How to reduce car ownership in neighbourhoods?
Variables influencing car ownership and their relevance for neighbourhood
planning, using the cases of Amsterdam, Rotterdam, The Hague and Utrecht

MSc Thesis Report

Anouk Schouten

(Source cover photo: Killick, 2015)

1

How to reduce car ownership in neighbourhoods?
Variables influencing car ownership and their relevance for neighbourhood
planning, using the cases of Amsterdam, Rotterdam, The Hague and Utrecht
Author: Anouk Schouten
Student number: 931112747110
Program: Urban Environmental Management
Educational Institution: Wageningen University
Course: LUP-80436 – MSc Thesis Land Use Planning (36 ECTS)
Date: February 2019
Supervisor: Dr. G.B.M. Pedroli
2nd examiner: Dr. ir. W.W.Y. Tan

Land Use Planning Group
Droevendaalsesteeg 3A
6708 PB Wageningen
The Netherlands

2

Contents
Abstract ..............................................................................................................................................5
Summary ............................................................................................................................................6
Chapter 1: Introduction ......................................................................................................................8
1.1 Problem description ..................................................................................................................8
1.2 Objectives and research questions ............................................................................................9
1.3 Relevance of the research ....................................................................................................... 10
1.4 Structure of the report ............................................................................................................ 10
Chapter 2: Theoretical framework ................................................................................................... 11
2.1 Built environment variables..................................................................................................... 11
2.2 Socio-economic and demographic variables ............................................................................ 14
2.3 Residential self-selection ......................................................................................................... 15
2.4 Conceptual model ................................................................................................................... 15
Chapter 3: Methodology .................................................................................................................. 16
3.1 Data collection sub-question 1 ................................................................................................ 17
3.2 Data analysis sub-question 1 ................................................................................................... 20
3.3 Data collection and analysis sub-question 2............................................................................. 22
3.4 Data collection and analysis sub-question 3............................................................................. 23
3.5 Data collection and analysis sub-question 4............................................................................. 23
Chapter 4: Statistical analysis on the effect of built environment and population variables on car
ownership ........................................................................................................................................ 24
4.1 Sample 1 ................................................................................................................................. 24
4.2 Sample 2 ................................................................................................................................. 26
4.3 Conclusion .............................................................................................................................. 29
Chapter 5: Examples of car-reduced and car-free neighbourhoods.................................................. 30
5.1 Florisdorf, Vienna .................................................................................................................... 30
5.2. GWL terrain, Amsterdam ........................................................................................................ 31
5.3 Vauban, Freiburg ..................................................................................................................... 32
5.4 Stellwerk 60, Cologne .............................................................................................................. 33
5.5 Conclusion .............................................................................................................................. 36
Chapter 6: Existing car restricting planning policies ......................................................................... 37
6.1 Access to daily needs and population density .......................................................................... 37
6.2 Type of population .................................................................................................................. 38
6.3 Shared cars, public transport and other transport alternatives ................................................ 38
6.4 Parking restrictions.................................................................................................................. 39
6.5 Conclusion .............................................................................................................................. 42
3

Chapter 7: Mobility trends ............................................................................................................... 43
7.1 Identifying external forces ....................................................................................................... 43
Demography ............................................................................................................................. 43
New technologies & transport modes ....................................................................................... 44
Spatial developments ................................................................................................................ 45
Behaviour & social values .......................................................................................................... 45
Economy & International politics............................................................................................... 46
7.2 Scenarios................................................................................................................................. 46
7.3 Conclusion .............................................................................................................................. 50
Chapter 8: Discussion ....................................................................................................................... 51
8.1 Important variables ................................................................................................................. 52
Built environment variables ...................................................................................................... 52
Population variables .................................................................................................................. 52
Residential self-selection ........................................................................................................... 53
8.2 Implications of policies and trends on car ownership ............................................................... 54
Population density and access to daily needs ............................................................................ 54
Population characteristics ......................................................................................................... 55
Parking restrictions ................................................................................................................... 55
Alternative transport modes ..................................................................................................... 56
8.3 Recommendations for Amsterdam, Rotterdam, The Hague and Utrecht.................................. 57
Parking restrictions ................................................................................................................... 57
Alternative transport modes ..................................................................................................... 57
Population density and access to daily needs ............................................................................ 58
Population characteristics ......................................................................................................... 58
8.4. Limitations of the research ..................................................................................................... 58
Chapter 9: Conclusion ...................................................................................................................... 59
9.1 Conclusion .............................................................................................................................. 59
9.2 Recommendations for Amsterdam, Rotterdam, The Hague and Utrecht.................................. 61
9.3 Recommendations for further research ................................................................................... 62
References........................................................................................................................................ 63
Appendices ....................................................................................................................................... 71

4

Abstract
Objective variables influencing car ownership are identified to formulate recommendations for urban
planning in Amsterdam, Rotterdam, The Hague and Utrecht. The statistical analysis has shown that
population density, access to daily needs, income, household composition and age significantly
influence car ownership levels of neighbourhoods in these four cities. The analysis of four examples of
car-reduced and car-free neighbourhoods has shown that the access to alternative transport modes
and parking restrictions contribute to low car ownership levels as well. These findings support that
both built environment and population characteristics influence car ownership. However, the
outcomes also suggest that residential self-selection and subjective variables might play a role. Based
on the identified objective variables, the expected related future trends, and current planning policies
of Amsterdam, Rotterdam, The Hague and Utrecht, this report proposes recommendations on how car
ownership in neighbourhoods can be reduced.
Keywords: car ownership, residential neighbourhoods, built environment, population characteristics,
urban planning
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Summary
The increased amount of cars in cities cause problems for the environment and public health, and take
up valuable space (Redza & Bouillard, 2017). To improve the living environments of residents, certain
neighbourhoods in north-west Europe are designed to restrain the car, which has resulted in low car
ownership levels. However, what really causes low car ownership levels of neighbourhoods is
uncertain, as there is no consensus among scholars on the effect of the built environment on travel
behaviour. Many scholars have argued that also population variables, such as socio-economic and
demographic variables, and personal attitudes and preferences are important as well (Banerjee &
Hine, 2014).
The aim of this research is to identify the most important objective variables that influence car
ownership in neighbourhoods, in order to give recommendations on how car ownership levels can be
reduced in neighbourhoods of Amsterdam, Rotterdam, The Hague and Utrecht. Also, to explain how
the four cities can improve their policies in regard to future developments, the current planning
policies and expected future trends relating to car ownership are analysed. Hereby this research aimed
to answer the following research question: How can urban planners reduce car ownership levels in
neighbourhoods in Amsterdam, Rotterdam, The Hague and Utrecht?
A literature study is used to select important variables according to previous research. The selected
variables are first analysed in a small sample of 27 neighbourhoods in Amsterdam, Rotterdam, The
Hague and Utrecht. The variables with a significant correlation with car ownership are tested with a
multiple regression analysis in a larger sample of 197 neighbourhoods. The results show that the
average income of residents, the proportion of residents between 15 to 45 years old, household
composition, population density and access to daily needs have a significant influence on the average
car ownership of households in neighbourhoods in these cities. Of these variables, household
composition has the biggest influence on car ownership, and income has the second biggest influence.
Subsequently, the analysis of literature and governmental documents about four examples of carreduced and car-free neighbourhoods in Amsterdam, Vienna, Cologne and Freiburg has shown that
the access to alternative transport modes and parking restrictions contribute to low car ownership
levels as well. However, as in these neighbourhood the incomes of the residents are not particularly
low, the household sizes are relatively large and there is a relatively large proportion of households
with children, subjective variables and residential self-selection may play a role in the low car
ownership of these neighbourhoods as well.
Expected trends that can influence future car ownership levels are identified by using literature and
governmental documents. The increase of population densities, single households, young adults, and
the emergence of new transport modes and services, which can increase the use of vehicle sharing
and public transport, can reduce car ownership levels. On the other hand, the increase of households
with children and personal mobility might increase car ownership. Also, the emerge of autonomous
cars could lead to higher car ownership rates. However, trends remain uncertain as they depend on
economic and political developments. Also, the future behaviour and social values of the population
determine which type of transport modes will be used, which also determines future car ownership
levels.
Based on the identified variables, trends, and the current planning policies, Amsterdam, Rotterdam,
The Hague and Utrecht are recommended to maintain their compact growth and to ensure that daily
needs are located within and close to residential neighbourhoods. Furthermore, the cities are
recommended to create neighbourhoods that attract a mixed population, with sufficient housing for
single-households, and households with low incomes. When these neighbourhoods have attractive
car-restricted environments, they might attract households that would normally own a car as well.
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Furthermore, car ownership can be discouraged by reducing the parking availability and increasing
parking costs, but this should be done with care. In consultation with developers and residents, parking
places can be removed in return for more public space or alternative transport modes, like shared cars.
Including residents in mobility plans will help to provide transport alternatives that suit their needs. To
keep neighbourhoods accessible, the cities need to continue improving public transport and cycling
infrastructure, and continue supporting car sharing schemes and MaaS, but have to keep an open mind
to possible other mobility solutions as well.
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Chapter 1: Introduction
Transportation systems have always been important in shaping cities. Originally, cities were shaped by
walking networks and based on walking distances. When the train and tram were introduced, cities
expanded, and new urban developments developed around public transport stops. The introduction
of the car enabled further urban extension, but also changed the original transport infrastructure
radically. The car became the symbol of freedom and gave people the opportunity to travel farther
and faster (Van der Zee, 2014), and started to take a dominant role in society. Roads and car parks
took over much of the walking and public transit infrastructure (Newman et al., 2016). For example, in
the Netherlands, public parks were transformed in car parks and canals were turned into ring roads
(Van der Zee, 2014). Hereby cars have shaped the cities, and as a result, the shape of cities have made
residents dependent on cars.

1.1 Problem description
The increased amount of cars cause problems in cities all over the world (Newman et al., 2016). Cars
cause noise and air pollution, which affects the environment and public health (Salon et al., 2010).
Also, the large amount of cars in cities lead to congested streets, which affects the accessibility of cities
and neighbourhoods, and leads to increased travel times (Boitor et al., 2013; Redza & Bouillard, 2017).
Furthermore, roads and parking infrastructure take up valuable space that could be used for green
areas, pedestrian and cycling infrastructure and housing (Morris et al., 2009; Nieuwenhuijsen & Khreis,
2016; Redza & Bouillard, 2017). Although car ownership in Dutch cities is lower than the national
average, cities have a high car density due to the high population densities (Kooiman et al., 2016). The
Dutch urban population is expected to continue to grow, especially in the four biggest cities;
Amsterdam, Rotterdam, The Hague and Utrecht (Kooiman et al., 2016). In combination with the
expected increase of car ownership levels by CPB/PBL (Manders & Kool, 2015), it is likely that these
cities will face higher car densities in the future, and thereby more problems caused by cars. To liberate
space, and to protect the environment and quality of life, there is a need to move away from cars and
search for sustainable alternatives.
In the past 25 years, many studies have found that the built environment can play a significant role in
car use, specifically the density and land-use mix in cities (Ewing & Cervero, 2001; Kockelman, 1997).
As a result, many governments in north-west Europe have adapted their planning policies to these
findings, and aimed to contain urban sprawl or to enable compact urban growth (Borgers et al., 2008;
Dieleman et al., 2002). On a smaller scale, car reducing measures have also been applied in certain
neighbourhoods, of which Vauban (Freiburg, Germany) and GWL terrain (Amsterdam, the
Netherlands) are well known examples (Borgers et al., 2008; Melia, 2014). These neighbourhoods have
achieved a low average amount of cars per household (Melia, 2014; Statistics Netherlands, 2016a).
Car-reduced neighbourhoods like these have gained interest, as decreased car ownership levels result
in less space taken up by cars, less air and noise pollution and improved living environments (Boarnet
& Crane, 2001; Melia, 2014).
However, what really causes low car ownerships levels of neighbourhoods remains uncertain, as there
is no consensus among scholars on the effect of urban form on travel behaviour (Banerjee & Hine,
2014). The deterministic idea that the built environment determines car use is being criticised by many
scholars who argue that also objective population variables, such as socio-economic and demographic
variables, and subjective variables, such as personal attitudes and preferences, influence – if not more
– the travel behaviour of people (Cao et al., 2007; Handy, Cao, & Mokhtarian, 2005; Aditjandra, 2013).
Therefore, it is still unclear what measures urban planners should take to reduce the amount of cars
in neighbourhoods (Dieleman et al., 2002).
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1.2 Objectives and research questions
The aim of this research is to identify the most important objective variables that influence car
ownership levels in neighbourhoods, in order to give recommendations on how urban planners could
reduce car ownership levels in neighbourhoods of Amsterdam, Rotterdam, The Hague and Utrecht.
This research has only focussed on objective built environment and population variables, rather than
subjective variables, as data of subjective variables is not available on a large scale and is hard to assess
(Handy & Clifton, 2001). Furthermore, this research has focussed on the cities Amsterdam, Rotterdam,
The Hague and Utrecht, as these cities are the biggest and the fastest growing cities of the Netherlands,
and are therefore assumed to face the most issues related to car ownership.
In order to achieve the objective of this research, the following research question is formulated: How
can urban planners reduce car ownership levels in neighbourhoods in Amsterdam, Rotterdam, The
Hague and Utrecht?
This research question is answered by using four sub-questions, for which both quantitative and
qualitative research methods are used. The first sub-question is as follows:
1. Which of the built environment and population variables have the biggest influence on car
ownership, and to what extent?
For this first sub-question, built environment and population variables that influence car ownership
levels in neighbourhoods of Amsterdam, Rotterdam, The Hague and Utrecht are identified and
analysed. Subsequently, four examples of car-reduced neighbourhoods in north-west Europe are
analysed, to check if the variables identified in the first sub-question indeed contribute to the success
of these neighbourhoods, or if certain other variables are overlooked. Thereby the following subquestion is answered:
2. What variables are important in the success of existing car-reduced and car-free
neighbourhoods?
To formulate recommendations based on the variables identified in these first two sub-questions, it is
also useful to know what measures the cities are already taking in regard to car ownership levels of
neighbourhoods, and what future trends relating to car ownership are expected. Based on the current
policies and the expected future trends, measures can be proposed that improve the current car
reducing approaches of the cities, and that are likely to prevent an increase in car ownership in the
future as well. Therefore, the last two sub-questions are formulated:
3. What planning policies that influence car ownership do Amsterdam, The Hague, Rotterdam
and Utrecht have?
4. What future trends relating to car ownership are expected in Dutch cities?
Finally, based on the results of the four sub-questions, recommendations for urban planners of
Amsterdam, Rotterdam, The Hague and Utrecht are given on how future car ownership levels in
neighbourhoods can be reduced.
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1.3 Relevance of the research
The results of this research provide valuable insights for the planning of Dutch cities, as it identifies
and analyses both population and built environment variables that influence car ownership levels in
Dutch neighbourhoods. Many previous studies have investigated the role of the built environment and
the role of population characteristics, but most of them are conducted in the United States and the
United Kingdom, and have primarily used a quantitative approach (Banerjee & Hine, 2014). A few
researches on determinants of car ownership have been conducted in the Netherlands (Dieleman et
al., 2002; Kampert et al., 2017; Kitamura, 2009; Oakil, Manting, & Nijland, 2016), but the amount of
included variables were limited. This research is a contribution to the existing literature, as it is
focussed on neighbourhood level, includes multiple built environment and population variables, and
also analyses existing planning policies and expected future trends related to car ownership.
Furthermore, this research contributes to a better quality of urban living environments, as it
recommends specific measures for Amsterdam, Rotterdam, The Hague and Utrecht.

1.4 Structure of the report
This report consists of nine chapters. The first three chapters are the Introduction (chapter 1), the
Theoretical Framework (chapter 2), and the Methodology (chapter 3). The four sub-questions are
answered in the four subsequent chapters (chapter 4, 5, 6 and 7). The results are discussed in the
Discussion (chapter 8), and the main findings and recommendations can be found in the Conclusion
(chapter 9). The last pages of the report contain the References and Appendices.
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Chapter 2: Theoretical framework
As explained in the introduction, this research focusses on objective variables of the built environment
and population of neighbourhoods. In this theoretical framework the most important objective
variables relating to car ownership according to previous scientific studies are identified. These
variables can be divided in built environment variables and population variables. The last section of
this chapter provides a conceptual model that illustrates how these variables relate to car ownership
levels in neighbourhoods and to each other.

2.1 Built environment variables
The built environment comprises transportation systems, land-use patterns, and microscale urban
design (Cunningham & Michael, 2004). For this research, important built environment variables are
identified by using the sustainable mobility approach. The sustainable mobility approach involves
actions that reduce the need to travel, encourage the shift to other transport modes, reduce travel
distances and encourage a more efficient transport system, and therefore reduce the need for a car.
To achieve sustainable mobility, there are four types of actions (Banister, 2008):
1. Reducing the need to travel: Substitution of travel activities through technology. For example,
when employees can work at home, they don’t need to commute.
2. Land-use policy measures: Reducing distance to activities
3. Transport policy measures: Encouraging modal shift
4. Technological innovation: Increasing the efficiency of transport by searching for more efficient
engines and renewable energy sources.
Transport policy measures and land-use policy measures are both related to the built environment,
and therefore relevant for this research. Important variables regarding these two actions are identified
by a literature study and are further discussed in the next sections. Literature about car ownership, as
well about car use is used, because this research assumes that variables that influence car use, also
influence car ownership. As Ben-Akiva and Atherton (1977) state, car use is indirectly influenced by
the built environment through car ownership (Van Acker & Witlox, 2010). So, car ownership is
influenced by many of the same factors that influence travel behaviour (Giuliano & Dargay, 2006).

Land-use policy measures
Land-use policy measures help to reduce the need for cars by improving the accessibility of activities.
Accessibility is fundamental in travel behavior theories. Accessibility is determined by the number of
different activities and their locations, and by the ease to get from one place to the other, which can
be determined by travel time or cost, but is most often expressed in travel distance (Ewing & Cervero,
2001; Handy & Niemeier, 1997). The better the accessibility of services and facilities, the more likely it
is that people will use other transport modes than the car. Distances to services and facilities can be
reduced by increasing densities, concentrations and the land-use mix, and by the location of housing,
and the design of buildings and street networks (Banister, 2008).

Density
In literature, most attention is given to density and land-use mix as variables that explain car use and
ownership in urban areas (Ewing & Cervero, 2001). Density often refers to the amount of buildings,
residents or dwellings in a given area. A high density of buildings, residents or dwellings results in a
high amount of people in a certain area, which allows certain urban functions and activities (Jabareen,
2006). As a result, the distance to these functions and activities reduces (Chen et al., 2008), and they
become better accessible by foot or bicycle. Therefore, when density increases, car ownership and car
use decreases (Jabareen, 2006). Density does not only reduce travel distances, it is also thought to be
an intermediary for various other variables that are not always available in datasets, such as
congestion, parking costs, parking availability and public transport, which can also explain low car
11

ownership in high urban densities (Chatman, 2005; Kitamura et al. 1997; Miller & Ibrahim, 1999;
Schimek, 1996). The relationship between density and car use is researched by Newman and
Kenworthy (1999), who researched the relationship between the density of several international cities
and the gasoline consumption (Handy et al., 2005). Also, a more recent study in the Netherlands by
Scheepers et al. (2013) found a negative relationship between the density of Dutch neighbourhoods
and the likelihood of using the car for short distance trips. However, not all researches support these
findings, as some other scholars did not find a significant correlation between density and car use
(Chen et al., 2008).

Access to daily needs
Land-use mix is described as the diversity of types of land-uses within an area, like residential,
commercial and industrial land-uses (Jabareen, 2006). When different land-uses are well mixed,
different type of activities are better accessible. Especially the access to daily needs within a short
distance is important for reducing the need for cars (Handy, 1992). Particularly the accessibility of
grocery stores and other commercial activities seems to be important for car ownership, as Cervero
(1996) has shown that the presence of stores within a short distance is related with a low car
ownership. The presence of shops and other activities in neighbourhoods appear to be even a better
determinant for transport mode choice than residential densities. However, the car-reducing effect of
the presence of shops and other activities in neighbourhoods mainly applies to non-work travel
(Gordon & Peers, 1991). To also reduce the need for a car for work related travel, the location of jobs
also needs to be incorporated in neighbourhood developments (Handy, 1992).

Transport policy measures
Transport policy measures help to discourage car use and to encourage the use of other transport
modes. Reducing car use and ownership can be achieved through traffic calming, parking restrictions
and road pricing, and through facilitating walking, cycling and public transport (Banister, 2008).

Parking restrictions
On neighbourhood scale, parking restrictions are popular measures to restrict cars, often in the form
of parking fees. Paid parking is shown to be effective in reducing car use by several studies (Albert &
Mahalel, 2006). Another way to restrict cars is limiting parking space. The available parking space per
household is in Dutch cities often determined by parking standards (Krabben et al., 2014), which are
partly based on the densities of city districts. Initially, urban planners have introduced minimum
parking standards to ensure enough parking space for cars (Shoup, 2005). This has resulted in big
parking areas and low building densities (Krabben et al., 2014). Therefore, minimum parking standards
have received a lot of criticism, and maximum parking standards were proposed (Shoup, 2005). The
use of maximum parking standards can help to reduce car use (Priemus, 1995), because when there
are sufficient parking facilities at home, and when it is easy to manoeuvre in and out the parking,
households are more likely to use their car (Chatman, 2005; Guo, 2013b), and therefore to own a car
(Guo, 2013a). However, the effect of parking availability on car ownership is hard to measure, as it is
related to other variables like population density. Also, not all studies found the same effects of parking
supply on car ownership. For example, Coevering and Snellen (as cited in Guo, 2013a) found that
residents do not much effort to reduce the amount of cars they own when parking space is scarce.
Furthermore, limiting the amount of parking spaces could make housing less attractive, as most people
prefer to live in non-car-restrained areas (Borgers et al, 2008). Developers may be afraid that limiting
parking space in neighbourhoods will reduce the demand for housing in these areas (Borgers et al.,
2008). Also, as limited parking availability does not automatically result in lower car ownership rates,
reduced parking availability can cause parking issues and spill over parking in adjoining
neighbourhoods (Snellen et al., 2005). To reduce these issues, according to Shoup (2005), limiting
parking space should be combined with the implementation of paid parking.
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Access to alternative transport modes
The use of other transport modes than the car can be promoted by improving cycling and walking
infrastructure, and by increasing the access to public transport and other alternative transport modes
(Banister, 2008). Regarding cycling and walking, cycling competes most with car use, as cycling is faster
than walking. A study of Woods & Masthoff (2017) in Barcelona, Helsinki and Milan found that cycling
was rated as flexible, reliable, fast and comfortable as car driving. The design of cycling infrastructure
can have a big influence on car use, in particular the safety, comfort and continuity of the network
(Hull & O’Holleran, 2014).
The influence of the provision of public transport on car use is researched by many scholars. According
to Giuliano and Dargay (2006), the access to public transit is an important determinant of car
ownership. Cullinane (2002), found a relation between the extremely low car ownership levels in Hong
Kong and the provision and the low fare of public transport. However, Potoglou & Kanaroglou (2008)
only found a relation between the number of bus stops and the probability of households to own three
or more cars, and Kitamura (1989) did not find a relation at all between the level of transit use and the
level of car use. Nevertheless, the relation between the access to public transport and car ownership
can differ per country and city, as they may have different population characteristics. In the
Netherlands, in most cities live large amounts of students, and many of them have free access to public
transport and cannot afford to own a car. But also immigrants are concentrated in cities, who are more
likely to travel by public transport than by car (Oakil et al., 2016). Nevertheless, Titheridge & Hall (2006)
mention that if car use and ownership is determined by the access to public transport in
neighbourhoods, it is important that destinations, such as workplaces, are accessible by public
transport. Also, high investments are needed to reduce car use in large and medium-sized cities, as
public transport is already used a lot by residents (Dieleman et al., 2002). Furthermore, as public
transport in the Netherlands competes with cycling, policies should, according to Dieleman et al.
(2002) be developed in which bicycle use and public transport are used in a complementary way. Short
distances should be done by bike, and distances longer than 1 km should be facilitated by public
transport.
Besides public transport, the access to other, newer transport modes may influence car ownership
levels as well. A popular new transport mode is the shared car. Overall, the term ‘shared car’ is used
for private cars that can be rented by others (peer-to-peer), which is facilitated through online
platforms, and for station-based or free-floating cars that are owned by carsharing companies and can
be rented by members (Becker et al., 2017). However, the definition of shared cars as cars that can be
accessed by carsharing members at any time of the day, for which the users are charged by time or
distance travelled (Martin & Shaheen, 2011), mainly applies to the station-based and free-floating
shared cars.
Based on an online survey of North American carsharing members, Martin and Shaheen (2011) found
that carsharing significantly reduced the amount of cars that households owned. Before carsharing,
households owned 0.47 cars on average, and after carsharing they owned 0.24 cars. In San Francisco,
Cervero et al. (2007) found similar results. Among the carsharing members of City CarShare, 29% got
rid of at least one car. Also in the Netherlands, a research of PBL has shown that almost one third of
the 90,000 carsharing members in 2015 got rid of their private vehicle, or decided to not purchase a
car. Besides the reducing effect on car ownership levels, people with a carsharing membership also
tend to drive less (Nijland et al., 2015).
However, carsharing is currently a niche service and only attracts a small proportion of the urban
population. Car sharing mainly attracts young adults with a high education and moderate to high
incomes, and households with low car ownership levels (Becker et al., 2017; Kang et al., 2016). Also,
13

the studies of Bardhi and Eckhardt (2012) and Becker et al. (2017) have found that mainly people with
a low sense of car ownership and who are open to new services and developments are most likely to
use carsharing.

2.2 Socio-economic and demographic variables
Besides the built environment variables discussed in the previous sections, also socio-economic and
demographic variables are found to influence car ownership. In this research, the built environment is
seen as facilitating and discouraging certain types of travel behaviour, but without making other types
of travel behaviour impossible. Just as the built environment, social conditions and choices made by
people influence travel behaviour as well (Næss, 2015). Important socio-economic and demographic
variables according to literature are age, gender, household composition, income and education
(Naess & Jensen, 2004; Scheepers et al., 2013; Van Acker and Witlox, 2010).

Age
Age is considered as an important variable, partly because it is related to having a driver’s license (Næss
& Jensen, 2004). According to Scheepers et al. (2013) and Van Acker & Witlox (2010), persons above
65 years old are less likely to have a driver’s license, and thereby less likely to own a car. However, a
research of Statistics Netherlands by Kampert et al (2017) found the opposite. In the Netherlands,
people between 50 and 65 years have on average the highest car ownership, followed by persons
between 65 and 75 years old. Car ownership is the lowest among young adults between 18 to 30 years
old. The amount of cars owned by young adults in the Netherlands has been slowly decreasing during
the last decade (Kampert et al., 2017; Oakil et al., 2016).

Income and education
Income and education are related to each other, and therefore likely to result in comparable findings
(Van Acker & Witlox, 2010). Witlox & Tindemans (2004) and Steg (2005) suggest that car use and
ownership tend to be lower among people with a higher income and education, because they are more
likely to use active transport, and because people with a lower income consider the car as a status
symbol. Howverer, many other scholars argue the opposite. They argue that people with a high income
are more likely to own a car (Holtzclaw et al., 2002; Næss & Jenssen, 2004; Van Acker & Witlox, 2010).
Also, Oakil et al. (2016) found in the Netherlands that young adults with the highest income are more
likely to own a car than young adults with the lowest income. An explanation could be that highly
educated persons, that are likely to have a higher income, need to commute longer distances to work
(Van Acker & Witlox, 2010).

Household composition
In previous researches, the amount of cars that households own is found to be related to their
household composition. Larger households are more likely to own a car, as the amount of employed
household members increases the need for a car. Furthermore, not only just the size of the household,
but also the presence of children increases car ownership, as travelling with children is the easiest by
car (Dieleman et al., 2002; Holtzclaw et al., 2002; Næss & Jenssen, 2004; Van Acker & Witlox, 2010).

Ethnic background
The role of ethnic background in car ownership is rarely mentioned in literature. However, it can be an
important variable, as many different ethnic groups live in Dutch cities, and there are large differences
in car ownership among them. As mentioned earlier, immigrants are more likely to travel by public
transport than by car (Oakil et al., 2016). In their research in the Netherlands, Oakil et al. (2016) found
that young Dutch households are more likely to own a car than young non-western households.
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Gender
Lastly, several studies have found differences between car use by men and by women, which can result
in a difference in car ownership between both genders. These studies found that men tend to use the
car more often for work trips than women, which can be partly explained by the lower wages and the
type of jobs of women (Schwanen & Mokhtarian, 2005; Van Acker & Witlox, 2010).

2.3 Residential self-selection
The influence of socio-economic and demographic variables on car ownership shows that certain types
of residents are more likely to own a car than others, because, for example, they need a car or can
afford a car. So, instead of the idea that the physical environment of the neighbourhood influences car
ownership, people that own a car might choose a neighbourhood that provides enough parking space
(Guo, 2013c). Besides socio-economic and demographic variables, also subjective variables, such as
personal attitudes and preferences, can influence the choice for certain neighbourhoods. For example,
the lifestyles of people and their preference for certain transport modes and living environment can
play a role in their neighbourhood choice (Scheiner & Holz-Rau, 2007). This phenomenon is called
residential self-selection and is supported by many scholars (Bagley & Mokhtarian, 2002; Cao et al.,
2009; Handy et al., 2005; Scheepers et al, 2013). However, other scholars argue that people do not
always have the choice to live in neighbourhoods that match their travel preferences, and therefore
the effect of residential self-selection might be smaller than suggested (Schwanen and Mokhtarian,
2005). Schwanen and Mokhtarian (2005) found that when people live in a neighbourhood that does
not meet their preferences, they are likely to change their travel behaviour.

2.4 Conceptual model
Based on the literature discussed in the previous sections, a conceptual model is composed (figure
2.1). The conceptual model gives a simplified illustration of the relations between the objective
population and built environment variables of a neighbourhood and the average car ownership levels
of neighbourhoods.
The link between the built environment and car ownership, and population variables and car
ownership are indicated with bold arrows. Population density is included as a separate built
environment variable, because although it is likely to influence access to daily needs, parking
availability and costs and access to public transport, it can be a proxy for other variables as well, like
congestion and the distance to other type of activities.
Due to residential self-selection, population characteristics and car ownership might also influence the
choice for neighbourhoods with certain built environments. These relationships are indicated by
dashed arrows, as they are not directly analysed in this research, but are necessary to take into
account. Also, because the built environment and population characteristics of neighbourhoods are
assumed to be influenced by planning policies, such as land-use, transport and housing policies, but as
these relations are not directly analysed either, these links are indicated by dashed arrows as well.
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BUILT ENVIRONMENT
Population density
Access to daily needs
Parking restrictions
Access to alternative transport modes
CAR OWNERSHIP

PLANNING POLICIES
POPULATION
Age
Gender
Household composition
Income & education
Ethnic background

Relationship analysed in this research
Relationship not analysed in this research

Figure 2.1: Conceptual model
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Chapter 3: Methodology
As explained in the introduction, this research aims to identify the most important objective variables
that influence car ownership levels in neighbourhoods, in order to give recommendations on how
urban planners could reduce car ownership levels in neighbourhoods of Amsterdam, Rotterdam, The
Hague and Utrecht. The approach of this research can be considered as pragmatic, as the research
aims to translate theory to practice (Allmendinger, 2017), by using the findings of previous researches
and this research to propose measures that municipalities could take. Furthermore, the approach can
be considered as probabilistic, as the built environment is seen as facilitating and discouraging certain
types of travel behaviour, but without making other types of travel behaviour impossible (Næss, 2015).
To achieve the research objective, the following research question and sub-questions are formulated:
How can urban planners reduce car ownership levels in neighbourhoods in Amsterdam, Rotterdam,
The Hague and Utrecht?
1. Which of the built environment and population variables have the biggest influence on car
ownership, and to what extent?
2. What variables are important in the success of existing car-reduced and car-free
neighbourhoods?
3. What planning policies that influence car ownership do Amsterdam, The Hague, Rotterdam
and Utrecht have?
4. What future trends relating to car ownership are expected in Dutch cities?
In this chapter is explained what methods are used to achieve the research objective and to answer
these research questions.

3.1 Data collection sub-question 1
Based on scientific literature, multiple variables of the built environment and population that can
influence car ownership levels of neighbourhoods of Dutch cities are selected in the theoretical
framework. These variables are presented in the conceptual model in section 2.4. To be able to test
the influence of these variables on car ownership, the variables are operationalised and the
corresponding data is collected.

Neighbourhoods
First of all, it is necessary to mention that there is a difference between the English and Dutch definition
of ‘neighbourhoods’. In the Netherlands, municipalities are divided in smaller districts, ‘wijken’, which
are divided in even smaller areas, ‘buurten’. These two types of areas would be both translated to
English as ‘neighbourhoods’, but there is a difference in scale. Due to the bigger scale of ‘wijken’, there
is more variety in the built environment, population characteristics, and levels of car ownership, than
in ‘buurten’. Therefore, this study focusses on the smallest spatial scale. So, with the term
‘neighbourhoods’, this research refers to ‘buurten’.

Car ownership
Car ownership is measured as the average amount of cars per household per neighbourhood. Data
about car ownership is available at neighbourhood level at Statistics Netherlands (2017). Statistics
Netherlands uses data of the amount of registered private cars per address and calculates the average
amount of cars per household per neighbourhood, rounded to one decimal place.

Population density
The average population density per neighbourhood is available at Statistics Netherlands (2017), and is
measured as the amount of residents per km2 per neighbourhood.
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Parking restrictions
As explained in the theoretical framework, parking can be restricted by parking fees and limited
parking space. As most car owners can apply for parking permits, it would be relevant to analyse the
influence of the costs of parking permits on car ownership. However, in Rotterdam the prices of
parking permits are the same for all neighbourhoods, and in The Hague the costs are the same in most
neighbourhoods. In Amsterdam and Utrecht, the prices of parking permits are related to the available
parking space (Municipality of Amsterdam, n.d; Municipality of Rotterdam, 2019a; Municipality of The
Hague, n.d; Municipality of Utrecht, 2019). Therefore, to what extent parking is restricted in the
selected neighbourhoods for this research is only measured by the parking availability in these
neighbourhoods.
For Amsterdam, the actual amount of parking spaces and the amount of housing units in 2015 is
known for each district (Municipality of Amsterdam, 2017). This is used to calculate the average
amount of parking spaces available per household (Appendix A). Detailed data about the amount of
parking spaces on neighbourhood level is missing for Rotterdam, The Hague and Utrecht. Therefore,
the minimum parking standards per district are used (Appendix A)(Municipality of Rotterdam, 2018;
Municipality of The Hague, 2011; Municipality of Utrecht, 2013a). However, it should be mentioned
that as parking standards are mainly used for new development projects, they do not completely
reflect the actual parking availability.
The parking standards used in Rotterdam, The Hague and Utrecht are based on the city districts and
the surface areas of residential units. So, to estimate the parking standards used in the
neighbourhoods that are selected for this research, the location and the average residential surface
areas of these neighbourhoods are used. The average residential surface areas for each
neighbourhood is retrieved from the website Weetmeer.nl, which provides edited data from
Statistics Netherlands and Kadaster.
Furthermore, The Hague makes a distinction between parking standards for single-family homes and
apartments. In this research, the minimum parking standards for apartments are used, because these
standards are lower than the standards for single-family homes of the same size, and therefore give a
better indication of the minimum parking availability of neighbourhoods.

Access to alternative transport modes
Access to alternative transport modes is measured by the variable access to public transport and access
to shared cars. The provision of cycling infrastructure in neighbourhoods is not measured, as it is
difficult to assess the provision of cycling infrastructure of a large sample of neighbourhoods.
The access to public transport per neighbourhood is determined by calculating the amount of public
transport stops (train, bus, metro and tram) within each neighbourhood. Open data about public
transport in the Netherlands is provided by Foundation OpenGeo (2014). The access to shared cars is
determined by the amount of shared cars located within a neighbourhood. Shared cars are in this
research defined as cars that can be accessed any time of the day (Martin & Shaheen). Therefore, peerto-peer shared cars, which are not available at any time of the day, are not included. There is no
detailed open data about shared cars available, but the location of cars of the biggest shared cars
companies are shown on the website of Ritjeweg.nl. These car companies are: MyWheels, ConnectCar,
StudentCar, Greenwheels, Stapp.in, Oproepauto, Witkar, and Car2go.
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Access to daily needs
Statistics Netherlands (2016b) provides data about the number of certain facilities and services within
certain distances from the residences within a neighbourhood. These distances are calculated for cars,
so the distances for pedestrians and cyclists can differ. As Statistics Netherlands (2012) mentions
education, groceries and healthcare as important services for daily needs, the access to daily needs in
neighbourhoods is in this research defined as the average number of general practitioners,
supermarkets, day-care centres, and primary schools within 1 km, secondary schools within 3km, and
the number of hospitals within 5km from residences. So, the access to daily needs is calculated by the
total number of general practitioners, supermarkets, day-care centres, primary schools, secondary
schools and hospitals, divided by 6.
The amount of secondary schools within 3km and hospitals within 5km is used, because Statistics
Netherlands (2016b) does not provide the amount of these facilities within 1 km. Furthermore,
although the location of jobs probably influences car ownership, it is not included in this research as
this type of data is difficult to retrieve.

Age
The age of the residents living in Dutch neighbourhoods is retrieved from Statistics Netherlands (2017),
that provides the amount of residents that represent the age categories 0-15, 15-25, 25-45, 45-65 and
65+. By using the total number of residents living in each neighbourhood, which is also provided by
Statistics Netherlands (2017), the percentage of residents representing the different age categories is
calculated per neighbourhood. This resulted in 5 different variables instead of just one, namely:
percentage 0-15 year olds, percentage 15-25 year olds, percentage 25-45 year olds, percentage 45-65
year olds and percentage 65+.

Gender
Gender is measured as the percentage male residents living in a neighbourhood. This is calculated by
dividing the amount of male residents by the total amount of residents, which is provided by Statistics
Netherlands (2017) on neighbourhood level.

Household composition
The composition of households within neighbourhoods is defined as the average household size, and
by the percentage households with children, which are both available at Statistics Netherlands (2017).

Income
As the education level per resident is not registered in the Netherlands, and education is closely related
to income (Van Acker & Witlox, 2010), only the variable income is used. Because there is no data about
education levels of residents available on neighbourhood level, the average income per resident per
neighbourhood is used, which is provided by Statistics Netherlands (2015). For Amsterdam, only data
on higher spatial level (‘wijk’-level) was available. Therefore, the average income per ‘wijk’ is used for
the average income per neighbourhood.

Ethnic background
For identifying the ethnic background of residents, the same definition of Statistics Netherlands is
used. Based on the country of birth of residents and their parents, they can be classified as native
Dutch residents, western immigrants or non-western immigrants. The percentage of native Dutch
residents, western immigrants and non-western immigrants are retrieved from Statistics Netherlands
(2017).
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3.2 Data analysis sub-question 1
To answer the first sub question, a multiple regression analysis is performed with the statistical analysis
software SPSS. Multiple regression predicts the value of a dependent variable (in this research: car
ownership) based on the value of multiple other variables (Lund Research, 2018a). A multiple
regression model controls the effects of the intercorrelation of the independent variables, and tests
the relative influence of the independent variables on the dependent variable (De Vocht, 2014).
However, to include all selected independent variables (built environmental and population variables)
in the multiple regression analysis, a very large sample of neighbourhoods and corresponding data is
needed. Some researchers support the rule of thumb for the minimum sample size for a multiple
regression analysis; N> 50+8k (in which k is amount of variables) (Green, 1991), while other scholars
prefer a minimum of 200, regardless of the number of independent variables (Pedhazur & Kerlinger,
1973). However, gathering the data of all selected variables for about 200 neighbourhoods would be
very time consuming. Therefore, the decision is made to include only relevant variables in the multiple
regression analysis. These relevant variables are identified by using a smaller sample of
neighbourhoods (sample 1) and using the Pearson correlation test to identify the variables that have
a significant correlation with car ownership. Subsequently, the relevant variables are used in the
multiple regression analysis, with a bigger sample of neighbourhoods (sample 2).

Sample 1
For the selection of neighbourhoods for sample 1, one neighbourhood of each municipality is selected
that has on average 0.2, 0.4, 0.6, 0.8, 1.0, 1.2 and 1.4 cars per household (Table 3.1). In all categories
there is one neighbourhood of each city, except in category 0.2, because the lowest registered car
ownership level of neighbourhoods in Rotterdam is 0.4. For each category, neighbourhoods are
selected by a random choice generator of Textfixer.com, and tested for their representativity. As a
result, 27 neighbourhoods are selected. The neighbourhoods are selected this way to represent all four
cities equally, and to represent as many different car ownership levels as possible, without needing
too much data.

Representativity
To know if the population and built environment of the selected neighbourhoods of sample 1 are
representative for other neighbourhoods with the same car ownership levels, the population density,
average household size and the distribution of gender, age, ethnic background and households with
children within the selected neighbourhoods are compared to the other neighbourhoods with the
same car ownership levels in Amsterdam, Rotterdam, The Hague and Utrecht.
To test the representativity of the population density and household size of the selected
neighbourhoods, the One Sample T-Test is used. The other variables are not suitable for this test,
because this test uses the means of the variables, and as all other variables are measured in
percentages. Another assumption for the One Sample T-Test is that the data is normally distributed.
For the car ownership categories that do not have a normal data distribution, and for the variables
gender, age, ethnic background and households with children the non-parametric Mann-Whitney U
test is used instead of the One Sample T-Test.
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Table 3.1: Selected neighbourhoods sample 1
Average amount of cars per
Neighbourhood
household
0.2
Nobelstraat en omgeving
Oosterpark
Huygenspark
0.4
Buiten Wittevrouwen
Orteliusbuurt Zuid
Rivierenbuurt-Noord
Rubroek
0.6
Tuindorp-Oost
Buurt 5 Zuid
Sweelinckplein en omgeving
Lombardijen
0.8
Grauwaart
Circus/Kermisbuurt
Statenkwartier
Hillegersberg Zuid
1.0
Vleuten
Nieuwendammerdijk Oost
Hoge Veld
Oud IJsselmonde
1.2
Vleuterweide-Zuid
Nieuw Sloten Zuidwest
De Bras
Zestienhoven
1.4
Máximapark
De Omval
Nassaubuurt
Strand en Duin

Municipality
Utrecht
Amsterdam
The Hague
Utrecht
Amsterdam
The Hague
Rotterdam
Utrecht
Amsterdam
The Hague
Rotterdam
Utrecht
Amsterdam
The Hague
Rotterdam
Utrecht
Amsterdam
The Hague
Rotterdam
Utrecht
Amsterdam
The Hague
Rotterdam
Utrecht
Amsterdam
The Hague
Rotterdam

Assumptions Pearson correlation test
To conduct a Pearson correlation test, the variables need to be continuous variables, the data needs
to be normally distributed, and the relationship between car ownership and the independent variables
needs to be linear. Furthermore, the data needs to be randomly sampled, and there should be an
independence of observations, which can be tested with the Durbin-Watson test (Kent State
University, 2018; Statistic Solutions, 2018).

Sample 2
Sample 2 includes 197 neighbourhoods from Amsterdam, Rotterdam, The Hague and Utrecht. Like
sample 1, neighbourhoods are selected based on their car ownership level. Of each municipality,
neighbourhoods are selected that have on average 0.0, 0.2, 0.4, 0.6, 0.8, 1.0, 1.2 and 1.4 cars per
household. By doing this, a large sample of neighbourhoods with different car ownership levels is
selected. The amount of neighbourhoods for each category is based on the distribution of
neighbourhood levels of all neighbourhoods of Amsterdam, Rotterdam, The Hague and Utrecht. An
overview of the selected neighbourhoods can be found in Appendix B. Of all categories, all
neighbourhoods of the four cities with corresponding neighbourhood levels are included, except
category 0.4 and 0.6, because the sample size would get too big when including all neighbourhoods
with car ownership level 0.4 and 0.6. Therefore, for these two categories a selection is made. For
category 0.4, all neighbourhoods of Rotterdam and The Hague are included, and the neighbourhoods
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of Utrecht and Amsterdam are randomly selected. For category 0.6 all neighbourhoods are randomly
selected (table 3.2).
For Máximapark (Utrecht), the data of average residential surface was missing, so the parking standard
for this neighbourhood is estimated. Also, the average income per resident of this neighbourhood was
not provided by Statistics Netherlands (2015), so the income of residents of Máximapark is not
included in the analysis. Furthermore, the amount of primary schools within 1 km was missing for
Zestienhoven (Rotterdam), so the access to daily needs of this neighbourhood is based on only the
average amount of general practitioners, supermarkets, day-care centres, secondary schools and
hospitals.
Table 3.2: Selection of neighbourhoods sample 2
Amount of neighbourhoods of…
Car ownership level
Amsterdam
Rotterdam The Hague

Utrecht

0.0

2

0

0

0

2

0.2

18

0

1

2

21

0.4

13

6

8

13

40

0.6

12

13

13

12

50

0.8

14

9

8

6

37

1.0

11

3

7

4

25

1.2

5

1

8

1

15

1.4

3

1

2

1

7

Total

78

33

47

39

197

Total

Assumptions multiple regression analysis
Besides that the sample size needs to be around 200 cases, the data used for a multiple regression
analysis needs to meet several other requirements; there is an independence of observations, the
dependent variable is measured on a continuous scale and the independent variables is continuous or
categorical. Furthermore, the relationships between dependent and independent variables are linear,
there should be no multicollinearity, and the residuals have approximately a normal distribution (Lund
Research, 2018a).

3.3 Data collection and analysis sub-question 2
To answer the second sub-question, four examples of car-reduced and car-free neighbourhoods in
north-west Europe are analysed. The four selected neighbourhoods are Stellwerk 60 (Cologne), GWL
terrain (Amsterdam) and Vauban (Freiburg), and the car-free neighbourhood Florisdorf (Vienna). The
neighbourhoods are selected based on literature and on their low average car ownership per
household (Morris et al., 2009; Scheurer, 2001; Melia, 2014). For the analysis, information from
governmental and scientific documents is used. The analysis is structured by the variables that are
identified in the literature study in the theoretical framework.
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3.4 Data collection and analysis sub-question 3
To answer the third sub-question, the policies of Amsterdam, The Hague, Rotterdam and Utrecht are
analysed based on the variables that are identified in sub-question 1 and 2. For this analysis, municipal
documents are used, such as mobility plans, parking plans, (structure) visions and coalition agreements
of the municipality of Amsterdam, Rotterdam, The Hague and Utrecht.

3.5 Data collection and analysis sub-question 4
For the fourth sub-question, trends that can influence future car ownership are identified in literature
and governmental documents. These trends relate to the variables identified in sub-question 1 and 2,
and are influenced by external driving forces. External driving forces are forces that are not under
control of the municipalities, such as economic development, technological innovations and
international politics (Peterson et al., 2003). To illustrate how the future can look like, four explorative
scenarios are created based on the most uncertain external driving forces with the biggest impact. An
impact-uncertainty matrix, in which external driving forces are ranked based on their impact on car
ownership and the certainty of these forces, is used for the she selection of these driving forces
(Maack, 2001).
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Chapter 4: Statistical analysis on the effect of built
environment and population variables on car ownership
This chapter answers the first sub-question: Which of the built environmental and population variables
have the biggest influence on car ownership, and to what extent? As explained in the methodology,
the literature study in the theoretical framework is used to select built environment and population
variables. Their influence on car ownership levels in neighbourhoods is statistically tested. First, a small
sample of neighbourhoods (sample 1) is used to test which of the variables show a significant
correlation with the average car ownership levels of these neighbourhoods. Subsequently, the
variables that do show a significant correlation are used in the multiple regression analysis. For this
multiple regression analysis, a sample of 197 neighbourhoods is used (sample 2).

4.1 Sample 1
Representativity of neighbourhoods
First is tested if the population density, average household size and the distribution of gender, age,
ethnic background and households with children within the selected neighbourhoods of sample 1 are
similar compared to the other neighbourhoods with the same car ownership levels in Amsterdam,
Rotterdam, The Hague and Utrecht.

Density & household size
Although all variables can be treated as continuous variables, the One Sample T-Test is only used for
the variables population density and household size. The other variables are not suitable for this test,
because this test uses the means of the variables, and as all other variables are measured in
percentages. Another assumption for the One Sample T-Test is a normal distribution of the data.
Therefore, the variables are tested for normality by using the Shapiro-Wilk test, because of the small
sample sizes (Lund Research, 2018b).
All car ownership categories of the selected neighbourhoods for sample 1 are tested for normality
(Appendix C). They all show a normal distribution of average household sizes and population densities,
except category 0.8 for average household size (p=0.041).
Secondly, the categories of the not-selected neighbourhoods are tested. The data of average
household sizes are not normally distributed within the categories 0.4 (p=0.000), 0.6 (p=0.027) and 1.4
(p=0.000). The data of population density is not normally distributed in category 1.2 (p=0.003). All
these categories do not meet the assumption that the data is normally distributed. Therefore, to test
if the selected neighbourhoods with car ownership level 0.4, 0.6, 0.8 and 1.4 are representative for the
average household size, and to test if the selected neighbourhoods with car ownership level 1.2 are
representative for population density, the non-parametric Mann-Whitney U test is used (Appendix D).
For the remaining categories, the One Sample T-test is used (Appendix E).
For all Mann-Whitney U tests and One-Sample T-tests a p>0.05 is found, which means that there is no
significant difference between the population density and average household size of the selected
neighbourhoods and the other neighbourhoods with the same car ownership level.
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Gender, age, ethnic background and households with children
The representativity of the selected neighbourhoods regarding the variables gender, age, ethnic
background and households with children is also tested with the Mann-Whitney U test. For all car
ownership categories of the selected neighbourhoods a p>0.05 is found, which means that that they
are representative for gender, age, ethnic background and households with children, density and
household size (Appendix F).

Pearson correlation test
After selecting 27 neighbourhoods, the correlation of the variables population density, access to daily
needs, car parking availability, access to public transport, access to shared cars, age, gender, household
composition, income, ethnic background with car ownership is analysed.
For all variables is tested if the data meets the assumptions of the Pearson correlation test. The Q-Q
plots show that the data are more or less normally distributed (Appendix G). Also, the relationships
between car ownership and the other variables are linear, except for percentage 65+ and access to
public transport (Appendix H). Furthermore, the assumptions that both the dependent variable and
independent variables can be treated as continuous variables are met, and there is an independence
of observations, which is tested with the Durbin-Watson test (Appendix I). A Durbin-Watson of 2.018
is found, which is between 1.5 and 2.5, and we can therefore assume that the data is not autocorrelated (Statistic Solutions, 2018). Furthermore, the data is (partly) randomly sampled.

Outcomes Pearson Correlation test
The variables that are significantly correlated with car ownership are income (r=0.460), percentage
0-15 year olds (r=0.614), percentage 15-25 year olds (r=-0.645), percentage 25-45 year olds (r=-0.466),
percentage native Dutch residents (r=0.428), percentage non-western immigrants (r=-0.397),
percentage households with children (r=0.701), average household size (r=0.774), population density
(r=-0.554), access to daily needs (r=-0.736), and parking availability (0.597) (table 4.1). In Appendix J
the complete table with the intercorrelations of these variables can be found.

Income

% 0-15

% 15-25

% 25-45

% native Dutch

% non-western

% Households
with children

Average
household size

Population
density

Access to daily
needs

Parking
availability

Car ownership

Table 4.1: Significant correlations between car ownership and independent variables sample 1

Pearson
Correlation
(r)

0.460

0.614

-0.645

-0.466

0.428

-0.397

0.701

0.774

-0.554

-0.736

0.597

p

0.018

0.001

0.000

0.014

0.026

0.041

0.000

0.000

0.003

0.000

0.001

N

26

27

27

27

27

27

27

27

27

27

27

25

4.2 Sample 2
Based on the outcomes of Pearson correlation test with the small sample size of neighbourhoods, 11
variables are selected that will be tested in a bigger sample of 197 neighbourhoods. These variables
are: income, percentage 0-15 year olds, percentage 15-25 year olds, percentage 25-45 year olds,
percentage native Dutch residents, percentage non-western immigrants, percentage households with
children, average household size, population density, access to daily needs, and parking availability.

Assumptions multiple regression analysis
The assumption that the dependent and independent variables are continuous (Lund research, 2018a)
are met, as the dependent variable (car ownership) and independent variables (income, average
household size, population density, access to daily needs and parking availability) are measured on a
continuous scale, and the independent variables percentage 0-15 year olds, percentage 15-25 year
olds, percentage 25-45 year olds, percentage native Dutch residents, percentage non-western
immigrants, percentage households with children can be treated as continuous variables.
Furthermore, there is an independence of observations, as the Durbin-Watson test gives 1.622
(Appendix K), which is between 1.5 and 2.5. And there is a linear relationship between car ownership
and each of the independent variables (Appendix L).
Subsequently, the power of the correlations between the variables and car ownership and the
intercorrelations between the variables is tested again with the Pearson correlation test. All
correlations between car ownership and the independent variables are significant (p<0.05) and are
shown in table 4.2. In Appendix M the complete table with also the intercorrelations of these variables
can be found.

Income

% 0-15

% 15-25

% 25-45

% native Dutch

% non western

% households
with children

Household size

population
density

Access to daily
needs

Parking
availability

Car ownership

Table 4.2: correlations between car ownership and independent variables sample 2

Pearson
Correlation
(r)

0.181

0.587

-0.446

-0.616

0.379

-0.254

0.751

0.796

-0.538

-0.530

0.576

p

0.011

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

N

196

197

197

197

197

197

197

197

197

196

197

Interestingly, within this bigger sample size, the correlation between car ownership and income is
much smaller (r=0.181) than in sample 1 (r=0.460). There is also a smaller negative correlation with
the percentage of non-western residents (-0.254) and with percentage of 15-25 year olds (-0.446) and
a smaller positive correlation with percentage of native Dutch residents (0.379).
However, in this sample the negative correlation between car ownership and percentage of 25-45 year
olds is stronger compared to sample 1 (-0.616). But like the sample 1, the biggest correlations are found
between car ownership and percentage of households with children (0.751) and household size (0.796).
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Multicollinearity
Average household size is very strongly related to percentage households with children (r=0.984), and
percentage 0-15 year olds correlates very strongly with percentage households with children (r=0.893)
and average household size (r=0.885). Also, percentage native Dutch residents has a strong correlation
with percentage non-western immigrants (r=-0.900). Because these variables have a very strong
correlation with each other, they cause multicollinearity. Therefore, some variables need to be
excluded from the multiple correlation model. As percentage native Dutch residents and average
household size have the highest correlation with car ownership, percentage non-western immigrants
and percentage households with children and percentage 0-15 year olds will be excluded.
Furthermore, other strong and moderate intercorrelations between variables are between percentage
non-western residents and income (r=-0.618), between percentage 25-45 year olds and percentage
households with children (r=-0.538), between percentage 25-45 year olds and household size (r=-0.531)
and between percentage 25-45 year olds and parking availability (r=-0.597). Also, percentage
households with children and household size are also moderately correlated with parking availability
(r=0.518) and (r=0.520). Also, population density has a moderate correlation with parking availability
(r=-0.583) and a strong correlation with access to daily needs (r=0.623), and parking availability has a
moderate correlation with access to daily needs (r=-0.583). All these variables will be kept in the model,
but these correlations should be taken into account when interpreting the Multiple Regression
analysis.

Multiple regression analysis
The variables income, parking availability, percentage native Dutch residents, percentage 15-25 year
olds, percentage 25-45 year olds, population density, average household size and access to daily needs
are included in the Multiple Regression analysis. The outcomes of the tests can be found in Appendix
N.
The multiple regression analysis with backward method gives two models. In model 1 the variable
parking availability does not have a significant regression coefficient (p=0.115), therefore model 2 is
used, in which parking availability is excluded. In model 2, all standardised Beta coefficients except are
significant (p<0.05) except the Beta coefficient of percentage native Dutch residents (p=0.05) (table
4.3).
Table 4.3: Regression coefficients
Standardized
Unstandardized Coefficients

Coefficients

B

Std. Error

Beta

(Constant)

.077

.109

Income

.006

.001

% 15-25

-.006

% 25-45

Model
2

t

p

.707

.480

.199

5.073

.000

.001

-.179

-4.954

.000

-.004

.001

-.143

-3.579

.000

% native Dutch

.001

.001

.074

1.975

.050

Household size

378

.030

.534

12.567

.000

Population density

-9.290E-6

.000

-.182

-4.029

.000

Access to daily needs

-.015

.005

-.152

-3.093

.002
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The R2 in model 2 is 0.831, which means that the independent variables included in the model explain
83.1% of the level of car ownership. The ANOVA test gives F(7,187) =131,275, p =0.000. Because the
F-test is highly significant, we can assume that the model explains a significant amount of the variance
in car ownership (Appendix J). Furthermore, the model meets the assumption that the residuals are
normally distributed, as both the histogram and the normal P-P Plot shows a normal distribution of
residuals. Also, the residuals show homoscedasticity (Appendix O).
Although the Pearson correlation has shown a significant moderate correlation between parking
availability and car ownership, and percentage native Dutch residents and car ownership, the effect of
these two variables on car ownership cannot be confirmed by the Multiple Regression analysis. By
comparing the standardised coefficients, which show the relative influence of the different variables
(table 4.3), we can see that average household size has the biggest influence on car ownership
compared to the other variables (beta=0.534). The average income per resident has the second highest
influence on car ownership levels of neighbourhoods (beta=0.199), followed by population density
(beta=-0.182) percentage 15-25 year olds (beta=-0.179), access to daily needs (beta=-0.152) and
percentage 25-45 year olds (beta=-0.143).
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4.3 Conclusion
This chapter has answered the sub-question: Which of the built environmental and population
variables have the biggest influence on car ownership, and to what extent?. In contrast with findings
of previous studies, the influence of gender, ethnical background, and the access to public transport
and shared cars on car ownership cannot be statistically supported by the statistical analyses of this
research. Also, not all age categories have shown to have a significant relation with car ownership
levels.
The multiple regression analysis has shown that only average household size, average income per
resident, population density, percentage 15-45 year olds and access to daily needs have a significant
influence on the average car ownership levels of neighbourhoods in Amsterdam, Rotterdam, The
Hague and Utrecht.
Of these variables, average household size has the biggest impact on car ownership (beta=0.534). This
means that neighbourhoods with a bigger average household size are more likely to have a higher
average car ownership per household. The variable percentage households with children was not
included in the multiple regression model, because it correlates strongly with household size. Because
of this strong intercorrelation, it can be said that the presence of children is an important determinant
for household size, and therefore also for the average car ownership levels of neighbourhoods.
Therefore, it can be concluded that household composition, defined by the size of the households and
the presence of children, has the biggest influence on car ownership.
Furthermore, income has shown to have the second highest impact on car ownership (beta=0.199),
followed by population density (beta=-0.182), percentage 15-25 year olds (beta=-0.179), access to daily
needs (beta=-0.152) and percentage 25-45 year olds (beta=-0.143). So, when the average income per
resident of neighbourhoods increases, it is likely that the average car ownership per household
increases as well. On the other hand, when the population density, percentage of 15-25 and 25-45
year olds or the access to daily needs increases, it is likely that the average car ownership per
household will decrease.
Also, the outcomes of the Pearson correlation test of sample 2 shows that households with children
tend to live more often in areas with better parking availability (so higher minimum parking standards),
and people between 25 and 45 year old, who tend to have no children, tend to live in areas with a
lower parking availability. This suggests that households that need a car are likely to choose to live in
neighbourhoods with parking space (Guo, 2013c), and that therefore residential self-selection takes
place.
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Chapter 5: Examples of car-reduced and car-free
neighbourhoods
In the previous chapter, built environment and population variables that reduce car ownership levels
are identified. In this chapter four car-reduced and car-free neighbourhoods are analysed to check if
these variables indeed contribute to the success of car-reduced neighbourhoods, or if there are any
other important variables as well. Hereby the following sub-question is answered: What variables are
important in the success of existing car-reduced and car-free neighbourhoods?
Overall, many neighbourhoods are called car-free, because they do not allow cars to enter the
residential area. However, many of these neighbourhoods do not restrict car ownership, because they
provide parking space underground or at the edge of the neighbourhood. This type of neighbourhoods
can be called visually car-free (Morris et al., 2009). The types of neighbourhoods that do restrict car
ownership are ‘car-reduced neighbourhoods’ and ‘car-free neighbourhoods’. In car-reduced
neighbourhoods cars are allowed, but the parking availability is low due to a reduced parking standard,
while car-free neighbourhoods provide little or no car infrastructure and parking at all (Morris et al.,
2009; Scheurer, 2001). Examples of these types of neighbourhoods are analysed to know what
variables are contributing to their low car ownership levels. Four car-reduced and car-free
neighbourhoods in north-west Europe are selected based on literature and the low car ownership
among their households (Morris et al., 2009; Scheurer, 2001; Melia, 2014). The selected
neighbourhoods are the car-reduced neighbourhoods Stellwerk 60 (Cologne), GWL terrain
(Amsterdam) and Vauban (Freiburg), and the car-free neighbourhood Florisdorf (Vienna). These
neighbourhoods are analysed based on the available information in literature and governmental
documents. An overview of the characteristics of the neighbourhoods can be found in table 5.1.

5.1 Florisdorf, Vienna
Of the four examples, Florisdorf is the smallest neighbourhood, as it comprises 1.1 ha and 250
dwellings. The project was initiated by the city council, and residents participated in the process
(Scheurer, 2001). There is a strong sense of community, as the residents are responsible for several
facilities, and many residents know each other from the start of the project. About one third of the
residents chose to move to this neighbourhood because of expected quality of the neighbourhood
community (Hertwich et al., 2004).
The neighbourhood is located on the periphery of Vienna, about 9km from the city centre (Hertwich
et al., 2004). To get to the city centre by public transport, residents need to take the bus and the
subway, which takes approximately 25 minutes (Hertwich et al., 2004). There is a tram and bus stop at
250 m distance from the neighbourhood, and a train station and subway station are located at 1.3 km
(Google Maps, 2018). Also, residents can make use of shared cars, as there are 17 shared cars provided
in the neighbourhood. About 57% of the residents are member of the carsharing service. Most
residents do not have a car, as they have to sign a contract that obliges them to not own a car.
However, although Florisdorf is a ‘car-free’ neighbourhood, 8% of the residents still do own a car
(Hertwich et al., 2004; Morris et al., 2009). The parking space provided in the neighbourhood is mainly
used for bikes and shared cars. The space and money that is not used for cars is used for community
facilities like a workshop, bicycle repair shop, internet café, laundry, a sauna, fitness room, playgrounds
and little farmer shop (Hertwich et al., 2004; Morris et al., 2009).
The dwellings are a mix of private and rental dwellings and the neighbourhood is characterised by a
strong middle-class community. In 2008, 45.2% of the residents had a university degree, which is higher
than the average of Vienna of 11.8% (Ornetzeder et al, 2008). The height of the incomes varies, but
most of the households (92%) have an independent income (Hertwich et al., 2004).
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About 75% of the heads of households is younger than 45 years old. More than 60% of the households
has children younger than 18 years old. The average household size is 2.57, which is larger than an
average household in Vienna (Ornetzeder et al, 2008).

Figure 5.1: Florisdorf (Seidl, 2010)

Figure 5.2: GWL terrain (GWL terrain, 2018)

5.2. GWL terrain, Amsterdam
GWL terrain is a car-reduced neighbourhood in Amsterdam (figure 5.2). The average car ownership
level is 190 cars per 1000 residents, or 0.3 cars per household, which is lower than the average of
Amsterdam (0.5 cars per household). GWL terrain is located at 3km distance to the city centre. It
contains a mix of private and social housing (GWL terrain, 2018; Scheurer, 2001). The area comprises
6 ha with about 600 houses, and has a population density of 23,333 residents/km², which is about five
times as dense as the average density of Amsterdam (5,111 residents/km²) (Foletta & Field, 2011;
Statistics Netherlands, 2017).
In this neighbourhood, no cars are allowed to enter the residential zone. Therefore, pathways are only
shared by pedestrians and cyclists (Foletta & Field, 2011). Initially, there was no parking space reserved
for residents, as it was assumed that it was not necessary for residents that chose to live in a car-free
environment. However, it appeared that many residents wanted a car, and eventually the municipality
offered parking permits. Around the residential area, little parking space is provided for residents with
a permit. As parking space is scarce, the parking permits are limited, and as a result, the waiting list for
these permits is more than 15 years. To enable car sharing, 5 parking spaces are reserved for shared
cars (Foletta & Field, 2011; GWL terrain, 2018; Melia, 2014; Municipality of Amsterdam, 2017b). The
neighbourhood is well accessible by public transport, as there is a bus stop and tram stop within
200 m and 300 m (Foletta & Field, 2011).
The neighbourhood is built according the principles of sustainability. The project was initiated by the
city council, but the residents were involved from the start. Because of the involvement of the
residents and the several community facilities, there is a sense of community in this neighbourhood
(Foletta & Field, 2011). Within the neighbourhood there is a community centre, bar, restaurant, offices
and a gym located. The 50 businesses located in the neighbourhood offer 216 jobs. Also, grocery
stores, shops, pharmacies and other bars are easy accessible in the surrounding neighbourhoods
(Foletta & Field, 2011). About half of the dwellings is owner-occupied and the other half is renteroccupied. Of the renter-occupied dwellings, 60% are social housing (Foletta & Field, 2011). Of all
households, 45% has children, which is much higher than the overall average of Amsterdam of 25%
(Municipality of Amsterdam, 2015). 17.8% of the residents is between 15 and 25 years old, which is
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higher than the average of Amsterdam, and 21.1% is between 25 and 45 years old, which is lower than
the average of Amsterdam (Statistics Netherlands, 2017).

5.3 Vauban, Freiburg
Vauban is a residential quarter with a relatively high density. The area comprises 2000 houses within
41 ha. The quarter is the result of a redevelopment project of an old base of the French army, that was
intended to be a participative and cooperative residential area, with a focus on ecologic, social,
economic and cultural issues. The city council managed the sale and redevelopment of the area and
included community participation, which created a strong sense of community among the new
residents (Moentjes & Lüdtke, 2013; Foletta & Field, 2011). Vauban has a lower car ownership than
the average of Freiburg, which is 408 cars per 1000 people (Broaddus, 2010).
The area consists of building blocks for car free residences and building blocks for residences with
parking. For the whole area, parking space is provided for less than 0.5 cars per household. Residents
living in car free blocks who own a car have to buy a parking place of €18,500 or €22,500 and pay a
monthly service charge of €70. Thereby the cost of car traffic is concentrated on car users, which makes
car users more aware of the value of parking space, and may discourage car ownership (Foletta & Field,
2011; Morris et al., 2009). Within the residential area, cars are only allowed for loading and unloading
and can be parked at the perimeter of the neighbourhoods. Of the 81% of the residents that formerly
owned a car, 57% has sold their car when moving to Vauban. For residents without a car, shared cars
are provided (Foletta & Field, 2011). The design of the neighbourhood makes cycling and walking safe
and pleasant, as there are dedicated streets for only non-motorized transport modes (figure 5.3). Each
home is provided by bike parking space, and there is a bicycle repair store located within the
neighbourhood (Foletta & Field, 2011).
The distance from Vauban to the city centre is 3 km, and residents can use the bus, tram and trains to
get there. But many facilities are within walking and cycling distance, as they are distributed within the
area. Because daily facilities including workplaces are distributed within the area, all journeys can be
made by bike or foot. There are kindergartens, a primary school, a youth club, sports clubs, shops,
restaurant, bars, a pharmacy and a doctor’s surgery and offices. In total, Vauban provides about 400
jobs. Besides the facilities and services within the area, there are also stores available in the street next
to the Vauban quarter (Foletta & Field, 2011; Morris et al., 2009).
The project has a diverse range of housing, including private and social housing. However, the project
is criticised to be mainly focussed on educated middle-class residents that are environmentally
oriented (Von Bradsky et al., 2008). About 10% is social housing, which includes student housing and
low-cost housing for communal living. There are twice as many households with children than students
(Foletta & Field, 2011). The average household size of 2.95, which is higher than the overall average of
Freiburg of 1.92. Also, 38% of the households has children, while the average of Freiburg is 17%
(Broaddus, 2010; Hamiduddin, 2015). In Vauban, 28% of the population is younger than 18 years old
and 64% is between 18 and 60 years old, which is a higher percentage than the average of Freiburg
(which is respectively 16% and 64%). 3% Of the residents is older than 60 years, which is lower than
the average of Freiburg (21%) (Broaddus, 2010).
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Figure 5.3: Vauban (Schoenen, 2009)

5.4 Stellwerk 60, Cologne
The neighbourhood model of Stellwerk is inspired by the model of Vauban, but cars are in this
neighbourhood even more restricted. The project is started by a petition of local residents who wanted
a car free living environment, which led to a master planning competition. The winning developer
realised the vision of these local residents (Foletta & Field, 2011).
The residential area may only be accessed by emergency and municipal vehicles. Therefore, the
pathways are only used by pedestrians and cyclists. Close to the houses there are parking racks for
bicycles. Next to the residential area there is a garage that provides parking space for 0.3 cars per
household. All residents that own a car have to buy a parking space for €16,000 and pay a monthly
service fee of €70. The residents who don’t own a car have to sign a contract in which they agree to
not own a car. However, some residents seem to own a car ‘illegally’ and park them in the garage or
other neighbourhoods (Foletta & Field, 2011). Residents without a car can use shared cars or public
transport. The train, tram and bus are reachable within 500m. There are no daily facilities in the
neighbourhood itself, but shops, a daily farmers market, a primary school, kindergarten, hospital and
bars are located within 600 m, and the neighbourhood is located at 3 km distance from the city centre
(Foletta & Field, 2011).
Like the other three neighbourhood examples, there are relatively many households with children
living in Stellwerk 60. In a sample of 85 households by Friedrich (2009), about a half of the households
had children (50.5%). Of the adults, the average age was 41.5 years. The average age of the children
was 5.0 years (Friedrich, 2009).

Figure 5.4: Stellwerk 60 (Kleinmann, n.d.)
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Table 5.1: Characteristics of Florisdorf, GWL terrain, Stellwerk 60 and Vauban
Florisdorf, Vienna
Density
Population
Area
Units
Distance to city
centre
Car ownership

Car restricting
strategy

22,727 homes/km²
unknown
1.1 ha b
250 homes c
9kmd
8% of the residents own a
car l
(80 cars /1000 residents)
Tied to non-car ownership
by contract d

GWL terrain,
Amsterdam
23,333 residents/km²
1400 residents a
6 ha a
600 homes a
3km a

Vauban, Freiburg

Stellwerk 60, Cologne

121,951 residents/km²
5000 residents a
41 ha a
2000 homes a
3km a

12,500 residents/km²
750 residents a
6 ha a
320 homes a
2.5km a

190 cars / 1000
residents a

160 cars / 1000
residents a

60 cars / 1000
residents a

Limited parking
permits, metered
parking a

Residents of car-free
blocks have to
purchase parking space

All car owners have to
purchase parking space
a

a

Transit mode
share
Non-motorised
Access public
transport

Cycling
infrastructure

Shared cars

Facilities

Population
characteristics

58% d

14% a

19% a

53% a

38% d
Tram (250 m)
Bus (250 m)
Train (1300 m)
Subway (1300m)f
Parking garage used for
bicycles, bicycle repair
shop d

80% a
Tram (300 m)
Bus (200 m) a

64% a
Tram (400 m)
Bus (600 m) a

26% a
Train (500 m)
Tram (500 m)
Bus (400 m) a

Roads are shared by
only pedestrians and
cyclists a

Street network for
non-motorised
transport modes,
parking space provided
for each home, bicycle
repair shop a
1 / 417 residents
(39% of households
have membership) a
Daily needs and other
services within and
close to
neighbourhood a

Roads are shared by
only pedestrians and
cyclists, bicycle parking

-10% social housing
- 38% households with
children
- average household
size is 2.95
- 28% <18 years
- 64% 18-60 years
- 3 % >60 years a,i,j

-50.5% households
with children k

17 cars available
(57% of households have
membership) d
Little farmer shop and
several other services
within neighbourhood.
Bigger grocery stores and
other facilities nearby
neighbourhood d
- Mix of private and rental
housing
- 60% households with
children
- 75% of the heads of
households <45years
- average household size is
2.57
- 45.2% university degree

1 / 280 residents
(26% of households
use carsharing) a
Daily needs and other
services and facilities
close to
neighbourhood a

-27% social housing
-45% households with
children
- 17.8% 15 - 25 years 21.1% 25 - 45 years a,g,h

a

1 / 63 residents
(67% of households
have membership) a
Daily needs and other
services within 600 m a

c,e

a

g

b

h

Foletta & Field, 2011
GEWOG, 2000
c
Scheurer, 2001
d
Hertwich et al., 2004
e
Ornetzeder et al, 2008
f
Google Maps, 2018

Municipality of Amsterdam, 2015
Statistics Netherlands, 2017
i
Broaddus, 2010
j
Hamiduddin, 2015
k
Friedrich, 2009
l
Morris et al., 2009
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5.5 Conclusion
The four car-reduced and car-free neighbourhood examples differ in scale and location, but they have
in common that they discourage car ownership by using parking restrictions, that they have good
access to various services and facilities, that they are accessible by alternative transport modes and
that they support cycling by providing bicycle-friendly environments without cars. Also, because of the
community facilities and the involvement of residents, there is a strong sense of community in
Florisdorf, GWL terrain and Vauban. The residents of these neighbourhoods were involved in the
development of these neighbourhoods from the start (Foletta & Field, 2011; Hertwich et al., 2004).
A prominent feature of these neighbourhoods is the reduced availability and the spatial separation of
car parking and the highly priced parking space. In the GWL terrain there is paid parking and the parking
permits are limited, and in Stellwerk 60 and in the car-free blocks of Vauban car owners have to buy
their parking space. In Florisdorf it is not allowed to own a car at all, but still 8% of the residents own
a car (Morris et al., 2009). Nevertheless, the non-car ownership contracts that residents have to sign
in Florisdorf, and the obligation to purchase parking space in Stellwerk 60 show to be effective, as both
neighbourhoods have the lowest car ownership among households. By paying the ‘true costs’ of
parking space, residents can be made more aware of the value of parking spaces, and may discourage
car ownership (Foletta & Field, 2011).
Reflecting on the outcomes of the previous sub-question in chapter 4, these examples of car-reduced
neighbourhoods support the finding that access to daily needs is likely to reduce car ownership. Also,
the access to alternative transport modes is important for the success of the car-reduced
neighbourhoods. In all neighbourhoods, residents have access to shared cars and public transport
within walking distance. So, although the statistical analysis in chapter 4 could not support this, parking
restrictions and access to alternative transport modes play a role in the analysed car-reduced
neighbourhoods. Therefore these two variables can be added to the are identified in statistical analysis
of chapter 4.
The importance of access to daily needs and population density, as found in literature and the statistical
analysis, is also supported by the examples of car-reduced neighbourhoods. Various facilities and
services are located within or close by the neighbourhoods. With the exception of Florisdorf, the
neighbourhoods are located close to the city centres, where more facilities and services can be found.
Also, the four neighbourhoods are characterised by relatively high population densities.
The role of the age of residents could not be determined based on the available information. Also the
information about their incomes was limited. The division of social housing and owner-occupied
housing varies among the neighbourhoods, and so do probably the incomes, but, although it cannot
be said with certainty, the income of residents does not seem to play a role in the low car ownership
of these neighbourhoods, as the incomes of residents of Vauban and Florisdorf are not particularly
low. Also, the average household sizes and the proportion of households with children are relatively
high. This is remarkable, as based on literature and the findings of the statistical analysis we would
expect lower income levels, smaller household sizes and less households with children. So, this
suggests that there might be also subjective variables and residential self-selection causing the low car
ownership levels of these neighbourhoods.

Chapter 6: Existing car restricting planning policies
The previous two chapters have shown that parking restrictions, household composition, young adults,
alternative transport modes, income, population density and access to daily needs are important
variables influencing car ownership levels. In this chapter the current policies of Amsterdam, The
Hague, Rotterdam and Utrecht are analysed, to know to what extent the cities are increasing the
population density and improving the access to daily needs and alternative transport modes, what
parking regulations the cities use, and what type of residents they try to attract in new housing
projects. By doing so, the following sub-question is answered: What planning policies that influence
car ownership do Amsterdam, The Hague, Rotterdam and Utrecht have? For this analysis municipal
documents are used, such as mobility plans, parking plans, (structure) visions and coalition agreements
of the municipality of Amsterdam, Rotterdam, The Hague and Utrecht. An overview of the policies and
measures affecting car ownership in Amsterdam, Rotterdam, The Hague and Utrecht is provided in
table 6.1.

6.1 Access to daily needs and population density
Policies of compact growth are in place in the Netherlands for more than 45 years (Dieleman et al.,
2002). Amsterdam, Rotterdam, The Hague and Utrecht aim to make the cities denser and prevent
urban sprawl (Healey, 2006; Municipality of Rotterdam, 2017; Municipality of The Hague, 2009;
Municipality of Utrecht, 2016). In the Structure Vision 2040, Amsterdam aims to develop new
developments within the existing city boundaries, and thereby intensifying land-use. Brownfields and
old buildings will be redeveloped, and the harbour and industrial sites will be more intensively used.
In Amsterdam, in total 70,000 new houses will be built (Municipality of Amsterdam, 2011). Old harbour
areas are transformed to housing areas in Rotterdam (Municipality of Rotterdam, 2017), and Utrecht
reuses old buildings and areas and plans to build 13,000 new houses in the area around the Central
Station (Municipality of Utrecht, 2012). In The Hague, 50,000 houses will be built until 2040
(Municipality of The Hague, 2017a).
According to De Hoog et al. (2018), many citizens already enjoy the easy access to facilities and services
in Amsterdam. The city has a mix of land-uses. Densification of Amsterdam will lead to an increase in
living and working space, and also increases the land-use mix. The increase of housing and working
places will make new facilities and services viable, and thereby increasing the accessibility of daily
needs. Public facilities should be accessible for a diverse type of people (Municipality of Amsterdam,
2011).
Rotterdam has a lower mix of land-uses than Amsterdam due to the reconstruction of the city centre
after the Second World War, which was designed to facilitate car use. Housing was separated from the
commercial area and mainly concentrated at the edges of the city (Bakker et al., 2010). However,
Rotterdam recognises the importance of facilities for education, sports and shopping nearby housing.
Also, the city aims to increase the availability of jobs, as there are currently more residents than jobs
(Municipality of Rotterdam, 2007). By realising more facilities and jobs within the neighbourhoods the
need for a car will be reduced.
To reduce the need for cars, Utrecht wants to concentrate activities and facilities around public
transport nodes and urban centres to make them better accessible for pedestrians and cyclists. Also,
the city wants multifunctional and vibrant zones in residential neighbourhoods and working areas, and
wants to connect the different city areas by cycle and public transport networks (Municipality of
Utrecht, 2012). After finishing the development of Leidsche Rijn and Vleuten-De Meern, Municipality
of Utrecht (2016) wants to locate future developments within the existing urban area, providing higher
population densities and mixed land-uses (Municipality of Utrecht, 2016). On the west side of the city
centre, commercial activities and housing will be expanded. A big share of the new houses will be built
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in the Merwedekanaalzone, which will comprise 6,000 to 10,000 houses. It will be a mixed urban
quarter on a central location (Robert et al., 2018).

6.2 Type of population
The average income per resident is in Rotterdam the lowest of the four cities (Statistics Netherlands,
2017). Because of the many households with low incomes living in Rotterdam, the vision written in
2007 (Municipality of Rotterdam, 2007) addresses the aim to attract more highly educated residents
and families with a medium to high income. Rotterdam wants to attract this group of residents by
providing more housing in the city centre and green and quiet neighbourhoods, and wants to stimulate
gentrification in the neighbourhoods around the city centre. There are already plenty small housing
units for the lower incomes, but there is a shortage of small luxury houses and bigger houses for the
higher incomes. According the Municipality of Rotterdam, it is necessary to provide this type of
housing, together with parking space to attract this type of residents (Municipality of Rotterdam, 2007;
Municipality of Rotterdam, 2016).
Also The Hague aims to attract more residents with higher incomes, as the city tries to attract young
urban professionals and expats. But also families, empty nesters and students are focus groups. But
besides these population groups, The Hague wants also to provide more housing for the lower incomes
(Municipality of The Hague, 2017a).
Amsterdam and Utrecht focus less on attracting high incomes. Amsterdam has set guidelines for new
housing development, which should consist for 40% of social housing, 40% of mid-rent and 20% of
expensive rent and owner-occupied (GroenLinks et al., 2018a). For the upcoming years, the city wants
to realise housing for all types of households, as diversity of population is important (Metropoolregio
Amsterdam, 2017). Municipality of Utrecht (2015) aims to provide variated and flexible housing, but
pays attention to low incomes, students and residents with medical needs (Municipality of Utrecht,
2015). For example, the Merwedekanaalzone project aims for a mix of population, and is expected to
attract well employed families with children, young professionals, and residents with low incomes
(Robert et al., 2018).

6.3 Shared cars, public transport and other transport alternatives
Car sharing is most popular in the metropolitan areas of the Netherlands. In the top-10 of
municipalities with the most shared cars per 100,000 residents, Utrecht is number 1 and Amsterdam
number 2. The Hague is number 6, and Rotterdam is not in the top-10 at all (CROW-KpVV, 2017),
although Rotterdam is like Utrecht and The Hague part of the Green Deal collaboration. Green Deal is
a collaboration between public and private organisations with the aim to stimulate carsharing
(Autodelen.info, n.d.). ‘Natuur & Milieu’ (2018) mentions the ‘car-sharing action plan’ of Utrecht and
The Hague as good examples for stimulating car sharing. Both cities have projects called ‘leefstraten’
(Utrecht) and ‘vrijstraten’ (The Hague) in which car sharing is used to liberate space for other purposes
than car parking (Natuur & Milieu, 2018). Furthermore, the two cities prioritise the provision of parking
spaces for shared cars, and stimulate the implementations of car sharing facilities in (re)development
projects (GroenLinks et al., 2018b; Municipality of The Hague, 2017b). Utrecht wants to make ‘share
hubs’, which are parking facilities in or close to the city centre, where shared cars can be parked at low
costs, which makes the shared cars easily accessible (Duurzaam Actueel, 2018). Furthermore, when
people share their car, they have to pay less for their parking permit (Municipality of Utrecht, n.d.).
Also Rotterdam provides parking permits and reserves parking places for shared cars. In areas where
there is a high parking pressure, residents will be informed about the possibilities for shared cars (City
council of Rotterdam, 2016). Furthermore, in Amsterdam, 1000 parking places will be reserved for
shared cars to stimulate car sharing (Municipality of Amsterdam, 2016a). However, as long as residents
38

car park their own car, the use of shared cars will be limited. Therefore, the implementation of car
sharing is combined with the reduction of parking places for private cars and the increase of parking
fees (Municipality of Amsterdam, 2017).
Besides car sharing, the four cities have started experimenting with experimenting with Mobility as a
Service (MaaS). MaaS is a concept that integrates different mobility services such as shared bikes,
shared cars and public transport in one digital platform, that provides personal travel plans. So instead
of owning vehicles, users only pay for using them (Durand et al., 2018). In the Netherlands, seven pilot
MaaS projects are initiated, in which all four cities are involved. Rotterdam and The Hague have started
a MaaS pilot for the Rotterdam-The Hague Airport, to increase the accessibility of the airport, and
Amsterdam has started a MaaS pilot in the Zuidas, which is a business park in Amsterdam, to reduce
the car use by employees and to increase the accessibility of offices. Utrecht has started a MaaS pilot
in Leidsche Rijn (DG Bereikbaarheid, 2017; Sytsma & Stulen, 2018).
Furthermore, all four cities are improving their cycling infrastructure and public transport (NM
magazine, 2016; Municipality of The Hague, 2009; VVD et al., 2018). Utrecht investigates the
possibilities for public transport for the long term, like light rail, metro and tram, and is planning to
create more transport nodes, to make public transport more attractive and to accommodate growth
(GroenLinks et al., 2018b; NM magazine, 2016). The Hague is investing in more comfortable, reliable
and faster public transport that runs more frequent, and that accommodates the growth of passengers
(Municipality of The Hague, 2009). Rotterdam is planning to expand the subway network (VVD et al.,
2018). And Amsterdam is expanding the train station Zuid and increasing the capacity of the trains
from Schiphol to Almere (NM magazine, 2016).

6.4 Parking restrictions
Concerning car use and ownership, the provision of parking space is an important topic in municipal
documents. The four cities adapt their parking standards to car ownership levels, to prevent parking
issues. Besides minimum standards, Amsterdam, Rotterdam and Utrecht have also determined
maximum parking standards. Also, in many areas of the cities toll parking is introduced, where
residents with a parking permit can park their car for a reduced fee. For each city, an overview of the
parking standards, parking permits and parking fees can be found in table 6.1. A more detailed
overview of the parking standards of Rotterdam, The Hague and Utrecht can be found in Appendix A.
Amsterdam city has the highest parking fees of the Netherlands for on-street parking. Also, the city is
planning to remove 7,000 to 10,000 on-street parking places (GroenLinks et al., 2018a). New parking
space will be created in, or underneath new buildings, or will be reserved in existing garages
(Municipality of Amsterdam, 2017b). In toll parking areas, there are already long waiting lists for
parking permits (Municipality of Amsterdam, 2013). In new neighbourhoods, residents will not get a
parking permit anymore. Also, the parking standards are revised. In the whole city, the maximum
parking standard is reduced to one parking place per household. The minimum parking standard in
certain new housing areas will be zero, which means that developers are not obliged to create parking
spaces, but are allowed to use the space for something else (Municipality of Amsterdam, 2017b). For
example, the new housing project in Haven-Stad has a minimum parking standard of 0 and a maximum
parking standard of 0.2 cars per household. Regarding mobility, there is focussed on public transport,
cyclists and pedestrians (Artz, 2017).
Utrecht has the second highest parking fees. In the city centre, the amount of parking spaces will be
gradually reduced, in order to make certain areas car-free. The existing parking garages can facilitate
parking space for a few visitors and residents with a parking permit (GroenLinks et al., 2018b).
However, the city is reluctant with removing parking lots in the city centre, because the revenues of
these parking spaces are relatively high, and removing them would have financial consequences
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(Municipality of Utrecht, 2013a). In Utrecht, households can get 2 parking permits in neighbourhoods
with enough parking availability. In other neighbourhoods with less space, so in the city centre, the
maximum is 1 (Municipality of Utrecht, 2013a). Utrecht has determined minimum and maximum
parking standards for different zones of the city. At the west side of the city centre, a car-reduced
neighbourhood ‘Merwedekanaalzone’ will be developed, with parking space for just 0.3 cars per
household, which is a lower parking standard than usual for this area. As an alternative for private cars,
a ‘mobility hub’ will be created where residents can rent a shared bike or shared car, take the taxi or
public transport (Robert et al., 2018). But for Leidsche Rijn, a new district at the west side of Utrecht,
the maximum parking standards for new neighbourhoods is 1.75 cars per household (for houses
<130m²), as it lies in zone C (Municipality of Utrecht, 2013b, Appendix A).
Overall, Rotterdam has slightly decreased the minimum parking standards. In their policy document of
2018, the Municipality of Rotterdam (2018) mentions that they now use the old minimum standards
of 2012 as maximum parking standards. However, this research did not find a document with an
overview of the parking standards of 2012. In Rotterdam, several parking places will be removed in
consultation with local residents, to provide more public space. ‘Droomstraten’ is an example of a
project that makes streets temporarily car-free (CityLab010, 2015). Rotterdam has planned to remove
2000 on-street parking places. Instead, visitors and residents are stimulated to park in existing garages
(City council of Rotterdam, 2016; Municipality of Rotterdam, 2017). In the whole city except in new
housing developments, households can get a maximum of two parking permits. No parking permits
will be provided for new housing developments. In neighbourhoods where the average occupation of
parking places is more than 60% and where more housing will be developed, the introduction of toll
parking is considered as a solution, if it is not introduced yet. It is assumed that residents will be forced
to park on their own property. In other older neighbourhoods, toll parking will be introduced when the
average occupation of car parking is above 85% and when this is primarily caused by visitors and
commuters (City council of Rotterdam, 2016). In toll parking areas, the minimum parking standards
will be lowered if additional bicycle parking, shared cars or Mobility as a Service (MaaS) is provided for
at least 10 years. Rotterdam has planned to make it easier to reduce the parking standards for future
development projects (City council of Rotterdam, 2018).
In The Hague, car parking problems mainly occur in residential neighbourhoods (NM Magazine 2016).
The height of the parking fees used in The Hague was first lagging behind the fees used in the other
three cities, but The Hague has increased its parking rates in 2019 to €4.50 per hour (Municipality of
The Hague, 2018a). In neighbourhoods with a high pressure on parking space, even after introducing
toll parking and parking permits, measures such as to halting the provision of second and third parking
permits of households are proposed. And when the measures don’t work, the municipality considers
underground parking garages as a solution. In the city centre, the minimum parking standard varies
from 0.1 to 1.4 parking places per household, and in the surrounding neighbourhoods the standard
from 0.1 to 1.6. In certain areas, for example neighbourhoods close to public transport nodes,
exceptions can be made in which the parking standards does not need to be maintained. In new
housing developments, there will be no parking permits provided for on-street parking anymore. Also,
the parking standards can be reduced when developers also include bike and car sharing and public
transport in their projects. However, The Hague has not determined maximum parking standards, like
the other three cities already have (Municipality of The Hague, 2011, 2018b).
Although the parking costs in the four cities has been increased last year, the fees do not reflect the
true costs of the parking spaces. Van Ommeren et al. (2011) found out that the average market price
of a parking place is about €8 per day, while residents with a parking permit in the centre of Amsterdam
pay less than €1.50 per day (Van Ommeren et al., 2011; Frederik, 2018).
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Table 6.1: Overview policies and measures affecting car ownership in
Amsterdam, Rotterdam, The Hague and Utrecht
Amsterdam
Rotterdam
The Hague
Utrecht
Access to
facilities &
population
density
Target
population

- Compact growth
- Increase access to
services & facilities a,b

- Compact growth
- Increase access to
services & facilities i,j

- Compact growth
- Increase access to
services & facilities q

- Compact growth
- Increase access to
services & facilities w,x

Mix c

Young urban
professionals, expats,
families, empty-nesters r

Mix y

Parking fees
Parking permits
(maximum
amount)
Price of parking
permits
Parking
standards

€7,50 /hour d
New housing: 0
Centre: 1
Other: 1 or 2e
€535.00/year f

Residents with high
incomes & high
education and their
families i,k
€4.08/hour l
New housing: 0
Other: 2 permits m

€4.50/hours
New housing: 0
Other: 3t

€5.18/hour z
Centre: 1
Other: 2a1

€115.20/year f

€60.00/year f

€342.84/year f

Minimum standards
whole city:
- social and mid-rent: 0
- private housing: 0.3-0.6
Maximum standard
whole city: 1e

Minimum standard in
Zone A varies from 0.1
(<40m²) to 1.2
(>120m²)n

Minimum standard in
Zone A varies from 0.1
(Student housing) to 1.4
(single-family homes
>160m²) u

- Improving cycling
infrastructure and public
transport
- Reserving parking
space for shared cars
- Incorporating shared
cars in development
projects
- MaaS pilot project
Zuidas g,h

- Improving cycling
infrastructure and
public transport
- Green Deal
- Reserving parking
space for shared cars
- Incorporating shared
cars in development
projects
- MaaS pilot project
Rotterdam-The Hague
Airport k,o,p

- Improving cycling
infrastructure and public
transport
- Green Deal
- Reserving parking
space for shared cars
- Incorporating shared
cars in development
projects
- MaaS pilot project
Rotterdam-The Hague
Airport o,p,v

Minimum standard in
Zone A1 & A2 varies
from 0.1 (student
housing) to 0.98
(>130m²).
Maximum standard in
Zone A1 & A2 varies
from 0.30 (student
housing) to 1.50
(>130m²) a2
- Improving cycling
infrastructure and public
transport
- Green Deal
- Reserving parking
space for shared cars
- Reduced fees for
permits for shared cars
- Incorporating shared
cars in development
projects
- MaaS pilot project
Leidsche Rijno,p,a3

Zone A = city centre
Zone B = area
between city centre
and suburbs
Zone C = suburbs

Alternative
transport
modes

a

p

b

q

Healey, 2006
Municipality of Amsterdam, 2011
c
Metropoolregio Amsterdam, 2017
d
GroenLinks et al., 2018a
e
Municipality of Amsterdam, 2017b
f
NOS, 2018
g
DG Bereikbaarheid, 2017
h
Municipality of Amsterdam, 2016a
i
Municipality of Rotterdam, 2007
j
Municipality of Rotterdam, 2017
k
Municipality of Rotterdam, 2016
l
Municipality of Rotterdam, 2019b
m
City council of Rotterdam, 2016
n
Municipality of Rotterdam, 2018
o
Autodelen.info, n.d

DG Bereikbaarheid, 2017
Municipality of The Hague, 2009
r
Municipality of The Hague, 2017a
s
Municipality of The Hague, 2018a
t
Municipality of The Hague, 2011
u
Municipality of The Hague, 2011
v
Municipality of The Hague, 2017b
w
Municipality of Utrecht, 2012
x
Municipality of Utrecht, 2016
y
Municipality of Utrecht, 2015
z
RTV Utrecht, 2018
a1
Municipality of Utrecht, 2013a
a2
Municipality of Utrecht, 2013b
a3
GroenLinks et al., 2018b

41

6.5 Conclusion
All four cities are increasing the population densities and access to daily needs. Also, all four cities are
stimulating car sharing and the development of new mobility services, and are improving the cycling
infrastructure and public transport. These measures can have a reducing effect on car ownership levels
of neighbourhoods.
Utrecht and Amsterdam don’t express a specific type of population that the cities aim to attract in new
housing developments, whereas Rotterdam and The Hague do. Rotterdam aims for more singles and
families with high education and incomes, and The Hague aims for young urban professionals, expats,
families, empty-nesters (GroenLinks et al., 2018a; Municipality of Rotterdam, 2007; Municipality of
The Hague, 2017a; Municipality of Utrecht, 2015). The focus on high incomes and households with
children could result in higher ownership levels of neighbourhoods.
Concerning parking restrictions, Amsterdam, The Hague, Rotterdam and Utrecht want to prevent
parking issues, and are therefore careful with removing parking spaces. The four cities adapt their
parking standards to car ownership levels, rather than trying to steer car ownership by limited parking
availability. Overall, Amsterdam has the most restrictive parking policies. This city has the highest
parking fees, the highest costs for parking permits, most restricted provision of parking permits and
has decreased the minimum and maximum parking standards for the whole city. The other three cities
still use different parking standards for the different city zones, which enables higher car ownership
levels in neighbourhoods further away from the city centres. Utrecht, for example, uses very low
standards for the Merwedekanaalzone, which is located close to the city centre, whereas the standards
for new developments in Leidsche Rijn at the edge of the city are still relatively high. So, car ownership
is not equally discouraged in new neighbourhoods.
Nevertheless, Utrecht, after Amsterdam, Utrecht has the most restrictive policies and measures. The
Hague has the least restricting parking measures, as the costs of parking permits are relatively low,
and except for new housing, residents are able to get 3 parking permits. Therefore, residents of
neighbourhoods are able to own 3 cars. Also, The Hague does not have determined maximum parking
standards yet, like the other 3 cities.
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Chapter 7: Mobility trends
In chapter 6 the current planning policies of Amsterdam, Rotterdam, The Hague and Utrecht regarding
are analysed. To formulate recommendations on how these policies can be improved to reduce car
ownership in neighbourhoods, it is helpful to know how trends relating to car ownership can develop
in the future. Therefore, this chapter answers the following sub-question: What future trends relating
to car ownership are expected in Dutch cities?
In this chapter, trends are identified that are related to the variables of the built environment and
population that influence car ownership, as found in chapter 4 and 5 (figure 7.1). These variables are
household composition, income, population density, access to daily needs, the proportion of young
adults, parking restrictions and the access to alternative transport modes, and can be influenced by
external driving forces that are not under control of the municipalities (Peterson et al., 2003). In the
following section external forces are identified, and their effect on the variables and future car
ownership is explored.

Figure 7.1: Simplified illustration of the influence of future trends on car ownership through
changes in the built environment and population characteristics

7.1 Identifying external forces
The external forces that can influence the identified variables, and thereby car ownership, are in this
chapter explained based on the themes that influence mobility according to Snellen et al. (2015), which
are demography, new technologies & transport modes, spatial developments, behaviour & social
values and economy & international politics.

Demography
Regarding car ownership, the multiple regression analysis in chapter 4 has shown that an increase in
household size is related to higher car ownership levels in neighbourhoods of Amsterdam, Rotterdam,
The Hague and Utrecht. In the future, due to individualisation and ageing of the population, the
amount of single person households is expected to increase, which could decrease the average
household size in Dutch cities. More middle-aged people are expected to live alone (Van Duin et al.,
2016; Van Duijne & Den Hartog-de Wilde, 2018). Also, cities are attractive to young adults because of
the presence of jobs, education, facilities and services (Manting & Huisman, 2015). Since 2000 the
share of young adults has increased in cities (Kooiman et al., 2016). However, since the changes in the
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Dutch study loan system in 2015, the amount of young adults moving to cities is decreasing (Statistics
Netherlands, 2018). On the other hand, more young families tend to stay in cities instead of moving to
smaller municipalities, which increases the average household size. This could be also due to the
economic crisis. Now the economy picks up, more young families start to leave the cities again. It is
uncertain if this trend will continue (Kooiman et al., 2016). Also, the increase of birth rates between
2000 and 2015 is expected to continue until 2030, especially in Amsterdam, Rotterdam and The Hague
(Kooiman et al., 2016), which could also lead to a higher share of households with children in these
cities.
Other demographic forces that could influence car ownership is population growth, as an increase of
population could increase the population density and thereby increase accessibility of services and
facilities and reducing available parking space for cars. It is expected that the population of all
municipalities will continue growing until 2040. The biggest growth in population is expected in
Amsterdam, Rotterdam, The Hague and Utrecht. The population of these cities will increase with 15%
until 2030, compared to 2015 (Kooiman et al., 2016). After 2040 the growth is expected to level off
because of population shrinkage, although that a is very uncertain development (Van Duijne & Den
Hartog-de Wilde, 2018). The increase of urban population is partly due to urbanisation. Cities attract
people living in smaller municipalities, but also international migrants because of the opportunities for
jobs and the presence of other migrants (Kooiman et al., 2016).
However, how the population growth will unfold after 2040 is uncertain due to the uncertainty of
international immigration, the economic development and housing developments (Kooiman et al.,
2016). Housing development plays an important role in accommodating new residents. When there is
a lack of housing, it could cause suburbanisation instead of urbanisation (Kooiman et al., 2016). The
prognosis of Kooiman et al. (2016) assumes that future housing development will concentrate in the
big cities and surrounding municipalities. However, the development of the housing market on the
long term (more than 10 years) is uncertain, partly because of the uncertainty of the economic
development. Also, social-cultural changes can cause different preferences for housing (De Jong &
Ritsema van Eck, 2017: Kooiman et al., 2016). Future economic developments do not only influence
housing development and urbanisation, but also international migration and the number of births.
Also, international developments, such as war, climate change and terrorism, influence international
migration. Therefore, immigration is a very uncertain force, but plays an important role in future
population growth (Kooiman et al., 2016; Van Duin & Stoeldraijer, 2014). Statistics Netherlands expects
that immigration of non-western migrants will increase from 4.5% to 8.0% between 2016 and 2050
(PBL/CPB, 2015).

New technologies & transport modes
The last decades, people have become more mobile. For the years until 2050, car ownership is
expected to increase, although less than the last decades. Manders & Kool (2015) expect an increase
of car ownership between 10% and 30%. However, within urban areas the use of public transport and
bicycle is already increasing, and this trend is expected to continue (Van Duijne & Den Hartog-de Wilde,
2018; NM magazine, 2016). The improvement of technology reduces the need to travel, as new
technologies have made it easier to work and study at home (Municipality of Utrecht, 2016). However,
despite all the new developments in transport modes and technologies, transport infrastructure is
expected to become overloaded due to the increase of passengers (Van Duijne & Den Hartog-de Wilde,
2018).
Examples of new technologies and transport modes are the hyperloop and drones for passenger
transport (Binsbergen & Hoogendoorn, 2016; Municipality of Amsterdam, 2016). However, the most
certain innovation is the autonomous car. The technology moves fast, and therefore it would be
possible to use autonomous cars in the nearby future. There are experiments going on with
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autonomous cars already (Binsbergen & Hoogendoorn, 2016), but due to uncertainty of the pace of
technological development and social acceptance, it is uncertain when completely autonomous cars
will be allowed (Van Duijne & Den Hartog-de Wilde, 2018). Scholars agree that autonomous cars will
cause major changes in mobility (Binsbergen & Hoogendoorn, 2016). However, according to an
estimation of experts, entirely autonomous cars will not be used in public until 2075 (Kennisplatform
CROW, Rijkswaterstaat, WVL, 2016). The effect of autonomous cars on travel behaviour is uncertain.
It could even increase car use and ownership because of the comfort and safety. Even if autonomous
cars would be implemented as a shared mobility service, it could increase car traffic because
passengers don’t need to have a driver’s license. An increase in the use of (autonomous) cars could
also decrease of the use of public transport, which could affect the economic feasibility of public
transport (Binsbergen & Hoogendoorn, 2016; Zakharenko, 2016).
A development that could reduce car ownership is the development of new mobility services, such as
Mobility as a Service (MaaS). Modern information technology has made vehicle sharing easier, which
supports the use of vehicle sharing (Becker et al., 2017). Because of its potential, many car producers,
technology and public transport companies are investing in new mobility services (Binsbergen &
Hoogendoorn, 2016; Durand et al., 2018; Municipality of Amsterdam, 2016b). However, to what extent
MaaS will be adopted in the future and what its impact will be remains uncertain, but it is uncertain
that a big shift from private car use to MaaS will occur within the next few years (Durand et al., 2018).

Spatial developments
Natural capital and the physical living environment are under pressure, partly due to the increasing
welfare, economic activities and population growth, but also due to climate change (Van Duijne & Den
Hartog-de Wilde, 2018). It is estimated that in 2030 already 75% of the European population would
live in urban areas. Also in the Netherlands it is expected that the percentage of the population that
lives in urban areas will increase. This could decrease the distances to destinations, which could
increase the use of active transport modes, and makes also public transport more feasible (Binsbergen
& Hoogendoorn, 2016). Higher densities also support the facilitation of more services and facilities,
and reduce the available parking space for cars, which makes car ownership less attractive. However,
the population density might not increase that much. Although current planning policies aim for
compact growth, there might occur urban sprawl due to developments at the edge of urban areas.
Due to digitalisation and the increase of delivery services, there is less need to live close to city centres,
because delivery services reduce the need for a car for doing groceries (Binsbergen & Hoogendoorn,
2016; Van Duijne & Den Hartog-de Wilde, 2018). People might even prefer to move to smaller
municipalities with a more attractive living environment (Binsbergen & Hoogendoorn, 2016).

Behaviour & social values
Behaviour is an important determinant for the success of new developments. It is uncertain how new
technologies and mobility services will be received by the population. There is a trend towards a shared
economy, in which it is becoming more common to share vehicles, for example (Hamari et al., 2016).
Also, in the future, people could value physical distances and mobility less than being connected
digitally, and could prefer sustainable transport modes (Binsbergen & Hoogendoorn, 2016). However,
this is all very uncertain. Car sharing will continue growing, but, according to criticists, it will be limited
to a small group of people who are primarily young and highly educated adults with moderate to high
incomes, households with already a low car ownership level, and people with a low sense of car
ownership and who are open to new services and developments (Adriaans, 2016; Bardhi and Eckhardt,
2012; Becker et al., 2017; Huls, 2017; Kang et al., 2016). Also Maréchal (in: Huls, 2017) is sceptical
about the future of shared cars. According to him, the Dutch population is reluctant in sharing their
car.
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Economy & International politics
As mentioned, economic and international political developments can influence population growth.
Also, economic development influences technological development. The technology is always
improving, but how fast technology will improve, and which new technologies will be implemented,
depends on the investments that can be made (Souitaris, 1999). Furthermore, international policies
regarding CO2 reduction and sustainable mobility may influence car ownership levels. Also, political
instability affects the availability of fossil fuels, and vice versa. This could stimulate technical
innovations on one hand, but could also affect the global economy (CPB, 2016; Van Duijne & Den
Hartog-de Wilde, 2018).
Until 2021, it is expected that the recovery of the economic crisis will continue nationally and
internationally. The world economy grows with an average of 4% per year and the Dutch economy
with 1.8%. Until 2060, income disparities are expected to increase. However, the economic
development for long-term the is uncertain due to uncertainty of international politics, such as the
Brexit and trade conflicts, but also terroristic threats. Also, an increase in the oil price could have a
negative impact on the European economy (CPB, 2016; Van Duijne & Den Hartog-de Wilde, 2018).

7.2 Scenarios
Overall, car ownership is expected to slightly increase in the future (Manders & Kool, 2015), but it is
uncertain due to the many different and uncertain trends. To illustrate how the more uncertain, but
extreme future situations could look like, four explorative scenarios are created. These scenarios are
based on the expected impact and uncertainty of the identified external forces (table 7.1). The two
most uncertain forces with the highest impact, so ‘Economy’ and ‘Behaviour & social values’, are used
as the main drivers of the plots. An overview of expected trends for each explorative scenario and their
expected impact on car ownership can be found in table 7.2 and figure 7.2. The plots of the scenarios
are described in table 7.3. These scenarios indicate to what extent future car ownership can increase
or decrease in these uncertain, but extreme situations.

Low uncertainty
Technologic development
Increased mobility
Population growth

Digitalisation
& delivery services

Table 7.1: Impact-uncertainty matrix
Medium uncertainty
High uncertainty
Migration
Economy
Spatial development
Behaviour & social values
Average household size
Households with children
Migration of young adults to cities

High impact

International politics
Low impact
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Table 7.2: Overview of expected trends for each explorative scenario
Economic welfare and
a sustainable & sharing
society

decreased

increased

increased

increased

decreased
increased
decreased
decreased

increased
increased
increased
increased

decreased
decreased
increased
increased

increased
decreased
increased
increased

increased
increased

increased
increased

decreased
decreased

decreased
decreased

Car ownership per household

Population density &
access to daily needs
Young adults
Single households
Households with children
Use of alternative
transport modes
Car use
Car ownership level

Economic crisis and
an individualistic
society

Explorative scenarios
Economic welfare
Economic crisis and a
and an
sustainable & sharing
individualistic
society
society

2019

Time in years

2050

Expected future car ownership by Manders & Kool (2015)

Figure 7.2: The expected impact of the different scenarios on the car ownership of households in
neighbourhoods of Amsterdam, Rotterdam, The Hague and Utrecht
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Table 7.3: Explorative scenarios for Amsterdam, Rotterdam, The Hague and Utrecht in 2050
Economic crisis and an individualistic society
Political instability has caused an economic crisis, and has enforced international migration, which increased
the urban population. Because of the housing shortage due to the economic crisis, housing in city centres is
expensive. Therefore, and because of digitalisation, people seek for housing at the edges of the city, which
causes urban sprawl. This has decreased the access to daily needs. The amount of young adults that move to
the cities is still decreasing due to the study loan system, which makes it expensive for students to live on their
own. The individualisation and ageing of the population decreases the average size of households living in cities.
Because of the lack of investments, less new
technologies can be applied. Therefore
there is limited innovation in public
transport modes, and public transport
becomes overloaded, which makes the use
of it unattractive. Although there is a lot of
road congestion, and the average income of
the population has decreased, people prefer
to travel by car. Also, they prefer to own a
car instead of sharing.
The decreased average household size on
one hand, but a reduced amount of young
adults living in cities, urban sprawl and the
preference to own a private car on the
other, cause an increase of car ownership in
urban neighbourhoods.

Economic welfare and an individualistic society
The economic growth has increased the job and housing opportunities in urban areas, and has enabled more
young adults to live on their own. Therefore, the urban population has increased. There are high population
densities and therefore better access to daily needs, and due to individualisation, there are many single
households of young and middle-aged adults. On the other hand, the increased birth rates have led to an
increase of households with children.
Due to the economic welfare, investments can be
made in infrastructure for public transport and
cycling, which makes the use of alternative transport
more attractive. On the other hand, the economic
welfare also enables investments in road
infrastructure and the introduction of the first
version of the (semi-) autonomous car. Because the
autonomous car is a comfortable and attractive
vehicle, and because incomes have been increased,
more people purchase a car. In combination with
high population densities, this causes congested
streets. However, with the new technologies and
investments, additional space for cars is being
creates, such as underground parking.
So, although public transport and cycling is used
more often, the changes in household composition,
and the increase of population density and the
proportion of young adults, there is a small increase
in car ownership levels due to investments in
comfortable private cars and car infrastructure.
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Economic crisis and a sustainable & sharing society
Political instability has caused an economic crisis, and has enforced international migration, which led to the
increase of the urban population. The trend of individualisation of the population has levelled off, and there are
therefore also many families living in the urban areas. Due to the crisis, there is a housing shortage, but many
people are sharing their houses. Therefore, the population densities are very high, which increases the access
to services and facilities.
Due to a lack of financial resources,
less investments can be made in
infrastructure for cars, public
transport and cycling. Despite the
deterioration of the quality of
infrastructure, the use of public
transport and car sharing has
increased, because of a change in the
attitudes and values of the
population. Less people own a car
because of the high densities and
environmental and financial concerns.

Economic welfare and a sustainable & sharing society
The economic growth has increased the job and housing opportunities in urban areas, and has enabled more
young adults to live on their own. Therefore, the urban population has increased. This has caused high
population densities, which increases the access to daily needs. The trend of increasing single households has
levelled off, and there are still many families living in urban areas. The increase of birth rates has even led to an
increase of households with children.
Economic welfare enables investments in infrastructure,
particularly public transport, walking and cycling
infrastructure. Therefore, many people are using active
transport modes or public transport. Also, MaaS is
frequently used, in which bike sharing and car sharing is
included.
Furthermore, the first versions of (semi-)autonomous
cars are introduced, mainly as shared cars. Despite
relatively high share of households with children, car
ownership has decreased due to wide adaptation of the
shared car and sustainable travel attitudes.
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7.3 Conclusion
Based on the identified forces and their impact and uncertainty, we get an idea of how car ownership
levels of neighbourhoods in Amsterdam, Rotterdam, The Hague and Utrecht will develop. It is quite
certain that the population of the four cities will continue to grow (Kooiman et al., 2016), which will
lead to increased population densities, and increased access to daily needs. This would reduce the
need for a car. However, to what extent population density will increase is uncertain, as people might
prefer less to live in the city centres (Van Duijne & Den Hartog-de Wilde, 2018).
Concerning the type of population that will live in cities, there will be on one hand more single
households due to individualisation (Van Duin et al., 2016), which could have a reducing effect on car
ownership, but on the other hand there are also more households with children expected due to
increased birth rates, which has an increasing effect on car ownership. Also, cities are attractive to
young adults, but it is uncertain if the proportion of young adults in cities will continue growing
(Kooiman et al., 2016).
Furthermore, people will get more mobile (Manders & Kool, 2015). The emergence of new mobility
services and transport modes can influence car ownership levels. What services and transport modes
will be introduced and when depends on the technologic development, but it is quite certain that
technology will keep improving. Therefore, it is expected that on the long-term autonomous cars will
be introduced (Kennisplatform CROW, Rijkswaterstaat, WVL, 2016). The comfort and ease of
autonomous cars could increase the use and ownership of cars (Zakharenko, 2016).
Overall, it is expected that car ownership increases slightly in the future, but it is uncertain due to the
many different and uncertain trends. Economic and political developments are very uncertain, but can
have a big indirect influence on car ownership. Economic and international political changes can have
a big impact on the population growth of cities, technological development, investments in transport
modes and infrastructure and the income of residents, and therefore on car ownership levels
(Souitaris, 1999; Van Duijne & Den Hartog-de Wilde, 2018). Furthermore, the behaviour and social
values of the population determine how much people will travel and which type of transport modes
will be used in the future. So, planners should also be aware of possible uncertain developments that
could have a big influence on future car ownership levels. In this chapter, possible extreme situations
are illustrated by four explorative scenarios, which indicate to what extent future car ownership can
increase or decrease in uncertain, but extreme situations.
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Chapter 8: Discussion
In this chapter the results of the research are discussed, in relation to the research objective,
theoretical framework, and previous scientific studies. The objective of this research was to identify
the most important objective variables that influence car ownership levels in neighbourhoods, in order
to give recommendations on how to reduce car ownership levels in neighbourhoods of Amsterdam,
Rotterdam, The Hague and Utrecht. This research has used a probabilistic approach in which both the
built environment as social conditions are considered to influence travel behaviour, and thereby car
ownership. Important built environment and population variables were selected from literature and
statistically analysed. As these variables are assumed to be under influence of planning policies and
future trends (figure 8.1), also planning policies and expected future trends are analysed.
In chapter 4 and 5, the first two sub-questions were answered, and important variables that influence
car ownership levels of neighbourhoods are identified. These results are discussed in section 8.1. In
chapter 6 and 7, the last two sub-questions were answered, in which the current policies of
Amsterdam, Rotterdam, The Hague and Utrecht are analysed and the expected trends are identified
that influence future car ownership levels. The effects of these policies in combination with the
expected trends are discussed in section 8.2. Recommendations for the four cities are formulated and
discussed in section 8.3. Lastly, the limitations of this research are discussed in section 8.4.

BUILT ENVIRONMENT
Population density
Access to daily needs
Parking restrictions
Access to alternative transport modes

TRENDS

CAR OWNERSHIP

PLANNING POLICIES
POPULATION
Age
Gender
Household composition
Income & education
Ethnic background

Relationship analysed in this research
Relationship not analysed in this research

Figure 8.1: Conceptual model, including the influence of future trends on car ownership
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8.1 Important variables
Of the selected variables in the literature, only the variables population density, access to daily needs,
age (15-45 years), household composition and income are found in the multiple regression analysis to
have a significant influence with car ownership. In addition, the analysis of four car-reduced
neighbourhoods has found that parking restrictions and access to alternative transport modes
contribute to lower car ownership as well. The influence of these variables is further discussed in the
next sections.

Built environment variables
The multiple regression analysis has shown that of the built environment variables, only population
density and access to daily needs have a significant influence on the car ownership levels of
neighbourhoods. When population density or the access to daily needs increases, it is likely that the
average car ownership per household of neighbourhoods reduces, which corresponds with the findings
of previous researches (Ewing & Cervero, 2001; Handy, 1992). These findings are also supported by
the examples of car-reduced and car-free neighbourhoods, that are characterised by relatively high
densities and good access to various services and facilities.
In the multiple regression analysis of this research, population density shows a slightly bigger influence
than access to daily needs on car ownership, which could be explained by the fact that population
density has multiple side-effects that influence car ownership. It does not only reduce distances to
activities and public transport stops, but it can also discourages car ownership due to congestion and
reduced parking availability, for instance (Chatman, 2005; Miller & Ibrahim, 1999; Kitamura et al. 1997;
Schimek, 1996). However, access to daily needs is in this research defined as the amount of hospitals,
primary schools, supermarkets, day-care centres and general practitioners within a certain distance,
which can have resulted in a smaller influence on car ownership than if possible other important
services or facilities were included. Furthermore, it is questionable for how long the access to grocery
stores remains important, as internet shopping and the use of delivery services is increasing (Visser,
2017).
Furthermore, whereas the statistical analyses did not find significant relationships between the access
to alternative transport modes, the examples of the car-reduced neighbourhoods do show the
importance of good access to public transport, cycling infrastructure, and shared cars, as found in
literature. Also, in the governmental documents and literature about these neighbourhoods, parking
restrictions are mentioned to be important in reducing car ownership as well. Residents are
discouraged to have a car by toll parking and limited permits (GWL terrain), by the obligation to buy a
parking space to park their car (Stellwerk 60 and car-free blocks of Vauban), or are even not allowed
to own a car at all (Florisdorf).

Population variables
Of the population variables, only household composition, income and age (15-45 years) have a
significant influence on car ownership. The multiple regression analysis has shown that average
household size has the biggest influence on average car ownership levels of neighbourhoods, followed
by average income per resident. This shows that the population variables average household size and
average income per resident have more influence on car ownership than population density and access
to daily needs, which supports the statement of Cao et al. (2007) and Handy et al. (2005) that certain
demographic and socio-economic variables are even, if not more important than built environmental
variables in explaining car use, and thereby car ownership.
However, the incomes and the household composition of households living in the four car-reduced
neighbourhoods is different than expected based on these statistical findings and literature. The four
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neighbourhoods are characterised by a relatively large share of households with children, and a
relatively large average household size. Also, although it cannot be said with certainty due to limited
available information, the income of residents does not seem to play a role in the low car ownership
of these neighbourhoods, as the incomes of residents of Vauban and Florisdorf are not particularly
low.
The influence of age on car ownership levels of Stellwerk 60, GWL terrain, Vauban and Florisdorf could
not be determined based on the available information. However, the multiple regression analysis did
show a significant relation between the proportion of 15-25 and 25-45 year olds and car ownership.
So, like other researches gave shown, age does influence car ownership levels of neighbourhoods in
Amsterdam, Rotterdam, The Hague and Utrecht. The findings of the statistical analysis correspond
with the fact that residents younger than 17 years old cannot have a driver’s license, and that in the
Netherlands 18-30 year olds (young adults) have the lowest car ownership (Kampert et al., 2017).
However, as the category of 25-45 year olds also includes adults older than 30, who are not young
adults anymore, it cannot be assumed with certainty that young adults reduce the car ownership level
of neighbourhoods of Amsterdam, Rotterdam, The Hague and Utrecht.

Residential self-selection
The fact that Stellwerk 60, GWL terrain, Vauban and Florisdorf do have low car ownership levels, even
though the incomes are not particularly low, and the share of households with children and the
average household sizes are relatively high, shows that also neighbourhoods with this type of
population can have low average car ownership levels as well. This suggests that there might be also
other factors causing the low car ownership levels of these neighbourhoods.
An explanation could be that even households that are likely to own a car are willing to move to a carreduced neighbourhood when the living environment is attractive enough. According to Morris et al.
(2009), if car-free housing is combined with an attractive environment and a good provision of
alternative transport modes, it is possible to reduce car ownership.
However, it could also be that subjective values, such as lifestyles and attitudes of residents play an
important role (Scheiner & Holz-Rau, 2007; Aditjandra, 2013), and that households with life-styles and
attitudes that match the car-reduced lifestyle have moved to these neighbourhoods through
residential self-selection. As mentioned in chapter 5, households that preferred a car-reduced living
environment have moved to the car-reduced and car-free neighbourhoods. Also, residents contributed
through participation processes to the development of car-reduced neighbourhoods, which also
suggests that residents living in these neighbourhoods are more environmentally aware or value car
ownership less. Neighbourhoods like these might only succeed in reducing car ownership when all
residents are willing to reduce their car use. As Waagmeester (1996) stated, reducing car ownership is
only possible when attracting households without a car.
Other support for the existence of residential self-selection by demographic variables is found in the
statistical analysis of this research. The Pearson correlation test showed that households with children
tend to live more often in areas with a higher parking availability, so with higher minimum parking
standards. On the other hand, residents between 25-45 years old, who are less likely to own a car and
to have children, tend to live in areas with a lower parking availability. This supports that households
that need a car might choose for neighbourhoods that provides enough parking space (Guo, 2013c),
and that population characteristics can determine where certain types of households decide to live.
The existence of self-selection confirms the mutual relations between the built environment,
population characteristics and car ownership. So, reduced car ownership levels can be the result of a
combination of certain built environment and population variables. When creating car-reduced
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neighbourhoods, planners should be therefore aware that only a certain type of households may be
attracted to these neighbourhoods, and others may be excluded.

8.2 Implications of policies and trends on car ownership

Car ownership per household

Based on the built environment and population variables identified by the first two sub-questions, the
current policies of Amsterdam, Rotterdam, The Hague and Utrecht are analysed. Also, future trends
relating to these variables are identified. In this section the influence of policies and the most certain
trends relating to car ownership are discussed. Overall, a small increase in car ownership is expected.
However, the economic development, and the values and behaviour of the future population are less
certain, but can have a big influence on car ownership as well. These uncertainties should be taken
into account as well, and therefore four explorative scenarios are created in chapter 7, which illustrate
to what extent car ownership can vary in extreme future situations (figure 8.2).

2019

Time in years

2050

Expected future car ownership by Manders & Kool (2015)

Figure 8.2: The expected impact of the different scenarios on the car ownership of households in
neighbourhoods of Amsterdam, Rotterdam, The Hague and Utrecht

Population density and access to daily needs
Looking at the policies concerning population density and access to daily needs, Amsterdam,
Rotterdam, The Hague and Utrecht are increasing their population densities by pursuing compact
growth, which also supports better access to facilities and services. If these cities continue with this
approach, it is likely that population densities will further increase, as the population of the four cities
is expected to increase. Increased densities support the access to facilities and services, which will
probably reduce car ownership levels of neighbourhoods. However, the indirect effect of population
growth on car ownership will be less in the case of more urban sprawl, as urban sprawl reduces the
increase of population densities and access to daily needs. Also, it should be kept in mind that
digitalisation and delivery services can reduce the need to live close to services and facilities (Van
Duijne & Den Hartog-de Wilde, 2018; Visser, 2017). So, in the future, access to daily needs and higher
population densities might become less important in reducing the need for a car.
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Population characteristics
As found in literature and the statistical analysis, household composition, income and the age of
residents play a role in car ownership levels of neighbourhoods. In the future, there are more single
households expected due to individualisation, which is likely to lead to a reduced car ownership. On
the other hand, more households with children are expected because of increased birth rates, which
is likely to increase car ownership. Furthermore, although less certain, a further increase of the
proportion of young adults living in cities will also have a reducing effect on car ownership. To what
extent these types of households will be accommodated depends on the type of residents that
Amsterdam, Rotterdam, The Hague and Utrecht aim for in their new housing projects.
The plans of Amsterdam and Utrecht enable a mix of residents with different income levels, household
compositions and ages, which will attract households with different car ownership levels. In particular,
Utrecht expresses in its vison the aim to provide variated and flexible housing, which would enable
new neighbourhoods to adapt to changes in future population composition.
The plans of Rotterdam and The Hague are focussed on more specific population types. Rotterdam
focusses on highly educated singles and families with high incomes. If Rotterdam would continue this
approach, the share of households with high incomes will increase, and thereby also the average car
ownership levels. Also, if The Hague would continue attracting young professionals, expats, families
and empty-nesters, the share of households with children and the share of households with high
incomes will increase, and thereby also the average car ownership levels. On the other hand, an
increase of young professionals can also increase the proportion of single households, which could
have a reducing effect on car ownership levels of neighbourhoods.

Parking restrictions
Regarding parking restrictions, the four cities are careful with removing parking spaces and they adapt
their parking standards to car ownership levels. Even in Amsterdam, that is already using the lowest
minimum parking standards, the maximum parking standard still enables households to have 1 car.
The other three cities base their parking standards on urban zones, which allows more space for cars
in areas further away from the city centres. However, with the expected population growth and
increase of population densities, the pressure on available land increases, depending on how the cities
deal with the demand for car parking, the parking availability will decrease. This could lead to lower
car ownership levels.
When comparing the parking costs with the market value, the parking costs are relatively low in
Amsterdam, Rotterdam, The Hague and Utrecht, despite the recent increase of parking fees (Van
Ommeren et al., 2011). The increased pressure on available land will also increase the market value of
parking space, which could be a reason for municipalities to increase the costs, and this will probably
discourage car ownership (Albert & Mahalel, 2006; Chatman, 2005; Foletta & Field, 2011). On the other
hand, it is questionable to what extent increased parking fees will reduce car ownership, as households
with a high income are already most likely to own a car, as found in the statistical analysis and previous
researches (Holtzclaw et al., 2002; Næss & Jenssen, 2004; Van Acker & Witlox, 2010).
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Alternative transport modes
Keeping neighbourhoods accessible by public transport will be a challenge if public transport becomes
overloaded as expected by Van Duijne & Den Hartog-de Wilde (2018). Nevertheless, Amsterdam,
Rotterdam, The Hague and Utrecht are improving the provision of public transport and cycling
infrastructure. Furthermore, the cities are supporting car sharing and experiments with MaaS, which
have according to literature and the analysis of the car-reduced neighbourhoods a reducing effect on
car ownership (Cervero et al., 2007; Martin & Shaheen, 2011; Nijland et al., 2015). However, the
success of carsharing and MaaS is uncertain, as it currently mainly attracts young adults with a high
education and moderate to high incomes, and households with low car ownership levels (Becker et al.,
2017; Kang et al., 2016), and it is uncertain how it will be adopted by a wider audience.
Also, although autonomous cars will probably not be used until 2075, the emergence of this type of
vehicles can have a big impact on travel behaviour. It could increase car ownership levels because they
are comfortable and passengers don’t need to have a driver’s license (Binsbergen & Hoogendoorn,
2016). However, on the other hand, if certain built environment and population variables, such as high
population densities and low income, play a role in the reduction of car ownership, these variables
may still reduce car ownership when the autonomous cars are introduced. Therefore, the emergence
of autonomous cars might have a smaller impact on car ownership than suggested by Binsbergen &
Hoogendoorn (2016).
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8.3 Recommendations for Amsterdam, Rotterdam, The Hague and
Utrecht
Based on the identified variables, the current policies and the expected trends relating to car
ownership, recommendations can be formulated on how Amsterdam, Rotterdam, The Hague and
Utrecht can improve their policies to reduce car ownership levels in neighbourhoods.

Parking restrictions
The examples of car-reduced neighbourhoods have shown that limited parking availability and high
parking costs help to reduce car ownership levels of neighbourhoods. As also found by Shoup (2005),
a combination of limited parking space and paid parking will discourage people to use the car. To limit
the maximum amount of parking space that is allowed to provide in new developments, The Hague
should, like Amsterdam, Rotterdam and Utrecht, also determine maximum parking standards. For all
cities, the reduction of the minimum and maximum standard on city level can discourage car
ownership, also in the suburban neighbourhoods where the standards of Rotterdam, The Hague and
Utrecht are relatively high. Furthermore, the parking costs in the four cities can be increased. Especially
in The Hague, where the price of a parking permit is just €60.00 per year. However, drastically reduced
parking availability and increased parking fees will probably not be supported by many politicians, as
these measures can lead to much resistance from urban citizens. Also, a lack of parking space could
lead to parking issues and spill over parking in other neighbourhoods, and high parking costs may have
bigger consequences for the mobility of households with a low income than households with higher
incomes.
Therefore, parking restrictions should be implemented gradually and with care. In new housing
development projects, the parking availability can already be reduced more drastically if other
transport modes are included and promoted, like is already happening in Amsterdam, Rotterdam, The
Hague and Utrecht. In existing neighbourhoods, parking place can be removed in consultation with
residents in return for, for example, more public space or shared cars.

Alternative transport modes
To ensure the accessibility of neighbourhoods when restricting car ownership, sufficient alternative
transport modes should be provided. The inclusion of residents in decision making could help to
provide a mobility plan that matches their needs (Morris et al., 2009). However, the accessibility of
neighbourhoods does not only depend on the provided transport modes and infrastructure on
neighbourhood level, but also on city and regional level. Furthermore, to make alternative transport
modes attractive, high quality public transport should be provided at low cost (Foletta & Field, 2011).
Therefore, Amsterdam, Rotterdam, The Hague and Utrecht should continue improving public transport
and cycling infrastructure, and supporting car sharing schemes and MaaS. However, high investments
in public transport are needed to reduce car use in these cities (Dieleman et al., 2002), which might
not be available in case of a new economic crisis. Furthermore, transport infrastructure is expected to
become overloaded, and the success of car sharing on a larger scale is uncertain. Therefore, to deal
with uncertainties, municipalities should keep experimenting and searching for (low cost) alternatives.
Furthermore, regarding car sharing, an over-provision of shared cars should be prevented. Shared cars
only reduce the amount of cars in neighbourhoods when they are shared by multiple households. Also,
possible (spatial) impacts of autonomous cars should not be forgotten and should be taken into
account in transport policies.
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Population density and access to daily needs
Amsterdam, Rotterdam, The Hague and Utrecht should maintain their compact growth policies and
prevent urban sprawl happening on the edges of the cities, but with taking the quality of the living
environment of citizens into account. Also, the cities should keep an eye on the provision of sufficient
daily facilities within and close to residential neighbourhoods. But like transport policy measures, landuse policy measures should also be applied on a regional scale, to facilitate a diversity of activities
throughout the whole region (Handy et al., 2002), and thereby improving the access to other services
than daily needs. The location of jobs can play for example also an important role (Handy, 1992).

Population characteristics
As found in this research, the average income of residents, the household composition and the
proportion of young adults do have an effect on the car ownership levels of neighbourhoods.
Therefore, car ownership levels of neighbourhoods can be reduced when attracting more young
adults, single households and low incomes, by providing sufficient social housing. However,
neighbourhoods should still accommodate a mix of households, as diversity increases the
attractiveness of living environments (Jabareen, 2002). To also accommodate households that are
more likely to own a car, like households with children, attractive car-reduced environments may
convince these households to choose for alternative transport modes as well (Morris et al., 2009).
However, to what extent households with are willing to give up their car in return for an attractive
living environment is not researched by this study. It is likely that car-reduced neighbourhoods will
attract primarily households that don’t need a car. Therefore, planners should be aware that that only
a certain type of households may be attracted to car-reduced neighbourhoods, and others may be
excluded.

8.4. Limitations of the research
This research has focussed on the role of built environment and population variables that influence car
ownership levels on neighbourhood scale. The influence of subjective variables is not analysed,
although the findings suggest that subjective variables play a role in car ownership as well. To test the
influence of the built environment and population variables, a selection is made. Therefore only the
influence of population density, parking availability, age, gender, income, household composition, and
the access to shared cars, public transport and daily needs is statistically analysed. In the analysis of
the influence of access to daily needs, only facilities regarding education, health care and supermarkets
are included. Furthermore, the presence of cycling infrastructure in neighbourhoods is not taken into
account.
The research was limited by the available data of built environment and population variables on
neighbourhood level, and the available information about existing car-reduced neighbourhoods and
policies of Amsterdam, Rotterdam, The Hague and Utrecht. Due to the scope of this research, the
findings of this research apply to Amsterdam, Rotterdam, The Hague and Utrecht, but can be also
relevant for other Dutch cities. However, other variables that are not analysed in this study, like the
accessibility of jobs, might influence car ownership as well. So, in municipalities with, for example,
lower job availabilities than Amsterdam, Rotterdam, The Hague and Utrecht, the variables that are
identified by this research might have a smaller effect on car ownership.
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Chapter 9: Conclusion
The objective of this research was to identify the most important objective variables that influence car
ownership in neighbourhoods, in order to give recommendations on how car ownership levels can be
reduced in neighbourhoods of Amsterdam, Rotterdam, The Hague and Utrecht. Also, to explain how
the four cities can improve their policies in regard to future developments, the current planning
policies and expected future trends relating to car ownership are analysed. In order to achieve this
objective, the following research question was formulated: How can urban planners reduce car
ownership levels in neighbourhoods in Amsterdam, Rotterdam, The Hague and Utrecht? To answer this
research question, four sub-questions were formulated. The answers of these sub-questions and the
answer of the research question are given in this concluding chapter. Subsequently, recommendations
for further research is given.

9.1 Conclusion
1) Which of the built environment and population variables have the biggest influence on car
ownership, and to what extent?
Average income of residents, proportion of residents between 15 to 45 years old, household
composition, population density and access to daily needs are found to have a significant influence on
the average car ownership levels of neighbourhoods in Amsterdam, Rotterdam, The Hague and
Utrecht. Of these variables, household composition has the biggest influence on car ownership. The
increase of average household size has shown to significantly decrease average car ownership levels
of neighbourhoods. The average income per resident has the second highest impact, followed by
population density and percentage 15-25 year olds, access to daily needs and percentage 25-45 year
olds. So, when the average income per resident of neighbourhoods increases, it is likely that the
average car ownership per household increases as well. On the other hand, when the population
density, percentage of 15-25 and 25-45 year olds or the access to daily needs increases, it is likely that
the average car ownership per household will decrease.

2) What variables are important in the success of existing car-reduced and car-free
neighbourhoods?
The car-reduced neighbourhoods GWL terrain, Vauban and Stellwerk 60 and car-free neighbourhood
Florisdorf are analysed to identify which variables contribute to their low car ownership levels. These
four neighbourhoods have low car ownership levels, and residents were included in the projects
through participation. The neighbourhoods are characterised by relative high population densities,
their bicycle-friendly design and well access to daily needs, shared cars and public transport.
Furthermore, the parking restrictions in these neighbourhoods seem to play an important role in
reducing car ownership. Parking in these neighbourhoods is restricted by limited parking availability,
obliging residents to buy their parking lot, and obliging residents to sign a contract to not own a car.
The importance of parking availability, access to public transport and access to shared cars were not
found in the statistical analysis of sub-question 1, but were found in other scientific researches, and
can therefore be considered as important variables as well.
On the other hand, these neighbourhood examples do not support the findings of sub-question 1 that
household composition, income, and age of residents play an important role in the car ownership levels
of the neighbourhoods. The fact that the incomes, population density and average household sizes of
these neighbourhoods are not particularly low, suggests that subjective variables and residential selfselection may play a role as well.
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3) What planning policies that influence car ownership do Amsterdam, The Hague,
Rotterdam and Utrecht have?
Amsterdam, The Hague, Rotterdam and Utrecht are increasing the population densities and access to
daily needs. Also, all four cities are stimulating car sharing and the development of new mobility
services, and are improving their cycling infrastructure and public transport. These measures can have
a reducing effect on car ownership levels of neighbourhoods.
Concerning parking restrictions, Amsterdam, The Hague, Rotterdam and Utrecht want to prevent
parking issues, and are therefore careful with removing parking spaces. The four cities adapt their
parking standards to car ownership levels, rather than trying to steer car ownership by limited parking
availability. Looking at the parking costs, provision of parking permits, and the height of the minimum
and maximum parking standards, Amsterdam has the most restrictive parking policies. Also,
Amsterdam is the only city of the four that uses the same parking standards for new housing
developments throughout the whole city. The other three cities base the parking standards on urban
zones, which allows more space for cars in areas further away from the city centres. Concerning the
height of parking standards, parking costs and the provision of parking permits, Utrecht has the second
most restrictive parking measures. The Hague has the least restrictive measures, and does not have
determined maximum parking standards yet, like the other 3 cities.
Regarding the population characteristics, Utrecht and Amsterdam don’t express a specific type of
population that the cities aim to attract in new housing developments, whereas Rotterdam and The
Hague do. Rotterdam aims for more singles and families with high education and incomes, and The
Hague aims for young urban professionals, expats, families, empty-nesters (GroenLinks et al., 2018a;
Municipality of Rotterdam, 2007; Municipality of The Hague, 2017a; Municipality of Utrecht, 2015).
The focus on high incomes and households with children could result in higher ownership levels of
neighbourhoods.

4) What future trends relating to car ownership are expected in Dutch cities?
It is quite certain that the population of Amsterdam, Rotterdam, The Hague and Utrecht will continue
to grow (Kooiman et al., 2016), which will lead to increased population densities, and increased access
to daily needs. This would reduce the need for a car. However, to what extent population density will
increase is less certain, because it depends on spatial developments (Van Duijne & Den Hartog-de
Wilde, 2018).
Due to individualisation, more single households are expected, but also more households with children
are expected due to increased birth rates. It is uncertain if the proportion of young adults in cities will
continue growing (Kooiman et al., 2016; Van Duin et al., 2016).
Furthermore, people will get more mobile (Manders & Kool, 2015). If the trend towards vehicle sharing
and alternative transport modes does not continue, it is likely that car ownership will keep increasing
in the future, although less than in the past decades. Due to the increased amount of passengers, it is
expected that existing transport infrastructure will become overloaded (Van Duijne & Den Hartog-de
Wilde, 2018).
The emergence of new transport modes and services, driven by technologic developments, can
increase the use of vehicle sharing and public transport, can reduce car ownership levels. There is a
high certainty that in the future autonomous cars will be introduced, although it is uncertain when
(Kennisplatform CROW, Rijkswaterstaat, WVL, 2016). The introduction of shared cars could lead to
higher car ownership rates (Zakharenko, 2016).
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Overall, it is expected that car ownership increases slightly in the future, but it is uncertain due to the
many different and uncertain trends. Most of these trends depend on economic and political
developments, which are very uncertain. Economic and international political changes can have big
impact on the population growth of cities, investments in transport modes and infrastructure and the
income of residents, and therefore on car ownership levels (Van Duijne & Den Hartog-de Wilde, 2018).
Furthermore, the behaviour and social values of the population determine which type of transport
modes people choose to use in the future. These less certain developments can cause higher, or lower
future car ownership levels than expected.

9.2 Recommendations for Amsterdam, Rotterdam, The Hague and
Utrecht
Finally, recommendations can be given based on the results of the sub-questions. Hereby the research
question of this research can be answered: How can urban planners create car-reduced
neighbourhoods in Amsterdam, Rotterdam, The Hague and Utrecht?

Parking restrictions
Like the other three cities, The Hague should determine maximum parking standards as well. For all
cities, the reduction of the minimum and maximum parking standards on city level is recommended,
and an increase of parking cost, in The Hague in particular. These parking restrictive measures should
be implemented gradually and with care. In new housing projects the parking availability can already
be reduced more drastically if other transport modes are included and promoted. In existing
neighbourhoods, parking places can be removed in consultation with residents in return for, for
instance, more public space or shared cars.

Alternative transport modes
The provision of alternative transport is important when restricting car ownership in neighbourhoods.
The inclusion of residents through participation helps to ensure that the mobility plans for
neighbourhoods matches their needs. Amsterdam, Rotterdam, The Hague and Utrecht are
recommended to continue improving public transport and cycling infrastructure, and to continue
supporting car sharing schemes and MaaS, but also to keep searching for new solutions to deal with
uncertainties. Furthermore, although autonomous cars will not be used on the short-term, possible
(spatial) impacts of autonomous cars should not be forgotten and should be taken into account in
transport policies.

Population density and access to daily needs
Amsterdam, Rotterdam, The Hague and Utrecht should maintain their compact growth and prevent
urban sprawl happening on the edges of the cities. Also, the cities should keep paying attention at the
location of services and facilities, to ensure that residents of each neighbourhood have access to daily
needs within a short distance.

Population characteristics
The creation of neighbourhoods that attract mixed population, with sufficient housing for singlehouseholds, and households with low incomes is recommended. To reduce the car ownership levels
of households that are likely to own a car, like households with children, attractive car-reduced
environments should be created that may convince these households to move to these
neighbourhoods and to choose for alternative transport modes as well.
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9.3 Recommendations for further research
This research has provided an overview of important built environment, demographic and socioeconomic variables influencing car ownership levels. The formulated recommendations are addressed
to Amsterdam, Rotterdam, The Hague and Utrecht. The results are also relevant for other Dutch cities,
but to know how other cities can reduce car ownership levels of their neighbourhoods, it is
recommended to conduct this type of research on a bigger scale. Furthermore, based on the findings
of this research, it would be interesting to do more research to if, and how households that own a car
can be attracted to car-reduced neighbourhoods. Also, if only certain types of households are willing
to live in car-reduced neighbourhoods, it is interesting to know what the effect would be on the
composition of the urban population if cities would take more car-restricting measures. Lastly, it would
be useful to investigate to what extent the access to commercial activities plays a role in car ownership,
if internet shopping and the use of delivery services keeps increasing.
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Appendix A: Parking availability
Car parking availability Amsterdam
District
On-street
parking spaces
Nieuw-West 59,000
Zuid
53,000
Zuidoost
26,000
Oost
33,000
Noord
44,000
West
31,000
Centrum
15,000
(Municipality of Amsterdam, 2017)

Parking spaces
in garages
37,000
23,000
38,000
28,000
12,000
10,000
13,000

Housing units in
the end of 2015
64,000
78,000
39,000
64,000
41,000
77,000
54,000

Car parking standards The Hague (including additional parking for visitors)
Single-family homes
Zone A (Centre)
Zone B
<70m²
0.7
0.9
70-100m²
0.9
1.2
100-160m²
1.2
1.4
>160m²
1.4
1.6
Apartments
<70m²
0.5
0.7
70-100m²
0.7
1.0
100-160m²
1.0
1.2
>160m²
1.2
1.4
Student housing
0.1
0.1
Assisted living facilities 0.3
0.3
(Municipality of The Hague, 2011)
Parking standards Rotterdam (including additional parking for visitors)
Residential units
Zone A (Centre)
Zone B
<40m²
0.10
0.10
40-65m²
0.40
0.50
65-85m²
0.60
0.80
85-120m²
1.00
1.00
>120m²
1.20
1.20
(Municipality of Rotterdam, 2018)

Amount of parking
places per housing unit
1.50
0.97
1.64
0.95
1.37
0.53
0.52

Zone C (Outskirts)
1.1
1.3
1.6
1.8
0.9
1.1
1.4
1.6
0.1
0.3

Zone C (Suburbs)
0.10
0.60
1.40
1.60
1.80

Parking standards Utrecht 2012 (including additional parking for visitors)
Zone A1 & A2 (Centre) Zone B1
Zone B2
Residential units
min
max
min
max
min max
>130m²
0.98
1.50
1.11 1.50
1.30 1.50
80-130m²
0.90
1.40
1.02 1.40
1.20 1.40
55-80m²
0.83
1.20
0.94 1.20
1.10 1.20
<55m²
0.38
0.80
0.43 0.80
0.50 0.80
Assisted living
0.15
0.60
0.17 0.60
0.20 0.60
facilities
Student housing
0.10
0.30
0.10 0.30
1.10 0.30
(Municipality of Utrecht, 2013b)

Zone C (Suburbs)
min
max
1.50
1.75
1.35
1.60
1.20
1.40
0.60
0.80
0.20
0.60
0.10

0.30
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Appendix B: Sample 2
Neighbourhood

City

Groenmarktkadebuurt

Amsterdam

Car
ownership
0.2

Kop Zeedijk

Amsterdam

0.2

Leidsebuurt Noordoost

Amsterdam

0.2

Leidsebuurt Noordwest

Amsterdam

0.2

Nieuwe Kerk e.o.

Amsterdam

0.2

Nieuwendijk Noord

Amsterdam

0.2

Oude Kerk e.o.

Amsterdam

0.2

Planciusbuurt Noord

Amsterdam

0.2

Planciusbuurt Zuid

Amsterdam

0.2

Rembrandtpark Noord

Amsterdam

0.2

Spuistraat Zuid

Amsterdam

0.2

Zaagpoortbuurt

Amsterdam

0.2

Den Texbuurt

Amsterdam

0.4

Waterloopleinbuurt

Amsterdam

0.6

De Bongerd

Amsterdam

1

Vliegenbos

Amsterdam

1.2

Durgerdam

Amsterdam

1.4

Oosterpark

Amsterdam

0.2

Science Park Noord

Amsterdam

0.2

Weespertrekvaart

Amsterdam

0.2

KNSM-eiland

Amsterdam

0.6

Middenmeer Zuid

Amsterdam

0.6

Sportpark Middenmeer
Zuid
Steigereiland Zuid

Amsterdam

0.6

Amsterdam

0.8

De Omval

Amsterdam

1.4

Rieteiland Oost

Amsterdam

1.4

Helmersbuurt Oost

Amsterdam

0.4

John Franklinbuurt

Amsterdam

0.4

Orteliusbuurt Zuid

Amsterdam

0.4

Paramariboplein e.o.

Amsterdam

0.4

Robert Scottbuurt Oost

Amsterdam

0.4

Bedrijventerrein Landlust

Amsterdam

0.6

Gerard Doubuurt

Amsterdam

0.2

Vivaldi

Amsterdam

0.2

Duivelseiland

Amsterdam

0.4

Marathonbuurt West

Amsterdam

0.4

Rijnbuurt Oost

Amsterdam

0.4

Scheldebuurt West

Amsterdam

0.4

Westlandgrachtbuurt

Amsterdam

0.4

Hondecoeterbuurt

Amsterdam

0.6

Valeriusbuurt West

Amsterdam

0.6

Westerdokseiland

Amsterdam

1

Lucas/Andreasziekenhuis
e.o.
Riekerhaven

Amsterdam

0

Amsterdam

0

Slotermeer Zuid

Amsterdam

0.4

Osdorpplein e.o.

Amsterdam

0.6

Staalmanbuurt

Amsterdam

0.6

Zuidwestkwadrant Osdorp
Noord
Buurt 7

Amsterdam

0.6

Amsterdam

0.8

Beethovenbuurt

Amsterdam

0.8

Eendrachtspark

Amsterdam

0.8

0.8

Amsterdam

0.8

Buitenveldert West
Midden
Minervabuurt Noord

Amsterdam

Nieuw Sloten Noordoost

Amsterdam

0.8

Nieuw Sloten Zuidoost

Amsterdam

0.8

Prinses Irenebuurt

Amsterdam

0.8

De Aker Oost

Amsterdam

1

Willemsparkbuurt Noord

Amsterdam

0.8

De Aker West

Amsterdam

1

IJsbaanpad e.o.

Amsterdam

1

Nieuw Sloten Zuidwest

Amsterdam

1.2

G-buurt Noord

Amsterdam

0.2

Osdorper Bovenpolder

Amsterdam

1.2

Gaasperdam Zuid

Amsterdam

0.4

Banne Noordwest

Amsterdam

0.6

Kantershof

Amsterdam

0.6

Circus/Kermisbuurt

Amsterdam

0.8

Gein Noordoost

Amsterdam

1

Tuindorp Nieuwendam
West
Werengouw Zuid

Amsterdam

0.8

Beverwaard

Rotterdam

0.8

Amsterdam

0.8

Carnisse

Rotterdam

0.6

Zunderdorp

Amsterdam

0.8

De Esch

Rotterdam

0.6

Kadoelen

Amsterdam

1

Delfshaven

Rotterdam

0.4

Nieuwendammerdijk Oost

Amsterdam

1

Heijplaat

Rotterdam

0.8

Papaverweg e.o.

Amsterdam

1

Hillegersberg Zuid

Rotterdam

0.8

Rode Kruisbuurt

Amsterdam

1

Hillesluis

Rotterdam

0.6

Twiske West

Amsterdam

1

Hoogvliet Zuid

Rotterdam

0.8

Holysloot

Amsterdam

1.2

Katendrecht

Rotterdam

0.6

Noorder IJplas

Amsterdam

1.2

Kleinpolder

Rotterdam

0.8
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Kop van Zuid

Rotterdam

0.8

Moerwijk-West

The Hague

0.4

Kop van Zuid - Entrepot

Rotterdam

0.6

Morgenweide

The Hague

1

Liskwartier

Rotterdam

0.6

Nassaubuurt

The Hague

1.4

Lombardijen

Rotterdam

0.6

Ockenburgh

The Hague

1.4

Middelland

Rotterdam

0.4

Oostbroek-Zuid

The Hague

0.6

Nieuwe Werk

Rotterdam

0.8

Rivierenbuurt-Noord

The Hague

0.4

Noordereiland

Rotterdam

0.6

Rustenburg

The Hague

0.6

Oud Charlois

Rotterdam

0.6

Schildersbuurt-Noord

The Hague

0.4

Oud IJsselmonde

Rotterdam

1

Singels

The Hague

1

Oude Westen

Rotterdam

0.4

Stadhoudersplantsoen

The Hague

0.6

Pendrecht

Rotterdam

0.6

Statenkwartier

The Hague

0.8

Pernis

Rotterdam

1

The Hague

0.6

Prinsenland

Rotterdam

0.8

Sweelinckplein en
omgeving
Transvaalkwartier-Midden

The Hague

0.6

Provenierswijk

Rotterdam

0.4

Transvaalkwartier-Noord

The Hague

0.4

Rozenburg

Rotterdam

1

Visserijbuurt

The Hague

0.6

Rubroek

Rotterdam

0.4

Vissershaven

The Hague

0.8

Strand en Duin

Rotterdam

1.4

Vogelwijk

The Hague

1.2

Tussendijken

Rotterdam

0.4

Vruchtenbuurt

The Hague

0.8

Wielewaal

Rotterdam

0.6

Waalsdorp

The Hague

1

Witte Dorp

Rotterdam

0.6

Waldeck-Zuid

The Hague

0.6

Zestienhoven

Rotterdam

1.2

Zeeheldenkwartier

The Hague

0.4

Zevenkamp

Rotterdam

0.8

Zijden, Steden en Zichten

The Hague

0.6

Zuidwijk

Rotterdam

0.6

Zonne Veld

The Hague

1.2

Archipelbuurt

The Hague

1

Zorgvliet

The Hague

1.2

Bezuidenhout-West

The Hague

0.4

0.4

The Hague

0.8

Componistenbuurt

The Hague

0.8

2e Daalsebuurt en
omgeving
Buiten Wittevrouwen

Utrecht

Bohemen en Meer en Bos

Utrecht

0.4

De Bras

The Hague

1.2

Elinkwijk en omgeving

Utrecht

0.6

De Lanen

The Hague

1.2

Grauwaart

Utrecht

0.8

De Velden

The Hague

1.2

Julianapark en omgeving

Utrecht

0.4

Kanaleneiland-Noord

Utrecht

0.6

Utrecht

0.4

De Vissen

The Hague

1.2

Dreven en Gaarden

The Hague

0.6

Duttendel

The Hague

1.2

Lange Nieuwstraat en
omgeving
Leidseweg en omgeving

Utrecht

0.4

Utrecht

0.4

Erasmus Veld

The Hague

1

Lunetten-Noord

Eykenduinen

The Hague

0.8

Utrecht

1

Groente- en Fruitmarkt

The Hague

0.8

Maarschalkerweerd en
Mereveld
Máximapark

Utrecht

1.4

Hoge Veld

The Hague

1

0.4

The Hague

0.2

Nieuw Engeland, Th. a.
Kempisplantsoen e
Nieuw Hoograven-Noord

Utrecht

Huygenspark

Utrecht

0.6

Kom Loosduinen

The Hague

0.6

Nieuw Hoograven-Zuid

Utrecht

0.6

Kortenbos

The Hague

0.4

Nieuwegracht-Oost

Utrecht

0.4

Kraayenstein

The Hague

1

Nobelstraat en omgeving

Utrecht

0.2

Laakhaven-Oost

The Hague

0.4

Ondiep

Utrecht

0.6

Laakkwartier-Oost

The Hague

0.6

Oud Hoograven-Zuid

Utrecht

0.8

Laakkwartier-West

The Hague

0.6

Parkwijk-Noord

Utrecht

1

Landen

The Hague

0.8

Pijlsweerd-Zuid

Utrecht

0.4

Moerwijk-Noord

The Hague

0.6

Prins Bernhardplein en
omgeving

Utrecht

0.6
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Rivierenwijk

Utrecht

0.6

Vogelenbuurt

Utrecht

0.4

Rubenslaan en omgeving

Utrecht

0.2

Utrecht

0.8

Staatsliedenbuurt

Utrecht

0.4

Voordorp en
Voorveldsepolder
Watervogelbuurt

Utrecht

0.4

Terwijde-West

Utrecht

1

Wijk C

Utrecht

0.8

Tigrisdreef en omgeving

Utrecht

0.6

0.8

Utrecht

0.4

Tolsteegsingel

Utrecht

0.6

Utrecht

0.6

Tuindorp en Van
Lieflandlaan-West
Tuindorp-Oost

Utrecht

0.6

Wilhelminapark en
omgeving
Zambesidreef en
omgeving
Zuilen-Noord

Utrecht

Tolsteeg en Rotsoord

Utrecht

0.8

Utrecht

0.6

Vleuten

Utrecht

1

Vleuterweide-Zuid

Utrecht

1.2

(Source: Statistics Netherlands, 2017)

Appendix C: Tests of normality
Sample 1: Average household size and population density

Average household size

Population density

Car ownership
.2
.4
.6
.8
1.0
1.2
1.4
.2
.4
.6
.8
1.0
1.2
1.4

Statistic
.964
.863
.926
.753
.916
.848
.981
.962
.848
.801
.953
.855
.976
.794

Shapiro-Wilk
df
Sig.
3
.637
4
.272
4
.572
4
.041
4
.513
4
.220
4
.906
3
.625
4
.221
4
.104
4
.737
4
.244
4
.881
4
.091

Not-selected neighbourhoods: household size and population density

Average household size

Population density

Car ownership
.2
.4
.6
.8
1.0
1.2
1.4
.2
.4
.6
.8
1.0
1.2
1.4

Statistic
.918
.908
.973
.972
.979
.942
.750
.923
.981
.986
.981
.948
.760
.777

Shapiro-Wilk
df
Sig.
18
.122
107
.000
108
.027
33
.538
21
.913
11
.549
3
.000
18
.145
107
.135
108
.348
33
.810
21
.313
11
.003
3
.061
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Appendix D: Mann Whitney U test household size &
population density
Household Size
Test Statistics
car ownership level 0.4
Average Household
Size
Mann-Whitney U

154.000

Wilcoxon W

164.000

Z

Test Statistics
Car ownership level 1.4
Average

-.979

Exact Sig. (2-tailed)

Household Size

.370
Mann-Whitney U

Test Statistics
Car ownership level 0.6

Wilcoxon W

Average Household

Mann-Whitney U

197.500

Wilcoxon W

207.500

Z

-.714

Exact Sig. (2-tailed)

Test Statistics
Car ownership level 1.2

.776

Test Statistics
Car ownership level 0.8

Population
density

Average
Household Size

Wilcoxon W
Z
Exact Sig. (2-tailed)

.571

Population Density

-.292

Mann-Whitney U

14.000

Exact Sig. (2-tailed)

Size

Z

4.000

47,500
608,500

Mann-Whitney U

13.000

Wilcoxon W

79.000

Z

-1.175

Exact Sig. (2-tailed)

.280

-,914
,387
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Appendix E: One-Sample T-Test average household size &
population density
Average household size
Car ownership level 0.2
One-Sample Test
Test Value = 1.3476
95% Confidence Interval of the
Difference

Mean
t
Average Household Size

df

-.162

Sig. (2-tailed)
2

Difference

.886 -.01426666666

Lower

Upper

-.39372497003

.3651916367

Car ownership level 1.0
One-Sample Test
Test Value = 2.384
95% Confidence Interval of the
Difference
t
Average household size

df
.551

Sig. (2-tailed)
3

Mean Difference

.620

.09100000000

Lower

Upper

-.43474616572 .6167461657

Car ownership level 1.2
One-Sample Test
Test Value = 2.62
95% Confidence Interval of the
Difference

Mean
t
Average household size

2.582

df

Sig. (2-tailed)
3

.082

Difference
.30500000000

Lower
-.0709913620

Upper
.68099136198

Population density
Car ownership level 0.2
One-Sample Test
Test Value = 11517.76
95% Confidence Interval of the
Mean
t
Population Density

df

-.417

Sig. (2-tailed)
2

.717

Difference
-1982.427

Difference
Lower
-22429.94

Upper
18465.09

Car ownership level 0.4
One-Sample Test
Test Value = 16678.93
95% Confidence Interval of the
Mean
t
Population Density

df
-.449

Sig. (2-tailed)
3

.684

Difference
-1558.180

Difference
Lower
-12613.47

Upper
9497.11

Car ownership level 0.6
One-Sample Test
Test Value = 10799.49
95% Confidence Interval of the
Mean
t
Population Density

df

-.850

Sig. (2-tailed)
3

.458

Difference
-1827.240

Difference
Lower
-8668.90

Upper
5014.42

Car ownership level 0.8
One-Sample Test
Test Value = 7133.97
95% Confidence Interval of the
Mean
t
Population Density

df
.300

Sig. (2-tailed)
3

.784

Difference
298.780

Difference
Lower
-2868.25

Upper
3465.81

Car ownership level 1.0
One-Sample Test
Test Value = 5244.56
95% Confidence Interval of the
Mean
t
Population Density

-.437

df

Sig. (2-tailed)
3

.692

Difference
-504.560

Difference
Lower
-4181.61

Upper
3172.49
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Car ownership level 1.2
One-Sample Test
Test Value = 3732.13
95% Confidence Interval of the
Difference

Mean
t
Population density

df

1.039

Sig. (2-tailed)
3

Difference

.375

Lower

2260.120

Upper

-4664.07

9184.31

Appendix F: Mann-Whitney U test Gender, Age, Ethnic
background, Households with Children
Car ownership level 0.2

% Male

% 0-15

% 15-25

% 25-45

% 45-65

% 65 plus

% Dutch

% Western

% nonWestern

% Households
with children

Test Statistics

MannWhitney U
Wilcoxon
W
Z

17.5

27

23

23

25

23.5

19

11

23

22

23.5

33

194

29

196

29.5

190

17

194

193

-0.955

0

-0.402

-0.402

-0.201

-0.352

-0.804

-1.608

-0.402

-0.503

Asymp. Sig.
(2-tailed)

0.34

1

0.688

0.688

0.841

0.725

0.421

0.108

0.688

0.615

Exact Sig.
(2-tailed)

0.364

1

0.74

0.74

0.887

0.75

0.471

0.125

0.74

0.669

Car ownership level 0.4

% Male

% 0-15

% 15-25

% 25-45

% 45-65

% 65 plus

% Dutch

% Western

% nonWestern

% Households
with Children

Test Statistics

MannWhitney U
Wilcoxon
W
Z

172

153

153

201

105

160

210

192.5

210

155

182

163

5931

5979

115

5938

220

5970.5

220

165

-0.665

-0.965

-0.965

-0.206

-1.725

-0.854

-0.063

-0.34

-0.063

-0.933

Asymp.
Sig. (2tailed)

0.506

0.334

0.334

0.837

0.085

0.393

0.95

0.734

0.95

0.351

Exact Sig.
(2-tailed)

0.525

0.352

0.352

0.849

0.086

0.412

0.957

0.744

0.957

0.368
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% Male

% 0-15

% 15-25

% 25-45

%45-65

% 65 plus

% Dutch

% Western

% nonWestern

% Households
with Children

Car ownership level 0.6
Test Statistics

MannWhitney U
Wilcoxon
W
Z

158

203

182

186

214

189

188

155

183

201

168

6089

6068

196

6100

6075

6074

165

193

211

-0.909

-0.204

-0.533

-0.47

-0.031

-0.423

-0.439

-0.956

-0.517

-0.235

Asymp.
Sig. (2tailed)
Exact Sig.
(2-tailed)

0.363

0.838

0.594

0.638

0.975

0.672

0.661

0.339

0.605

0.814

0.382

0.85

0.612

0.655

0.982

0.689

0.677

0.357

0.622

0.826

% Male

% 0-15

%15-25

% 25-45

% 45-65

% 65 plus

% Dutch

% Western

% nonWestern

%
Households
with
children

Car ownership level 0.8
Test Statistics

MannWhitney
U
Wilcoxon
W
Z

53

46

43

28

60

32

64

65

64

52

614

607

53

589

70

42

74

75

625

613

-0.636

-0.978

-1.125

-1.859

-0.293

-1.663

-0.098

-0.049

-0.098

-0.685

Asymp.
Sig. (2tailed)
Exact Sig.
(2-tailed)

0.525

0.328

0.261

0.063

0.769

0.096

0.922

0.961

0.922

0.493

0.555

0.354

0.283

0.065

0.795

0.103

0.944

0.981

0.944

0.524

% Male

% 0-15

% 15-25

% 25-45

%45-65

% 65 plus

% Dutch

% Western

% nonWestern

%
Households
with
Children

Car ownership level 1.0
Test Statistics

MannWhitney U
Wilcoxon
W
Z

41.5

33

39

37

30

40

32

21

33

33

272.5

264

49

268

40

271

263

31

43

264

-0.037

-0.667

-0.222

-0.371

-0.889

-0.148

-0.741

-1.557

-0.667

-0.667

Asymp. Sig.
(2-tailed)

0.97

0.505

0.824

0.711

0.374

0.882

0.459

0.119

0.505

0.505

Exact Sig.
(2-tailed)

0.98

0.543

0.858

0.748

0.409

0.915

0.496

0.13

0.543

0.543
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% male

% 0-15

%15-25

% 25-45

% 45-65

% 65 plus

% Dutch

%Western

% nonWestern

%
Households
with
children

Car ownership level 1.2
Test Statistics

MannWhitney U
Wilcoxon
W
Z

11

7

21

9

13

7

18

15.5

16

8

21

73

31

75

23

17

84

25.5

82

74

-1.437

-1.958

-0.131

-1.697

-1.175

-1.958

-0.522

-0.849

-0.783

-1.828

Asymp.
Sig. (2tailed)
Exact Sig.
(2-tailed)

0.151

0.05

0.896

0.09

0.24

0.05

0.602

0.396

0.433

0.068

0.169

0.056

0.949

0.104

0.28

0.056

0.661

0.429

0.489

0.078

% Male

% 0-15

% 15-25

% 25-45

% 45-65

% 65 plus

% Dutch

% Western

% nonWestern

%
Households
with
Children

Car ownership level 1.4
Test Statistics

MannWhitney U
Wilcoxon
W
Z

4.5

6

1

0

0

5

5

6

3

4

14.5

16

11

6

10

15

15

16

9

14

-0.535

0

-1.768

-2.121

-2.121

-0.354

-0.354

0

-1.061

-0.707

Asymp.
Sig. (2tailed)
Exact Sig.
(2-tailed)

0.593

1

0.077

0.034

0.034

0.724

0.724

1

0.289

0.48

0.714

1

0.114

0.057

0.057

0.857

0.857

1

0.4

0.629
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Appendix G: Normality Variables sample 1
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Appendix H: Linearity of independent variables
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Appendix I: Durbin Watson test (Sample 1)
Model Summaryb
Model
1

R
.983a

R Square
.966

Adjusted R

Std. Error of the

Square

Estimate
.906

Durbin-Watson

.1187

2.018

a. Predictors: (Constant), Acces to public transport, Access to daily needs, Income,
Percentage 45-65, Percentage male, Percentage Dutch, Percentage 15-25, Percentage
65+, Parking availability, Access to shared cars, Population density, Percentage Western,
Percentage 0-15, Average household size, Percentage 25-45, Percentage households
with children
b. Dependent Variable: car ownership
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Appendix J: significant correlations variables sample 1

Income

% 0-15

%15-25

% 25-45

% Dutch

% non-Western

% Households
with children

Average
household size

Population
density

Access to daily
needs

Parking
availability

Population
density

Average
household size

% Households with % non-Western
children

% Dutch

% 25-45

% 15-25

% 0-15

Income

car ownership

Correlations

Pearson
Correlation
Sig. (2-tailed)

.460

.614

-.645

-.466

.428

-.397

.701

.774

-.554

-.736

.629

0.018

0.001

0.000

0.014

0.026

0.041

0.000

0.000

0.003

0.000

0.000

N

26

27

27

27

27

27

27

27

27

27

27

Pearson
Correlation
Sig. (2-tailed)

1

0.105

-0.324

-0.256

.413

-.680

0.053

0.149

-0.276

0.048

0.251

0.610

0.107

0.206

0.036

0.000

0.797

0.467

0.172

0.817

0.216

N

26

26

26

26

26

26

26

26

26

26

26

Pearson
Correlation
Sig. (2-tailed)

0.105

1

-.535

-0.284

0.197

-0.010

.927

.935

-0.369

-.653

.662

0.004

0.152

0.324

0.959

0.000

0.000

0.058

0.000

0.000

N

26

27

27

27

27

27

27

27

27

27

27

Pearson
Correlation

-0.324

-.535

1

0.081

-0.318

0.301

-.491

-.528

.468

.484

-0.366

Sig. (2-tailed)

0.107

0.004

0.688

0.106

0.128

0.009

0.005

0.014

0.010

0.060

N

26

27

27

27

27

27

27

27

27

27

27

Pearson
Correlation

-0.256

-0.284

0.081

1

-0.182

0.120

-.441

-.440

0.253

.483

-.507

Sig. (2-tailed)

0.206

0.152

0.688

0.362

0.550

0.021

0.022

0.202

0.011

0.007

N
Pearson
Correlation

26
.413

27
0.197

27
-0.318

27
-0.182

27
1

27
-.888

27
0.306

27
0.345

27
-.566

27
-0.327

27
0.269

Sig. (2-tailed)

0.036

0.324

0.106

0.362

0.000

0.121

0.078

0.002

0.096

0.174

N

26

27

27

27

27

27

27

27

27

27

27

Pearson
Correlation

-.680

-0.010

0.301

0.120

-.888

1

-0.082

-0.148

.420

0.068

-0.113

Sig. (2-tailed)

0.000

0.959

0.128

0.550

0.000

0.685

0.460

0.029

0.737

0.576

N

26

27

27

27

27

27

27

27

27

27

27

Pearson
Correlation

0.053

.927

-.491

-.441

0.306

-0.082

1

.987

-.426

-.755

.689

Sig. (2-tailed)

0.797

0.000

0.009

0.021

0.121

0.685

0.000

0.027

0.000

0.000

N

26

27

27

27

27

27

27

27

27

27

27

Pearson
Correlation

0.149

.935

-.528

-.440

0.345

-0.148

.987

1

-.437

-.765

.721

Sig. (2-tailed)

0.467

0.000

0.005

0.022

0.078

0.460

0.000

0.023

0.000

0.000

N

26

27

27

27

27

27

27

27

27

27

27

Pearson
Correlation

-0.276

-0.369

.468

0.253

-.566

.420

-.426

-.437

1

.534

-.629

Sig. (2-tailed)

0.172

0.058

0.014

0.202

0.002

0.029

0.027

0.023

0.004

0.000

N

26

27

27

27

27

27

27

27

27

27

0.610

27

90

Access to daily
needs
Parking
availability

Pearson
Correlation

0.048

-.653

.484

.483

-0.327

0.068

-.755

-.765

.534

1

-.582

Sig. (2-tailed)

0.817

0.000

0.010

0.011

0.096

0.737

0.000

0.000

0.004

N

26

27

27

27

27

27

27

27

27

27

27

Pearson
Correlation

0.251

.662

-0.366

-.507

0.269

-0.113

.689

.721

-.629

-.582

1

Sig. (2-tailed)

0.216

0.000

0.060

0.007

0.174

0.576

0.000

0.000

0.000

0.001

N

26

27

27

27

27

27

27

27

27

27

0.001

Appendix K: Durbin-Watson test sample 2
Model Summaryb
Model
1

R

R Square
a

.929

.863

Adjusted R

Std. Error of the

Square

Estimate
.854

Durbin-Watson

.1205

1.622

a. Predictors: (Constant), Parking availability, %Dutch, %15-25, Income, %0-15,
population density, %25-45, Access to daily needs, Household size, %nonWestern,
%households with kids
b. Dependent Variable: Car ownership

Appendix L: Linearity data sample 2

91

27

92

93

%25-45
%Dutch
%non-Western

Car
ownership

Income

%0-15

%15-25

%25-45

%Dutch

%non Western

%households
with kids

Household
size

population
density

Access to
daily needs

Parking
availability

Pearson
Correlation

1

.181

.587

-.446

-.616

.379

-.254

.751

.796

-.538

-.530

.576

0,011

0,000

0,000

0,000

0,000

0,000

0,000

0,000

0,000

0,000

0,000

Sig. (2tailed)
N

197

196

197

197

197

197

197

197

197

197

196

197

Pearson
Correlation

,181*

1

-0,139

-,143*

-0,020

,419**

-,618**

-,167*

0,097

-0,115

,317**

-0,117

Sig. (2tailed)

0,011

0,052

0,046

0,776

0,000

0,000

0,019

0,174

0,108

0,000

0,103

N

196

196

196

196

196

196

196

196

196

196

195

196

Pearson
Correlation

.587

-0.139

1

-.447

-.375

-0.050

.221

.893

.885

-0.104

-.313

.390

Sig. (2tailed)
N

0.000

0.052

0.000

0.000

0.482

0.002

0.000

0.000

0.144

0.000

0.000

197

196

197

197

197

197

197

197

197

197

196

197

Pearson
Correlation

-.446

-.143

-.447

1

0.121

-.217

0.129

-.406

-.418

-0.076

-0.023

-0.083

Sig. (2tailed)

0.000

0.046

0.000

0.091

0.002

0.070

0.000

0.000

0.290

0.748

0.247

197

196

197

197

197

197

197

197

197

197

196

197

Pearson
Correlation

-.616

-0.020

-.375

0.121

1

-.160

0.032

-.536

-.531

.483

.476

-.597

Sig. (2tailed)
N

0.000

0.776

0.000

0.091

0.025

0.655

0.000

0.000

0.000

0.000

0.000

197

196

197

197

197

197

197

197

197

197

196

197

Pearson
Correlation
Sig. (2tailed)
N

.379

.419

-0.050

-.217

-.160

1

-.900

0.048

0.107

-.384

-.201

0.086

0.000

0.000

0.482

0.002

0.025

0.000

0.501

0.133

0.000

0.005

0.230

197

196

197

197

197

197

197

197

197

197

196

197

Pearson
Correlation

-.254

-.618

.221

0.129

0.032

-.900

1

.145

0.083

.303

-0.019

0.097

Sig. (2tailed)

0.000

0.000

0.002

0.070

0.655

0.000

0.042

0.244

0.000

0.797

0.176

N

197

196

197

197

197

197

197

197

197

196

197

N

%15-25

%0-15

Income

Car ownership

Appendix M – Pearson Correlation tests sample 2

197

94

%households
with children
Household size
population
density
Access to daily
needs
Parking
availability

Pearson
Correlation

.751

-.167

.893

-.406

-.536

0.048

.145

Sig. (2tailed)

0.000

0.019

0.000

0.000

0.000

0.501

0.042

N

197

196

197

197

197

197

197

Pearson
Correlation
Sig. (2tailed)
N

.796

-0.097

.885

-.418

-.531

0.107

0.000

0.174

0.000

0.000

0.000

197

196

197

197

Pearson
Correlation

-.538

-0.115

-0.104

Sig. (2tailed)

0.000

0.108

N

197

Pearson
Correlation

-.530

Sig. (2tailed)

1

.984

-.258

-.465

.518

0.000

0.000

0.000

0.000

197

197

197

196

197

0.083

.984

1

-.285

-.467

.520

0.133

0.244

0.000

0.000

0.000

0.000

197

197

197

197

197

197

196

197

-0.076

.483

-.384

.303

-.258

-.285

1

.623

-.515

0.144

0.290

0.000

0.000

0.000

0.000

0.000

0.000

0.000

196

197

197

197

197

197

197

197

197

196

197

.317

-.313

-0.023

.476

-.201

-0.019

-.465

-.467

.623

1

-.583

0.000

0.000

0.000

0.748

0.000

0.005

0.797

0.000

0.000

0.000

N

196

195

196

196

196

196

196

196

196

196

196

196

Pearson
Correlation

.576

-0.117

.390

-0.083

-.597

0.086

0.097

.518

.520

-.515

-.583

1

Sig. (2tailed)

0.000

0.103

0.000

0.247

0.000

0.230

0.176

0.000

0.000

0.000

0.000

N

197

196

197

197

197

197

197

197

197

197

196

0.000

Appendix N - Multiple regression analysis
Model Summary
Model
1

R

R Square
a

.913

Adjusted R

Std. Error of the

Square

Estimate

.833

.826

.1317

b

2
.912
.831
.825
.1323
a. Predictors: (Constant), Parking availability, %Dutch, %15-25, Income, %2545, population density, Household size, Access to daily needs
b. Predictors: (Constant), %Dutch, %15-25, Income, %25-45, population
density, Household size, Access to daily needs

ANOVAa
Model
1

2

Regression
Residual
Total
Regression
Residual
Total

Sum of Squares
16.119
3.228
19.346
16.075
3.271
19.346

df
8
186
194
7
187
194

Mean Square
2.015
.017

F
116.103

Sig.
.000b

2.296
.017

131.275

.000c

a. Dependent Variable: Car ownership
b. Predictors: (Constant), Parking availability, %Dutch, %15-25, Income, %25-45, population density,
Household size, Access to daily needs
c. Predictors: (Constant), %Dutch, %15-25, Income, %25-45, population density, Household size, Access to
daily needs
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Standardized
Unstandardized Coefficients
Model
1

B
(Constant)

-.022

.125

Income

.006

.001

%15-25

-.006

%25-45

Beta

t

Sig.
-.175

.861

.199

5.102

.000

.001

-.179

-4.957

.000

-.004

.001

-.122

-2.918

.004

%Dutch

.001

.001

.082

2.173

.031

Household size

.369

.031

.521

12.081

.000

-8.597E-6

.000

-.168

-3.677

.000

-.013

.005

-.135

-2.700

.008

Parking availability

.064

.041

.068

1.582

.115

(Constant)

.077

.109

.707

.480

Income

.006

.001

.199

5.073

.000

%15-25

-.006

.001

-.179

-4.954

.000

%25-45

-.004

.001

-.143

-3.579

.000

%Dutch

.001

.001

.074

1.975

.050

Household size

.378

.030

.534

12.567

.000

-9.290E-6

.000

-.182

-4.029

.000

-.015

.005

-.152

-3.093

.002

Population density
Access to daily needs

2

Std. Error

Coefficients

Population density
Access to daily needs
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Appendix O: Residues Multiple Regression analysis
Normal distribution

Homoscedasticity
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