd
met 3 minuten wordt daarna als belangrijkste beoordeeld. Het verhogen van de kosten met €0,10/km voor
de scooter en de elektrische (bak-)fiets wordt even negatief ervaren als een reserveringsverplichting. Mensen
van 45 jaar en ouder zijn minder snel geneigd om een mobiliteitshub te kiezen, terwijl mensen met een
positieve houding tegenover deelauto’s en duurzame vervoermiddelen eerder een mobiliteitshub kiezen.

Inwoners geven de voorkeur aan de eigen auto boven de deelvervoermiddelen uit de gekozen mobiliteitshub.
De deelauto wordt onder de deelvervoermiddelen het vaakste gekozen. De andere deelvervoermiddelen zijn
geschikt voor specifieke situaties, gegeven de grote spreiding in het nut. Dit duidt erop dat de toegevoegde
waarde van een mobiliteitshub ten opzichte van een autodeelsysteem beperkt is. Afnemende kosten voor
deze deelvervoermiddelen zorgen er wel voor dat deze vaker worden gekozen. Alle deelvervoermiddelen
worden vaker gebruikt door inwoners met een positieve houding tegenover deelauto’s en duurzame
vervoermiddelen. Dit geldt ook voor onregelmatige verplaatsingen (<1dag/week) van inwoners van de
onderzochte VINEX-wijken in overeenstemming met voorgaand onderzoek (KiM, 2015).

Wat is het potentiéle effect van mobiliteitshubs op het autobezit?

Het potentiéle effect van mobiliteitshubs op het autobezit is een vermindering van 15% in de onderzochte
binnenstedelijke wijken en 11% in de onderzochte VINEX-wijken. Opgemerkt moet worden dat de
mobiliteitshub hierbij wel moet voldoen aan de wensen van de inwoners. Het effect van de mobiliteitshubs
op het autobezit is dus beperkt. De beschikbaarheid van de elektrische deelfiets is na de deelauto het
belangrijkste vervoermiddel bij de beslissing over het wegdoen van een auto. De looptijd naar de
mobiliteitshub en de kosten worden bij deze beslissing als belangrijkste factoren gezien. Jongere mensen en
frequente treingebruikers zijn eerder geneigd een auto weg te doen bij de komst van een mobiliteitshub.
Huishoudens met meer dan één auto zijn eerder geneigd de auto weg te doen in de onderzochte VINEX-
wijken, overeenkomstig met eerder onderzoek met betrekking tot autodeelsystemen (Nijland et al., 2015).
Dit effect is echter niet terug te zien in de onderzochte binnenstedelijke wijken.
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Extensive summary

Problem statement

Household car ownership and the absolute number of private cars have increased in The Hague over the last
ten years (CBS, 2019a, 2019b). All cars need to be parked somewhere, when not being used. Since these
vehicles are not used for more than 90% of the time (KiM, 2018), this requires a considerable amount of
parking space. Municipalities would like to reduce household car ownership due to limited urban space and
the expected urban population and employment growth.

A transition from a mobility system based on car ownership towards a mobility system based on sharing may
help to reduce the level of household car ownership and the demand for parking space. The contribution of
sharing to the reduction of car ownership has been investigated in the context of carsharing. For instance,
Nijland and van Meerkerk (2017) concluded that car ownership has decreased from 1.12 to 0.72
cars/household among Dutch carsharing users. Furthermore, they found that carsharing users of B2C-
systems were significantly more likely to reduce car ownership compared to participants of P2P-carsharing
systems. The effects of shared mopeds, e-bicycles and e-cargo bicycles have not yet been investigated and
are currently unknown.

The shared modes can be offered separately or combined in a mobility hub. Mobility hubs with different
characteristics have recently been introduced through pilots in the Netherlands. The effects of these mobility
hubs on the use of the provided shared modes and household car ownership are currently unknown.
Therefore, this research aims to investigate characteristics that influence the intention to use shared modes
provided by mobility hubs and the potential effect of mobility hubs on household car ownership. In this
research, a mobility hub is defined as a location in a residential area, where shared cars, mopeds, e-bicycles
and e-cargo bicycles are offered together.

Theoretical framework

The theoretical framework of this research is depicted in Figure 1. This framework is based on the Unified
Theory of Acceptance and Use of Technology (UTAUT). The UTAUT does not incorporate the relation between
attitudes and intention to use (Venkatesh, Morris, Davis, & Davis, 2003). However, many studies, including
the Theory of Planned Behaviour, show that attitudes are a determinant for the intention to use (Ajzen,
1991). Additionally, the literature review (chapter 2) shows that attitudes and socio-demographic
characteristics influence the intention to use shared modes. Therefore, the relations between performance
expectancy, effort expectancy, attitudes, social norm, socio-demographic characteristics, and the intention
to use are investigated. Since the aim is to investigate the potential effects of mobility hubs on car ownership,
the relation between intention to use and intention to reduce car ownership is also investigated. The
literature review shows that attitudes, social norm, socio-demographic characteristics, and current travel
behaviour affect car ownership. Therefore, these relations are investigated as well.

Theoretical framework

Performance
expectancy

5D characteristics
Travel behaviour

Intention to use Intention to reduce
the mobility hub car ownership

Socio-demographic
characteristics

Figure 1: Theoretical framework
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Existing shared mode systems

The characteristics of transport modes can usually be divided into travel costs, travel time and comfort
aspects. These characteristics have been investigated for the existing shared mode systems and mobility hubs
in the Netherlands in order to identify most important attributes for the choice experiments of the survey
and to select the neighbourhoods to be investigated. The travel costs of existing systems are mainly based
on usage fees since the registration and subscription fees are relatively low. The usage fees depend on
duration only (one-way systems) or a combination of duration and distance (round-trip systems). The travel
time usually consist of access, in-vehicle, and egress travel time. The access travel time relates to the access
time towards the shared mode systems. Based on a GlIS-analysis, it is concluded that 8% of the dwellings in
The Hague are within 100 meters of a shared car, while 33% of the dwellings are within 500 meters of a
shared car. The proportion of dwellings within the proximity of a shared bicycle or e-cargo bicycle is lower.
Furthermore, it is concluded that the proportion of dwellings within 100, 200 and 500 meters of a shared
mode differs across the neighbourhoods in The Hague. Therefore, two neighbourhoods with a different
proximity to shared modes have been investigated. The comfort aspects of existing shared mode systems
relate to the system characteristics, the availability of the shared modes, the booking application, the users,
and the included vehicles and their properties.

Survey design

A survey is the most suitable medium to investigate the potential effects of mobility hubs since mobility hubs
have currently only been introduced through pilots. Choice experiments are constructed to investigate the
effects of mobility hubs on the intention to use, without the implementation of all different combinations of
mobility hubs characteristics. Furthermore, an additional choice experiment related to carsharing systems
was constructed to investigate to what extent the effects of mobility hubs and carsharing systems differ. The
choice experiment about the carsharing systems was asked before the choice experiment about the mobility
hubs to gradually build up the difficulty of the choice experiments. The choice experiment about the
carsharing systems focused on the last car trip from the respondent’s dwelling. The choice experiment about
the mobility hubs focused on the last car trip from the respondent’s dwelling to a destination in The Hague
to investigate the added value of the shared moped, e-bicycle and e-cargo bicycle in a mobility hub.

Preferred carsharing systems and mobility hubs were asked to investigate the effect of individual
characteristics. Based on the analysis of existing shared mode systems and mobility hubs, included
characteristics were supply, costs, walking time, reservation time, users, and return location. The carsharing
systems and the mobility hubs in the choice experiment were unlabelled in order to examine the different
potential configurations of a single alternative (Hensher, Rose, & Greene, 2005). An opt-out option was
included, since neither of the systems could be preferred in case the respondent was not able to choose due
to equally (dis)advantageous characteristics. In order to investigate the effect of characteristics on the
intention to use shared modes, the respondent was asked to choose between their car, or the shared
car/modes provided by the preferred system.

Deciding to reduce household car ownership is a more difficult decision than deciding to use a shared mode
for a specific trip. Therefore, the potential effect on household car ownership was investigated after the
stated choice experiments. Furthermore, additional questions were asked to investigate the effect of socio-
demographic characteristics, attitudes, and social norm on the intention to use shared modes and the
intention to reduce household car ownership. Moreover, current travel behaviour, preferred transport
modes and socio-demographic characteristics were used to assess the representativeness of the sample.

The survey was distributed among households with at least one car in the following research areas:
- Sample A: Geuzen- en Statenkwartier, Bomen- en Bloemenbuurt, and Vruchtenbuurt (N=583)
- Sample B: Ypenburg and Leidschenveen (N=591)

All investigated neighbourhoods have an above-average level of household car ownership and a relatively
high parking pressure. The investigated inner-city neighbourhoods (sample A) have a larger supply of existing
shared mode systems and are denser populated compared to the VINEX-neighbourhoods (sample B).

7



Results: Preferred systems

It is concluded that residents of sample A are more likely to choose a preferred carsharing system or mobility
hub than residents of sample B. The availability of the shared car is the most important system characteristic
of preferred mobility hubs. Residents of sample A are more sensitive for the availability of a shared car
compared to residents of sample B. Increasing travel costs and walking times and a reservation obligation
have a negative effect on the choice of preferred carsharing systems and mobility hubs. In contrary, sharing
with known users has a positive effect. Residents of sample A are more cost-sensitive than residents of
sample B. The walking time is assessed as more important in the preferred mobility hubs compared to the
preferred carsharing systems. The reservation obligation is considered as more negative among residents of
sample A regarding preferred carsharing systems, while this is equally negative assessed in both samples
regarding preferred mobility hubs.

Trip, socio-demographic characteristics, attitudes, and social norm have a relatively large contribution on the
utility of preferred systems compared to the system characteristics. A mobility hub is more often preferred
for working/business purposes among residents of sample B. Furthermore, people between 45 and 65 years
and people of 65 years and older are less likely to choose a preferred carsharing system or mobility hub, in
accordance with previous research (e.g. KiM (2015)). People living together without children are less likely to
choose a preferred mobility hub in sample A. Additionally, households with a high income (>€41,600/year)
and one-parent households are more likely to choose a preferred carsharing system in sample A. The
contribution of attitudes and social norm is considerable among both systems and samples. People who
agree with statements related to shared cars and sustainable transport are more likely to choose preferred
carsharing systems and mobility hubs. Statement 3 (If shared cars would be available anywhere at any time,
| do not need my car) has the largest contribution.

Results: Intention to use shared modes

Residents are more likely to use their car rather than one of the shared modes provided by the preferred
carsharing system or mobility hub. Furthermore, residents are most likely to choose the shared car among
the shared modes provided by the preferred mobility hub. It should be noted that the shared moped and e-
(cargo)bicycle are only interesting alternatives to replace short distance trips, inherent to the characteristics
of these modes. When considering also trips outside The Hague, the probability of choosing the shared
moped or e-(cargo)bicycle is relatively small. Besides, these shared modes are only suitable for specific
situations, given the high standard deviation in the error term. Altogether, this implies that the added value
of mobility hubs over carsharing systems is limited. The residents of sample A are more likely to use the
shared car and the other shared modes provided by mobility hubs than residents of sample B. Therefore, it
is concluded that mobility hubs are potentially more successful in the investigated inner-city
neighbourhoods.

A relatively small number of system characteristics have a significant effect on the intention to use shared
modes since only preferred systems are considered in this analysis. Therefore, these results should be
considered together with the results of preferred systems. Increasing walking times negatively affect the
intention to use shared modes. Residents of sample A are more sensitive to walking times concerning the
intention to use shared modes of preferred mobility hubs. In contrary, residents of sample B are more
sensitive to walking times regarding the intention to use shared cars of preferred carsharing systems.
Additionally, increasing travel costs negatively affect the intention to use shared modes, upon which these
costs apply. Residents of sample A are less sensitive for changes in travel costs of the shared moped and e-
(cargo)bicycle compared to sample B. Besides, sharing with known users has a negative impact on the
intention to use shared cars of preferred mobility hubs in sample A.

Trip and socio-demographic characteristics, attitudes, and social norm affect the intention to use shared
modes, similar to the results of preferred systems. The shared moped and e-bicycle are less likely to be used
for longer trips (>15 km) in sample A. Additionally, the shared moped is more often used for work/business
and visiting trips among residents of sample B. Visiting trips also result in a higher intention to use shared
cars of preferred carsharing systems in sample B, in accordance with previous research (KiM, 2015). In
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contrary, shopping trips are negatively associated with the intention to use these shared cars in sample A.
Furthermore, high-income households are more likely to use shared mopeds of the mobility hubs among
residents of sample A. Additionally, people living together with children are more likely to use the e-cargo
bicycle in sample A, inherent to the transport characteristics of the e-cargo bicycle: the ability to transport
children and goods.

Attitudes and social norm have the largest impact on the intention to use shared modes of preferred systems.
Previous research confirmed that attitudes and social norm are an important determinant for the intention
to use (Ajzen, 1991; Dwivedi, Rana, Jeyaraj, Clement, & Williams, 2019). Residents with a positive attitude
towards shared cars are positively associated with the intention to use shared modes provided by preferred
systems. Residents in sample A who agree that the car gives them freedom are less likely to have the intention
to use one of the shared modes. Residents in sample B are more likely to use one of the shared modes
provided by preferred mobility hubs when they agree that they would choose more often for sustainable
transport modes if other people would do that as well. This also applies to residents of sample A regarding
shared cars of preferred carsharing systems.

Results: Potential effect on household car ownership

It is concluded that mobility hubs can potentially reduce household car ownership by 13.6% in sample A
compared to 8.6% in sample B. When including the unobserved effect of not buying an extra car anymore
when providing mobility hubs, the potential reductionis 15.2% in sample Aand 10.9% in sample B. The results
are not significantly different in both samples. Compared to a study of the actual effects of mobility hubs in
Wiirzburg (Pfertner, 2017), the effects found in this research are relatively large. It is concluded that around
15% of the carsharing users of mobility hubs in Wiirzburg who had access to a private car relinquished a car
due to carsharing. However, it should be noted that also people who do not have the intention to use the
mobility hub are considered in the potential effect of mobility hubs on car ownership in The Hague. So, the
potential effect would be larger among potential mobility hub users. The larger effect in this research may
be caused by the differences in investigated neighbourhoods and the gap between revealed- and stated-
preference. Moreover, the requirements of the residents considered in this research should be satisfied in
terms of most important provided shared modes and beneficial factors (walking time, costs, return location,
reservation time, users). The shared car is the most important offered shared mode in the decision to
relinquish a car, followed by the shared e-bicycle. The shared e-bicycle is considered as more important
among residents of sample B. Walking time towards the mobility hub and travel costs are the two most
important factors in the decision to relinquish a car among residents of both samples. Both factors are
considered as more important among residents of sample B.

It is concluded that residents who experience a higher utility in the decision of preferred mobility hubs are
more likely to relinquish a car. Residents of sample A are more likely to reduce household car ownership if
they experience a higher utility. Furthermore, older people and frequent car users are less likely to relinquish
a car, whereas frequent train users are more likely to relinquish a car. Households with more than one car
and households with a smaller annual distance with their (least used) car are more likely to get rid of their
car in sample B. Higher educated people and people who frequently use the (e-)bicycle or shared modes are
more likely to reduce household car ownership in sample A.

Results: Possible barriers

The possible barriers have been investigated among residents who would not (or may not) relinquish their
(least used) car if a mobility hub would be provided to their preference. It is concluded that freedom and
convenience of car ownership are the most mentioned barriers, followed by availability, flexibility, and
independence of the private car. Additionally, the costs of the shared modes and practical issues (e.g.
holidays, transport of goods and children, emergencies, needed for work) may form an obstacle for the
relinquishment of a car when providing mobility hubs.



Limitations

The survey was randomly distributed among households with at least one car in the two investigated
neighbourhoods. The minimum required sample size has been achieved in both samples. However, one
should consider the self-selection bias since people who are less interested in the subject of the survey may
be less likely to complete the survey. The results are mainly based on stated preferences because mobility
hubs are currently only implemented through pilots. Stated-preference data is less reliable than revealed-
preference data because they do not reflect actual choices. However, several ways were used to increase the
reliability of the stated preference data such as the sequence of the questions to gradually build up the
difficulty of the questions, a realistic choice context and the simplification of the attributes in the choice
experiments.

The potential effect of mobility hubs on household car ownership has been investigated rather than the
actual effect. The actual effect is lower than the theoretical effect given the gap between attitude and
behaviour (Wilke & Bongardt, 2007). Consequently, the actual reduction in household car ownership cannot
be calculated based on the results of this survey. Furthermore, the theoretical framework of this research
assumes a unidirectional relation between performance expectancy, effort expectancy, attitudes, social
norm, socio-demographic characteristics, and intention to use the mobility hub. Several studies show the
existence of reverse-causal effects (Sussman & Gifford, 2019; Van Wee, De Vos, & Maat, 2019). However,
these reverse-causal effects have not been investigated in this research. Additionally, one could argue that
also other factors may affect the intention to use mobility hubs, which are not considered in the theoretical
framework of this research.

Implementation in The Hague

The results presented in this research can be used for the further elaboration of the policy of the Municipality
of The Hague on the implementation of mobility hubs. The results show the importance of attitudes, social
norm, and socio-demographic characteristics in the decision to use the mobility hub and relinquish a car.
Therefore, it is recommended to provide insight into the geographic segmentation of these characteristics to
implement mobility hubs more effectively. Based on these characteristics of the neighbourhoods, the
average probability of choosing specific modes can be calculated. Furthermore, it is concluded that the
potential effect of mobility hubs on household car ownership is limited in the investigated neighbourhoods.
Therefore, it is recommended to implement mobility hubs in combination with other car restrictive measures
to achieve larger effects on car ownership. The results are specifically applicable to the investigated
neighbourhoods in The Hague and cannot directly be generalized on other neighbourhoods without
considering the differences in the supply of existing shared mode systems, built environment and
transportation characteristics between these neighbourhoods and the investigated neighbourhoods in this
research.

Recommendations
Based on the results presented in this report, the following directions for further research are defined:
- Research into preferred mobility hubs, the intention to use shared modes and the potential effect
on household car ownership in other neighbourhoods in and outside The Hague.
- Research into the importance of subscription costs in return for lower variable costs in comparison
with variable costs only.
- Research into the effects of mobility hubs in combination with car restrictive measures such as
parking costs and parking for private vehicles further away.
- Research into the intention to use of mobility hubs in the context of other transport modes than the
car to assess the economic viability of mobility hubs.
- Research into the effects on car use to provide insight into the effects of mobility hubs in terms of
emissions.
- Research into the actual effects by implementing mobility hubs with preferred characteristics.
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Abbr.

Meaning

ASC Alternative specific constant

B2C Business-to-consumer

BTM Bus, tram, metro

CBS Statistics Netherlands (Dutch: Centraal Bureau voor de Statistiek)

e-bicycle Electric bicycle

e-cargo bicycle | Electric cargo bicycle (Dutch: elektrische bakfiets)

e-moped Electric moped

e-scooter Electric scooter (Dutch: elektrische step)

HTM-bicycle Public transport bicycle owned by public transport company HTM

KiM Netherlands Institute for Transport Policy Analysis (Dutch: Kennisinstituut voor
Mobiliteitsbeleid)

Maas Mobility as a Service

ML Mixed Logit

MNL Multinomial Logit

MPN-data Data from the Netherlands Mobility Panel

Mobility hub Location in a residential area, where shared cars, mopeds, e-bicycles, and e-cargo
bicycles are offered together

NS Dutch Railways

pP2pP Peer-to-peer

PT Public transport

PT-bicycle Public transport bicycle owned by the Dutch Railways (Dutch: OV-fiets)

SA Sample A, including residents from the neighbourhoods Geuzen- en Statenkwartier,
Bomen- en Bloemenbuurt and Vruchtenbuurt in Municipality of The Hague

SB Sample B, including residents from the neighbourhoods Ypenburg and Leidschenveen in
the Municipality of The Hague

SD Socio-demographic

TAM Technology Acceptance Model

TPB Theory of Planned Behaviour

ULl Urbanity level 1: very densely populated areas

uL2 Urbanity level 2: densely populated areas

UTAUT Unified Theory of Acceptance and Use of Technology

VINEX New built residential areas on the outskirts or proximity of cities. VINEX in this research

refers to the VINEX-neighbourhoods Ypenburg and Leidschenveen in The Hague
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1 Introduction

Around 47% of the total number of trips have been made by motorized vehicles in the Netherlands in 2017
(CBS, 2017a). All these trips by motorized vehicles cause several externalities, including travel time losses, air
pollution and emissions of greenhouse gasses, accidents, and noise. Besides, when the vehicle is not used,
the vehicle needs to be parked somewhere. Car ownership in the Netherlands has increased from 460
vehicles per 1,000 inhabitants in 2010 towards 494 vehicles per 1,000 inhabitants in 2019 (CBS, 2019a,
2019b). Since cars are generally parked for more than 90% of the time, a large number of motorized vehicles
require a considerable amount of parking space, as shown in Figure 2 (KiM, 2018).

Despite car ownership is relatively low in cities (CBS, 2019a), urban municipalities have the policy to reduce
the number of cars due to limited urban space, increasingly higher population densities and more trips being
attracted (KiM, 2018; Mingardo, van Wee, & Rye, 2015). One of the ways to reduce the demand for on-street
parking supply is to establish a transition from a mobility system based on car ownership towards a mobility
system based on sharing. Nijland and van Meerkerk (2017) concluded that carsharing leads to a significant
reduction in car ownership. This means that less parking space is required (Chen & Kockelman, 2016). Other
shared mode systems can contribute to carsharing to ensure a complete mobility system based on sharing.
These shared mode systems could be provided together in mobility hubs. The effects of carsharing systems
are currently known. In contrary, the potential effects of providing shared modes combined in mobility hubs
on the use of these shared modes and household car ownership are unknown. Therefore, this research aims
at investigating the characteristics that influence the intention to use shared modes provided by mobility
hubs and the potential effect of mobility hubs on household car ownership.

The literature review of chapter 2 addresses the topics that have not yet been investigated and provides a
problem definition for further research. Based on that, the research design is defined, which contains the
objective, research questions, and scope of this research (chapter 3). After that, the methodology is described
with regard to the defined research questions (chapter 4). The results of the analysis of the existing shared
mode systems and mobility hubs in the Netherlands are presented in chapter 5. Subsequently, the survey
design is discussed in chapter 6. The results of this research are presented in chapter 7. Chapter 8 provides
the conclusions and discussion. Finally, references and appendices are included.

Figure 2: Parked cars in Acaciastraat, The Hague
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This literature review discusses the car ownership problem in the Netherlands. One of the ways to reduce
car ownership is to achieve a transition from a mobility system based on owning towards a mobility system
based on sharing. Hence, the focus is subsequently on the different shared modes and the shared modes
combined in a mobility hub. The last part of this literature review provides insight into the adoption of these
shared modes and the factors that determine whether an individual chooses to use a shared mode or not.
Overall, the literature review provides insight into the topics that have not yet been investigated. Based on
that, the problem definition of this research has been formulated.

Car ownership in terms of the number of vehicles owned by 1,000 inhabitants has increased by 7.3% in the
Netherlands over the last ten years (CBS, 2019a, 2019b). The same pattern cannot be seen in all four largest
cities in the Netherlands. While The Hague and Rotterdam still show increases in car ownership (both 2.4%),
Amsterdam and Utrecht show drops over the last ten years. Car ownership in Amsterdam has decreased by
4.4%. Moreover, Amsterdam has the lowest car ownership among the four largest cities with 272 vehicles
per 1,000 inhabitants in 2019. Nevertheless, the largest decrease in car ownership over the last ten years can
be seen in Utrecht with a reduction of 11% in car ownership. Although Amsterdam and Utrecht show
reductions in car ownership per 1,000 inhabitants, the absolute number of private vehicles has increased in
all four cities (see Figure 3). For instance, households in the capital city owned 219,000 cars in 2010, which
has increased to over 235,000 private vehicles in 2019. An explanation for this could be urban population
growth. All these vehicles need to be parked somewhere when not being used. Since vehicles are not used
for over 90% of the time (KiM, 2018), this requires a considerable amount of required parking space at both
the origin- and destination-side of the car trip.

The WHO expects that 68% of the people worldwide will live in urban areas by 2050, while this was 55% in
2018 (United Nations, 2018). In line with that, there is also an expected population growth in the urban areas
in the Netherlands. PBL expects a population growth of 1% in the four largest cities in the Netherlands every
year (PBL/CBS, 2016). This will lead to an even higher parking demand when car ownership trends do not
change. Additionally, this population growth could lead to higher population densities when this population
growth will be concentrated within the existing urban areas. This, in turn, leads to more limited space with
even less room for parking lots than now. On the other hand, the number of jobs has increased by 9.4% in
the four largest cities together from 2014 to 2018 (LISA, 2018). Among the four largest cities, the highest
percentage increase in the number of jobs can be seen in Amsterdam (+12%). The necessary parking demand
has increased as well since the share of car use in commuting trips is constantly 59% over the past years (CBS,
2017b).

Increase in the number of private cars
(compared to 2010)

14%

12%
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8%
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2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

Amsterdam The Hague Rotterdam e Utrecht

Figure 3: Increase in the number of private cars (data retrieved from CBS (2019a))
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As discussed in the previous section, car ownership is still increasing in the four largest cities of the
Netherlands due to population and employment growth. In order to get insight into how car ownership can
be reduced, it is useful to investigate the determinants of car ownership first. These influential factors can
be roughly divided into the following categories:

- personal preferences and habits
socio-demographic characteristics
built environment characteristics
transportation characteristics
These factors are separately discussed below. This overview covers the most important determinants of car
ownership and is not exhaustive.

Personal preferences and habits

Personal preferences and habits do have a strong influence on car ownership. People in Western countries
are attached to car ownership and do not consider changing their habits (KiM, 2015). Besides, many people
attach symbolic and emotional value to car ownership (Steg, 2005). They see their car as a status symbol.
Additionally, social norms may influence the decision to own a car. For instance, a study of Belgiawan et al.
(2014) among undergraduate students concluded that the expectations of family, friends and peers are an
important determinant for buying a car. Furthermore, the intention for travel behaviour decisions is the
outcome of a deliberation process, including the evaluation of alternatives (Garling & Axhausen, 2003). When
habit has the most substantial influence on behaviour, there is no or less deliberation process, and the
decision is (largely) based on someone’s habits. Reconsidering travel behaviour and changes in car ownership
possession are most likely when changes in personal circumstances, life events, occur (Clark, Chatterjee, &
Melia, 2016; Kent & Dowling, 2013). Life events that are most likely to change household car ownership are
changes in household composition, driver license availability, employment status and income (Clark et al.,
2016).

Socio-demographic characteristics

Socio-demographic characteristics such as gender, age, household income, education level, employment
status and household composition all influence car ownership. Moreover, the influence of these factors has
substantially changed in the Netherlands between 1987 and 2014 (Maltha, Kroesen, Van Wee, & van Daalen,
2017). Maltha (2016) suggested that gender has an impact on household activities and responsibilities, which
affect car ownership. Car ownership in the Netherlands is higher among men and older people (CBS, 2016,
2017c). Additionally, higher household incomes and education levels go together with more car ownership
(CBS, 2016; PBL, 2008). Potoglou and Kanaroglou (2008) found that medium-income households are more
likely to own one car, while high-income households are more likely to own two cars. Furthermore, the higher
the number of workers in a household, the higher the chance of owning two or more cars is (Potoglou &
Kanaroglou, 2008). In contrary, part-time workers are less likely to own one or two cars. Oakil, Manting, and
Nijland (2016) concluded that household composition is one of the most important determinants of car
ownership. It appeared that households with two parents are most likely to own a car. This corresponds to
findings in other literature studies. For instance, Potoglou and Kanaroglou (2008) found that couples, couples
with children and extended families are more likely to own two cars.

Built environment characteristics

The built environment characteristics density, diversity, design, destination accessibility and distance to
public transport all influence travel behaviour (Ewing & Cervero, 2010). All of these factors could influence
car ownership. However, the unique contribution of one of these variables is difficult to measure because of
multicollinearity and interaction (Cervero & Kockelman, 1997; Potoglou & Kanaroglou, 2008). For instance,
highly dense urban areas often contain a lot of mixed functions, which in turn decreases distances. In general,
high mixtures of land use are associated with lower levels of car ownership (Li & Zhao, 2017). Potoglou and
Kanaroglou (2008) concluded that an increase in a mixture of jobs and households leads to a lower likelihood
of owning two or more vehicles. In addition, households located within 500 meters from a bus stop show
lower levels of car ownership (Potoglou & Kanaroglou, 2008). Besides, neighbourhoods with a higher number
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of bus stops are less likely to own three or more vehicles. Also, the distance to railway stations affects car
ownership. Chatman (2013) showed that households living near stations are less likely to own cars. These
findings indicate that the distance to public transport also affects car ownership. Urban areas can be
characterized by a high density, mixed land use and a close distance to public transport. Thus, it can be
concluded that the level of urbanisation is an important indicator of car ownership (Oakil et al., 2016). Car
ownership is considerably lower in urban areas (Hoenjet, Jorritsma, & Waard, 2018). On the other hand,
households in more rural areas are more likely to own cars (Nolan, 2010).

When considering built environment characteristics, there should also be given attention to the influence of
residential self-selection on travel behaviour and specifically car ownership. Residential self-selection can be
described as the tendency of people to choose residential locations based on their travel abilities, needs and
preferences (Litman, 2019). Mokhtarian and Cao (2008) concluded that the residential self-selection effect is
largely caused by personal attitudes and socio-demographic characteristics. For instance, it could be that
low-income households without cars may choose to live in neighbourhoods with good public transport
connections and hence use public transport more. Hereby, travel behaviour is not the outcome of the good
public transport accessibility of the neighbourhood, but rather the preference of the household itself.

Transportation characteristics

As previously discussed, distance to public transport does influence car ownership. This indicates that the
availability of other (shared) transport modes within a close distance affects the level of car ownership. In
addition, generalised costs of transport modes can be expressed in travel time, travel costs and
inconvenience costs (Koopmans, Groot, Warffemius, Annema, & Hoogendoorn-Lanser, 2013). Lower
generalised costs of the private car may lead to more car ownership, while higher generalised costs may lead
to less car ownership. For instance, Johnstone, Serret, and Bureau (2009) concluded that vehicle and fuel
costs affect the level of car ownership. Besides, car restrictive measures (e.g. paid parking, parking further
away, limited parking space) could significantly affect the generalised costs of the own car and may affect
the level of car ownership as well. Additionally, the travel behaviour of all household members is a
determinant of car ownership. An increase in the number of people working further than 6 km from their
home leads to a higher likelihood to own a car (Potoglou & Kanaroglou, 2008).

In conclusion, personal preferences, habits, socio-demographic, built environment and transportation
characteristics are determinants of car ownership. These characteristics should be considered when taking
measures to reduce car ownership as the effect of the measures could be different depending on these
characteristics.

Figure 4: One of the consequences of car ownership, Thomsonlaan, The Hague
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In order to cope with the discussed problems concerning car ownership, municipalities take different
measures. These measures should lead to a reduction in car ownership, leading to more sustainable urban
areas with less room for parked cars. Municipalities can take several measures to encourage the shift from
car vehicle ownership towards the use of more sustainable transport modes. The transition from a mobility
system based on car ownership towards a mobility system based on (car) sharing can help to reduce car
ownership (Nijland & van Meerkerk, 2017). There are different types of shared mobility systems, including
carsharing, bicycle sharing and light electric vehicle sharing. This section of the literature review focuses on
the characteristics of the different shared modes and their effects on car ownership.

Carsharing systems are systems that provide people the opportunity to use locally available cars temporarily
on an on-demand basis (Miinzel, 2020). Generally, carsharing systems can be distinguished into business-to-
consumer (B2C) and peer-to-peer (P2P) carsharing. While the shared cars are owned by a carsharing company
in a B2C-system, individual car owners rent out their private cars in a P2P-system (Nijland & van Meerkerk,
2017). Because cars are not owned by a company in the latter system, no further investments are needed,
and the carsharing system can be easily scaled up (Meelen, Frenken, & Hobrink, 2019). This can also be seen
in the number of shared private vehicles in the Netherlands. CROW (2018) concluded that the substantial
increase in shared vehicles is mainly due to the increase in P2P-shared vehicles. Recently in 2017, the P2P-
shared cars accounted for 86% of the total number of shared cars in the Netherlands. However, it should be
noted that B2C-shared cars are used by more users than P2P-shared cars, despite the larger supply of P2P-
shared cars. For instance, research of TNS NIPO (2014) showed that 20% of the carsharing users use shared
cars of P2P-organisations (KiM, 2015). TNS NIPO (2014) also investigated how frequently both systems are
used and concluded that both systems are mainly used for incidental trips and that B2C-vehicles are more
often used in comparison with P2P-vehicles (KiM, 2015). Around 22% of the B2C-users use shared vehicles at
least one time per month compared to 9% of the P2P-users.

Types of shared vehicles

The B2C-systems can be divided into one-way and round-trip carsharing systems, whereas P2P-systems are
usually round-trip systems since the vehicles have to be brought back to the owner (Ballis-Armet, Shaheen,
Clonts, & Weinzimmer, 2014). One-way shared vehicles can be either station-based or parked in designated
areas (Minzel, Boon, Frenken, & Vaskelainen, 2018). The latter system is also called free-floating. Station-
based vehicles should be parked on special designed parking lots for the concerning company, whereas free-
floating vehicles can be parked on any parking place in the entire working area of the company (Stocker &
Shaheen, 2017). For instance, free-floating shared vehicles of Car2Go can be parked on any (paid) parking
place in Amsterdam (Municipality of Amsterdam, 2019). Contrary to one-way shared vehicles, round-trip
shared vehicles should be returned to the original location of the vehicle (Stocker & Shaheen, 2017). In the
case of the B2C-system, parking facilities are reserved for these vehicles. The P2P-shared vehicles should be
parked on private property or any public parking place nearby.

Carsharing users

In general, carsharing users are between 25-45 years old, do belong to the above-average income groups and
higher educational levels (Kopp, Gerike, & Axhausen, 2013, 2015). This is also supported by a research of TNS
NIPO (2014), who investigated the characteristics of carsharing users in the Netherlands (KiM, 2015). Around
75% of the carsharing users are between 30 and 60 years old, with a strong emphasis on the age groups 30-
40 years and (to a lesser extent) 40-50 years old. An explanation for the fact that carsharing people are mainly
represented by the age groups 30-40 and 40-50 years has been found by Prieto, Baltas, and Stan (2017). They
stated that older people are less likely to relinquish their car and use shared modes instead, because of their
stronger attachment to car ownership. Additionally, around 67% of the carsharing users have a high
education degree (HBO or WO). Furthermore, it can be concluded that men are more likely to use carsharing
than females (Becker, Ciari, & Axhausen, 2017; Kopp et al., 2013; Prieto et al., 2017). On the other hand, TNS
NIPO (2014) found that females are more likely to be potential users of carsharing systems in the Netherlands
(Kim, 2015). Besides, one-person households, two-person households in the age of 50-65 years and
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households with young children are more likely to participate in carsharing. The first two findings regarding
the household composition are in line with other literature studies, which concluded that households without
children use carsharing more often (e.g. Kopp et al. (2013)). Previous research indicated that carsharing users
mainly live in densely populated areas within a close distance to public transport stops (KiM, 2015; Kopp et
al., 2013, 2015). These findings could be related to the fact that shared mode services are mainly provided in
dense urban areas close to public transport stops because the demand for these services is in dense urban
areas considerably higher compared to less dense urban areas.

Supply of shared vehicles

Meelen et al. (2019) investigated to what extent the number of shared cars (both B2C & P2P) in
neighbourhoods in the Netherlands can be explained by geographical characteristics. They found that
neighbourhoods with a higher level of car ownership are more likely to have zero shared vehicles. Besides,
increasing the car ownership rate (number of private cars per 100 inhabitants) with one vehicle goes together
with a decrease of 2.4% in B2C-vehicles and 1.0% fewer P2P-vehicles. This implies a stronger relation between
car ownership and the supply of B2C-vehicles compared to P2P-vehicles. On the other hand, a lower chance
of having zero shared vehicles can be found in densely populated neighbourhoods and areas with higher
shares of high-educated people. Furthermore, the supply of shared vehicles is logically concentrated in
neighbourhoods with regular carsharing users. Neighbourhoods with a high share of high-income households
or more people aged between 25-45 years old generally have more shared vehicles. This effect is even
stronger on B2C-vehicles than on P2P-vehicles.

Effects on car ownership

Nijland and van Meerkerk (2017) investigated the impact of participating in a carsharing programme among
363 Dutch carsharing users. They found that car ownership significantly decreased from 0.89 cars/household
before sharing cars to 0.72 cars/household afterwards. When taking into account the unobserved effect of
buying a new car if they would not start sharing cars, the total decrease is even larger (from 1.12 to 0.72
cars/household). This might be explained by life events, but has not been further investigated. In addition,
the authors distinguished respondents into people participating B2C-systems, P2P-systems and both
systems. By comparing the effects of these groups, they found that car ownership significantly differs
between people participating in B2C- and P2P-systems. Participants of the B2C-system were significantly
more likely (-0.25) to reduce car ownership than participants of the P2P-system (0.00). Even though the
previous study differentiated the effects of B2C- and P2P-users, the authors did not make any distinction
between the effects of one-way and round-trip B2C-systems. When considering the latter B2C-system, it
appeared that round-trip B2C-carsharing has a more positive influence on car ownership than one-way B2C-
carsharing (KiM, 2015).

Liao, Molin, Timmermans, and van Wee (2018) investigated the willingness of Dutch people to refrain from
buying a car or dispose of a car if a carsharing system would become available nearby by a stated choice
experiment. The attribute values of the own car were fixed at the properties of the respondent’s car, whereas
the attribute levels of the carsharing systems varied. The respondents were asked to identify whether they
would refrain from buying a car or dispose of a car if the presented carsharing system would become available
in their neighbourhood. By estimating latent class models, around 80% of the people are classified as
ownership oriented, while around 20% of the people are classified as carsharing oriented. Respectively 72%
(one-way) and 86% (round-trip) of the carsharing-oriented people, and 2% (one-way) and 3% (round-trip) of
the ownership-oriented people would refrain from buying a car or dispose of a car when carsharing would
become available nearby. Based on these shares, the authors concluded that around 20% of the people are
likely to refrain from buying a car or dispose of a car when a suitable carsharing system becomes available
nearby.

Several studies show that shared cars primarily replace the possession of a second or third car (Minzel,
Piscicelli, Boon, & Frenken, 2018; Nijland et al., 2015). Nijland et al. (2015) found that 37% of the people
already owning a car would buy another car if they did not join a carsharing scheme. In contrary, only 8% of
the people who did not own a car before joining a carsharing system would buy a new car if they did not join.
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This indicates that the shared car mainly replaces a second or third car. The reduction in the number of
parking places due to the introduction of carsharing schemes cannot be found unambiguously in literature.
Van Driel and Hafkamp (2015) investigated several studies and showed that a shared car replaces between
3 and 11 private vehicles. With regard to the Netherlands, the Municipality of Amsterdam (2019) found in
2006 that every carsharing vehicle replaces around 3.14 private vehicles.

Bicycle sharing is usually provided at strategically located bicycle sharing stations in urban areas and primarily
focuses on short one-way trips (Ricci, 2015). Besides a subscription fee, the shared bicycle is typically free of
charge in the first 30 minutes in order to promote short use and maximise the number of trips being made
per shared bicycle. The PT-bicycle (Dutch: OV-fiets) is the most used Dutch bicycle sharing service with
approximately 4.2 million trips in 2018 (NS, 2019a). This is an increase of 35% in comparison with 2017. In
contrary to conventional bicycle sharing systems, these bicycles should be returned at the same station. The
primary goal of the PT-bicycle is to increase the number of train trips by current and new users and to expand
the catchment area of train stations (Villwock-Witte & van Grol, 2015). Since almost all inhabitants of the
Netherlands own a bicycle, the bicycle is already present at the access side of public transport trips (Martens,
2007). On the other hand, the share of the bicycle as an egress transport mode is relatively low. Therefore,
one could expect that shared bicycle systems have the largest impact on the egress side of public transport
trips. This could make public transport more interesting since the catchment area has been increased by the
PT-bicycle. This results in smaller egress travel times, which makes the use of (bicycle and) public transport
more likely than without a bicycle sharing system.

The effects of bicycle sharing on car ownership in the Netherlands are currently unknown (Durand, Harms,
Hoogendoorn-Lanser, & Zijlstra, 2018). The direct impact of bicycle sharing on car ownership is not expected
to be large since the different transport modes have different characteristics and almost all inhabitants of
the Netherlands have access to a bicycle at the access side of the trip. However, the availability of bicycle
sharing as an additional service to public transport could enhance the attractiveness of public transport,
which may lead to a reduced need for private car ownership. Further research into the relationship between
the need for car ownership and the use of bicycle sharing is needed in order to gain insight into the necessary
parking demand with a specific supply of bicycle sharing (Baas, 2017).

Besides carsharing and bicycle sharing, multiple light electric vehicles can be shared as well, such as the
electric bicycle (e-bicycle), the electric cargo bicycle (Dutch: elektrische bakfiets), the electric moped (e-
moped) and the electric scooter (e-scooter). The provision of these shared modes could lead to a reduced
need for car ownership. These light electric vehicles and their (possible) effects on car ownership are shortly
discussed below.

The use of the shared e-bicycles as access or egress mode could enhance the range of public transport
stations. The average distance travelled by electric bicycle is 4.8 km in comparison with 3.5 km for a regular
bicycle (KiM, 2017). Kroesen (2017) concluded that the use of the e-bicycle leads to a reduction in the use of
conventional bicycle and to a lesser extent the use of the car and public transport. The effects on car and
public transport use are stronger than in the case of the conventional bicycle. However, there is no evidence
that the e-bicycle leads to a reduction in car ownership. Kroesen (2017) found that e-bicycle ownership is no
substitute for car ownership, but rather for the ownership of the conventional bicycle. The effects of e-bicycle
sharing on car ownership have not yet been investigated.

In order to transport goods and/or children throughout the city, the electric cargo bicycle can be used instead
of the private car. For instance, the electric cargo bicycle of Cargoroo (2019) is suitable for three children
with a maximum age of approximately eight years old. The availability of shared electric cargo bicycles may
lead to a reduced need for car ownership. In addition, the shared e-moped may be an alternative to private
vehicles in cities, since the average speed of mopeds is comparable to private cars. For instance, the average
speed of mopeds in Amsterdam is around 31 km/h, while the average speed of private cars is also
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considerably lower than 50 km/h (Municipality of Amsterdam, 2018a). The effects of the availability of shared
electric cargo bicycles and e-mopeds on car ownership have not been found in literature and are unknown.

The shared e-scooter primarily focuses on short term use and can be returned at any location on the street
(Fang, Agrawal, Steele, Hunter, & Hooper, 2018). A pilot in Portland (USA) showed that 6% of the users got
rid of their private car and 16% considered this (PBOT, 2018). On the other hand, the e-scooter has negative
impacts such as increases in injuries among e-scooter drivers (Mayhew & Bergin, 2019). Parked e-scooters
may also block pedestrian access on walkways (Fang et al., 2018) and e-scooters users make illegally use of
the sidewalk (PBOT, 2018). Although shared e-scooters systems have been introduced in several American,
Asian and European cities (Mayhew & Bergin, 2019), there is no existing shared electric scooter system in the
Netherlands due to strict legislation. The e-scooter can only get permission to the public road when
designated by the minister as a special moped (Rijksoverheid, 2019).

Shared modes can be offered separately or combined in a mobility hub. There are several definitions of
mobility hubs that differ in their characteristics, such as the size, type of location and type of offer. According
to Aono (2019), mobility hubs offer sustainable and shared mobility services, which are often clustered
around major transit stations. The study of Miramontes, Pfertner, Rayaprolu, Schreiner, and Wulfhorst (2017)
emphasises that a mobility hub connects public transport and shared mobility services. These mobility hubs
can be applied on a neighbourhood level across cities to promote multimodal transport on local levels (Share
North, 2017). According to SANDAG (2019), these mobility hubs can be found at places where there is a
concentration of employment, housing, shopping and/or recreation. Based on the neighbourhood specific
characteristics and needs, the mobility hub can be tailored. All these definitions have in common that it is
about a specific location, often well served by public transport, which provides sustainable and shared
transport services. However, these definitions do not include information about the offered shared modes.
Interreg NWE (2019) uses a more specific definition. Mobility hubs are defined as “on-street locations that
bring together e-bicycles, e-cargo bicycles, e-scooters and/or e-cars” (Interreg NWE, 2019). Based on this
definition, a mobility hub in this research has been defined as a location in a residential area, where shared
cars, mopeds, e-bicycles and e-cargo bicycles are offered together.

The primary objective of mobility hubs is aimed at the reduction of car ownership, car use and car use-related
emissions (Aono, 2019; Interreg NWE, 2019; SANDAG, 2019). By providing mobility hubs, the inhabitant can
be mobile without owning a private car (Miramontes et al., 2017). This, in turn, leads to less required parking
supply on-street and more efficiently use of the required space (shareNL, 2018). The mobility hub could also
increase equity among elderly, disabled people, and low-income groups. For instance, mobility hubs could
provide adaptive shared bicycles or scooters and alternative payment options for low-income groups
(SANDAG, 2019). In addition, it may lead to more connection among people living in the same neighbourhood
due to sharing (shareNL, 2018).

Mobility hubs can be applied in existing and new residential areas. Although characteristics may be the same,
the effects may differ. While inhabitants of existing residential areas are used to their regular travel options
(and the ownership of a car), people moving to new residential areas with mobility hubs and a low parking
supply are made aware of the innovative concept. This, in turn, can attract people that are willing to use the
shared modes provided by these mobility hubs. In such a case, there is a self-selection bias, which may lead
to more positive effects than in the case of existing residential areas. Therefore, the different types of
mobility hubs are separately discussed for existing and new residential areas.

Mobility hubs in existing residential areas

Mobility hubs have recently been introduced or are planned to be introduced through pilots in several cities
in the Netherlands. For instance, the Municipality of Utrecht has planned to introduce mobility hubs in the
parking garage Grifthoek in the middle of three existing residential areas Vogelenbuurt, Wittevrouwen and
the central part of the city (shareNL, 2018). These mobility hubs consist of shared (electric) B2C-, P2P-vehicles
and cargo bicycles. Besides, the company Hely (2019) has introduced mobility hubs in Amsterdam, Delft, The
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Hague, Haarlem, Rotterdam and Utrecht. These mobility hubs consist of shared (e-)bicycles, e-mopeds, cargo
bicycles and (electric) cars. Furthermore, around 30 electric mobility hubs will be developed in Amsterdam,
Arnhem and Nijmegen as part of a European pilot (Interreg NWE, 2019). Four types of e-hubs will be built,
which differ in size, location and offered shared modes. Since the mobility hubs discussed above have
recently been introduced through pilots or are still only planned, the effects are currently unknown.

Mobility hubs in existing residential areas have been introduced in several German cities as well. Literature
studies provide insight into the characteristics of these mobility hubs and effects in Munich and Wiirzburg.
The mobility hub in Munich is located in a dense mixed-use area with around 18,000 people living within 10
minutes walking time (Villarreal, 2018). The mobility hub combines the existing shared services of the city
and is well served by public transport. In full possession, it consists of five free-floating shared cars, one
station-based shared car and twenty shared bicycles. A survey of Miramontes et al. (2017) among free-
floating car users and bicycle sharing users showed that around 75% of the respondents think that car
ownership becomes unnecessary with the mobility hub. A study of Team Red (2015) showed that 11.6% of
the carsharing users relinquished a car, 39% of the people decided not to buy a car, and 27.2% of the
respondents with more than one car planned to give up at least one car in the next year. Around 49% of all
these respondents indicated that carsharing was a strong or very strong influencing factor on the car
ownership related decisions. Unfortunately, the study does not provide insight into the effects of bicycle
sharing on car ownership.

While the mobility hub in Munich is situated at one location, the mobility hubs in Wirzburg are more spread
over the city (Villarreal, 2018). The locations of the mobility hubs in Wirzburg were selected based on a
highly dense and mixed-use urban area, connection to the road network, high on-street parking demand and
distribution of the stations over the city (Pfertner, 2017). Pfertner (2017) conducted a survey and compared
the change in household car ownership between non-users and users of carsharing and bicycle sharing in
Wiirzburg over a year. Carsharing and bicycle sharing users showed reductions in car ownership, whereas
the non-users showed an increase in car ownership. While 5% of the non-users living in Wiirzburg reduced
the number of cars in their household, 15% of the carsharing users got rid of their car. Among these
carsharing users, 46% indicated that carsharing had a large or very large influence on this decision. In the
meantime, 8% of the non-users and 4% of the carsharing users increased the number of cars. In the case of
bicycle sharing users, 21% of the users reduced the number of cars, while none of the respondents increased
the number of cars in their household. It should be noted that only fourteen bicycle sharing users were
questioned. The availability of bicycle sharing was in one of these three cases the deciding factor to reduce
the number of cars. This indicates that it is not very likely that the availability of bicycle sharing largely
influences car ownership in Wiirzburg.

Furthermore, the City of Oakland developed a tool to identify suitable locations for mobility hubs based on
priorities with regard to low automobility, disadvantaged population groups, resiliency, future growth
potential, new service viability, high transportation connectivity and high land-use intensity (City of Oakland,
2015). The preferred scenario of the municipality was based on their policy goals and successful use of
mobility hubs and took primarily into account all factors except high transportation connectivity and land-
use intensity. The locations that scored high on all other factors were assessed to be potential locations of
mobility hubs. Subsequently, most potential locations were determined based on consecutively the
maximum distance between two hubs, proximity to existing infrastructure and areas with a high residential
or job density. After that, the provided shared mode(s) were selected for each potential mobility hub
location, considering the slope of streets, proximity to transportation infrastructure and services, and the
socioeconomic characteristics of the inhabitants. Potential mobility hub locations in areas with high slopes
more often focused on e-bicycle and scooter sharing, rather than bicycle sharing. Mobility hubs located near
major transportation stations and in high-density areas were selected as mobility hubs for one-way
carsharing. In addition, bicycle sharing was excluded from potential mobility hub locations far away from
other destinations. E-bicycle sharing and scooter sharing were mainly provided in areas with high-income
levels, since these modes are relatively expensive compared to bicycle sharing.
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In contrary to the mobility hubs that have been introduced in the Netherlands, the effects of the mobility
hubs on car ownership are known in Munich and Wirzburg. However, the effects of the individual
characteristics of these mobility hubs on the use of the provided shared modes are unknown. Additionally,
the City of Oakland provided a tool to identify potential locations for shared modes but did not consider other
characteristics of the mobility hub and the effect on car ownership.

Mobility hubs in new residential areas

Mobility hubs are also being introduced in new residential areas, often in combination with limited parking
supply. The mobility hubs will be introduced in combination with an innovative spatial and parking concept
in the new residential area Merwede in Utrecht, as part of a whole innovative mobility system (Goudappel
Coffeng, 2018). The shared mobility services will be provided on several spots in the neighbourhood. For
instance, shared cars will be provided in parking garages, so inhabitants will have access to shared vehicles
in the proximity of their house. However, there has not been made any clarification of the specific locations
and characteristics of the mobility hubs. In addition to the mobility hub, pre-conditions are defined in order
to achieve a successful innovative mobility system. These requirements contain a maximum parking standard
of 0.3 parking lots/household, regulated parking in adjacent neighbourhoods, the improvement of public
transport and walking/bicycle connections. Similar requirements are provided by the municipality of
Amsterdam in case of the Sluisbuurt and Strandeiland (Derksen, 2019). The possibilities for these mobility
hubs have been investigated for these new residential areas (Municipality of Amsterdam, 2018b). Shared
electric vehicles and shared electric (cargo) bicycles are planned to be provided in both a central hub and
smaller mini hubs, situated in the proximity of public transport stops. Overall, the effects of mobility hubs in
new neighbourhoods on car ownership are currently unknown because the effects have not been measured
or the mobility hubs have not yet been implemented.

As discussed in the previous section, different types of shared transport modes are provided in mobility hubs.
All these (shared) transport modes can be offered together by the use of one single mobility package Mobility
as a Service (Maa$). Hietanen (2014) defined MaaS$ as a mobility distribution model, which satisfies the major
transportation needs of the users by offering mobility services through a single interface (Jittrapirom et al.,
2017). By providing integrated multimodal transport services through one application, it offers an alternative
for car ownership and non-integrated transport services (Arthur D. Little, 2018; Sochor, Arby, Karlsson, &
Sarasini, 2018). Based on the different defined definitions of Maas, littrapirom et al. (2017) summarised
Maas in nine core characteristics: integration of transport modes, tariff option, single platform, multiple
stakeholders, use of technology, demand-oriented, registration requirement, personalisation and
customisation. However, the current MaaS applications do not all include all these characteristics.

There are currently different types of Maas, which can be distinguished according to their level of integration
(Sochor et al., 2018). These levels of integration are:

- Level 0: No integration

- Level 1: Integration of information

- Level 2: Integration of booking and payment

- Level 3: Integration of the service offered

- Level 4: Integration of societal goals

As level 1 supports the decision-making process for finding the best trip, level 2 also integrates the booking
and payment of the provided services (Sochor et al., 2018). While the first two levels focus on offering
services for trips, level 3 includes the integration of the whole service. It offers all household needs in terms
of mobility, which makes it an interesting alternative for car ownership (Sochor et al., 2018). Level 4 focuses
on both the fulfilments of the customer and municipality by including incentives, e.g. choosing more
sustainable transport modes to achieve objectives of the municipality, such as reduced car ownership.
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Potential users

Zijlstra, Durand, Hoogendoorn-Lanser, and Harms (2019) investigated Dutch population groups that are
relatively most likely to be potential users of MaaS. They found that the most relevant factors in determining
the chance of being a potential user of MaaS$ are age category, frequency of public transport use, the number
of aeroplane trips for personal purposes, educational level and concerns about the environment. Higher
educated young people, who frequently use public transport, are most likely to be potential users of MaaS
(Zijlstra et al., 2019). On the other hand, older adults with a low trip frequency, poor health, low income and
educational level are found to be the least likely group to use MaaS. The relation between the frequency of
public transport use and potential use of MaaS$ is also found in other literature studies. For instance, a study
of Ho, Hensher, Mulley, and Wong (2017) showed that frequent car users, who make less frequent trips with
public transport, are also among the least likely groups to use MaaS. Furthermore, being not familiar with
using non-privately owned multiple modes can form an obstacle for using MaaS (Durand et al., 2018). As
previously mentioned in the core characteristics, Maa$ is a single digital platform which makes use of
technology, such as applications on mobile phones and websites (Jittrapirom et al., 2017). Thus, potential
users should be able to deal with these applications or websites, which requires ICT skills (Durand et al.,
2018).

Adoption of shared modes

The success of the implementation of a mobility hub depends on the adoption of the offered shared modes.
Rogers (2003) defined innovation as an idea, practice or object that is perceived as new by an individual.
Straub (2009) emphasises that innovation does not have to be objectively new since it is about the perception
of an individual regarding innovation. Recently, shared modes have been introduced on a larger scale and
have been offered together in mobility hubs. Therefore, the concept of shared modes and mobility hubs can
be classified as an innovation. The individuals and the choices they make to accept or reject the innovation
are being examined by the adoption theory (Straub, 2009).

TAM

Davis (1989) introduced the Technology Acceptance Model (TAM, see Figure 5). The TAM is based on the
Theory of Reasoned Action (TRA) and examines the relationship between attitudes and actions, mediated by
intention (Ajzen, 1996; Straub, 2009). The perceived usefulness and perceived ease of use are assumed to be
fundamental determinants of user acceptance (Davis, 1989). Thus, the TAM assumes that the behavioural
intention can be explained by these two factors, which in turn are affected by external variables (Venkatesh,
2000). While perceived usefulness refers to “the degree to which a person believes that using a particular
system would enhance his/her job performance”, perceived ease of use is defined as “the degree to which a
person believes that using a particular system would be free of effort” (Davis, 1989). Moreover, the perceived
ease of use also influences the perceived usefulness (Benbasat & Barki, 2007). Venkatesh (2000) noted that
the easier a system could be used, the more useful it can be. Subsequently, the behavioural intention to use
a system is found to be the most important determinant for the actual behaviour.

Perceived

usefulness Y
Behavioural

External variables Actual behaviour

intention
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Figure 5: Technology Acceptance Model (adapted from Davis (1989))

Although the TAM is appreciated because of their simplicity, other adoption theories have been developed
afterwards to incorporate more determinants of behavioural intention (Straub, 2009).

UTAUT
The most common extension of the TAM is the Unified Theory of Acceptance and Use of Technology (UTAUT),
which incorporates four user acceptance criteria and four moderators for behavioural intention (Kaur &
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Rampersad, 2018; Straub, 2009). The user acceptance criteria include performance and effort expectancy,
social influence, and facilitating conditions, whereas the four moderators are gender, age, experience, and
voluntariness of change (see Figure 6). The first two user acceptance criteria are similar to the perceived
usefulness and perceived ease of use of the TAM. Social influence refers to “the degree to which an individual
perceives that important others believe he or she should use the new system”, whereas facilitating conditions
is defined as “the degree to which an individual believes that an organizational and technical infrastructure
exists to support use of the system” (Venkatesh et al., 2003). Benbasat and Barki (2007) noted that adding
these last two user acceptance criteria leads to a model that is quite similar to the Theory of Planned
Behaviour because these criteria are similar to subjective norms and perceived behavioural control.

The performance and effort expectancy of the UTAUT are further discussed below in the case of shared
modes. As discussed, these two factors can be found in both adoption theory models. Social influence is only
present in the UTAUT model, but one can argue that social influence and facilitating conditions have an
impact on the perceived usefulness or perceived ease of use as external variables. In this case, these variables
are also present in the TAM.
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Effort expectancy
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Figure 6: Unified Theory of Acceptance and Use of Technology (adapted from Venkatesh et al. (2003))

Performance expectancy

The performance expectancy of shared modes is related to the perception of an individual with regard to the
characteristics of the system. Wolf and Seebauer (2014) described this as the “perceived trade-off between
costs and benefits of a certain travel mode”. The costs and benefits of a specific transport mode can be
expressed in generalised travel costs, which contain travel time, travel costs and inconvenience costs
(Koopmans et al., 2013). These characteristics should be comparable to the characteristics of regular
transport modes in order to enhance the intention of using these shared modes.

In the case of shared vehicles, the travel time consists of access, in-vehicle, and egress time. The access and
egress time depend on the distance to the shared modes. An increase in the availability and supply of shared
modes leads to shorter access and egress travel times and better accessible places. This may increase the use
of these modes (Hoenjet et al., 2018) and reduce the need for car ownership. Tingen (2019) conducted
qualitative interviews among inhabitants of Utrecht and found that a short walking time to carsharing
vehicles relative to the walking time to private vehicles would make carsharing more attractive. The
respondents indicated that carsharing would be more attractive when having a walking time of one minute
to carsharing spots and 10 minutes to private vehicles (Tingen, 2019). Furthermore, travel costs are an
important determinant of the usefulness of shared modes. The costs generally consist of a subscription fee
and the individual trip costs (e.g. Greenwheels (2019)). The costs of using shared modes should be
comparable to the costs of the current travel modes to make it more attractive. Harms, Durand,
Hoogendoorn-Lanser, and Zijlstra (2018) concluded that people are unable to estimate the travel costs of
their private car possession in the current situation. People often underestimate these total costs, because
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they often exclude the fixed costs of the purchase, insurance and road tax in their cost calculation. This may
be an obstacle when comparing the costs of the private car with the costs of the use of shared modes instead.

The third characteristic that may influence the choice for using shared modes is the inconvenience costs.
Inconvenience is directly related to the comfort of the modes and the flexibility of the system. This aspect is
also closely related to the ease of use. Easier use of the shared modes results in a higher comfort level of
these modes. KiM (2015) concluded that one of the motives to use shared cars is the fact that there are no
parking-related problems because of the reserved parking spots. The absence of paid parking and a high
parking pressure increase the comfort of shared vehicles rather than private vehicles. On the other hand,
while private vehicles can be used at any time, it is not always ensured that there is a shared mode available.
This leads to longer access and egress travel times, which may disturb to stimulate people to make use of
sharing systems and get rid of their car. Tingen (2019) investigated the preferred distribution of carsharing
vehicles among thirteen inhabitants of Utrecht. This qualitative research showed that the inhabitants prefer
at least two carsharing vehicles per carsharing spot or all carsharing vehicles at one spot in the
neighbourhood. The first alternative forms a combination of minimum walking time and a higher chance of
available carsharing vehicles, compared to having one vehicle per spot. The second alternative is mainly
preferred because of the high availability of carsharing vehicles. The availability of shared modes and the
flexibility of the system can be enhanced by the provision of different types of shared modes at one location
in a mobility hub. Furthermore, the proximity of carsharing spots near access roads is another important
aspect to increase the attractiveness of carsharing for people living within the inner-urban areas (Tingen,
2019). By contrast, inhabitants of out-of-town areas do not have a preference for these locations, which can
be explained by their residential location which is often closer to access roads and due to less traffic and one-
way roads. These people, in turn, indicate that safe locations and locations at main walking routes increase
the attractiveness of carsharing.

Effort expectancy

The effort expectancy can be enhanced by lowering the threshold to use it. A lower threshold to use shared
modes results in a higher comfort level and lower inconvenience costs. One of the ways to lower the
threshold for using shared modes is by offering a system which is easy to use for everyone. For instance, the
shared modes could be offered through one single mobility package Mobility-as-a-Service (MaaS). Hietanen
(2014) defined MaaS as a mobility distribution model, which satisfies the major transportation needs of the
users by offering mobility services through a single interface (Jittrapirom et al., 2017). By providing integrated
multimodal transport services through one application, it offers an alternative for non-integrated transport
services and car ownership (Arthur D. Little, 2018; Sochor et al., 2018). Other examples are the direct use of
the shared modes without going through procedures and the choice for different tariff options.

Diffusion theory related to shared modes

While the previously discussed adoption theories describe how individuals make choices to adopt or reject
an innovation, diffusion theory describes how innovation is adopted by the population over time (Rogers,
2003; Straub, 2009). The diffusion theory of innovation by Rogers (2003) distinguishes five categories of
adopters of new technologies: innovators, early adopters, early majority, late majority, and laggards (see
Figure 7). The most likely people to adopt for using shared modes are the first adopters of the innovation
and can be classified as the innovators or early adopters.

Innovators Early Late
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Figure 7: Diffusion theory by Rogers (adapted from Rogers (1962))
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The constant increase in the number of private vehicles in the four largest cities in the Netherlands leads to
parking-related problems since the vehicles are not used for more than 90% of the time (CBS, 2019a, 2019b;
KiM, 2018). The expected population and employment growth in combination with the limited space in urban
areas will ensure that the number of private vehicles and their parking related problems will increase in the
future. A mobility system based on sharing instead of ownership can help to reduce household car ownership.

The most effective types of carsharing with regard to their effect on car ownership are known. It is concluded
that the B2C-system is more effective than the P2P-system and that the round-trip B2C-system is more
effective than the one-way B2C-system (KiM, 2015; Nijland & van Meerkerk, 2017). In contrary to carsharing,
the effects of bicycle, e-bicycle, electric cargo bicycle and moped sharing on car ownership are unknown.

Shared modes can be offered separately or together in a mobility hub. Mobility hubs in the Netherlands have
only been introduced through pilots and their effects on household car ownership are unknown. Additionally,
the characteristics of these mobility hubs are not based on the effects of the individual characteristics on the
use of the provided shared modes. The mobility hubs implemented outside the Netherlands are in densely
populated urban areas with mixed land use and are close to public transport stops. The characteristics of
these mobility hubs are also not based on the effects on the use of these shared modes and the reduction in
car ownership. Therefore, it is expected that the currently provided shared modes in mobility hubs do not
provide the most desirable effect on the usage and car ownership. This, in turn, could lead to unintended
success and failure effects (Goudappel Coffeng, 2018).

In conclusion, previous research mainly focused on the separate effects of individual shared modes. The
insight into the (potential) effects of shared modes provided together in mobility hubs is limited. The
intention to use the shared modes provided by these mobility hubs as well as the potential effect on
household car ownership are currently unknown. Additionally, the added value of mobility hubs over
carsharing systems regarding these effects is unknown. Based on the discussed knowledge gap, the following
problem definition has been defined:

Problem definition
The intention to use shared modes provided by mobility hubs and the potential effect of mobility hubs
on household car ownership are currently unknown.
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This chapter focuses on the research design, specifically with regard to the research objective, research
guestions and the scope of this research. The conclusion of the literature review indicates a research gap and
a problem definition. The objective of this research is directly related to the problem definition.
Subsequently, the main research question has been defined in line with the objective. This question has been
decomposed into different sub-questions in order to achieve the objective. Furthermore, the scope has been
defined in order to limit the focus of the research.

The literature review of chapter 2 provides insight into the research gap. Based on that, the problem
definition has been defined. The research objective relates directly to this problem definition, and has been
formulated as follows:

Research objective
To investigate the characteristics that influence the intention to use shared modes provided by
mobility hubs and to investigate the potential effect of mobility hubs on household car ownership

As previously discussed in the literature review, a mobility hub cannot be described in one way but is rather
used as a term for different concepts where shared modes are offered together. In this research, a mobility
hub is defined as a location in a residential area, where shared cars, mopeds, e-bicycles and e-cargo bicycles
are offered together. The mobility hub focuses on the provision of transport by shared modes from the
residential area towards the destination and back in order to replace car ownership. The characteristics of a
mobility hub depend on the needs of the users. Therefore, it is not a foregone conclusion which
characteristics a mobility hub has to contain. The effects of the characteristics of a mobility hub on the
intention to use and the intention to reduce household car ownership have been investigated in this research.

The main research question relates directly to the defined research objective. By answering the main
research question, the objective of this research is achieved. The main research question is:

Main research question
What characteristics influence the intention to use shared modes provided by mobility hubs and what
is the potential effect of mobility hubs on household car ownership?

In order to answer the main research question, the following sub-questions have been answered:

1. What are the characteristics of existing shared mode systems and mobility hubs in the Netherlands?

2. What characteristics influence the intention to use shared modes provided by mobility hubs and to
what extent do these characteristics differ between mobility hubs and carsharing systems among
residents of the investigated neighbourhoods in The Hague?

3. What is the potential effect of mobility hubs on household car ownership in the investigated
neighbourhoods in The Hague and what characteristics are associated with a reduction in household
car ownership when providing mobility hubs in these neighbourhoods?

4. What are the possible barriers for inhabitants of the investigated neighbourhoods to reduce
household car ownership when providing mobility hubs in their neighbourhood?
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The scope of this research is described below with regard to the included shared modes, the mobility hub
characteristics, investigated neighbourhood type and location choice.

Shared modes

The considered shared modes include the shared car and light electric vehicles (moped, e-bicycle, e-cargo
bicycle). The shared bicycle is out of the scope of this research because almost all inhabitants of The
Netherlands own a bicycle. Consequently, they have access to a bicycle at the access side of their trip, which
makes a shared bicycle in a mobility hub unnecessary. As previously discussed, the e-scooter is currently not
allowed in the Netherlands. Therefore, the shared e-scooter is excluded from this research. Shared modes
can be either offered in a B2C- or P2P-system. The focus of this research is on the characteristics of mobility
hubs in a B2C-system. The investigation of the willingness of people to share their car is out of the scope of
this research (P2P-system).

Mobility hub characteristics

The effects of mobility hub characteristics on the intention to use and intention to reduce household car
ownership have been investigated. Other car ownership related measures which could be taken by
municipalities, such as the implementation of higher parking fares and limited parking supply, are excluded
from this research. Push measures in transport policy are perceived as unfair and unacceptable (e.g. Eriksson,
Garvill, and Nordlund (2008)). Including push measures may also disturb the achievement of the objective,
which specifically focuses on the effect of the mobility hub characteristics and not on the effect of these
characteristics in combination with other measures.

Neighbourhood type

This research focuses on existing neighbourhoods because of several reasons. Firstly, the target group is
easier to approach because these people are inhabitants of the concerning neighbourhoods. Secondly, the
socio-demographic characteristics and the level of household car ownership are known. This makes it easier
to assess the representativeness of the sample and to relate the effects of mobility hubs to the socio-
demographic characteristics of the inhabitants and characteristics of the specific neighbourhood. Although
inhabitants may have lived in the existing neighbourhood for years, the external effect of residential self-
selection cannot be excluded since inhabitants could have made their residential location choice based on
their preferences regarding travel behaviour. Furthermore, it should be noted that only people now living
within these neighbourhoods are included in this analysis and not people who could move to the investigated
neighbourhoods in the future.

Location

This research focuses on a specific research area in order to investigate the potential effects of mobility hubs
in the context of specific neighbourhoods. As discussed in the literature review, car ownership related
problems occur in the four largest cities in the Netherlands: Amsterdam, The Hague, Utrecht and Rotterdam.
Due to the urban population and employment growth in combination with the limited urban space, these
problems will increase in the coming years. Therefore, the transition from a mobility system based on car
ownership towards a mobility system based on sharing is most important in urban areas. This research
specifically focuses on The Hague. Both car ownership (the number of vehicles owned by 1,000 inhabitants)
and the absolute number of private cars has increased in The Hague over the last ten years (CBS, 20193,
2019b). Besides, the Municipality of The Hague showed their interest and would like to cooperate in the
distribution of the survey.

Household car ownership in the different neighbourhoods (Dutch: wijk) of The Hague has been visualised by
using QGis and is depicted in Figure 8. It should be explicitly noted that the data of the Municipality of The
Hague (2019) have been used. In contrary to the data of CBS (2018a), the municipality did not include the
data of fleet-owners (e.g. leasing companies), because these vehicles are mainly used elsewhere instead of
in the registered neighbourhood. In order to calculate the exact level of car ownership, the municipality
advised to increase the levels of private car ownership by 10% in each neighbourhood (Municipality of The
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Hague, 2019). Based on the private car ownership data, it is concluded that the lower levels of household car
ownership can be found in the inner city of The Hague, while higher levels of car ownership can be found
further away from the city centre. This research focuses on neighbourhoods with a household car ownership
of more than 0.65 car/household. These neighbourhoods have an above-average household car ownership
since the average level of household car ownership is 0.66 cars/household in The Hague (Municipality of The
Hague, 2019). Furthermore, it is more likely that households in these neighbourhoods have more private
cars. Previous research showed that households with more cars are more likely to reduce household car
ownership (Miinzel, Piscicelli, et al., 2018; Nijland et al., 2015). Therefore, the supply of shared modes is
probably more effective in these neighbourhoods compared to neighbourhoods with lower levels of
household car ownership.

Household car ownership in The Hague

Car ownership
[avg. number of cars/householdf

[1<0.65

[]0.65-0.85
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Figure 8: Car ownership in The Hague, data retrieved from the Municipality of The Hague (2019)

30



4 Methodology

The first part of this research is qualitative and focuses on the identification of the characteristics of existing
shared mode systems in the Netherlands (section 4.1). Subsequently, the second part of this research is
mainly quantitative and focuses on the intention to use shared modes provided by mobility hubs and the
intention to reduce household car ownership (section 4.2).

This research is based on the theoretical framework depicted in Figure 9. The framework is based on the
Unified Theory of Acceptance and Use of Technology (UTAUT), which has been discussed in section 2.6. The
UTAUT also incorporates the relationship between the intention to use and actual use and the relationship
between facilitating conditions and actual use. Since the purpose of this study is to investigate the potential
effect of non-existing hubs with specific characteristics, these relationships have not been investigated during
this research. In addition, the UTAUT assumes that attitude towards using technology is not a direct
determinant of intention (Venkatesh et al., 2003). However, many studies, including the Theory of Planned
Behaviour, show that attitudes are a determinant for the intention to use (Ajzen, 1991; Dwivedi et al., 2019