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1.1  Introduction

As European cities are attracting more people, they increasingly face growing 
transport and traffic problems. The challenge of enhancing accessibility to essential 
resources while reducing congestion, accidents and pollution is shared by all major 
cities in Europe. Reducing the role of cars in urban mobility is a recurring feature of 
efforts to address this challenge. However, in the post-war era the spatial structure of 
European cities has been adapted to widespread car use and ownership. Giving cars 
a lesser role in cities meets deep-seated resistance, which some see as evidence of a 
widespread ‘car dependency’ (Brindle 2003; Harms 2008; Jeekel 2013; Jones 2011; 
Steer Davies Gleave 2005). The concept of car dependency keeps popping up in 
debates about the aim to reduce the use of private cars in urban areas. Assumptions or 
opinions that our society is car dependent influence the course of these debates. The 
key question that arises is to what extent have spatial conditions made Europeans car 
dependent, and addressing this question is the focus of my research.

In this introductory chapter, I will firstly describe the tension between the 
global growth of urban areas and the widespread use and ownership of cars. Second, 
I will explore possible policies that seek to reduce car use and ownership by offering 
and stimulating alternative travel modes. Third, I will give a short overview of the 
literature on car dependency and formulate my research questions and research focus.

The attractiveness of urban areas across the globe
In 1800, less than 10% of the world’s population lived in cities. In 2007, 

a milestone was reached when, for the first time, more than half of the global 
population lived in cities (Ritchie & Roser 2019).Today, there is a discernible 
acceleration of this urbanization, with the number of city dwellers growing by half a 
million each week. If this trend continues, by 2030, 60% of the world’s population 
will live in urban regions. “In Europe, in 2010, 73% of citizens already lived in urban 
areas. It is expected that this percentage will increase to over 80% by 2050” (EC 
2017 p 6). “Urban areas are the engine of economic growth and employment, and 
the foremost producers of knowledge and innovation. Around 85% of EU’s GDP is 
generated in its cities. In short, cities are the hubs and drivers of economic activity 
and welfare” (EC 2017 p 6). 

The cities that drive economic development are not necessarily large 
metropolises. Europe is generally characterised by a high number of relatively 
small cities and towns in a polycentric distribution (Eurostat 2016). Only 20% of 
Europeans live in cities of more than 2.5 million people, while almost half (44%) 
of all urban inhabitants live in cities between 100,000 and 500,000 inhabitants. 
The latter category of cities can be considered ‘medium-sized’ on a European scale 
(Giffinger et al. 2007). In the Netherlands, the picture is similar. In 2015, 53% of 
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its inhabitants lived in urban municipalities, with 12% living in one of the three big 
cities above 500,000 (Amsterdam, Rotterdam, and The Hague) and 41% residing in 
cities with between 100,000 and 500,000 inhabitants. 

The growth of cities is not only a result of natural population growth but also 
of in-migration at the cost of peripheral and rural areas. However, the term ‘city’ 
should be further clarified. Cities form part of regional networks, which also include 
suburban areas. In 2015, 48% of the inhabitants of the Netherlands lived in urban, 
17% in suburban, and 35% in rural and semi-rural environments (CBS 2020).
Within these urban areas there is a dynamic interaction between city and suburbs, 
which keeps evolving. In the post-war years, especially from the 1960s onwards, 
people left central city areas for the newly built suburbs within commuting distance; 
however, this trend continues to evolve and change. Recently the central areas of big 
and medium-sized cities have been attracting a young, upwardly mobile cohort as 
well as seniors, who want to live near a variety of amenities. 

Negative impacts of increasing use and ownership of cars
European cities increasingly face problems caused by transport and traffic (EC 

2017; Girardet 2004; Rogers 1997; UN 2020). The growth of urban areas in the 
post-war era was accompanied by the momentous increase in the widespread use of 
privately owned cars. In the Netherlands, these number shot up from 139,000 in 
1950 to 8.5 million in 2019, as the motorization rate ballooned from 12 cars per 
1,000 persons to 494 (CBS Statline motorvoertuigen 2020). The use of cars and the 
space used for the parking of cars increasingly contradicts the accessibility and the 
living qualities of urban areas. (Bos et al. 2014; Van de Coevering et al. 2008). The 
following relevant issues need to be considered while examining this trend:

Accessibility
There is an everlasting conflict between increasing car use and accessibility 

of amenities and workplaces by car. Traffic growth leads to congestion on major 
roads and scarcity of parking facilities, thereby resulting in high car use costs. 
Solving this problem by building more car infrastructure has in most cases proven 
to be counterproductive: ‘the more you build, the more they come’ (Braess 1969). 
Congestion in the EU is often located in and around urban areas and costs nearly 
EUR 100 billion, or 1% of EU’s annual GDP (EC 2020 Mobility and transport). 

The environment
Despite the substantial decline in road transport emissions of air pollutants 

since the 1970s, air quality is still a major issue in cities across Europe. For example, 
between 2015 and 2017, a significant proportion of the urban population in the 
EU-28 was still exposed to concentrations of certain air pollutants that were above 
the EU’s prescribed limits (EEA 2020). Climate change is another key factor, as CO2 
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emission from transport have remained largely flat, while all other sectors have seen 
significant reductions (EEA transport 2018). The transition from fossil fuel–powered 
cars to electric cars might in the long term solve the problems of hazardous local 
emissions and climate change, provided that electricity is produced in a sustainable 
way. However, this transition will take time and progress thus far has been slow. The 
share of renewable energy used for transport in the EU rose from 7.4% in 2017 to 
8.1% in 2018. This is well below the still modest EU target of 10% set for 2020 
(EEA 2018). 

Traffic safety
The number of fatalities in urban areas in the EU has been dropping, from 

20,300 in 2000 to 9,700 in 2015; however, urban fatalities still constitute a large part 
of all road fatalities (38% in 2015). Furthermore, the share of road traffic crashes that 
results in serious injury is proportionally higher inside urban areas than elsewhere. 
Approximately 67% (over 750,000 in absolute figures) of all reported road traffic 
accidents in the EU take place in urban areas. Currently 50% of fatalities involve a 
pedestrian or a cyclist and around two-thirds of all pedestrian fatalities occur in urban 
areas (EC 2017 p 9).

Health 
There is a growing concern about the lack of physical activity due to spending 

so much time in cars, as a substitute for getting around via active modes, like walking 
and cycling. Sedentary lifestyles have been proven to lead to cardiovascular disease, 
obesity, diabetes, osteoporosis, some cancers and depression (Jacobson et al. 2011).

Social inclusion
Those who cannot use or afford a car face limited possibilities to partake in 

social and economic activities. In 2015, 28.7% of Dutch households did not have 
access to a car. In Flanders, job seekers without a car have a 72% lower chance of 
finding a job than those who have a car available (Fransen 2017).

Liveability
The building of car infrastructure tends to affect the urban fabric and the 

quality of public space, both being important conditions for liveability in urban 
areas. The negative effects of cars on the liveability of the urban environment are well 
known; however, car ownership also has a negative effect on the quality of public 
spaces, which has not been which has been less widely discussed. The dominance 
of parked cars in public space leaves limited room for pedestrians and green areas. 
As summer temperatures are rising, climate adaptation is becoming more urgent. 
Possible solutions, like creating more green areas and planting trees, require space 
that is currently allocated to parking, among other uses. Placemaking, creating more 
meeting places, and stimulating an open urban culture also require additional public 
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spaces. For instance, ‘parklets’, small green areas, often with the possibilities to sit and 
meet, must be created at the cost of parking spaces (Hackney parklets, London living 
streets, Pop up city 2020). Furthermore, parking minimums, the number of parking 
places required by city governments to be realised for new developments, based 
on expected car ownership, make urban renewal costly because of the large costs 
associated with creating these parking spaces (Litman 2020, Platform Stad Den Haag 
2017). 

Trends in car use and ownership
The abovementioned issues give an impression of the negative impacts of 

car use and ownership on the accessibility and liveability of urban areas. But could 
perhaps societal trends significantly alter the picture in the future? Let’s have a look at 
some key ones. 

Trends in car use and car ownership
Although in developed European countries car use seems to have reached 

a peak level, there is to date no consolidated evidence that Europe is becoming a 
post-car society (Focas et al. 2016). This development is visible in some central areas 
in big cities, due to road pricing or the fact that younger people tend to drive less 
and do not own cars at the same rate as previous generations, especially in urban 
environments. However, these observations may only indicate a delay in starting 
a car-oriented lifestyle (Focas et al. 2016). According to a recent study, overall car 
ownership is still increasing in the Netherlands, especially due to older senior citizen 
drivers (in their 80s) (Stadszaken 2020). The recent Covid-19 crisis, which obliges 
people to distance from each other and avoid public transport, could also lead to 
increased car use. 

Autonomous vehicles
Some studies suggest that autonomous vehicles may lead to safer roads, 

less congestion and reduced parking needs (Fagnant et al. 2015); however, the 
contribution of autonomous vehicles in solving congestion problems (less demand 
for road space and less ownership) is still uncertain (Kellett et al. 2019, Litman 
2020). Second, it is assumed that autonomous vehicles make renting or sharing cars 
easier, thereby facilitating a general shift toward mobility-as-a-service (MaaS). The 
expectation is that this development would reduce parking spaces and thus enhance 
the liveability and quality of public space (KiM 2017). However, contribution of 
MaaS is questioned by Pangbourne et al. (2020). For incidental trips, shared or 
rented cars certainly are an option, especially in environments with higher densities. 
However, research shows that people currently seldom share or rent cars for daily, 
recurring activities such as commuting (Cervero 2006, Litman 2020). 
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Working from home
Looking at potentially reducing travel demand via the burgeoning digital 

society, today more than one-third (35%) of Dutch employees report working from 
home (Hamersma et al. 2019). This development could reduce car use; however, 
sometimes people working from home on some days may decide to accept longer 
home–work distances on other days, which would actually increase commuting 
distances and kilometres travelled (Hamersma et al. 2019). The Covid-19 crisis has 
resulted in a significant increase in working from home, which has reduced daily 
congestion. On the other hand, car driving seems safer and consequently more 
preferable than public transport. To counter the risk of a growth in driving, many 
cities have made the existing road infrastructure more attractive for cycling. The 
question remains whether this active mobility alternative is attractive and competitive 
enough to prevent people from returning to their cars after the current restrictive 
measures are lifted. 

In summary, the effects of the trends in car use and car ownership on the 
abovementioned problems, are still uncertain. Although cars may become greener 
and safer in the future, the problems associated with their impacts on congestion and 
liveability will likely persist.

Policies to reduce car use and ownership in urban areas
Looking at the abovementioned environmental, social and spatial issues, there 

seems to be a growing tension between the increasing attraction of urban areas and 
the ongoing use and ownership of cars in cities, in particular regarding the urban 
spatial problems caused by the volumes of moving and parked cars. This tension 
raises the question to what extent policies can lead to a modal shift from the car to 
alternative transport modes such as walking, cycling and public transport. 

In this respect I distinguish three layers of policy. The first ‘bottom’ layer 
is that of policies trying to influence land use and transport patterns, concerning 
distances between activities and multimodal accessibility of destinations. This layer 
can be described as the ‘necessary spatial conditions’ for the desired reduction of car 
use and ownership. The second layer shapes the complementary ‘sufficient mobility 
conditions’, such as creating safe bicycle paths, the frequency of public transport 
services, creation of Park & Ride facilities, and others. Necessary conditions have 
to be in place for sufficient conditions to be meaningful. If a necessary condition 
(e.g., distances between homes and amenities or workplaces being within acceptable 
cycling times) is not present, it makes no sense to pursue a sufficient condition by 
realizing or improving bicycle paths. Together, these two layers are important in that 
they may or may not allow travel choice, that is, the potential for behavioural change. 
The third layer can be characterized as ‘mobility management’: road and parking 
pricing, ticketing, adjusting time tables of public transport, campaigns for more 



Chapter 1

12

bicycle use, removing parking spaces, and offering rental services. These non-physical 
policies can lead to actual changes in car use and ownership, but only within the 
physical conditions of the first two layers. Figure 1 summarizes this classification and 
reasoning. 

Figure 1: Conditions for influencing travel behaviour.

3. Mobility management Pricing, ticketing, 
promoting alternatives

- Short-mid term policies, 
- Focus: behaviour

2. Sufficient conditions Safety and comfort of 
walking/cycling paths, 
frequency of public transport

- Short/mid term policies 
- Focus: local/regional 
  infrastructure

1. Necessary conditions Distances to and multimodal 
accessibility of destinations

- Long term policies
- Focus: land use patterns 
  and major transport axes

Most policies on the regional or municipal levels operate within the second and 
third layer. Influencing or adapting the first layer seems to be difficult, first, because it 
takes long-term considerations and implementation, and, second, because in Europe 
the spatial structure of urban areas is mature in the sense that new developments are 
modest compared to the existing urban fabric. However, this first layer is conditional 
for the other two policy layers and thus fundamental for facilitating or restricting a 
possible shift in travel behaviour away from the car. If in a given area the necessary 
spatial conditions for the accessibility of destinations by alternative transport modes 
are absent, attempting to create sufficient mobility conditions or introducing 
mobility management will not deliver the desired results. The inhabitants of this area 
can be considered car dependent. This is problematic, as it makes cities and people 
resistant to changes they might want to make, for instance, to counter the negative 
effects of mobility by car, or changes they might have to make, for instance, dictated 
by an economic or environmental crisis. Car-dependent (CD) cities lack the resilience 
required for tackling an uncertain future.

1.2  Car dependency, literature review

Defining car dependency
In the concluding chapter of his thesis Overwegend Onderweg, Harms (2008) 

states that we are on the road to a CD society. Strictly speaking, our society is CD in 
the sense that everybody at some moments needs the use of a car. But, at the same 
time, the opposite can be stated: for every trip there is a non-car alternative, be it 
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walking or cycling, although this choice probably would require considerable time 
and effort. For my research, a clear definition of car dependency is needed. First, 
following Jeekel (2013), I distinguish between ‘real’ (objective) car dependency and 
‘emotional’ (subjective) car dependency. Subjective car dependency can be a matter 
of habit or of lack of information about alternative transport modes, but objective car 
dependency is simply having no acceptable alternative. This distinction is important 
because, in light of the discussion of the risks of car dependency, it is the availability 
of alternatives that matters, more so than whether or not these alternatives are 
used. Second, an important concept is the definition of an ‘acceptable alternative’. 
Sometimes people accept alternative transport modes, even if they involve more 
time and effort, especially for the so-called captive travellers of for instance public 
transport. However, if the aim is to reduce car use, the alternative must be both 
available and competitive with the car. Following Jeekel (2013), I define car 
dependency as the situation in which there is no or only a greatly inferior alternative 
transport mode available, due to substantially higher time, effort, and/or financial 
cost factors. 

Drivers of car dependency
Some studies see car dependency holistically as being part of a mobile lifestyle, 

which has become dominant in Western societies (see Chapter 2) (Brindle 2003; 
Harms 2008; Jeekel 2013; Steer Davies Gleave 2005). However, if car dependency 
is seen as a form of lack of accessibility, it is strongly related to the spatial structure 
of the built environment. This relation has a dynamic character, which was initially 
described by Handy (1993) as the ‘cycle of car dependency’. First, thanks to the 
freedom of movement by car, distances increased between homes and destinations, 
often not accessible by transit. Amenities, workplaces and homes were separated 
and spread out. Second, the original radial structure of the urban area, with suburbs 
along rail lines leading into the city with its amenities and workplaces, was replaced 
by criss-crossing polycentric structure, which is not easily served by public transport. 
This layout changed the pattern of daily amenities and economic activities, resulting 
in ever higher car dependency, especially in the US, but also to a lesser degree in 
European cities and towns. It is, therefore, interesting to explore to what extent this 
‘cycle of car dependency’ has influenced the built environment of cities and created a 
structural barrier to changing travel behaviour. 

Gaps in the literature and research questions
There is abundant literature on the spatial determinants of travel behaviour 

(Newman & Kenworthy 1999, 2006; Kenworthy & Laube, 1999; Wegener & Furst, 
1999; Bagley & Mokhtarian, 2001; Tayal et al., 2001; Bento, 2005; Geurs & Van 
Wee 2006; Van Wee 2009; Van Wee & Handy, 2016), and some literature on car 
dependency, as cited in the above sections. However, in spite of its interest, academic 
attempts to analyse car dependency as determined by the built environment are 
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scarce. Stradling (2007) describes differences in car dependency between rural and 
urban areas in Scotland, while Silva and Pinho (2010) show differences in travel 
choices in parts of Lisbon. But a systematic attempt to measure and compare the 
spatial conditions for car dependency in different urban areas is still lacking. In the 
European context, medium-sized urban areas are of particular interest, as most people 
live there and they continue to grow and attract new inhabitants. This pressing need 
shapes the core questions of this thesis:

How does the spatial context (i.e. the land use and transport components of 
accessibility, in other words the physical lay-out of urban areas) shape conditions for 
car dependency, and, consequently, which alternative mode choices allow for possible 
behavioural change in urban areas?

1.3  Research focus

To explore the relation between the built environment and car dependency, 
it is useful to define the different ‘levels of car dependency’. These levels describe 
not only if people are CD, but rather how often they are CD. I distinguish between 
‘daily’ trips and ‘incidental’ trips. Daily dependency on car use (e.g., for commuting 
to car-dependent locations beyond cycling distance) creates a ‘hard core’ dependency, 
because 1) the trip is in most cases done with a privately owned or leased car, and 2) 
in addition to driving to work or school, the owned car is often used for other trips, 
even when alternative transport modes are available (Baptista et al. 2014; Harms 
2003; Urry 2004). The result is a car-dependent lifestyle. 

For people who do not need a car on a daily basis but only for incidental trips 
(e.g., a trip to the hardware store or a recreational visit to the countryside), private 
vehicle use may be a necessity for this particular trip; however, owning a car is not 
and renting or sharing could provide competitive alternative options Cervero et al. 
2006, https://ritjeweg.nl). There is for instance evidence that people who drive less than 
13,000 km per year can save money by renting a car occasionally instead of owning it 
(https://www.greenwheels.com/nl, https://www.milieucentraal.nl). These travellers who do not 
own but rather rent or share a car for incidental trips have what I define as a car-free 
lifestyle. In this sphere, policy aimed at offering attractive rent-a-car or car-sharing 
arrangements (an example of what I have called ‘sufficient mobility conditions’ above) 
might be an effective measure for making cities more liveable. After all, in residential 
urban areas public space increasingly is becoming dominated by parked cars owned 
by residents, leaving little space for walking, meeting areas and greenery.
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My research focuses on detecting how necessary spatial conditions determine 
the extent of the above-described ‘hard core’ car dependency: people who need a car 
on a daily basis, and thus tend to own personal vehicles. In other words, I seek to 
identify situations where enabling ‘sufficient mobility conditions’ would not be very 
meaningful. I focus on medium-sized urban areas in Europe (cities with between 
100,000 and 500,000 inhabitants), where almost half of EU’s population resides 
(Eurostat 2016; Giffinger et al. 2007).

1.4 Structure of the thesis

The rest of the thesis proceeds to examine this  issue as follows. Chapter 2 
gives a general insight into the average distances to daily amenities and compares the 
numbers of potential jobs accessible by alternative travel modes to those accessible 
by car, for the inhabitants of the existing urban areas in the Netherlands. Chapter 
3 focuses on the car dependency of commuters in accessing the actual jobs they 
hold, thereby giving more precise insights into the car dependency of commuters in 
the Netherlands. Chapter 4 broadens the view to the European context, exploring 
the differences in the spatial conditions for car dependency of urban and suburban 
areas in the Netherlands, Germany and the UK. Furthermore, percentages of the 
population living within walking distance of amenities are shown, giving a more 
precise insight than the average distances, as shown in chapter 2. Chapter 5 explores 
possible ways how to adapt the spatial structure of urban areas in order to reduce car 
dependency, specifically in the case of the ‘post-growth’ region of South Limburg. 
Chapter 6 summarizes the findings, draws the main conclusions, and indicates 
limitations and questions for further research. Chapters 2, 3, 4 and 5 have been 
published as articles in international peer-reviewed scientific journals. 
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Abstract

Adapting cities and region to facilitate car use is not only a  technical issue. 
It has made society heavily car-dependent, increasing the vulnerability of society 
to adverse changes in social, economic, environmental or other spheres. This paper 
analyses how the spatial context shapes conditions for car dependency, specifically 
focusing on the case of the Netherlands. Our research shows that, except in the 
periphery of the country, most daily amenities are within walking or biking distance, 
both in cities as well as in suburban and rural areas. However, regarding accessibility 
to jobs there is no competitive alternative to the car - even in central city areas, which 
provide many more travel choices. The differences are not only related to population 
density or land use within the city, as is often thought, but also to the position of 
the urban area in the regional spatial context (i.e. its location relative to other urban 
areas). The bicycle as an alternative transport mode to the car scores highest in 
monocentric urban regions or in the central areas of cities close to a coastline or a 
national border. Public transport scores highest in central areas of medium-sized cities 
in polycentric regions and satellite towns near big cities. 

This chapter has been published as: Wiersma, J.K., Bertolini, L. & Straatemeier, T. (2016). 
How does the spatial context shape conditions for car dependency?
Journal of Transport and Land Use 9(3) 2016.

In this chapter, Prof Dr. Luca Bertolini has advised about the current literature on the subject, the 
formulation of the research questions and the general flow of the argument. Dr. Thomas Straatemeier 
has contributed to the building and the interpretation of the transport model that was used in the 
research. All the rest has been responsibility of the PhD candidate.
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2  How does the spatial context shape conditions 
  for car dependency?

2.1  Introduction 

Across the Western world, the spatial context of cities and regions is being 
adapted and shaped to facilitate daily car use since the 1950s (and even earlier in 
North America). The patterns of activities are spreading out as the locations of homes, 
jobs, and daily amenities are being pulled away from each other and redistributed 
along an ever more extensive road networks. This process continues in the West and is 
picking up speed in other parts of the world. Adapting the spatial context to car use is 
not only a technical issue. It creates strong car dependency, because in such a tailor-
made spatial context other modes of transport cannot compete with the flexibility, 
comfort and speed of the car (Harms 2008; Jeekel 2011; Litman & Laube 2002; 
Litman & Steele 2011; Sheller & Urry 2006; Stradling 2007).

Car dependency has risks It makes society vulnerable to possible changes. It 
leaves users vulnerable to, for example, measures that might be required to address 
pressing environmental challenges (e.g. rising fuel prices, as fossil fuels are replaced 
by renewable energy and subsidies are phased out, or the introduction of a carbon 
tax to curb CO2 emissions). It is not certain how car ownership and usage would 
be affected, but current modelling scenarios predict higher costs - in some cases 
substantially higher (Jeekel 2013; Dennis & Urry 2009; Millard-Ball & Schipper 
2011). Higher costs could threaten the operation of firms located in a heavily car-
dependent spatial context, making it more expensive to nurture essential relationships 
– such as access to workers, suppliers and customers. If the effect on individual firms 
is sufficiently broad and severe, the competitiveness of the entire local economy 
could suffer. The rising costs of car use may also negatively affect the livelihoods of 
households that, because of their location, rely on cars for access to essential everyday 
resources such as jobs and amenities. The aggregated effect could be substantial social 
exclusion. 

Car dependency might also stand in the way of upcoming changes in travel 
preferences. The mobility solutions of the mid-20th century are not anymore the 
norm. Young people across the developed world no longer see car ownership as the 
ultimate status symbol For them, alternative travel modes seem to be important, 
(Kuhnimhof 2011) and a car dependent spatial context might severely limit their 
freedom to travel and live as they want. Similar processes seem to be taking place 
in the business world. Certain types of firms seem to prefer certain spatial contexts 
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- such as dense and diverse cities - because they allow more flexible and diverse 
connection choices to employees, suppliers, and clients (Florida, 2010), which the car 
alone cannot offer.

Therefore, the risk of car dependency is that we make ourselves vulnerable to 
a range of possible - or even likely - changes in environmental, economic, and social 
spheres. These changes might make a shift to other transportation means desirable, 
or even necessary. The underlying question is whether the spatial context of our cities 
and regions has become, or would become, an obstacle to making the required and 
desired changes in the way we travel in our daily lives. 

This question is not adequately addressed in the existing literature, and our 
contribution seeks to fill this knowledge gap. The central research question is as 
follows:

How does the spatial context of cities and regions shape conditions 
for car dependency?

In order to answer this question we first examine the drivers and 
operationalization of car dependency in relation to the spatial context; then we 
describe the case study and introduce methods to determine the extent of car 
dependency. Next, we present the research results and move on to the conclusions 
and recommendations. In closing, the limitations of our study, research proposals and 
policy implications are shared.

2.2  Car dependency: definition, drivers, and operationalization

Car dependency defined
Car dependency has principally been described and analysed by North 

American and Australian authors. According to Newman & Kenworthy (1999), 
car dependency occurs when a city or area of a city assumes automobile use as the 
dominant imperative in its decisions on transportation, infrastructure and land 
use. Kenworthy & Laube (1999) studied 32 large cities worldwide on the car 
dependency of their inhabitants, comparing car ownership and car use with the 
use of public transport, and related this to land use characteristics. A problem with 
these kinds of studies - as Jeekel (2013), based on Gorham (2002) points out - is 
that when car dependency is defined in terms of car ownership or car use, the 
concept of ‘dependency’ is not clarified. Travel behaviour is not necessarily related 
to car dependency. Sometimes people choose to use a car, although alternative 
transport modes are available (i.e. they are not ‘dependent’ on the car). Jeekel (2013) 
further distinguishes real (objective) car dependency from emotional (subjective) 
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car dependency. Subjective car dependency can be a matter of habit, or of lack 
of information about alternative transport modes, but objective car dependency 
is simply having no acceptable alternative in terms of travel time and costs. This 
distinction is important, because in light of the discussion on the risks of car 
dependency in the introduction, it is the availability of alternatives that matters, more 
so than whether or not these alternatives are used. Following Jeekel (2013) we thus 
define car dependency as the lack of an adequate transport mode alternative (due to 
substantially higher time, effort, financial cost factors).

Drivers of car dependency
In several early studies - for example, Kenworthy & Laube (1999), Newman 

(1996), Tayal et al. (2001) - car dependency is related to general spatial characteristics 
such as land use density and length of freeways. More recent studies see car 
dependency more holistically as being part of a mobile lifestyle, which has become 
dominant in Western society (Brindle 2003; Harms 2008; Jeekel 2013; Steer Davies 
Gleave 2005). This lifestyle is being characterized by complex mobility patterns, 
multi-purpose trips and tight-time schedules. Jeekel (2013) foresees that Dutch 
society as a whole is becoming more car dependent as a result of this. Following Beck 
(1992) and Sennett (2006) he distinguishes between the first and second phases 
of Modernity. The first phase, now completed, relates to the development of the 
nation state, with stable institutions, lifelong jobs and relatively predictable mobility 
patterns. This phase led to more mobility as a consequence of the spatial dispersion 
of activities and social differentiation within society. The second phase of Modernity, 
still underway, describes the globalization of the economy, more complex life and 
work arrangements and mobility patterns, and less stable travel patterns. The complex 
arrangements of modern life require flexibility, but at the same time punctuality, 
and in general what Kaufmann et al. (2004) call ‘motility’, the individual capacity to 
move in different directions at different times and to partake in different activities. 
Jeekel (2013) sees the car as a rational answer to this required ‘motility’.

Yet Urry (2004) doesn’t see the use of cars as simply a rational answer to 
societal needs which have arisen independently. He argues that automobility 
‘reconfigures urban life’. The urban environment built for the convenience of the 
car has unbundled the territorialities of home, work, business and leisure that have 
historically been closely integrated (Urry 2004). Automobility is therefore not just an 
effect, but also a cause of societal changes. Similarly, Handy (1993) explores how the 
automobile has indirectly led to dramatic changes in patterns of accessibility to retail 
and service activity within metropolitan regions, resulting in a ‘cycle of dependence’. 
Current developments in the Western world illustrate this. In several domains, the 
traditional close-knit spatial distribution of amenities is disappearing. Schools are 
being concentrated at new locations in order to share facilities and staff; large scale 
retail centres in order to offer more choice for the customers and reduce operational 
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costs. In other domains, such as health, increasing specialization also requires more 
trips to multiple destinations. These developments need not result automatically in 
car dependency. But the demands of accessibility by car and the need for parking 
space in most cases has resulted in locating new facilities near highways in the 
periphery of cities, which are difficult to reach with alternative transport modes.

In conclusion, societal forces have produced increasingly more complex 
mobility needs and the car has emerged as the dominant answer to these needs. 
However, the ensuing adaptation of the spatial context to the needs of the car turned 
the car into the only possible mode choice. This process is illustrated in the scheme 
below:

Scheme 1: Driving forces behind car dependency

Societal Forces
More and

More Complex
Mobility

More Car Use More Car Dependency

Spatial Context

Care Use

Car dependency as a form of accessibility
While Jeekel (2013) describes car dependency as a general societal 

development, Stradling’s (2007) analyses of Scotland show differences between areas 
within a territory. In rural areas people are sometimes totally dependent on their 
car while in urban areas people have more travel choices. Silva and Pinho (2010) 
show that also within a single urban area (Oporto) there might be big differences 
with regard to potential travel choices. They also make an important step in the 
conceptualization of the relationship between the spatial context and potential travel 
choice, as they see travel choice and potential mobility as a feature of the combination 
of land use and transport features in an area, that together affect the accessibility of 
activities for those living there. Seen from this point of view, car dependency relates 
to the potential travel choices available within a given spatial context, i.e. accessibility.

According to Geurs & Van Wee (2013) accessibility describes the extent to 
which land use and transport systems enable:
• Groups or individuals to reach activities or destinations by means of a 

combination of transport modes at various times of the day.
• Companies, public facilities and other places of activity to receive people, goods 

and information at various times of the day.
Accessibility does not describe actual travel behaviour but rather the potential 
for travel behaviour. Van Wee & Geurs (2013) distinguish four components of 
accessibility: the land use component (location of residential areas, centres of activities 
etc.); the transport component (modes of transport); the temporal component (as 
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in daily trips versus incidental trips); and the individual component (commuter, 
traveller for the purpose of a social visit, etc.).
Returning to our key question, ‘How does the spatial context of cities and regions 
shape conditions for car dependency?’ we find a gap in the existing literature. Several 
authors - e.g. Newman & Kenworthy (1999), Kenworthy & Laube (1999), and Tayal 
et al. (2001) - describe the relation between the spatial context and car use, but not 
exclusively related to car ‘dependency’. Jeekel (2013) describes the general societal 
forces behind car dependency, with Handy (1993) adding a spatial dimension. 
Stradling (2007) shows how the spatial context of rural areas leads to car dependency 
of the inhabitants of these areas. Silva & Pinho (2010) show the different accessibility 
levels and resulting travel choices within an urban region (Oporto). A systematic 
identification of the features of the spatial context that determine car dependency (i.e. 
specific land use and transport components) is still lacking.

Using the four components of accessibility, described by Van Wee & Geurs 
(2013), and adopting a user point of view, the question of the relation between the 
spatial context and car dependency can be reframed as follows:

How does the spatial context (i.e. the land use and transport components of 
accessibility) shape conditions for car dependency - the lack of alternative mode 
choices - of individuals in their daily trips to activities?

We will use this conceptualization for our operationalization of car dependency 
below.

2.3  Case and research methods

Case: the Netherlands
To answer the question of how the spatial context of cities and regions shapes 

conditions for car dependency, we compare the spatial contexts of different areas, in 
order to identify which transport and land use components influence potential travel 
choices. Our field of study is the current situation in the Netherlands. Within the 
European context, the Netherlands is an interesting case for a number of reasons. 
First, it is relevant also in other contexts because the scale and size of the city regions 
in the Netherlands are typical for many urbanized parts of Europe. Most people in 
the Netherlands live in medium-sized city regions ranging from 100,000 inhabitants 
to 1 million, which reflects the situation in most of Europe, where only a minority 
lives in larger metropolitan regions like Paris, London or Berlin, or in rural towns 
and villages (Giffinger 2007). Second, most cities in the Netherlands are part of 
polycentric regions in which daily urban systems are interwoven, as is also the case 
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in many urbanized zones in Europe, like Northern England, parts of Germany 
and Northern Italy. However, the Dutch situation is in another way atypical of the 
European context, most importantly because of the highly planned and compact 
character of the post-WWII residential extensions of cities, towns and villages (Geurs 
& van Wee 2006) and relatively contained urban development patterns (Kenworthy 
& Laube 1999; Newman 1996). These characteristics are widely advocated in the 
literature and in policy debates as being important to reduce car dependency, (Duany 
et al. 2000; Girardet 2004 ; Rogers 1997) making it interesting to assess in which 
measure and how this is the case.

Measuring car dependency
Car dependency is not an absolute concept, but is related to the availability to 

an individual of alternative transport modes for making a trip. With respect to the 
spatial context, the land use and transport components of accessibility can be seen 
as conditional for car dependency. However, as Geurs & Van Wee (2013) point out, 
accessibility has also a temporal component (when is accessibility needed?). For this 
study we distinguish three temporal levels of car dependency:

1. Never needing a car
2. Occasionally needing a car
3. Needing a car every day

Needing a car means that there is no reasonable alternative to the use of a car. 
Never needing a car is hypothetical for most people in the current situation in the 
Netherlands. Even people who can’t drive or don’t own a car need a car occasionally, 
albeit a taxi, ambulance or the car of a family member. The second group - needing 
a car occasionally - is more substantial: the people in this group have access to a car, 
but don’t need a car on a daily basis and need it only for incidental trips like some 
business or social visits, holidays or a trip to large retail outlets such as furniture 
stores. In principle, they don’t need to own a car and can rent one or share one when 
needed. People in the third group, however, need the car on a daily basis: they are 
for instance commuters who have no reasonable alternative for their trip to work or 
education. They have to own a car in most cases. The evidence shows that once they 
own a car and use it daily, they tend to use it also for trips where a choice is possible 
(Harms 2003 ; Van Acker 2010). It follows, therefore, that there is an important 
threshold between levels 2 and 3. In this study this third group (needing a car every 
day) is the one considered to be car dependent. 

Access to daily amenities and jobs
When we view the transport needs of individuals in their daily activities, two 

main kinds of daily trips can be distinguished: trips from home to amenities like 
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shops, health care or primary schools, which are often local, and commuting trips 
to work or higher education, which are often more regional. They each set different 
conditions on the spatial context in relation to car dependency. 

Access to daily amenities 
For local trips to amenities, 1 km can be seen as an important threshold, as 

it can be seen as the upper limit of an acceptable walking distance. It follows, then, 
that for trips of less than 1 km, walking can be considered a reasonable alternative 
to the use of a car. Destinations within 2.5 km are considered to be an acceptable 
distance for cycling (Van de Coevering 2013) and for these trips the bicycle can be 
therefore considered a reasonable alternative to the use of the car. In this study, we 
have assumed that the aforementioned walking and biking distances are acceptable 
for everyone, and do not further address the impact of variables such as age or the 
physical conditions of individuals. To identify these conditions we have used data 
from Statistics Netherlands (CBS). These data give the average distance from homes 
to amenities within all the municipalities in the Netherlands, calculated by taking the 
average of the distance for all individuals who live in the municipality. Distances have 
been calculated over roads open for all traffic, not over footpaths or bike paths  
(http://www.cbs.nl/nabijheidsstatistiek). Scheme 2 summarizes this rationale.

Scheme 2: Measuring car dependency in relation to the access of amenities

Access to jobs
In the Netherlands, people are prepared to commute to their jobs on average 

about 30 minutes each way, i.e. a total daily commute of one hour (KIM 2010). 
Accordingly, to measure the level of car dependency in a given area with respect to 
access to jobs, we compared the number of jobs accessible by car, by bicycle and by 
public transport (bus, tram, metro and train) within a travel time of 30 minutes. 
This assessment of the travel choices to all jobs within 30 minutes in a given area 
is expressed as a travel choice score. When the number of jobs that can be reached 
within 30 minutes by public transport or bicycle equals that of the car, the travel 
choice score is set at 100%. When more jobs can be reached within 30 minutes by 
public transport or bicycle than by car, the travel choice score is proportionally more 
than 100%. When fewer jobs can be reached by public transport or bicycle than by 
car, the score is proportionally less than 100%. Travel choice score is an indicator of 
the level of car dependency in relation to access to jobs, as in the Scheme 3 below:

Scheme 3: Measuring car dependency in relation to the access of jobs

Spatial context Distances to amenities (acceptable walking and biking distances) Car Dependency

Spatial context Potential travel choices to jobs (Travel Choice Score) Car Dependency
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Of course, it is possible that an individual who lives in an area where only a 
relatively limited number of jobs is accessible without a car within 30 minutes may still 
not use a car, for instance if they can easily walk to their job. However, in this study 
we want to measure the potential travel choices from homes to jobs in a given area, 
not the actual travel choices for individuals. We follow the reasoning that - irrespective 
of the jobs residents in an area presently have - access to a diversity of jobs can be 
seen as a basic need and thus a requirement for selecting residential locations (e.g. 
considering the increasing job insecurity and job mobility in the current second phase 
of Modernity). In this sense, someone who does not need a car to go to work today 
might need one in the future - and we want to assess in which measure this is the case. 

To compare the different travel times per transport mode (car, bicycle and 
public transport), we used the multimodal national transport model developed by 
Goudappel Coffeng (http://www.goudappel.nl/producten/websites/bereikbaarheidskaart).  
This transport model is based on a national database of the road network  
(NDW, http://www.ndw.nu), open street map, and the existing timetables of public 
transport (http://ns24.nl/ov9292). Although this is a national model, the level of detail 
for both the car network (110,000 roads, streets, etc.) and the public transport 
network (4,000 lines and 25,000 stops) can be considered sufficient for calculating 
travel times accurately on the regional level. Travel times by car were calculated for 
the morning peak period. Congestion is thus taken into account. Travel times for 
public transport include waiting time and time needed to travel to and from the 
station. The model has 6,700 zones with 120,000 inhabitants per zone.

This accessibility analysis was carried out using a potential accessibility 
measurement with a distance decay or impedance function, i.e. closer opportunities 
are weighed more strongly than more distant ones. The travel time of 30 minutes 
indicates the turning point in our impedance functions; where a job is weighted 
precisely as one job. Jobs that can be reached within less than 30 minutes are 
weighted proportionally higher than one, and jobs that are further away than 30 
minutes are weighted proportionally less than one. 

Land use and transport characteristics 
Based on relevant land use and transport components identified by the 

literature referred in section 2.3 above (Kenworthy & Laube 1999; Newman & 
Kenworthy 1999; Tayal et al. 2001) we have considered the following characteristics 
of the spatial context: 

• Degree of urbanization, as indicated by the density of addresses  
(http://www.CBS.nl, adressendichtheid, see Figure 1).
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• Size of settlement, a ‘big city’ has more than 500,000 inhabitants; a ‘medium-
sized city’, between 100,000 and 500,000 inhabitants; and a ‘small city’, less than 
100,000 inhabitants.

• Network of infrastructure, the road network, including bicycle and footpaths, 
and the public transport networks have been indirectly accounted for in the travel 
time calculations. Furthermore, and as already mentioned, for the car the effect of 
congestion and for public transport the effect of actual schedules was considered. 

Research sub-questions 
In conclusion, the distinction of two types of daily trips (to daily amenities 

and to jobs), of distance and travel time cut-off points, and the above land use and 
transport characteristics leads to three research sub-questions:

1. To what extent do distances from home to daily amenities exceed 1 km for 
walking and 2.5 km for cycling?

2. To what extent does the number of jobs accessible from residential areas within 30 
minutes travel time differ according to transport mode (bicycle, public transport 
and car)?

3. What are the relationships between the findings from the previous two questions 
and the spatial context (degree of urbanization, size of settlement, network of 
infrastructure)?

2.4  Research results

Accessibility of daily amenities
In 2011, primary schools in almost all municipalities in the Netherlands were 

situated within walking distance - i.e. less than 1 km - of residential areas (http://
www.cbs.nl, nabijheidsstatistiek; see Figure 2). There is no apparent relation with spatial 
context characteristics. Only in a few peripheral areas with low densities (and in 
certain new land extensions) does the average maximum distance rise towards 2.5 
km. This is not a comfortable walking distance. Due to population decline in some 
regions and the general ageing of the population, areas in these latter conditions 
are expected to increase. In several regions of the Netherlands where the population 
is declining, the closure of up to 50% of the schools is being debated following a 
reduction in the numbers of children of school-going age, which will likely lead to an 
increase in average distances in many situations (G.S. Limburg 2013; Van Til 2007). 
Furthermore, it must be kept in mind that this is an average distance, meaning that 
within a municipality there could still be neighbourhoods exceeding the threshold.
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Figure 1: Density of addresses in the Netherlands. Source: http://www.cbs.nl, adressendichtheid
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Distances to large supermarkets (i.e. with a minimum floor space of 150 m2,  
which guarantees a minimum of choice of products) show more variations between 
municipalities; furthermore, these variations correspond more with the density 
of addresses (http://www.cbs.nl/nabijheidsstatistiek; see Figure 3, compare Figure 1). 
Nevertheless, in urban and suburban areas most people live within walking distance 
from a supermarket; in the more rural areas a supermarket is mostly still within 2.5 
km, which can be considered biking distance. This is also true for medical centres 
(http://www.cbs.nl/nabijheidsstatistiek). As with primary schools, however, this might also 
change following population decline. In several regions of the Netherlands where 
population is declining, plans for merging medical centres and closing retail outlets 
are being discussed, and sometimes have already been implemented. For instance, the 
number of shops in small villages (maximum 5000 inhabitants) in the province of 
Zuid Limburg has, since 2009, fallen by 11% (Graaf-Weerts de G. 2013).

If we shift the metrics from average distances to the amounts of daily amenities 
within reach, we can see that the number of primary schools and large supermarkets 
within walking and cycling distance broadly corresponds with the density of 
addresses (see Figure 4 and 5 respectively, compare Figure 1). It is clear that in the 
big cities there is far greater choice of schools and large supermarkets within walking 
and cycling distance. This means that if the possibility to choose is factored in, car 
dependency grows exponentially in those areas with a lower population density.

Accessibility of jobs
In the Netherlands people are prepared to travel to jobs for, on average, about 

half an hour per trip, within a total daily travel time of about one hour (KIM 2010). 
To measure car dependency in relation to jobs, the number of jobs accessible by car 
within 30 minutes from a given area is compared with the number of jobs reachable 
by alternative modes, within the same travel time. These alternative modes are public 
transport and bicycle. As discussed above, we use a travel-choice score to determine  
the degree of car dependency for the accessibility of jobs. When the number of jobs 
that can be reached within 30 minutes by public transport or bicycle equals that of 
the car, the travel-choice score is set at 100%. When there are more jobs that can be 
reached within 30 minutes by public transport or bicycle than by car, the score is 
proportionally more than 100%. When fewer jobs can be reached by public transport 
or bicycle, the score is proportionally less than 100%.

Accessibility of jobs by bicycle compared with accessibility by car 
(within 30 minutes travel time)
Figure 6 shows that in areas with a degree of urbanization below 1,500 

addresses/km2, cycling is not a competitive alternative to the car as a means to 
reaching jobs. Above 1,500 addresses/km2, the bicycle becomes a serious alternative 
in the central parts of some urbanized areas, with and average score of 20-40%. 
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Figure 2: Average distance to primary schools per municipality (2011). 
Source: http://www.cbs.nl, nabijheidsstatistiek
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Figure 3: Average distance to large supermarkets (minimum floor space of 150 m2) per 
municipality (2011). Source: http://www.cbs.nl, nabijheidsstatistiek
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Figure 4: Number of primary schools within 1 km per municipality (2011). 
Source: http://www.cbs.nl, nabijheidsstatistiek
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Figure 5: Number of large supermarkets (minimum floor space of 150 m2) within 1 km per 
municipality (2011). Source: http://www.cbs.nl, nabijheidsstatistiek
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Figure 6: Number of jobs accessible by bicycle in 30 minutes, compared to car
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These scores are indicated in the figure by a circle. The highest bicycle travel choice 
scores are found in the central areas of some medium-sized towns (100,000–500,000 
inhabitants) in the periphery of the country. There 40-60% of the jobs are accessible 
within 30 minutes by bicycle, compared to those accessible by car. These scores are 
indicated in Figure 6 by a bullet. In the big cities (more than 500,000 inhabitants), 
only the central area of The Hague reaches a score of 40-60%. The other two big 
cities, Amsterdam and Rotterdam, have scores of 2040% in their central areas.

The accessibility of jobs by bicycle: Relationship with the spatial context
Apparently high urbanization – density of above 1,500 addresses/km2 or city 

size above 100,000 inhabitants – is not sufficient for explaining the differences in 
travel choice score for the bicycle. Commuting by bicycle scores highest in medium-
sized cities that are surrounded by a low density rural area, which points to the 
effect of regional jobs being concentrated in one centre or the city having a ‘hard’ 
geographical border, like a coast, a national border or a natural area (i.e. a de facto 
concentration effect). In order to more systematically explore these findings, in Table 
1 we introduced monocentricity and polycentricity as further features of the spatial 
context. Table 1 documents a clear pattern of a stronger competitive position of the 
bicycle in monocentric areas. In a monocentric urban region jobs are concentrated in 
one centre. A polycentric region is composed of several centres and no single centre 
is dominant in terms of jobs (Grünfeld 2010). This absence of a single regional focus 
for commuting trips might explain why in polycentric regions like the Randstad, the 
bicycle as an alternative transport mode to jobs does not score higher than 20-40 %. 
An exception seems to be the central area of The Hague, a big city which is part of a 
polycentric region of the Randstad. But this, as already mentioned, can be explained 
with the effect of the coast, a ‘hard’ geographical limit to the spatial dispersion of 
jobs – and thus amounts to further evidence of the positive effect of employment 
concentration on bicycle competitiveness.

Table 1: Accessibility of jobs by bicycle (30 minutes), compared to accessibility by car (30 minutes), 
related to city size and type of spatial structure

Polycentric region Monocentric region

City over 500,000 20-40 % in central area (except in 
border or coastal situation: 
where it is around 50 %)

*

City 100,000-500,000 20-40 % in central area 40-60 % in central area

Small town/ suburban area Under 20 % Under 20 %

Rural area Under 20 % Under 20 %
* No cities of this description exist in the Netherlands
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Figure 7: Number of jobs accessible by public transport within 30 minutes travel time, 
compared to car
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Accessibility of jobs by public transport compared with accessibility 
by car (within 30 minutes travel time)
Figure 7 shows that in areas with a degree of urbanization below 1500 

addresses/km2, public transport is in no case a competitive alternative to the car as 
a means to reach jobs within 30 minutes travel time. Above 1500 addresses/km2, 
public transport becomes a serious alternative in the central parts of some urbanized 
areas, the score being on average 20-40%. These scores are shown in the figure by a 
circle, The highest travel choice scores in relation to public transport are found in the 
central areas of some medium-sized towns 40-60% of the jobs there are accessible 
within 30 minutes by public transport, compared to those accessible by car. These 
scores are shown in Figure 7 by a bullet.

The accessibility of jobs by public transport in 30 minutes, relationship 
with the spatial context
Apparently high urbanization – density of above 1,500 addresses/km2 or city 

size above 100,000 inhabitants – is not sufficient for explaining the differences in 
travel choice score for public transport within 30 minutes. The highest travel choice 
scores are around the railway station areas of medium-sized cities in monocentric or 
border regions, where also the bicycle has a strong position. Here, a similar reasoning 
to that made for the bicycle above seems to apply. But there are some polycentric 
regions where public transport can reach more jobs than the bicycle within 30 minutes 
(e.g. Almere, a city close to Amsterdam, and the Twente region with two towns 
within short distance from each other). Apparently the proximity of another centre 
with a concentration of jobs can give public transport a strong position. Utrecht, a 
major public transport node in the Netherlands, is another such example.

Table 2: Accessibility of jobs by public transport (30 minutes), compared to accessibility by car (30 
minutes), related to city size and type of spatial structure

Polycentric region Monocentric region

City over 500,000 20-40 % in central area (except in 
border situations: where it is around 
50 %)

*

City 100,000-500,000 20-40 % in central area in most cases 40-60 % in central area 

Small town/ suburban area Under 20 % Under 20 %

Rural area Under 20 % Under 20 %
* No cities of this description exist in the Netherlands
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Figure 8: Number of jobs accessible by public transport within 45 minutes, compared to car 
within 30 minutes.
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Accessibility of jobs by public transport (45 minutes travel time), 
compared with accessibility by car (30 minutes travel time)
If the benchmark of travel time for public transport is raised to 45 minutes 

compared to 30 minutes by car (based on the observation that in the Netherlands 
people on average commute about 30 minutes by car but about 45 minutes when 
using public transport, (www.CBS.nl) we would have more locations with relatively 
high travel choice scores (see Figure 8). There are even places where more jobs are 
found within 45 minutes by public transport than within 30 minutes by car (shown 
by bullets in Figure 8). These places are found in central areas of medium-sized cities, 
some small towns and suburban areas. The central areas of big cities of Amsterdam, 
Rotterdam and The Hague (over 500,000) have a relatively low travel choice score, 
compared to most medium-sized cities. In most cases the travel choice score in central 
areas of these big cities reaches around 80% (shown by circles in Figure 8). Only in 
the areas directly adjoining the main intercity train-stations is the score more than 
100% (not shown in Figure).

The accessibility of jobs by public transport within 45 minutes:  
  Relationship with the spatial structure

The overall picture is intriguing and, at first impression, counter-intuitive. As 
shown in Table 3, the highest travel choice scores related to public transport within 
45 minutes are in the central areas of medium-sized cities, some small cities and 
suburban areas. In the central areas of big cities within the dense urban field of the 
Randstad, the most heavily urbanized part of the Netherlands, scores are lower. By 
contrast, small towns and suburban areas near railway stations in the surrounding 
areas of these big cities score very high. The findings could be explained by road 
traffic congestion traveling towards the city centres which have strong concentrations 
of jobs, combined with the relatively high quality of public transport services to 
those jobs, together leading to higher public transport travel-choice scores in outlying 
suburbs and small towns. Conversely, urban residents who commute to suburban job 
locations face little traffic congestion, which combined with the relatively low quality 
of public transport services to those jobs results in lower public transport travel-
choice scores for central urban areas.

Table 3: Accessibility of jobs by public transport (within 45 minutes), compared to accessibility  
by car (within 30 minutes), related to city size 

City over 500,000 80% in central area

City 100,000-500000 over 100% in central areas

Small town Suburban area over 100% in central areas

Rural area Under 20%
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Travel choice scores of the national population in relation 
to job access
To allow for an overall assessment, Table 4 shows the travel choice scores (or 

degree of car independency) of the national population in relation to job access.

Table 4: Travel choice scores of the national population in relation to job access.

Travel choice score

0-20% 20-40% 40-60% 60-80% Over 80%

% population  
Bicycle 30min./Car 30 min.

73.6% 22.7% 3.7% 0.1% 0.0%

% population
Public Transport 30min./
Car 30 min.

76.3% 21.3% 2.3% 0.0% 0.0%

% population
Public Transport 45 min./
Car 30 min.

11.1% 24.3% 25.4% 19.5% 19.7%

In Table 4 we combined the travel choice scores with population densities, 
derived from CBS data (www.CBS.nl) As Table 4 illustrates, very few people live 
in areas where cycling or public transport seriously competes with the car in the 
accessibility of jobs. Less than 4% of the Dutch population lives in an area where at 
least 40% of the jobs accessible by car within 30 minutes are also accessible by bicycle 
in the same travel time, and less than 3% if public transport is considered. Only 
when the journey time by public transport is increased to 1.5 times of the travel time 
by car, public transport is an attractive alternative. Still, even in this case, only about 
20% of the population lives in areas where public transport is a strong alternative to 
the car (80% or more).

2.5  Conclusions, discussion and further research

Conclusions
Almost all people in the Netherlands live in places where daily amenities 

like primary schools, large supermarkets and medical centres are within walking 
distance, regardless of density or city size. However, the possibility of choice between 
amenities is positively influenced by density and city size. This result has strongly 
been influenced by policy over recent decades. Concentration of homes within 
or adjoining existing centres has long been promoted, as well as an ubiquitous 
availability of primary schools. Furthermore, since the 1960s the Dutch national 
government outright banned the development of large shopping malls outside the 
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existing urban centres. Another relevant point is that, in comparison to many other 
countries, the Netherlands has no truly remote, sparsely populated areas, due to its 
high average population density and its diffuse urbanization patterns. However, this 
may change in the future, particularly in rural areas in the periphery of the country, 
as declining populations force both public and private providers to consider a drastic 
reduction in the number of facilities. It is also worth remembering that the possibility 
of a choice between daily amenities within walking or cycling distance is much higher 
in the more densely populated areas.

With regards to the accessibility of jobs, the car is the most competitive transport 
mode within 30 minutes travel time, in all spatial contexts. Our analysis shows, that 
the transport and land use characteristics of the spatial context of the Netherlands 
significantly limit travel choice for daily commuting, even in the most urban areas. 

Looking beyond these general patterns, we made a number of observations 
on how the spatial context shapes conditions for car dependency in relation to the 
accessibility of jobs.
• Density (degree of urbanization, expressed by density of addresses) is an explaining 

factor for car dependency only up to a concentration of 1,500 addresses/km2. 
Above this density, there is no apparent relation with the competitiveness of any 
alternative transport modes. 

• Size of settlement (city size): Cities with over 100.000 inhabitants show favourable 
conditions for bicycle and public transport within 30 minutes travel time. 
However, when the benchmark of 30 minutes travel time for public transport is 
raised to 45 minutes city size does matter, but in a negative way: Big cities have 
lower scores than medium-sized cities and some large suburban areas.

• Network of infrastructure (the road network, including bicycle and footpaths, 
and public transport networks): Station areas (intercity and suburban) and their 
surroundings have relatively high travel choice scores, especially up to 45 minutes. 
Conversely, road congestion (mostly around the big cities) seems to explain the 
competitiveness of public transport with 45 minutes travel time.

• Monocentricity/Polycentricity: Our research showed that this is an important 
feature of the spatial context in relation to car dependency. Monocentricity favours 
bicycle and local public transport up to 30 minutes travel-time. When the travel 
time is raised to 45 minutes, polycentrism seems to become an advantage for public 
transport, but this effect seems to be strongest in the central areas of medium-sized 
cities and suburban areas, not in the central areas of big cities. A likely explanation 
is the asymmetric quality of transportation networks, with public transport 
relatively more competitive when commuting from the suburbs to the cores, and 
relatively less competitive when commuting from the cores to the suburbs.
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Central areas of cities offer more travel choices to daily amenities and jobs than 
most suburban and rural areas. This finding follows the results of other studies and 
is even considered to be common knowledge. But our research revealed surprising 
differences between central urban areas in other respects. Although the absolute 
accessibility of jobs by all modes scores high in central areas of big cities, the relative 
accessibility of jobs by bicycle and particularly public transport from these areas seems 
to be lower than from central areas in some medium-sized cities and large suburban 
areas. We will return to this in section 5.3 below.

Limitations 
There are several limitations to our study. We analysed the accessibility of jobs 

in general. It could be argued that variety in daily travel choices for commuting is 
correlated with higher education. White collar professionals are prepared to travel 
longer distances to their jobs and perhaps some of them are more inclined to select 
alternative transport modes, due to particular lifestyle preferences (Florida 2010; 
Kuhnimhof 2011). Furthermore, from the spatial perspective, it can be assumed 
that knowledge jobs are more frequently situated in central areas of cities than, for 
instance, industrial jobs. Somewhat lower car dependency scores might thus be 
expected. By contrast, in places like the industrial area of Rotterdam, which has low 
travel choice scores in relation to both bicycle and public transport, the resulting car 
dependency is worrying. The residents of these areas tend to have lower education 
levels and are also socially more vulnerable; as a result they generally tend to have less 
access to cars. Further exploration of all these aspects is needed.

We did not include higher education institutions as a destination in our 
research. Journeys to campus by students can be seen as part of the regional 
commuting pattern and are in this sense relevant to the relationship between the 
spatial context and car dependency. However, as most students (certainly university 
students) in the Netherlands live in the place where they study, the bicycle is for 
them often a viable alternative, which also could partly explain the high and growing 
bicycle use in university cities like Amsterdam or Groningen. Further research could 
shed more light in this area.

For children, the daily trip to school is an important part of their mobility 
pattern. However, children today are more tied to time schedules caused by activities 
outside school, like extra-curricular courses, sports and recreation. In our research we 
did not count these activities as daily, but of course for parents, certainly those with 
more than one child, the commute to and from these activities could easily become 
a daily pattern, in some cases leading to car dependency. More exploration of this 
dimension is necessary.
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The electric bicycle enjoys a growing popularity in the Netherlands (KIM 
2014) and can cover greater distances than the traditional bicycle. We did not 
explore the possibilities of the electric bicycle as an alternative transport mode to 
amenities and jobs. However, especially in monocentric regions or cities with a border 
position the possibilities of the electric bicycle look promising and needs specific 
consideration. Furthermore, in The Netherlands as much as half of those taking a 
train, access the station by bicycle (KIM 2014), suggesting that also the bicycle-train 
combination should be explored as an alternative transportation mode with specific 
possibilities (faster than the bicycle, more flexible than public transport).

A more general and fundamental issue is that, in the case of accessibility of 
jobs, we looked at relative degrees of car dependency instead of setting an absolute 
threshold. Based on the collected data it was not possible to set such a threshold. In 
other words, we could not answer the following questions: Which travel choice scores 
(percentage of jobs accessible by other means, relative to the car) shape the conditions 
for car- independency? Is it 100%, or could it also be less? And how is this related 
to the absolute number of accessible jobs? Furthermore, our analysis is aggregated, 
meaning that we cannot say whether a general statement also applies to an individual 
case. We assumed that access to a wide diversity of jobs (approximated by their 
total number) is a key and valued feature of a residential location, and one which is 
becoming more important due to increasing flexibility and variability in private life 
and employment arrangements (as discussed in paragraph 2.2).

Reflections and further research
The abovementioned observation in 5.1 (fewer travel choices to jobs in big 

cities compared to medium-sized cities) fails to correspond with observed travel 
behaviour. For instance, in Amsterdam, the use of bicycles and especially public 
transport is relatively high compared to other cities and is still growing at the cost 
of car use. Car ownership is also remarkably lower in the big cities than in medium-
sized cities (Stienstra 2008). One possible explanation could be that because in 
absolute, rather than relative terms, more jobs can be reached from central areas of 
big cities like Amsterdam than from medium-sized cities, in actual terms there are 
enough jobs available to choose from. A counterargument, however, would state that 
in big cities there is also more competition for jobs (there are more workers), which 
would balance out the increased job offer. A second possible explanation could be 
that the heavy use of alternative transport modes in Amsterdam and other big cities 
has more to do with the proximity of a rich variety of amenities and less with the 
accessibility of jobs. This situation would also produce second order effects: because 
one does not need a car for daily amenities, there are fewer incentives to buy a car 
and more reasons to seek alternative travel options for commuting. Research on the 
purpose, length and destination of trips made by different modes can help shed light 
on this topic. A third and more fundamental possible explanation could be that 
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spatial conditions cannot predict travel behaviour without additional information. 
Two classes of additional factors need to be accounted for. First, other factors that 
affect spatial conditions but were not included in the analysis, for example, the 
availability and cost of parking, or the frequency of public transport services, which 
varies greatly between larger and smaller cities. Second and most importantly, in our 
study we did not account for socio-economic, demographic or cultural characteristics 
of the populations, which are crucial mediating factors between the characteristics of 
the built environment and travel behaviour (Van Acker et al. 2010). A related open 
issue is self-selection (Bagley & Mokhtarian 2010, Maat 2012, Van Wee 2009): Do 
car (in)dependent people and/or jobs self-select themselves into certain areas? Further 
research would be needed in order to disentangle the impact of different factors on 
actual travel choices. In closing we would like to recall, however, that this is not the 
focus of our study, which examined the potential for travel choices – a necessary but 
not a sufficient driver behind actual travel choices.

Policy implications 
Our study confirms that the competitiveness of alternative transport modes 

is heavily dependent on the spatial context. While this phenomenon needs to be 
researched in more detail, some implications for policy development can be distilled. 
In monocentric regions improving cycling conditions could be the most effective 
answer to car dependency in relation to jobs. In polycentric regions policies that 
favour the location of jobs and services in city centres and near railway stations, and 
the improvement of the system of regional public transport seem to be the most 
effective measures.

Furthermore, although it is unlikely that the spatial context will fundamentally 
change in the Netherlands, societal trends may still have significant impacts, and 
adequate policies could provide much needed guidance. For instance, there is some 
indication that some offices are turning away from highway locations, in favour of 
the city centre and railway station areas, which could reduce car dependency. Policies 
could support and reinforce this. Also, the advent of High Speed Rail (HSR) and 
growth in air travel could influence regional spatial structures. Improving public 
transport connections with HSR stations and airports could give an impulse to 
regional public transport as a structuring element in spatial developments and reduce 
the level of car dependency in the region. 
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Some trends, however, point in the opposite direction. Depopulating and 
ageing regions in the Netherlands are experiencing a simultaneous reduction of 
number of facilities and concentration of the remaining facilities in specific locations. 
Regrettably, recent decisions indicate a preference for siting these new regional 
hospitals, retail outlets and higher education facilities in very car-dependent locations 
in peripheral areas, such as alongside highways. Awareness of the accessibility 
implications of these location choices could help identify policy measures that address 
this problem. For example, policymakers in these regions could reduce the level of 
car dependency by siting new regional facilities at railway stations or within existing 
centres.
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Abstract 

The paper analyses car dependency in urban regions in the Netherlands, 
by examining the potential – or lack – of acceptable alternatives to the car in 
daily commuting. Geographical factors, like the distance from home to work and 
accessibility of workplaces, provide important preconditions for determining the 
level of need and incentives for owning and using personal vehicles. Looking at these 
factors, we map out alternatives to car use for commuting in urban environments in 
the Netherlands, with emphasis on the bicycle and e-bicycle (for shorter distances) 
and the combined bicycle-train mode (for longer distances). In 2014, in the 
three biggest cities and several medium-sized cities (covering 30% of the Dutch 
population), 60–80% of commuters could access employment opportunities within 
an acceptable cycling distance (under 7.5 km). Moreover, in all big and medium-sized 
cities and most suburban areas in the Netherlands (covering 61% of the population), 
60–80% of commuters can access jobs within e-cycling distance (under 15 km). 
Looking at trends over time, large cities demonstrate a stabilization of the share of 
jobs within e-cycling distance, while medium-sized cities show a decrease. The South 
Limburg case study examined the potentials of the bicycle-train combination and 
found that it provides an acceptable alternative to the car for approximately 5% of 
employees with jobs located beyond e-cycling distances. 

This chapter has been published as: Wiersma, J.K. (2020). 
Commuting patterns and car dependency in urban regions. 
Journal of Transport Geography 84(C). 

This chapter  has no co-authors, although I was advised by Prof. Dr Luca Bertolini about the scope of 
the research and the flow of the argument. All the rest has been responsibility of the PhD candidate.
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3  Commuting patterns and car dependency 
  in urban regions

3.1  Introduction

Context
In the areas of urban planning/transport policy and research there seems to 

be a consensus on the need to provide viable alternatives to the car in urban areas. 
Widespread car use and ownership seem to contradict the characteristics of urban 
areas with respect to accessibility, health, safety, equity and quality of public space 
(e.g. Girardet 2004; Rogers 1997). To explore potential amelioration pathways, a 
considerable body of research and literature has examined the relations between the 
built environment and travel behaviour (e.g., Ewing & Cervero 2010; Geurs & Van 
Wee 2006; Hilbers & Snellen 2006; Kenworthy & Laube 1999; Van de Coevering 
2013). One of the most enduring ideas in urban planning is that compact cities 
make people drive less. The spatial conditions for walking, cycling, public transport 
and car-sharing use seem favourable in urban areas - as shown by studies of travel 
behaviour, modal split and car ownership (Bertolini & le Clercq, 2003; Ewing & 
Cervero 2010; Geurs & Van Wee 2006; Kenworthy & Laube 1999). It is widely 
assumed that building compact cities with dense and mixed-use areas can lower 
car use and increase the share of alternative transport modes (like public transport, 
bicycles and walking). However, theses research efforts have not yet  delivered 
conclusive results. In a recent comprehensive meta-analysis, based on a systematic 
literature review, Stevens (2017) argues that any driving reduction associated with 
changes in the built environment will be small, while the costs of introducing those 
changes in existing environments will be large. However, as Handy (2017) has 
commented in the same journal issue, a more relevant question for urban planners 
might be how the built environment shape determines potential rather than actual 
travel choices. Actual travel choices are determined by much more than spatial 
conditions alone, as the literature has abundantly shown (Harms 2003; Heinen 
2012; Van Acker et al. 2010), and many important factors remain beyond the scope 
of urban planning research (personal habits, no information about alternatives, 
etc.). Nevertheless, spatial conditions are important because they may or may not 
allow travel choice, i.e. the potential for behavioural change, and spatial conditions 
are something that urban planning can influence. In other words, how does the 
built environment shape necessary, rather than sufficient conditions for behavioural 
change. With reference to car use this perspective is captured by the concept of ‘car 
dependency’ (as the opposite of travel choice) and the debates on the conditions that 
shape it. This paper seeks to shed light on this important research area, which is yet to 
be adequately explored. 
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Car Dependency: State of knowledge
Car dependency (CD) has principally been described and analysed by North 

American and Australian authors. According to Newman & Kenworthy (1999), CD 
occurs when a city or area of a city assumes automobile use as the dominant mode in 
its decisions on transportation, infrastructure and land use. For instance, Kenworthy 
& Laube (1999) studied 32 large cities worldwide, comparing car ownership and car 
use with the use of public transport, and correlating the findings to transportation, 
infrastructure and land use characteristics. A problem with these kinds of studies - 
as Jeekel (2013), based on Gorham (2002) points out - is that when CD is defined 
in terms of car ownership or car use, the concept of ‘dependency’ is not clarified. 
Travel behaviour is not necessarily related to CD. Sometimes people choose to use a 
car despite the readily available alternative transport modes (i.e. even if they are not 
‘dependent’ on their car). Jeekel (2013) further distinguishes real (‘objective’) CD 
from emotional (‘subjective’) CD. Subjective CD can be a matter of habit or lack of 
information about alternative transport modes, while objective CD is simply having 
no acceptable alternatives in terms of travel time and costs.

Drivers of CD
Some studies see CD as being part of the dominant mobile lifestyle in Western 

societies (Brindle 2003; Handy 1993; Harms 2008; Jeekel 2013; Steer Davies Gleave 
2005). This lifestyle is characterized by complex mobility patterns, multi-purpose 
trips and tight time schedules. Jeekel (2013), following Beck (1992) and Sennett 
(2006), distinguishes between the first and second phases of Modernity. The first 
phase, now completed, relates to the development of the nation state, with stable 
institutions, lifelong jobs and relatively predictable mobility patterns. This phase led 
to increased mobility as a consequence of the spatial dispersion of activities and social 
differentiation within society. The second phase of Modernity, still underway, involves 
the globalization of the economy, more complex life/work arrangements and mobility 
patterns, and less stable travel patterns. The complex arrangements of modern life 
require flexibility but at the same time also punctuality, demanding what Kaufmann 
et al. (2004) call ‘motility’, the individual capacity to move in different directions 
at different times and to partake in different activities. Jeekel (2013) sees the car as 
a rational answer to the pressure of ‘motility’. The question is whether the car is the 
only possible answer and CD is, thus, inevitable. 

CD as a form of accessibility
While the abovementioned authors describe CD as a general societal 

development, Stradling’s (2007) analyses of CD in Scotland highlight differences 
between geographical areas. In rural area’s people are sometimes totally dependent 
on their car, while urban dwellers have more travel choices. Silva & Pinho (2010) 
show that also within a single urban area (Oporto) there might be big differences 
with regard to potential travel choices. They also make an important step in the 
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conceptualization of the relationship between the spatial context, travel choice and 
potential mobility. They see travel choice and potential mobility as features of the 
combination of land use and transport conditions in an area, which in turn influences 
accessibility. This claim suggests that current lifestyles, characterized by complex 
mobility patterns, multi-purpose trips and tight-time schedules, might not lead 
inevitably to CD. This also depends on travel choices and potential mobility, in other 
words accessibility.

According to Geurs & Van Wee (2013), accessibility describes the extent to 
which land use and transport systems enable:
- Groups or individuals to reach activities or destinations by means of a 

combination of transport modes at various times of the day;
- Companies, public facilities and other places of activity to receive people, goods 

and information at various times of the day.

Furthermore, as Geurs & Van Wee (2013) also point out, accessibility does not 
only have a spatial but also a temporal (when is accessibility needed) and an individual 
component (commuters, travellers for the purpose of a social visit, etc.). Jones 
(2011) describes CD as lack of accessibility, caused by constraints in the availability 
of adequate alternatives to the car. He distinguishes between ‘structural constraints’, 
which are ‘hard-wired’ into the existing land use and transport system, and ‘situational 
constraints’, which are person or trip specific (e.g., transporting people with mobility 
restrictions or large and heavy items). While structural constraints relate to the built 
environment, situational constraints mostly relate to incidental trips. In principle, for 
a large portion of these incidental trips one does not need to own a car and can rent or 
share one if needed (Cervero et al., 2006; Baptista et al., 2014). 

Wiersma et al. (2016) explored how the spatial context shapes conditions 
for CD and how cities and regions differ in this respect. They mapped out the 
accessibility of daily destinations in municipalities in the Netherlands (daily amenities 
and employment), according to the number of amenities within walking and biking 
distance and the number of jobs within 30 and 45 minutes by car, bicycle and public 
transport. In almost all municipalities in the Netherlands, amenities were on average 
within walking distance; however, with regard to accessing workplaces, in all spatial 
contexts more jobs could be reached within 30-minutes travel time by car than by 
other transport modes (Wiersma et al., 2016).

The knowledge gap
As mentioned above, CD is higher in relation to employment than for amenities 

in the case of the Netherlands. The daily dependency on car use for commuting to 
locations beyond cycling distance and without sufficient public transport accessibility 
creates a ‘hard core’ for the use and possession of cars, because 1) the trip is in most 
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cases done with a privately owned or leased car, and 2) in addition to driving to work 
or school, the owned car is often used for other trips, even when alternative transport 
modes are available (Baptista et al., 2014; Harms 2003; Urry 2004). However, it must 
be kept in mind that in the abovementioned research CD relates to all potential jobs 
accessible from residential areas, not to the actual jobs of their residents. In terms 
of CD, actual workplace locations are crucial as they indicate the exact job-related 
destinations. To explore CD in access to actual jobs, the real-life commuting patterns 
must be analysed and possible alternative transport modes evaluated. While in the 
Netherlands data are available on the development of average commuting distances 
(CBS 2016 ; KiM 2013; PBL 2014; OViN 2017) and the accessibility of employment 
(Goudappel Coffeng; PBL 2014; Tordoir 2015), there is no specific overview of CD 
in existing and possible future commuting patterns in relation to the characteristics of 
the built environment. The available data (CBS; KiM 2015) show average commuting 
distances in the Netherlands, but not the differences between cities of different sizes as 
well as variations between suburban and rural areas. Also, the international literature 
does not provide this level of analysis. Our study aims to fill this knowledge gap, 
analysing the accessibility of workplaces from homes in different urban areas. 

Geographical focus
Our study focuses on urban regions in the Netherlands. Within the European 

context, Dutch urban areas are interesting because their size and density are typical of 
many urbanized parts of Europe (for instance large parts of Germany and Italy, and 
the parts of other European countries outside the reach of capital city metropolitan 
areas). Only a small portion of Europeans live in larger metropolitan areas such 
as Paris or London (Giffinger 2007). At present, almost half of the people in the 
Netherlands live in medium-sized cities (from 50,000 to about 1 million inhabitants). 
This share is increasing at the expense of peripheral and rural areas. Second, most 
cities in the Netherlands are part of polycentric regions, with increasingly intertwined 
daily urban systems, as is the case in many urban areas in Europe. To obtain an 
overview of the possible relationships between the built environment and the 
different levels of CD, we analysed the entire territory of the Netherlands, thereby 
focusing on the current and future situation in urban areas, especially municipalities 
of 100,000 inhabitants or more and their constituent suburbs (see Figure 1). This 
allowed us to chart a variety of spatial conditions and identify commuting patterns 
across them. Additionally, we took a closer look at the South Limburg region due to 
several reasons. The first is data availability; to examine one of the key alternatives of 
interest (the bicycle-train combination), we needed to analyse how many employees 
per municipality had workplaces located at rail locations. This information is not 
available on national level but can be derived from regional data, which, while 
not always publicly accessible, can be secured for this region. Furthermore, South 
Limburg is interesting in an international perspective. It has relatively small cities, 
vast suburban areas and has pursued a liberal policy of siting economic activities 
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along highways for decades. In this sense, it does not reflect the classic Dutch 
planning tradition of strict land use control nor share the unique combination of 
strong metropolitan and polycentric spatial features of the Randstad (the highly 
urbanized western part of the country), making it more comparable to other areas in 
Europe.

Structure of the paper
The following sections outline our research questions (2), describe the research 

methodology (3), present the findings (4), followed by conclusions and items for 
discussion (5). We will end with a combined limitations and future research section 
(5.4) and a few final remarks (5.5).

3.2 Research questions

Our study aims to fill the identified knowledge gap by answering the following 
research question: What is the level of CD of employees in the Netherlands and 
how has it evolved in 10 years time? This is a particularly relevant question, as 
urban areas in the Netherlands are increasingly becoming intermeshed with regional 
networks, with employment and facilities located beyond cycling reach and often 
at poor transit, car-dependent locations (PBL 2014). The Netherlands, a country 
known for its relatively compact cities, has been scaling up its urban networks for 
several decades (Tordoir 2015). The average commuting distance in the Netherlands 
has increased from 17.6 km in 2003 to 18.6 km in 2014 (CBS Statline), partially 
explained by growing regional specialization and integration (Tordoir 2015). In areas 
with shrinking populations, the average commuting distance increased due to the 
reduction in the numbers of residents and jobs (Goudappel Coffeng 2015; Wiersma 
et al., 2017). Moreover, the biggest growth in jobs in the past 15 years has taken place 
on highway sites (PBL 2014).

We focus primarily on the potential of the bicycle and e-bicycle (a bicycle 
equipped with an electric motor, with a maximum speed of 25 km/h) as an 
alternative to the car. We selected these modes due to the following factors: 1) in the 
Netherlands the bicycle is the most attractive alternative to the car for short distances 
(Harms 2006); 2) the bicycle, being an individual transport mode, seems to be the 
most adequate alternative to the car in relation to complex mobility patterns, multi-
purpose trips and tight time schedules in urban areas; 3) more jobs are accessible 
within 30 minutes by e-bicycle than by public transportation (Goudappel 2015, 
Wiersma et al., 2017); and 4) the e-bicycle provides a promising alternative for 
covering medium distances (5–15 km) (KIM 2016; KPVV 2012). For longer 
distances, alternatives to car use must include some form of public transport. In this 
study, we focus on the bicycle-train combination, because in the Netherlands the 
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bicycle as a transport mode has an ever-growing share of trips to/from stations (Kager 
et al., 2016), and this combination seems to be the most competitive alternative to 
the car in travel time, as it avoids time-consuming and inconvenient public transport 
transfers (Kager et al. 2016; Schakenbos et al., 2015; Staps 2014). We explored the 
potentials of this combined mode in the South Limburg region. Accordingly, the 
following sub-questions were formulated: 1) To what extent are commuting distances 
in urban areas in the Netherlands within cycling or e-cycling distance, and how do 
they evolve over time? 2) To what extent does the combination of (e-)bicycle and 
public transport provide a competitive alternative to the car in commuting 3) How 
do these possible alternatives for the use of the car in commuting relate to its actual 
use?

3.3 Research methodology

Commuting distances within (e-)bicycle distance
The empirical base for this study is provided by data on actual commuting 

distances, measured between the geographic centres of the commuters’ home and 
work municipalities (CBS 2014). We defined 7.5 km real, on-the-network distance 
as the maximum acceptable distance to cover daily by bicycle and 15 km for the 
e-bicycle (based on KiM 2016). For each municipality we mapped out the percentage 
of employees with workplaces within cycling and e-cycling distance in 2014. On 
average, the distance from the centre to the outer limits of Dutch municipalities 
is about 5 km Euclidian distance (Metatopos 2017). We assumed that employees 
who work in their own municipality live within cycling distance from their jobs, 
given the geographical size of most urban and suburban municipalities in the 
Netherlands and due to the concentration of employment in the central areas of 
municipalities (between historic centre and inner motorway ring) (see Figure 2, left 
side). Furthermore, we assumed that employees who work in a nearby municipality, 
with a geographical centre within 10 km of the geographical centre of their home 
municipality, live within e-bicycle distance of their workplace (see Figure 2, right 
side). In all other cases, we assumed that the job is located beyond the range of 
bicycles or e-bicycles.

   
Figure 2. Schematic view of the geographical size of municipalities in the Netherlands 

A A B
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Potential of the bicycle-train combination
Given the fact that the average distance from home to a train station in 

urban areas in the Netherlands is between 2 km and 4 km (KPVV 2017), we can 
deduce that the travel times from home to and from the station by bicycle would 
take on average about 15 minutes (average bike speed of 12 km/h). Furthermore, 
the following assumptions are included in the analyses: one can store a bicycle 
without significant delay; there is a 15-minute train frequency (common on regional 
commuter lines); no train–train transfers are needed; and the job is located within 
500 m of the destination rail station. Under these conditions, the bicycle-train 
combination could be competitive in terms of door-to-door travel time and provide 
an acceptable alternative to the car (especially considering parking costs and the 
occasional effects of congestion) (see Figure 3). We explored how many employees 
would benefit from this combination, using data from Etil research group for South 
Limburg, available from the Province of Limburg (Vaessen & Knoors 2015). These 
data show how many employees worked in the economic centres at transit locations 
in 2014, as well as their home municipalities.

 
Figure 3. Schematic view of the components of the bicycle-train combination

3.4 Findings

The relationship between urban density and the potentials of 
the (e-)bicycle
The left side of Figure 4 compares the densities of municipalities in the 

Netherlands, defined by the number of addresses per square kilometre (left-hand 
side), with the percentage of commuting trips within bicycle distance for those 
municipalities (right-hand side). Cities with more than 100,000 inhabitants and 
some satellite towns (‘groeikernen’) mostly have densities above 1,500 addresses 
per square kilometre, while smaller towns and suburban areas mostly have densities 
between 1,000 and 1,500 addresses per square kilometre. Urban concentration are 
focused in the western, central and south-eastern Netherlands, sometimes described 
as an ‘urban field’, as opposed to some smaller and less dense conurbations towards 
the north and southwest. The right side of Figure 4 shows municipalities where more 

Home Work
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than 50% residents lived within an acceptable cycling distance (7.5 km) from their 
workplace in 2014. As expected, it shows high scores (above 60%) for the big cities 
and a few medium-sized cities with high densities. However, most cities with high 
densities in the heart of the ‘urban field’ show moderate scores (50–60%). The scores 
of the satellite towns are usually below 50%. 

Looking at the entire population of the Netherlands, 8% live in municipalities 
with scores between 70% and 80%, 22% in municipalities with scores between 60% 
and 70%, another 20% in municipalities with scores between 50% and 60%, and 
the rest (50%) in municipalities with scores below 50%. Figure 5 compares densities 
(left side) with job accessibility by e-bicycle (right side). It shows the percentage of 
employees living within an acceptable e-bicycle range (15 km) from their workplace, 
per municipality in 2014. As expected, there are more municipalities with high scores 
than in Figure 4; however, there is no direct correlation with density. Apart from 
the big cities in the west, high scores (above 60%) are also found in suburban areas 
with lower densities – sometimes even below 1,000 addresses/km2. In some cases, 
the scores of suburbs are higher than the adjacent medium-sized central cities (see 
the dark areas next to cities, marked with yellow or red dots). It is remarkable that 
the areas with high (more than 60%) e-bicycle potentials are in the less-populated 
periphery of the country. Finally, it appears that in almost the entire southern wing 
of the Randstad and almost the whole of South Limburg, in urban as well as in 
suburban areas, 70–80% of residents live within 15 km from their workplaces, thus 
within e-bicycle distance. 

Looking at the entire population of the Netherlands, 31% live in municipalities 
where 70–80% of the workforce commutes on average up to 15 km, 30% in 
municipalities where this percentage is between 60% and 70%, a quarter (26%) 
in municipalities with scores between 50% and 60%, and the rest (13%) in 
municipalities with scores below 50%.

Developments in commuting distances
To explore how commuting distances evolved over time, we analysed the 

changes in home–work distances in cities with populations over 100,000 between 
2005 and 2014 (see Figure 6). Except for the big cities, we found that in most cities 
the percentage of people holding a job within a distance of 15 km is decreasing, an 
average decrease of 4% between 2005 and 2014. This finding is consistent with the 
observations of Tordoir (2015) regarding the upscaling of urban networks in the 
Netherlands. It is slightly less, however, than the 6% increase in average commuting 
distances across the Netherlands, from 17.6 km in 2003 to 18.6 km in 2014 (CBS 
2016). 
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Figure 6. Changes in home–work distances 2005–2014, in cities with over 100,000 inhabitants, 
Source: own elaboration of CBS 2014, 2016

Potentials of the bicycle-train combination in South Limburg
Figure 7 (left side) shows the percentage of people with jobs within acceptable 

e-bicycle distance in the South Limburg region. In Figure 7 (right side) this 
percentage is added up with the percentage of employees with jobs on rail-oriented 
locations beyond 15 km, i.e. having an acceptable bicycle-train combination 
alternative to the car The bicycle-train combination can accommodate an additional 
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5% to 6% of commuting trips. Compared to the scores of the (e-)bicycle, shown 
on the left side, this option does not have a visible effect in the figure. Only two 
municipalities score above 70% thanks to this addition, but that is because the score 
of the e-bicycle for these municipalities was already close to 80%. However, it should 
be kept in mind that these figures only reflect the potential use of public transport as 
an extension of the (e-)bicycle and not as a transport mode in its own right, which 
might of course for some travellers and trips be an important option to have.

Figure7. Left: Percentages of employees in South Limburg living within e-bicycle distance from their 
workplace, per municipality. Right: Percentages of employees living within e-bicycle distance from 
their workplace, added up with the potential bicycle-train combination, per municipality (2014), 
Source: own elaboration of CBS and Etil

Actual vs potential transport mode options in commuting

Actual vs potential use of the (e-)bicycle for commuting
So far we explored the geographical conditions for the potential use of bicycle, 

e-bicycle, and the bicycle-train mode for commuting; however, it is even more 
interesting to explore to what extent these potentials are currently being realized. 
Table 1 shows four cohorts of municipalities, defined by the average  percentages of 
employees having workplaces within bicycle distance, compared with actual bicycle 
use for commuting in these municipalities (based on our findings above), also 
showing the parts of the Dutch population living in these four groups in 2014 (based 
on own elaboration of the Netherlands Travel Survey data [OViN]) (CBS 2014). 
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Table 1. Percentages of employees with workplaces within bicycle distance, compared with actual 
bicycle use for commuting, and percentages of the total population of the Netherlands, in 2014 
(own elaboration of OViN, CBS 2014).

Percentage of employees with 
workplaces within 7.5 km

Actual bicycle use 
for commuting

Percentage 
of population

70 - 80% 39% 8%

60 - 70% 37% 22%

50 - 60% 35% 20%

0 - 50% 28% 50%

When considering home–work distances as conditional for potential 
behavioural change, about 30% of the Dutch population live in municipalities in 
which a doubling of bicycle use for commuting would be possible. Of course, it 
should be stressed that this assessment is based on the observation of the presence of 
a few necessary spatial conditions, without any implication that these conditions are 
also sufficient. Again, the focus of our analysis is assessing CD, or the potential for 
behavioural change away from the car, not actual behavioural change. As abundantly 
shown by the literature (Harms 2003; Heinen et al. 2013;Van Acker et al., 2010), 
mostly non-spatial conditions determine whether behavioural change will actually 
occur. This qualification also applies to the observations below.

Table 2 shows the percentages of employees who work within e-bicycle 
distance, compared to actual bicycle and e-bicycle use for commuting, on average 
in four groups of municipalities (again, based on our analysis above), and the 
corresponding share of the Dutch population (OViN) (CBS 2014). The data indicate 
that about 60% of the Dutch population live in municipalities in which a doubling 
of (e-)bicycle use for commuting would be possible. 

Table 2. Percentages of employees who work within e-bicycle distance, compared to actual bicycle 
and e-bicycle use for commuting, and the corresponding share of the Dutch population, in 2014 
(own elaboration of OViN, CBS 2014).

Percentage of employees with 
workplaces within 15 km

Actual bicycle and e-bicycle use 
for commuting

Percentage of popu-
lation

70 - 80% 36% 31%

60 - 70% 33% 30%

50 - 60% 30% 26%

0 - 50% 27% 13%



Commuting patterns and car dependency in urban regions

71

Actual vs potential modal split for commuting in the South Limburg region
Based on the results for South Limburg, we compared the current modal split 

in South Limburg (OViN, CBS 2014) with the potential modal split, adding up 
the potentials for the e-bicycle and bicycle-train combination. Table 3 presents the 
potential and actual modal split for commuting in South Limburg, stressing the 
substantial differences between potential and real-life behaviour.

Table 3. Actual and potential modal split for commuting, as determined by geographical factors, 
and with the use of the e-bicycle and the bicycle-train combination, in the South Limburg region 
in 2014 (own elaboration of OViN, CBS 2014)

Actual modal split in South Limburg Potential Modal split in South Limburg

Car 60% Car 23%

Alternatives to the car 38% Alternatives to the car 75%

Other 2% Other 2%

Total 100% Total 100%

3.5 Conclusions and discussion

Summary of the findings
In this paper we sought to address the following questions: 1) To what extent 

are commuting distances in urban areas in the Netherlands within cycling or 
e-cycling distance, and how do they evolve over time? 2) To what extent does the 
combination of (e-)bicycle and public transport provide a competitive alternative to 
the car in commuting 3) How do these possible alternatives for the use of the car in 
commuting relate to its actual use?
The analysis has produced the following results:

1) Although distances from home to work have increased in the Netherlands, reaching 
an average of 18.6 km in 2014 (CBS, KiM 2015), in the three big cities and several 
medium-sized cities, 60–80% of commuters can reach workplaces within an 
acceptable cycling distance (7.5 km) (totalling 30% of the entire population). In 
all big and medium-sized cities and most suburban areas in the Netherlands (61% 
of the population), 60–80% of commuters can access workplaces within e-bicycle 
distances (15 km). Looking at trends over time (2005–2014), it appears that in 
the large cities the home–work distance has stabilized or gone down, but in most 
medium-sized cities there is an increase, albeit a modest one. In all cities with over 
100,000 inhabitants, the increase is on average about 4%, compared to the average 
6% increase across the Netherlands in the same period.
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2) We selected the South Limburg region as a case to examine the potential of 
the bicycle-train combination for distances beyond 15 km. In South Limburg, 
approximately 5% of employees who have to travel more than 15 km to work have 
an acceptable alternative to the car in their daily commute thanks to the bicycle-
train combination.

3) In urban environments (61% of the total population) the current home–work 
distances provide the conditions for a potential doubling of the use of the (e-)
bicycle for commuting, from about one-third to about two-thirds of all commute 
trips, thus potentially becoming the dominant transport mode for commuting 
in urban areas. It must be underlined that this is an assessment of a potential 
and only based on the distances between home and work locations without any 
consideration of other – both spatial and above all non-spatial conditions – that 
are essential for any behavioural change. The results should, thus, not in any 
way be equated with an assessment of the likelihood that change will happen, as 
elaborated in 5.2

On the basis of the findings above we can conclude that  In much of the 
Netherlands the urban fabric seems to provide the necessary spatial conditions (in 
terms of home–work distances) for daily use of (e-)bicycles for commuting. From 
this – admittedly reductive – spatial perspective, in urban areas and their constituent 
suburbs, the (e-)bicycle currently has a remarkable potential to increase its share 
in daily work commutes, even replacing the car as the dominant transport mode. 
Looking at the specific case study of South Limburg, the added potential of the 
bicycle-train combination currently seems modest.

Implications
There are three specific implications of the findings. First, as stated above, 

it appears that in urban areas and their constituent suburbs current home–work 
distances provide the necessary spatial conditions for a potential doubling of the 
use of the (e-)bicycle in commuting. This is of course not a sufficient factor for 
behavioural change. Extensive research has been carried out, addressing the non-
spatial factors of behavioural change of transport modes (see e.g Van Acker et al., 
2010). The differences between potential and actual travel choices shown in Table 
1 and 2 underscore this challenge, as well as the need for further research into 
the amenability to change of the non-spatial determinants of travel behaviour. 
Furthermore, considering that in urban areas and their constituent suburbs about 
half of residents commute daily and that 60-80% of these commuters live within 
15 km of their workplace, it follows that only 10-20% of the urban and suburban 
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population are dependent of the daily use of a car due to home-work distance 
exceeding 15 km (not even counting the added possibilities of public transport). 
Assuming that CD for commuting in these areas can be considered a major 
determinant for car ownership, this results in a theoretical market for car-sharing or 
renting - ‘car as a service’ - for at least 80% of the urban and suburban population. 
Considerable research has been done on the potential for behavioural change related 
to car use but much less about strategies related to the ownership of cars. However, 
this could be a decisive factor in improving the quality and liveability of public 
spaces, especially in residential urban areas.

Second, although the potentials for alternative transport modes as determined 
by geographical factors will not necessarily lead to behavioural change, it does 
indicate the relative resilience of urban structures in the Netherlands, facing possible 
necessary changes in travel behaviour in relation to for example climate change 
mitigation (reduced car use) or improved liveability of cities (both reduced use and 
ownership of cars). It appears that this resilience is not dependent on high densities; 
the e-bicycle alternative seems well suited for relatively low-density, medium-size 
cities and even suburban areas.

Third, the fact that the added potential of the bicycle-train combination 
currently seems modest, as the South Limburg case study demonstrated, could 
question the importance of public transport. However, due to the increasing home–
work distances, especially in medium-sized cities, the importance of regional public 
transport as an alternative to the car increases at distances beyond 15 km. For 
distances below 15 km, (e-)bicycle and public transport seem to compete against each 
other. As mentioned earlier in this paper, in most urban areas more jobs are accessible 
with (e-)bicycle than with public transport, and the (e-)bicycle, being an individual 
transport mode, is better suited for multi-purpose trips and tight time schedules, at 
least in urban areas. As most distances  in urban areas of medium-sized cities rarely 
exceed bicycle or e-bicycle distance, this questions the future role of local public 
transport.

Discussion: How car dependent is our society?
As highlighted in the introduction, the literature on CD seems to agree on the 

fact that the driving force behind CD is the demand for ‘motility’, the individual 
capacity to move in different directions at different times and to partake in different 
activities. 
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Figure 8. Levels of CD

Seeing the car as a rational answer to this requirement, generally speaking, 
our society would increasingly become car dependent. Consequently, there would 
be only limited room for changing travel behaviour and an impetus to facilitate 
increasing car use and ownership. This study tries to offer another perspective. The 
contribution of this study is to provide tools to show not if but how often people are 
car dependent based on where they live. Figure 8 highlights the various levels of CD. 
In the outer, yellow band are all car trips that have alternative transportation modes 
that are competitive in terms of travel time and costs. This is the domain of what 
Jeekel (2013) calls ’subjective CD’: a habit or lack of information about alternative 
transport modes. In the next, orange band are the occasional car trips, for which the 
car is indispensable, such as a trip to the out-of-town hardware store or a holiday 
home. For these trips, private vehicle use is a necessity; however, owning a car is not, 
with renting or sharing providing alternative options. In this sphere, policy aimed 
at offering attractive arrangements for rent-a-car or car-sharing might be effective in 
reducing CD. The inner, purple circle is the ‘hard core’ of CD. These are everyday 
trips without an acceptable alternative transport mode, such as daily commuting trips 
to car-dependent locations beyond cycling distance. Research shows that people rarely 
rent or share a car for their daily commute (Cervero 2006). The daily dependency 
on car use for commuting to locations beyond cycling distance and without public 
transport accessibility creates thus a ‘hard core’ for the use and possession of cars, 
because 1) the trip is in most cases done with a privately owned or leased car; and 2) 
in addition to driving to work or school, the owned car is often used for other trips, 
even when alternative transport modes are available (Baptista et al., 2014; Harms 
2003; Urry 2004). By describing and measuring the different levels of CD for different 
environments and demonstrating the potential for behavioural change in car use and 
car ownership, our study provides an important addition to this field of research. 

Trips having a reasonable alternative transport mode for the car.

Incidental trips without a reasonable alternative transport mode for the car.

Daily trips without a reasonable alternative transport mode for the car.
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Limitations and further research
Finally, the study has a number of limitations, which highlight the need and 

value of additional research efforts.

First, we assumed that people who work in their municipality live within 7.5 
km of their workplace, given the geographic size of most Dutch municipalities and 
the concentration of residents and employment in the more central parts of those 
municipalities. For the large majority of cases this is a fair assumption; however, there 
are some outliers. While we tried to acknowledge these outliers in the analysis, a 
more finely grained analysis would be needed to test the validity of this assumption. 
In some peripheral and rural areas, municipalities are significantly larger than the 
average and in some cases lack an urban core. Although it appeared from the analysis 
that in some of these municipalities the score of employees having a job in their own 
municipality was between 50% and 60%, we corrected the score as being below 
50%, that is, as falling within the worst-case scenario (and thus on average longer 
commuting distances). The big cities of Amsterdam and Rotterdam are also outliers 
due to their large size and the existence of multiple urban cores. As a result, our 
analysis cannot confirm that residents who work in these cities live on average less 
than 7.5 km from their workplaces. On the other hand, precisely these cities, because 
of a well-developed public transport network, provide ample alternatives to car 
commuting. Weighing both aspects, we did not correct the scores for Amsterdam and 
Rotterdam.

Second, we assumed that people who work in a nearby municipality, with 
a geographical centre within 10 km of the geographical centre of their home 
municipality, live within e-bicycle commuting distance. Theoretically, some 
employees could live in the outskirts of their home municipality and work at the 
opposite edge of the neighbouring one, placing them beyond e-bicycle distance. 
However, the data from OViN (2017) for the entire country are consistent with 
the overall distribution of commuting distances found in our study, including the 
percentage of those within 15 km. Consequently, we assumed that these longer 
commutes concern only a few individuals and that this is sufficiently acknowledged 
by the bandwidth of 10% we used in our  outcomes. Nevertheless, more finely 
grained analysis would give additional and welcome insights.

Third, looking at the specific case study of South Limburg, the added potential 
of the bicycle-train combination currently seems modest. This finding is partly 
influenced by our research method: 1) we assumed that all commute trips within 15 
km potentially could be undertaken by the (e-)bicycle – on average around 70% in 
the South Limburg region – leaving as potential bicycle-train options only the rail-
oriented jobs beyond 15 km, and 2) we didn’t take into account the rail-oriented 
employment areas located outside the region of South Limburg. This limitation 
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presents an additional opportunity for more finely grained analysis. In particular, 
future research could provide further insights into the threats of competition – but 
also the opportunities for synergy – between public transport and the (e-)bicycle. 

Fourth, we did not study the potential impact of technological and socio-
economic developments, such as an increase in telecommuting or flexible work 
contracts, on the future of commuting patterns. This is of course an area with much 
speculation and debates, and one which will require continuous scrutiny.

Finally, for both the general findings and the three more specific points above, 
it would of course be very interesting to compare the Dutch case with patterns in 
other countries.

Final remarks
In the urban areas of the Netherlands, the above described ‘hard core of 

CD’ currently only relates to 10–20% of the urban and suburban population. In 
these areas, CD is mainly driven by ‘situational’ constraints (e.g., the incidental 
trip exceeding walking and cycling distances; visiting family and friends, a holiday 
destination, or the hardware store in the periphery of the city). However, as these 
are not daily trips, they don’t require ownership of a car (necessary only in a small 
minority of cases). Finally, our study shows that in small cities and rural areas, 
mostly situated in the peripheral parts of the Netherlands (39% of the population), 
more than 50% of commuters are car dependent, i.e. they have to use a car daily 
and consequently have to own one. The ‘hard core of CD’ in these locations is 
substantially stronger than in urban areas. As in these areas the population is 
shrinking, distances to daily destinations and consequently CD are projected 
to increase. A question for further research would be if,  with regard to CD two 
contrasting worlds are emerging: big and medium-sized cities and heavily urbanized 
areas with decreasing CD, on the one hand, and peripheral small cities and rural areas 
with increasing CD, on the other. 
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Abstract

We analysed the spatial conditions for Car Dependency (CD) in three 
European cities and their suburbs, to investigate the following research question: 
What are the potential travel mode alternatives to the car, and how do they relate to 
actual travel behaviour? We defined CD as the lack of alternative transport modes to 
the car for reaching daily destinations. We selected three mid-sized city regions with 
different planning traditions and travel behaviour: Eindhoven, Southampton and 
Aachen. The results demonstrate that the differences in CD in the three cities are 
not substantial. The suburbs show a substantially higher CD than the city proper; 
however, when considering the e-bicycle as an alternative transport mode, this 
difference decreases. Daily amenities are largely within walking distance, in cities as 
well as in suburbs. For the daily commute there seems to be great potential for the 
(e)-bicycle as most employees, living both in the cities and their suburbs, currently 
live within 15 km of their jobs. Overall, our research shows that the differences in the 
actual modal split in the three cities cannot be explained by differences in the spatial 
conditions for CD. 

This chapter has been published online as: Wiersma, J.K., Bertolini, L.,Harms, L. (2020) 
Spatial conditions for car dependency in mid-sized European city regions. 
European Planning Studies https://doi.org/10.1080/09654313.2020.1854691

In this chapter, Prof. Dr. Luca Bertolini has advised about the scope of the research and the flow of 
the argument. Dr. Lucas Harms contributed to the development of the research method and the 
interpretation of the quantitative outcomes. All the rest has been responsibility of the PhD candidate.
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4  Spatial conditions for car dependency in 
  mid-sized European city regions

4.1 Introduction

An overview of the literature
In the areas of transport policy, transport research and urban planning there 

seems to be a consensus on the need to provide alternatives to the car in urban areas 
(e.g.: Girardet 2004 ; Rogers 1997). However, to what extent this is possible and 
how dependent people are on cars in their daily lives needs to be further examined. 
A considerable body of literature focuses on the relationship between the built 
environment (land use and infrastructure) and car use (e.g.: Bagley & Mokhtarian 
2001; Bento 2005; Kenworthy & Laube 1999; Newman & Kenworthy 1999, 2006; 
Tayal et al. 2001; Van Wee 2009; Van Wee & Maat 2003; Wegener & Furst 1999). 
However, car use is not the same as car dependency (CD). CD is defined by the lack 
of alternative transport modes to the car in terms of time, cost and effort in accessing 
destinations. Jeekel (2013) distinguishes objective and subjective CD. Sometimes 
people use cars even when compatible alternatives are available; however, other times, 
compatible alternatives are simply not available, and these are the most challenging 
situations. In this respect, the relevant question seems whether and to which extent the 
built environment shapes structural constraints and possibilities for behavioural change, 
or in other words, how the built environment allows potential (rather than actual) 
travel choices (Handy 2017; Urry 2004).

Handy (1993) has described the current built environment as resulting from 
the so-called cycle of CD. In the post-war era, cities in the Western world have been 
adapted to the widespread use of cars, changing the pattern of daily amenities and 
economic activities, resulting in ever increasing car dependence, especially in the US 
but also, to a lesser degree, in European cities and towns. It is, therefore, interesting to 
explore to what extent this ‘cycle of CD’ has influenced the built environment of cities, 
which in turn provides a structural barrier to the effort to promote alternative transport 
modes. Attempts to explore the relationship between the built environment and the 
CD of urban populations were undertaken by Stradling (2007), for rural and urban 
areas in Scotland, and Silva & Pinho (2010), for Porto. However, these studies stop 
short of identifying the underlying spatial determinants of CD. Wiersma et al. (2015) 
took a first attempt in this direction, comparing travel choices to daily destinations in 
different urban and suburban areas in the Netherlands, and exploring the potential for 
utilizing alternative transport modes as determined by the spatial characteristics of these 
areas. Confronting these results with actual travel behaviour also led to the conclusion 
that although the use of alternative modes, especially the bicycle, is currently relatively 
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high in Dutch cities, there is still substantial room for improvement (in cities as well as 
suburbs), especially due to the potential of the e-bicycle (Wiersma 2020).

Knowledge gap and research questions
The research described above is part of a relatively unexplored field of knowledge: 

the necessary spatial conditions for the potential use of alternative transport modes. 

First notable attempts focused on the Netherlands (Wiersma et al. 2015, 2017 
and 2020), and the paper expands this research at the European level, by focusing on 
mid-sized urban and suburban areas in different European countries. The expanded 
scope is valuable for several reasons. First, mid-sized cities and their surrounding 
suburban areas are a particularly relevant case because a large portion of the overall 
European population lives there, while only a minority lives in large metropolitan areas 
like London or Paris (Giffinger 2007, Eurostat). Second, the surrounding suburbs 
are deliberately included in the research; they form an integral part of the daily urban 
system of mid-sized cities, while presenting markedly different spatial conditions. 
Third, we want understand to what extent the Dutch built environment, with its 
highly urbanized context and shaped by a strong planning tradition, is typical for the 
European case, i.e. to examine the generalizability of previous research findings.

The following research questions have been formulated:
1. To what extent does the spatial structure of mid-sized European city regions shape 

CD conditions? 
2. To what extent are these spatial conditions related to actual travel behaviour?

4.2  Research method

Research object
In order to examine the research questions, we selected three different 

European mid-sized cities: Eindhoven (the Netherlands), Southampton (the United 
Kingdom) and Aachen (Germany). While they are of comparable size and with similar 
urbanization patterns, all were shaped by markedly different post-WWII planning 
traditions and are distinguished by unique travel behaviours. The English, German and 
Dutch planning systems are particularly relevant as cases, due to the different roles that 
local and regional authorities play in planning practice (Oxley et al. 2009). The Dutch 
and German planning systems are more proactive in guiding spatial development than 
the English one; however, there are also differences between the Dutch and German 
system. Dutch planning practice has been determined by the national government (at 
least until 2005), while Germany is a federal country, where the states (Länder) and 
their planning systems are more independent from the national level than the Dutch 
provinces and their planning systems (Oxley et al. 2009). It is interesting to see if these 
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differences in planning traditions have resulted in different spatial conditions, and 
possibly could explain the differences in travel behaviour.

Table 1. Urban and regional population, modal split, and car ownership in case study cities 
Sources: EPOMM for modal split of all trips, KiM 2016, Städteregion Aachen, UK Census 2011 
for modal split of commuting trips

Inhabitants 
city (2014)

Inhabitants in 
30-km-range 
from city 
centre

Modal split 
(car/PT/bike/
walk - all trips)

Modal split 
(car/PT/bike/
walk - daily 
commute) 

Car 
ownership 
(cars/
household)

Eindhoven 220,000 1 million 42/5/40/13 
(2014)

50/3/42/5 
(2014)

0.8

Aachen 243,336 0.8 million 51/15/12/22 
(2012)

58/15/16/11 
(2011)

1

Southampton 234,100 1.2 million 59/24/3/14 
(2010)

60/12/5/23 
(2011)

1.2

The case study cities (see Table 1) are all mid-sized cities (200,000-250,000 
inhabitants), situated in daily urban transport systems that serve around one million 
inhabitants. For the modal split of all trips, EPOMM data were available for the three 
cities. For the modal split of commuting we used the available sources for each city.

In Eindhoven active modes dominate (53% for all trips, 47% for commuting 
trips), especially bicycles (40% and 42%, respectively). In Aachen the private car 
dominates, but active modes still reach about one-third of total trips (34% for all 
trips, 27% for commuting trips). In Southampton the picture is mixed: for all trips 
public transport is the second most-used mode after the car, but for commuting 
active modes reach 28%. The research aims to investigate to what extent the spatial 
conditions of these urban areas allow their inhabitants to use alternative transport 
modes as a potential alternative to car use for accessing destinations, irrespective of 
their current actual use. 

Research method
Daily and incidental destinations
To explore the relationship between the built environment and CD, it is 

useful to define different levels of CD. These levels describe not only if people 
are CD, but also to what extent. Our research focuses on the accessibility of daily 
destinations, because having no alternatives to the car for reaching daily destinations 
like supermarkets, schools and jobs does not only result in extensive use of cars, but 
also is a strong incentive for car ownership (Cervero 2006; Kent 2018; Litman 2020). 
Additionally, owners of cars tend to use them also when alternative transport modes 
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are available (Baptista et al. 2014; Harms 2003; Urry 2004). In contrast, weekly and 
monthly trips to destinations, for social or leisure purposes, are far less frequent and - 
even if they would require the use of a car - do not necessarily promote car ownership 
(e.g., car-sharing or renting provide viable options) (https://ritjeweg.nl).

Necessary and sufficient conditions
This paper seeks to explore the necessary spatial conditions for the potential use 

of alternative transport modes, irrespective of their actual current use. In this context, 
we distinguish between basic or necessary conditions for car dependency, i.e. patterns 
of land use and infrastructure, like roads and railways, and additional or sufficient 
conditions, being quality of infrastructure and level of service of public transport 
(Wiersma 2020). For instance, we consider an acceptable distance to destinations 
as a necessary condition for the use of bicycles: it makes cycling a potential option, 
but this in itself may not be enough to spur a modal shift towards cycling. When 
the former condition is present, making roads to destinations safer for bicycles is an 
example of what could be a sufficient condition. This is a relative cheap and short 
term measure, nevertheless, it could actually shift travel behaviour towards cycling. 
This distinction also applies to public transport. A basic or necessary spatial condition 
for regional public transport would be a rail connection and the presence of activities 
near stations. Additionally, in order to offer an acceptable alternative for the car the 
level of service on that rail track is also important. However, this sufficient condition 
(level of service) is relevant only if, where and when the necessary condition exist (e.g. 
a rail tracks). Our research focuses on the basic or necessary conditions, as they shape 
long-term conditions and are difficult and costly to change, whereas the additional or 
sufficient conditions can be shaped according to short- or mid-term policies. Finally, 
the presence of necessary and sufficient conditions, offering competitive alternatives to 
the car in physical terms, such as distance to destinations within walking or bicycling 
distance, or levels of public transport offering a comparable  door-to-door travel time, 
does not guarantee a modal shift; also elements of a non-spatial nature, such as parking 
costs, habit, culture and state of awareness and personal characteristics, shape the 
behavioural change potential. Assessing necessary conditions is fundamental, as they 
lay the ground to address personal characteristics and other behaviour-related factors.

Alternative transport modes
In the three case cities, we will compare the potential use of alternative 

transport modes (ATMs) for accessing daily destinations. In our research we consider 
walking, the bicycle, the e-bicycle, public transport (PT) and their combinations as 
alternative transport modes. We are aware that, compared to the Dutch situation, 
the bicycle is used much less frequently in most European countries. Second, the 
e-bicycle is a relatively new mode of transport, also in the Netherlands. However, and 
as stated above, we try to explore the necessary spatial conditions for the potential use 
of alternative transport modes, irrespective of their actual current use. 
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Distance to and accessibility of daily destinations
We distinguish two groups of daily destinations: daily amenities and jobs (see 

Figure 1). First, we map the distance to daily amenities (Figure 1, left). Primary 
schools and large supermarkets or shopping centres are taken as daily amenities, which 
are deemed accessible by a reasonable alternative to the car if they are located within 
1 km from homes (maximum walking distance). We derive the locations of primary 
schools and supermarkets from Google Maps, calculating the percentage of inhabitants 
within a 1 km catchment area. We use the subdivisions of the traffic models of the 
Städteregion Aachen, of the Netherlands (RWS), and the wards of the UK as units to 
obtain the number of people and jobs in the catchment areas. The catchment areas of 
amenities (1 km) are circles and thus do not coincide with administrative boundaries. 
Some administrative units are fully covered by a catchment area, others only partly. We 
assume a uniform distribution of populations within these boundaries to estimate the 
population share within and outside the catchment areas.

Figure 1. Left: % of population CD in accessing daily amenities. Middle: % of employees CD in 
reaching their workplace. Right: % of population CD in accessing amenities, added up with % of 
employees who are CD in reaching their workplace
 
 
 
 
 
 
 
 

Second, (Figure 1, middle) we map the distance to and the accessibility of 
workplaces by ATMs. We calculate the percentages of employees with jobs located 
within 7.5 km (maximum cycling distance) and 15 km (maximum e-bicycle distance) 
from their home. We regard these as accessible by a reasonable alternative to the 
car, as they are considered to be the maximum distances people are willing to travel 
with these transport modes, based on the fact that 90% of all trips by bicycle resp. 
e-bicycle takes place within these distances (KiM 2016; KPVV 2012). It must be kept 
in mind that some workplaces located within 7.5 and 15 km could possibly also be 
accessible on foot or by local PT; however, this opportunity would not change the 
outcomes for the score of alternative transport modes.

We derive our calculations from the following sources: NTS UK 2011, CBS 
2014, Inkar 2013, and Städteregion Aachen 2013. Some caution is needed due 
to the different sources from different countries. A substantial part of the data for 
the Southampton case is derived from the 2011 National Travel Survey, while the 
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data for the other two is more recent, Eindhoven (2014) and Aachen (2013). Local 
public transport (defined by distances up to 15 km, having no separate lanes) is also 
a potential alternative transport mode. However, firstly, from a theoretical point of 
view, it may be questionable whether services of local PT are to be considered as 
spatial necessary conditions for CD in the way we define these. In our definition, 
local PT services would be defined as sufficient conditions within the spatial 
framework of the necessary conditions determined by distance (see Section 2.2.2.). 
Second, from an empirical point of view, it may well be that in some cities these 
bus services are offering competitive alternatives for car trips, but as we considered 
all daily amenities within 1 km and workplaces within 15 km as ATM accessible 
(walking, bicycle, e-bicycle or local public transport), a separate research on the 
competitiveness of local public transport would not change the outcomes of this 
study as workplaces within these distances are already considered as not CD. In 
conclusion, while we believe that a detailed analysis of local PT services would 
provide relevant information on the sufficient conditions for CD, we also feel that it 
goes beyond the scope of this paper.

We are aware of the fact that for distances up to 15 km one cannot consider 
everybody to use the (e-)bicycle and/or for all times (e.g., outside of the summer 
months or when it rains). In this case, the bus would be a realistic alternative; 
however, from previous research (Wiersma et al. 2017) it appeared that in Dutch 
mid-sized city regions comparable with our three cases, more jobs were accessible by 
e- bicycle than by public transport in the same door-to door travel time. Compared 
to the (e-) bicycle longer door-to door travel times by public transport must be 
assumed, raising questions about the competitiveness of this option. Research shows 
that in the Netherlands, where users can easily use bicycles, most people see local 
buses only as a fall-back option (KiM 2018). Outside the Netherlands the bicycle is 
much less used and public transport is often considered as the only alternative for the 
car for destinations beyond walking distance. Future research could examine these 
issues in further detail. For commuting distances beyond 15 km within the daily 
urban system (roughly defined by a 30 km range from the city centre, approximately 
30 minutes by car), we consider the bike-train-walk combination as the most 
competitive car alternative (Debrezion et al. 2007; Kager et al. 2016; Schakenbos 
et al. 2015 ; Staps 2014). In this respect we consider rail infrastructure, or bus 
infrastructure separated from other traffic (BRT), as a necessary spatial condition, as 
well as concentration of jobs and residents near stations.

To compare the spatial conditions of the bike-train-walk system, we introduce 
the concept of ‘origin-destination match’ of commuters and jobs. Within the bike-
train-walk option, we assume that jobs within 500 m from a railway or BRT stop 
(post haulage acceptable walking distance) are accessible for those employees residing 
within 2.5 km from a railway station (pre haulage acceptable bicycling distance). We 
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further assume that for these employees, the percentage of jobs located near public 
transport opportunities is the same as the regional average (roughly defined by a 30 
km range from the city centre) and that the number of these employees living near 
public transport opportunities is the same as the regional average. Consequently, the 
percentage of employees with alternative transport mode options to their jobs per 
city reflects: 1) those whose actual workplace is within (e-)bicycle distance, and 2) 
the average chance that those holding jobs beyond these distances can access their 
workplace by the bike-train-walk combination (Figure 1, middle). We used the 
subdivisions of the traffic models of the Städteregion Aachen, the Netherlands (RWS) 
and the wards of the UK as units to obtain the number of people and jobs in the 
described catchment areas of stations, assuming the same conditions as above.

Third (Figure 1, right) we map the necessary spatial conditions for car 
dependency of the total population of each city and suburban area. We determine the 
percentage of all inhabitants living beyond 1 km from amenities, who we consider 
to be CD. Furthermore, from those who are not CD in their access to amenities, 
some still have to commute to CD locations. To determine the car dependency of the 
whole population we add up these two groups (Figure 1, right), using the following 
formula:  
 
% of population CD for amenities + (% of population not CD for amenities) x (% of 
population employed) x (% of employees on average CD for their workplaces) = % of 
the population CD for accessing daily activities.

Finally, we compare the car dependency of the inhabitants of these cities with 
the current modal split, to examine to what extent the spatial layout of these cities 
provides the necessary conditions for behavioural change (mode shift).

4.3 Findings 

Distances to daily amenities
Figures 2 and 3 show the location of supermarkets and primary schools within 

the built environment of the cities and their suburban areas, excluding large green 
and industrial areas within municipal borders. We selected the areas of suburban 
municipalities immediately adjoining central cities, as they are an integral part of the 
urban transport system for daily trips.
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Table 2 reports the percentages of inhabitants that have such daily amenities 
within 1 km from their homes and the percentages of inhabitants using active 
modes. It must be kept in mind that the data on the use of active modes relate to all 
destinations, not only daily destinations. Here and elsewhere, we made a distinction 
between city and suburbs. Cities are defined as the built-up areas within the 
municipal borders of Eindhoven, Aachen and Southampton, and suburbs are defined 
as the built-up areas of the municipalities immediately surrounding these cities.

SouthamptonAachen

Eindhoven

municipal boundaries

built up areas

large supermarkets

small supermarkets

10 km

N

0 5

Figure 2. Location of supermarkets within the built-up areas of Eindhoven, Aachen and 
Southampton and their surrounding suburbs. Source: Google Maps.
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Table 2. Percentages of inhabitants with access to daily amenities within walking distance.  
Source: Google Maps, Traffic model of the Aachener Städteregion, the national traffic model of  
the Netherlands (RWS) and NOMIS 2017, UK, EPOMM for the mode share.

% of inhabitants with 
schools within 1 km

% of inhabitants with 
shops within 1 km

Active mode 
share 

Eindhoven city 96% 95% 53%
Eindhoven suburban 93% 77% No data
Aachen city 95% 86% 34%
Aachen suburban 78% 72% No data
Southampton city 89% 97% (89%)* 17%
Southampton suburban 83% 77% (70%)* No data

*Without Tesco Express

SouthamptonAachen

Eindhoven

municipal boundaries

built up areas

primary schools

10 km

N

0 5

Figure 3. Location of primary schools within the built-up areas of Eindhoven, Aachen and 
Southampton and their surrounding suburbs. Source: Google Maps.
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From Figure 2 and 3 and Table 2 we can conclude that all three cities have 
comparable distances to amenities – the vast majority of residents (86%–95%) lives 
within 1 km of the nearest primary school and supermarket. In the suburbs this figure 
lies between 72% and 77 %. Second, supermarkets and primary schools are within 
acceptable cycling distance (2.5 km, see Van de Coevering 2013) for all inhabitants 
of the cities and surrounding suburbs. Third, the differences in the actual use of 
active modes in the three cities (53% for Eindhoven, 34% for Aachen, and 17% 
for Southampton) cannot be explained by the differences in CD in relation to daily 
amenities. The relatively high score for supermarkets in Southampton and its suburbs 
is partly explained by the recent expansion of Tesco Express, small neighbourhood 
supermarkets. As they are not quite comparable with the bigger supermarkets in the 
other cities, we also showed the percentages without Tesco Express. 

Distances to workplaces
The data in Table 3 show the percentages of employees living within bicycle 

and e-bicycle distances from their actual workplaces, compared with the actual use of 
active modes for commuting, derived from Table 1. The relatively high proportion of 
active modes in Eindhoven cannot be explained by differences in workplace–home 
distance (e.g., in Aachen these distances are even shorter). 

Table 3. Percentages of employees with access to their workplace within bicycle and e-bicycle range, and 
use of active modes. Sources: NTS UK 2011, CBS Statline, Inkar 2013, Städteregion Aachen 2013.

% employees 
with work-
place within 
7.5 km

% employees 
with work-
place within 
15 km

Biking 
share

Walking 
share

Active 
modes 
share

Eindhoven city 62% 75% 42% 5% 47%
Eindhoven suburban 35% 75% No data No data No data
Aachen city 74% 81% 10% 18% 28%
Aachen suburban 42% 73% No data No data No data
Southampton city 55% 72% 5% 23% 28%
Southampton suburban 42% 65%. No data No data No data

The noted differences between the individual cities and between the cities and 
their suburbs are even further reduced when looking at jobs within e-bicycle distance 
– while the gap between potential use and actual use becomes bigger. This can be 
explained by the fact that, even in the Netherlands, the e-bicycle is still not widely 
used. However, the data demonstrate the substantial potentials of the e-bicycle for 
daily commutes in the case study areas.
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Accessibility of workplaces by the bicycle-train-walking combination
The data in Table 4 below show 1) the percentage of employees that can reach 

a railway station by bicycle; 2) the percentage of jobs within walking distance from 
a railway station (within a 30 km range from their homes); and 1x2) an origin-
destination match, indicating the percentage of employees that potentially can reach 
employment by the bicycle-train-walking combination (Kager et al., 2016). It must 
be kept in mind that this refers not to actual jobs these employees have, but to the 
potential jobs they can access.

Table 4. Percentages of employees with access to a workplace within a 30-km range by the 
bicycle-train-walking combination.Source: Städteregion Aachen 2013, RWS 2014, NOMIS 2017 

1) Homes 
2.5 km from rail

2) Workplaces 
500 m from rail 
(30 km range)

1x2) Workplaces 
accessible by rail 
(bike-train-walk) 

Eindhoven city 55% 24% 13%
Eindhoven suburban 17% 24% 4%
Aachen city 63% 19% 12%
Aachen suburban 56% 19% 11%
Southampton city 70% 35% 25%
Southampton suburban 59% 35% 21%

Southampton and suburbs have relatively high scores, partly explained by the 
fine-grained regional railway network in the Hampshire region. The current level of 
service (frequency, capacity during peak hours, etc.) is not taken into account in this 
analysis; as we are interested in comparing the necessary spatial conditions, being 
infrastructure availability and densities of population and jobs around station areas. 
However, to be competitive with the car, a frequency of 15 minutes would be an 
additional sufficient condition. 

Accessibility of workplaces by ATMs
The data from Table 3 and 4 are combined in Table 5 below. The left column 

shows how many employees have a workplace within bicycling distance. In principle, 
all could use the bicycle as a possible ATM for their daily commute. Within this 
distance, however, some could also have an acceptable or - in their view - even better 
alternative to the car by walking (if their job is within walking distance) or by using 
public transport, depending on the quality of local bus services. The middle column 
shows how many employees can use ATMs for their commute trip within 15 km, if 
we include the e-bicycle as an ATM. The right column shows how many employees 
can use an ATM to access workplaces located further than 15 km, when including 
the bike-train-walk option.
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Table 5. Percentages of employees who can access their workplace by ATMs; left walking, PT and 
bicycle; middle also including e-bicycle; right also including bike-train-walk. 
Source: CBS Statline, NOMIS, Minienm.nl, Städteregion Aachen, UK Census 2011

Workplaces within 
7,5 km in access 
by ATM

Workplaces within 
15 km in access 
by ATM, incl. e-bike

Workplaces in access 
by ATM, 
incl. bike-train-walk

Eindhoven city 62% 75% 78% 
Eindhoven suburban 35% 75% 76% 
Aachen city 74% 81% 83%
Aachen suburban 42% 73% 76%
Southampton city 55% 72% 79% 
Southampton suburban 42% 65%. 71% 

Taking a closer look at Eindhoven city, 25% of employees work at a location 
beyond e-bicycle distances, and, of these 13% have an origin–destination match 
accessible by the bike-train-walk combination (see Table 4). The combined results 
yield a total percentage of  75%+ 25 % * 13% = 78%  of employees having viable 
alternatives to the car. The added value of regional rail-based Public Transport in 
commuting seems modest, compared to the potentials of bicycle and e-bicycle (to 
be further discussed in the conclusions section below). Second, although in cities 
the distance to work shows more potential for ATM than in suburbs, including the 
e-bicycle, this difference becomes substantially smaller, demonstrating the strong 
potential of the e-bicycle, especially in the suburbs. 

CD in relation to accessibility of workplaces and actual car use 
for commuting
The data in Table 6 below show the percentage of car-dependent commuters 

and actual car use for commuting. By fully utilising the potentials of the e-bicycle and 
the bicycle-train combination, car use for commuting in Eindhoven could be reduced 
by more than half (from 50% to 22%), while in Aachen and Southampton it would 
fall by almost two-thirds (from 58% to 17% and from 60% to 21%, respectively).
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Table 6. Percentages of CD employees due to workplace locations outside bicycle and e-bicycle 
distance and not served by transit, compared with actual car use as percentage of total commuting 
trips. Source: CBS Statline, Städteregion Aachen 2013, NOMIS.

% employees CD in 
accessing their 
workplaces

% employees using 
cars for 
commuting

Avoidable 
car trips

Eindhoven city 22% 50% 28%
Eindhoven suburban 24% No data No data
Aachen city 17% 58% 41%
Aachen suburban 24% No data No data
Southampton city 21% 60% 39%
Southampton suburban 29% No data No data

Accessibility of daily destinations 
The data in Table 7 below show the combined results, giving an overall insight 

into the level of CD of the population of the three cities and suburbs in their daily 
activities. As Table 2 shows, there are slight differences between the accessibility of 
supermarkets and of primary schools. However, to create an overall view, we based 
the CD to daily amenities on the accessibility of supermarkets 1) as they concern 
the total population, whereas the proximity to primary schools is only relevant to 
households with children up to 12 years old (in Eindhoven only about 10 % of 
households) (CBS Statline), and 2) the proximity of primary schools is higher than 
that of supermarkets in most cases.

Table 7. Percentages of the total population being CD in reaching daily destinations (amenities 
beyond 1 km and workplaces beyond 15 km and not accessible by bike-train-walk-combination), 
confronted with actual car use. Sources: CBS Statline regionale kerncijfers 2018, Städteregion 
Aachen 2013, NOMIS. *Without Tesco Express

% population 
CD to daily 
amenities 

% of total 
population in 
employment

% population 
CD to daily 
destinations 

Actual car use 
for all trips

Eindhoven city  5% 52% 16% 42%
Eindhoven suburban  23% 52% 33%
Aachen city  14% 53% 21% 51%
Aachen suburban  28% 53% 38%
Southampton city  11% (3%)* 54% 14% (23%)* 59%
Southampton suburban  30% (23%)* 52% 35% (43%)*
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Taking the city of Eindhoven as an example, only 5% of the population lives 
more than 1 km from daily amenities and is thus CD in this respect. From the 
remaining 95%, on average 52% are employed. These are data on the percentages of 
people in employment within the municipal boundaries. Of these employees 22% 
are CD in relation to these jobs. This means that 21% of the total population in 
Eindhoven city faces CD for reaching daily destinations (5% + 52% x 95% x 22% 
= 16%). The low CD in the city of Eindhoven is mainly caused by the relatively 
short distances to daily amenities (only 5% CD). The percentages in Aachen and 
Southampton are somewhat higher (14% and 11%, leading to CD of 21% and 23%, 
respectively). However, if we consider the Tesco Express supermarkets as having a 
reasonable choice of daily products, Southampton’s percentages (14%) almost equal 
Eindhoven’s (16%). In all cases, these percentages do not explain the much higher 
share of car use (more than double) in the three cities. It must be kept in mind, 
though, that the actual car use includes more trips than only to daily destinations and 
jobs. The CD of inhabitants of the suburban areas of the three cities is substantially 
higher, about double, and quite similar across the three cities.

Accessibility of daily destinations (amenities by bicycle and 
jobs by the bicycle, e-bicycle and bike-train-walk combination)
Up to now we considered 1 km as a maximum (walking) distance to daily 

amenities, like shops and primary schools. A common practice in the Netherlands 
is the use of the bicycle to daily amenities, instead of  walking. This changes the 
necessary spatial conditions for car dependency in the sense that the maximum 
distance to amenities increases to 2,5 km (Van de Coevering 2013). The data in Table 
8 below show the combined results, similar to Table 7, with the difference that the 
bicycle is considered as an alternative transport mode to the car for accessing daily 
amenities. Following this assumption, the CD to daily amenities is 0% in all cases. 
This finding highlights the potential of the bicycle for reducing the overall CD of the 
inhabitants of cities and suburbs substantially.



Spatial conditions for car dependency in mid-sized European city regions

97

Table 8. Percentages of the total population CD in reaching daily destinations with alternative 
modes (amenities beyond 2,5 km, and workplaces above 15 km and not accessible by bike-train-
walk-combination), confronted with actual car use. Sources: NOMIS, Städteregion Aachen 2013, 
Statline regionale kerncijfers 2018

CD to daily 
amenities 
(above 2.5 km)

% employees 
of total 
population

CD to daily 
activities, use of 
e-bicycle and PT

Actual car 
use of all 
trips

Eindhoven city 0% 52% 11% 42%
Eindhoven suburban 0% 52% 12%
Aachen city 0% 53% 9% 51%
Aachen suburban 0% 53% 13%
Southampton city 0% 54% 11% 59%
Southampton suburban 0% 52% 15%

4.4 Conclusions and discussion

Research questions
This study examined (1) to what extent does the spatial structure of mid-sized 

European city regions shape CD conditions, and (2) to what extent are these spatial 
conditions related to actual travel behaviour. Regarding the first question, what stands 
out is that the three European urban areas with their different planning traditions 
and travel behaviour, seemingly have no major differences in their spatial conditions 
for CD. Amenities are located within walking distance (1 km) for the vast majority 
of residents (86% to 95%). In the surrounding suburbs this percentage lies between 
72% and 77% (see Table 2). In both cities and their suburbs all supermarkets and 
primary schools are within cycling distance (2.5 km). Employed persons are on 
average more CD than people without jobs. The percentage of CD in accessing 
workplaces varies between 17% and 22% in the city and in the suburbs between 24% 
and 29% (see Table 6). For the total working and non-working population, we found 
that the spatial conditions in the three cases account for between 14% and 21% of 
the total city populations being CD and in the suburbs for between 33% and 38%. 
However, if Tesco Express is not counted as a full-service supermarket, highest CD is 
found in the Southampton area, 23% for the city and 43% for its suburbs. 

Looking at the second question, the findings indicate that in all three cities 
there is substantial room for reducing car use. The spatial structure of cities shapes 
CD conditions for 14% to 21% of their population, falling to between 9% and 11% 
when considering cycling to amenities instead of walking. However, actual car use 
in cities varies between 42% and 59% of all trips (see Table 1, 7 and 8). Thus, car 
use in all cities is substantially higher than the recorded CD for daily destinations. 
It must be kept in mind, however, that the data in Table 1 on actual use of transport 
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modes (so-called modal spit) include all trips (other daily leisure trips, as well as trips 
to weekly or monthly destinations). As the findings relate to the spatial determinants 
for CD in relation to daily destinations, we cannot provide an estimate of all (daily 
and non-daily) avoidable car trips. For commuting, however, a more precise picture 
emerges: 17% to 22% of employees are CD, while actual car use is between 50% and 
60% (see Table 6). 

Reducing car use
The figures reveal the scale of potential changes in travel behaviour; however, 

they do not prescribe a path towards or predict behavioural change. There seems to be 
no direct relation between the spatial conditions for CD and actual travel behaviour. 
This is illustrated by our findings that although the necessary spatial conditions are 
quite comparable in the three cities, travel behaviour is quite different. We described 
the basic necessary conditions for CD as distances to destinations as well as density 
of population and workplaces around transit stops. However, these basic conditions 
are not always sufficient to make the alternatives competitive with the car. Other 
conditions, like safe bicycle paths or a lively cycling culture, are likely to be the main 
explanation for the current differences in the noted modal split and can, in this sense, 
be seen as ‘sufficient’ conditions. It is often assumed that, apart from short distances, 
flat surfaces are a condition for the widespread use of the bicycle. It must be kept 
in mind, however, that in this respect there is an important difference between 
the potentials of the bicycle and the e-bicycle, as the latter is also suitable for hilly 
conditions. The question remains whether meeting the above-mentioned conditions 
(and acknowledging all nuances) would actually lead to a modal shift. This is not a 
simple question to answer. Travel behaviour change is a complex phenomenon, with 
many dimensions including, but not limited to, the built environment (Mokhtarian 
et al. 2015; Van Acker et al. 2010). Accordingly, to instigate a modal shift in practice, 
policy packages that combine many different types of measures are needed (Givoni et 
al. 2013; Van Wee et al. 2014).

The e-bicycle shows promising potential in suburbs in relation to the access of 
jobs and tends to level out the differences in CD between cities and their suburbs, 
as most commuters live within 15 km of their workplaces. Safe and comfortable 
infrastructure and the promotion of a cycling culture could realize these spatial 
potentials, shifting from dominant car use to dominant bicycle and e-bicycle use 
for daily trips. However, through ongoing specialization workplaces located beyond 
the 15 km threshold may become more common (Tordoir 2015). In this case, 
regional public transport (combined with the bicycle or e-bicycle) seems to be the 
only competitive alternative to the car. Compared to the potentials of bicycles and 
e-bicycles to replace car trips, the value of the bike-train-walk option in the daily 
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urban system of mid-sized cities and their suburbs seems modest. This is due to the 
low shares of workplaces situated near stations (19% to 35%) and of inhabitants 
living within bicycle distance from stations (50%), which severely restrict the travel 
mode choice for daily commutes. The most obvious policy implication would be 
the concentration of specialized jobs near railway stations (TOD) or providing BRT 
services to campuses and research centres at highway locations (Goudappel 2016; 
Wiersma et al. 2017). 

Furthermore, it should also be emphasized that both local and regional Public 
Transport have an important role to play in meeting the mobility needs of the so-
called captives of public transport: those who do not have access to or cannot drive 
a car, and for whom the bicycle or e-bicycle is also not an option (e.g., seniors or 
handicapped persons, or visitors from outside the region).

Distance to daily amenities is an important spatial determinant for CD as 
it affects the entire population (working and non-working). However, distances 
might increase as a result of upscaling processes (i.e. a shift towards fewer and larger 
schools and supermarkets), especially in post-growth or shrinking regions (Wiersma 
et al. 2017). This threat stresses the importance of avoiding such a possible ongoing 
upscaling of daily amenities. 

Reducing car ownership
Our research focused on daily trips and did not look at CD for incidental trips 

(e.g., social or recreational purposes, family visits, cinema, etc.). However, it must 
be noted that about half of all mobility in the Netherlands is for social-recreational 
purposes. Recent research has revealed that 57% of these trips in the Netherlands are 
within 7.5 km (bicycle reach) and 78% fall within 15 km (e-bicycle reach) (Harms 
et al. 2015). Also other trips could very well be car dependent (e.g., traveling with 
young children, special or heavy loads), and in such cases car use may be necessary. 
Clearly, avoiding CD in relation to daily destinations does not mean never using 
a car; however, the resulting data does provide insights into the potentials of a car-
free lifestyle (renting or sharing instead of owning). Additionally, car owners tend 
to use their vehicles also when alternative transport modes are available (Baptista et 
al. 2014; Harms 2003; Urry 2004). Weekly and monthly trips for social or leisure 
purposes, are far less frequent and - even when requiring car use - do not necessarily 
promote car ownership (e.g., car-sharing or renting are viable options) (https://ritjeweg.
nl). Seen from this point of view, the outcomes of this study highlight the potential 
for reducing car use - and potentially also ownership - which could relieve the built 
environment from the pressures of large private vehicle numbers. 



Chapter 4

100

Contributions of the study and further research
This study provides a conceptual and operational instrument to measure the 

impact of spatial conditions on travel choice in different environments. It enables 
researchers to asses where, for whom, and to what extent local spatial conditions 
allow for a behavioural shift away from car use. The study demonstrates that 
despite the fact that during the past decades the spatial structures of European city 
regions have been adapted to widespread car use, it seems that only a minority of 
inhabitants are CD, justifying measures that promote alternative modes (cycling) or 
disincentivize personal car use and ownership (car sharing). Examining to what extent 
these conditions are present in comparable city regions in other parts of Europe or 
elsewhere is one potential avenue for future research.
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Abstract

Defining Car Dependency (CD) as a lack of travel choices to daily destinations, 
this paper explores how possible changes in the spatial context of a post-growth, 
mid-sized urban region can affect the conditions for CD. In the most rural parts of 
the region distances to schools and shops will exceed walking and biking distances. 
Distances to work will increase on average. With the bicycle and e-bicycle fewer 
jobs will be accessible, although the ebicycle shows greater reach than public 
transport. Despite the population and job decline, more jobs will be accessible by 
car, as a result of current investments in road infrastructure. This is enhanced by 
the ongoing development of economic centers along the highways, resulting in a 
growing mismatch between the rail system and the spatial economic structure of 
the region. We developed policy scenarios to explore spatial conditions for reducing 
car-dependence within the region. Intensifying land uses along the axes of public 
transport has a limited effect in a shrinking region. Introducing direct and fast public 
transport connections to the existing economic centers however does have effect. We 
tested two transport policy scenarios, one based on improving Inter City (IC) rail 
services on the existing rail network and one based on creating Bus Rapid Transit 
(BRT) services on the existing highways. The IC- scenario makes more jobs accessible 
outside the current daily urban system, while the BRT- scenario intensifies relations 
within the region. With regards to CD ‘three worlds’ seem to be emerging in this 
medium-sized, ‘post growth’ region. Rural areas (10–15% of the population in 2030) 
are increasingly becoming completely car dependent, -suburban areas (65–75% of the 
population) are offering travel choices to daily amenities, but increasingly becoming 
more car dependent in relation to jobs, and central urban areas (15–20% of the 
population) are providing travel choices to amenities as well as jobs, but only under 
the condition of improving the regional public transport system.

This chapter has been published as: Wiersma, J.K., Bertolini, L., Straatemeier, T. (2017)
Adapting spatial conditions to reduce car dependency in mid-sized ’post growth’ European
city regions: the case of South Limburg, Netherlands. Transport Policy 55(2017) 62-69

In this chapter prof. dr. Luca Bertolini has advised about the scope of the research and the flow of 
the argument. Dr. Thomas Straatemeier has contributed to the building and the interpretation of 
the transport model that was used in the research. All the rest has been responsibility of the PhD 
candidate.
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5  Adapting spatial conditions to reduce car dependency 
  in mid-sized ‘post growth’ European city regions: 
  The case of South Limburg, Netherlands

5.1  Introduction

Adapting cities and regions to facilitate car use is not only a technical issue, it 
has also made society heavily car dependent, increasing its vulnerability to adverse 
changes in social, economic, environmental or other spheres (Dennis & Urry 2009; 
Jeekel 2013; Millard Ball & Schipper 2011; Wiersma et al. 2015). In the fields of 
policy and research this has led to the question of how to reduce dependency on 
cars. Several authors have analyzed the driving forces of car dependency (CD). 
Some such as Jeekel (2013) and Harms (2008) see the car as a rational answer to the 
needs of ‘modern life’: increasingly complex activity patterns, tight time schedules, 
multi-purpose trips etc. In other words, the car is seen by these authors as an 
essential component of the ‘mobility capital’ which modern societies demand of 
their members, or what has been termed ‘motility’ (Kaufmann et al. 2004). Others, 
notably Handy (1993) and Urry (2004), while not denying this need for motility, 
argue that,  because of car’s specific characteristics, like low capacity and high speed, 
and requirements, like parking space and road infrastructure, it has caused a ‘cycle 
of CD’, i.e. the increasing dispersal of residential areas, amenities and economic 
activities, making car use a necessity, not an option. In other words, it is not the 
requirements of modern life but the spatial conditions co-determined by increasing 
car use that make society car dependent (Wiersma et al. 2015).

The following question arises: Can we change the spatial conditions of our 
cities and regions to reduce car dependence, and can we even somehow reverse 
this cycle of dependence? Considerable research examines the relation between 
spatial context and car use (Bagley & Mokhtarian 2001; Dijst & Van Vossen 1996; 
Newman & Kenworthy 1999; Kenworthy & Laube 1999; Van Wee 2009; Van Wee 
& Maat 2003; Wegener & Furst 1999). Spatial features advocated to reduce car use 
include compact cities, high residential and employment densities, mixed land use, 
availability of public transport, transit-oriented development and others.

A first observation with respect to these studies is, however, that car use is 
not necessarily related to car dependency. Sometimes people choose to use a car, 
even though alternative transport modes are available. Conversely, in many cities 
policies are introduced to discourage car use and promote alternative transport 
modes like cycling and public transport, in spite of unfavorable spatial conditions, 
like dispersal of jobs and amenities. CD needs to be defined more rigorously. Jeekel 
(2013) distinguishes real (objective) car dependency from emotional (subjective) car 
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dependency. Subjective car dependency can be a matter of attitudes, habit or just of 
lack of information about alternative transport modes, but objective car dependency 
is simply having no acceptable alternative in terms of travel time and costs (Golob 
et al. 1979; Jones  2011). This distinction is important, because in light of the 
discussion on the risks of car dependency, it is the availability of alternatives that 
matters – more so than whether or not these alternatives are used. Following Jeekel 
(2013) we describe car dependency as the situation in which for a trip there is no 
alternative transport mode available (or only a greatly inferior alternative). 

Second, many studies assume that the desired changes in the spatial context 
can occur from planning decisions about new developments, for example by planning 
new developments close to existing transit, so-called transit-oriented development 
(TOD), or by creating increasing densities within existing cities (Girardet 2004; 
Janssen-Jansen and Smit 2013; Rogers 1997; Suzuki et al. 2013). However, in that 
respect we need to distinguish between ‘growth’ and ‘post-growth’ environments. 
Growth environments, mostly found in big cities and metropolitan areas in 
developed countries and especially in the emerging economies in Asia, Africa and 
Latin America, are experiencing population and job growth and will need space 
for expansion. New developments can significantly change their spatial context. 
Post-growth environments, on the other hand, are experiencing population and 
employment stabilization or even decline, with stabilization in some parts causing 
further decline in other parts of the region. In these environments the potential 
for introducing substantial changes in the spatial context is greatly constrained. In 
particular, in large parts of Europe, mid-sized urban regions are increasingly facing 
post-growth conditions. As most people in Europe live in mid-sized urban regions 
(Giffinger 2007), this is a particularly relevant context. Little research has been 
conducted on how changes in the spatial context of mid-sized, post-growth European 
areas can affect car dependency. Our study seeks to fill this gap. 

We will examine the following research questions: How does the current spatial 
context, i.e. the combined pattern of land use and transport, shape conditions for 
CD in mid-sized, post growth European regions? What is the potential for change of 
this context in the coming decades, and which policy measures could be effective for 
reducing CD?

In section 2 we will address the choice of the case, our definition of CD 
and research methods. In section 3 we will present our findings, followed by the 
conclusions and reflections in section 4.
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5.2 Case, Definitions and Research Method

Case study
Our study focuses on South Limburg, a mid-sized and post growth urban 

region in the south of the Netherlands (see Figure 1). Like many European 
urban regions it is polycentric, with no dominant node (Grunfeld 2010). This 
causes complex, multi-directional, daily mobility patterns, much stronger than in 
monocentric cities of comparable size. 

 
Figure 1. South Limburg, cross-border cities and the network of highways and railways

South Limburg is an urban region with a population of about 610,000 
inhabitants, expected to decrease to 575,000 in 2030. There are three mid-sized 
cities: Heerlen and Sittard, former mining centers with a diffuse and spread out urban 
pattern, and the compact historic town of Maastricht. Of these cities Maastricht is 
expected to stabilize in population at around 120,000, mainly due to the growing 
student population. The other two are expected to shrink. Across the national borders 
the cities of Hasselt, Liege, and Aachen are situated within 30 km of Maastricht, 
potentially being part of the daily urban system of the region. Although to date 
cross-border commuting has been restrained by cultural and institutional barriers, 
in this study we have assumed that the cities of Aachen and Hasselt (250,000 and 
90,000 inhabitants respectively) will increasingly become more integrated in the 
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daily urban system of South Limburg in the coming decades. Regional amenities and 
knowledge jobs are traditionally found in the inner cities, but in the past decades they 
increasingly have also been located in economic centers near highway exits with no 
rail access in the periphery of the urban areas, thus creating a mismatch between the 
rail system and the economic structure of the region. Average population densities per 
municipality vary between 1,000–2,500 people per square kilometer in urban areas, 
500–1,000 in suburban areas, 250–500 in semi-rural and below 250 in rural areas.

Defining CD
As stated in the introduction, CD is related to constraints in the availability 

of  an adequate alternative transport mode to the car. Jones (2011) distinguishes 
‘structural constraints’, ‘hard-wired’ into the existing land use and transport system 
and ‘situational’ constraints, being person specific or trip specific, e.g. transporting 
people with mobility restrictions  or large and heavy items. As we study the relation 
of spatial structure and CD we will focus on the ‘structural constraints’. These 
constraints can be seen as a form of (or lack of ) accessibility, by Geurs and Van Wee 
(2013) described as ‘ the extent to which land use and transport systems (1) enable 
groups or individuals to reach activities or destinations by means of a combination of 
transport modes at various times of the day; and (2) allow companies, public facilities 
and other places of activity to receive people, goods and information at various times 
of the day’.  However, as Geurs & Van Wee (2013) point out, accessibility has not 
only a spatial but also a temporal component (i.e. when is accessibility needed). For 
this study we distinguish two temporal levels of CD: (1) occasionally having to use a 
car, and (2) having to use a car every day.

People who  occasionally have to use a car need it  only for specific and 
incidental trips, such as some business or social visits, holidays or a trip to large retail 
outlets like furniture stores. These trips are often person or trip specific and relate for 
an important part to the ‘situational constraints’ as mentioned by Jones.  In principle, 
for a large part of these trips one does not need to own a car and can rent one or 
share one when needed. (Baptista et al. 2014; Cervero et al. 2006). On the other 
hand, people who need a car on a daily basis might for instance live in rural areas not 
served by adequate alternative transport mode or might be commuters who have no 
reasonable alternative for their trip to work or education. For commute-trips renting 
a car is in most cases no option (Baptista et al. 2014; Cervero et al. 2006), they 
tend to own a car. The evidence shows that once people own a car and use it daily, 
they tend to use it also for trips where a choice is possible (Harms 2003; Van Acker 
2010). In this study  this group, needing a car on a daily basis , is the one considered 
to be CD. A final point is on what basis a transport alternative to the car can be 
considered acceptable. While there are many factors at play (Van Acker et al. 2010) 
in our developed, affluent societies, acceptable travel time is a key factor (Bertolini 
and le Clercq 2003; Van ‘t Hart 2012). In light of the above, we further refined our 
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definition of car dependency as ‘the situation in which there is no – or only a greatly 
inferior – alternative transport mode available in terms of travel time for trips to daily 
destinations’. We distinguish two types of daily destinations: daily amenities and jobs.

Measuring accessibility
Accessibility of daily amenities
Considerable research has been done on the accessibility of daily amenities 

for the Netherlands as a whole (CBS Nabijheidsstatistiek; Steenbekkers & Vermeij 
2013; Wiersma et al. 2015). It appears that at present in the Netherlands generally 
taken daily amenities are located within walking or cycling distance of homes, even 
in rural areas, and thus do not contribute to CD. However, this could change in the 
future due to the disappearance and/or spatial concentration of amenities following 
the shrinking of the population. We will use data from the municipalities of South 
Limburg in order to get a view of these possible changes.

Accessibility of jobs
For job accessibility there is no univocal relation between travel time and 

distance. While the former shows some stability, the latter is much more varied 
(Mokhtarian & Chen 2004). Research in the Netherlands shows that in the past 
decades the average distance between home and work has increased more than travel 
time, which reached about 30 minutes one way in 2008 (KIM 2010). Based on these 
findings, in order to explore the level of CD in relation to jobs we will compare the 
accessibility of jobs by different transport modes within 30 minutes of travel time, 
door to door. Alternative transport modes to jobs are bicycle, electric motor aided 
bicycle (e-bicycle) and public transport (we assume walking is rarely a serious option 
in this case). Based on the observation that people in the Netherlands are prepared 
to travel 45 minutes by public transport (CBS), we also considered 45 minutes by 
public transport as an acceptable alternative for a car trip of 30 minutes. To make 
these computations, we will use the multimodal transport model of the Province 
of Limburg, combined with the Goudappel Coffeng model (http://www.goudappel.
nl/producten/websites/bereikbaarheidskaart), which allows for comparison of how many 
people can reach jobs by different transport modes within the same travel time. Travel 
times by car were calculated for the morning peak period to take congestion into 
account. Travel times for public transport include waiting time and the time needed 
to travel to and from the station. An additional ‘transfer penalty’, due to the more 
than proportional negative perception of time spent transferring between different 
public transport services, was not included in the model.

Accessibility of economic centers
We will first explore how many people can reach jobs in the main economic 

centers in the region by different transport modes, assuming that the companies 
and amenities situated there are more regionally oriented. The Structural Plan for 



Chapter 5

112

South Limburg identifies 22 centers with a regional or even national importance, 
including cross-border centers, each having different spatial conditions for CD. 
We distinguished ‘red’ centers, within 500 m of local railway stations or 1 km of 
InterCity stations (IC stations), and ‘blue’ and ‘green’ centers, not within reach of 
railway stations but within 500 meters from an highway exit or trunk road. Blue 
centers are multi-functional campuses, with education, research, business services or 
health care functions, and green centers are mono-functional industrial parks. 

Travel choices from homes to jobs
Having an insight in the accessibility by different modes of economic centers, 

however, does not give us a clear insight in how this relates to the  differences in the 
levels of CD in urban, suburban and rural areas. Therefore, we also will compare 
travel times by different transport modes from residential areas to jobs. We call this 
‘travel choice’ from homes. The ‘travel choice score’ indicates the car dependency of 
a residential area by showing the number of jobs accessible by public transport or 
bicycle, compared to the number of jobs accessible by car within the same travel time. 
We made a separate analysis of urban residential areas, defined as being located in 
cities and within 1 km from an IC station. 

Job accessibility scenarios
We have explored the possible changes in land use and transport network 

up to 2030. First, we have identified the ‘autonomous’ changes, based on expected 
demographic developments and effects of current investments in infrastructure. 
We call this the ‘business as usual’ (BAU) scenario. In addition, we developed 
‘policy scenarios’, showing measures that aim to realize more travel choices to daily 
destinations. These scenarios explore the maximum of changes conceivable within 
the current policy framework of a shrinking region – no new developments or major 
investments in infrastructure; trying to avoid housing and job vacancies in some 
areas while accepting them elsewhere; and trying to optimize the use of existing 
infrastructure. These scenarios were developed in consultation with local policy-
makers.  We distinguished Transit-oriented Development (TOD) and Development-
oriented Transit (DOT) scenarios (Janssen-Jansen and Smit 2013). The TOD 
scenario focuses on changes in the land use pattern to make land use more consistent 
with the existing public transport network (similar to ‘adaptive city’ in Cervero 
[1996]). The DOT focuses on adapting the public transport network to the existing 
land uses (similar to ‘adaptive transit’ in Cervero [1996]).

Changes in land use (TOD)
We will describe the current (2008) distribution of populations and jobs and 

their possible redistributions under a BAU scenario (2030), using socio-economic 
data from the Province of Limburg. To explore the changes needed to shape spatial 



Adapting spatial conditions to reduce car dependency 

113

conditions for less CD, we developed a TOD (2030) scenario concentrating jobs 
in cities and current red centers (see definition above). In this scenario we foresaw a 
stabilization of the number of jobs in central cities and station areas, which would 
create vacancies in other areas within the same total number of jobs under the BAU 
scenario (2030). Trying to persuade or tempt people to move their residence to 
central urban areas might be more difficult, as in many cases they are emotionally 
and socially attached to their current surroundings as well as financially tied to 
their homes, especially as increasing vacancies may slash home values. However, 
in the model we assumed a concentration of additional 4,000 people in central 
residential areas, resulting in additional decrease in other areas. The implementation 
of this scenario would require strong policy, but will still be in accordance with the 
Structural Plan for South Limburg (G.S. Limburg 2013). 

Changes in the transport network (DOT)
We identified the current transport network (2008) and the network with 

improvements on road infrastructure and public transport underway (BAU scenario 
2030) and analyzed its effects on the accessibility of jobs by all transport modes, 
including the potential use of the e bicycle using the existing road network. We also 
added a ‘RAIL’ scenario, an existing  long term plan to improve the rail network, 
especially cross-border connections (Province of Limburg 2012). The plan enjoys 
strong political support but the implementation funds are currently lacking.  To 
further improve the competitiveness with the car in daily commuting we added two 
scenarios: (1) the ‘IC+ scenario’, improving the RAIL scenario by adding extra IC 
services to the red centers (raising frequencies from 2 to 4 per hour), in this way 
shortening average waiting and travel times, but with necessary transfers to blue 
centers; and (2) the ‘BRT scenario’, supplementing the RAIL scenario by introducing 
bus services using the existing highway system, with direct access to the existing blue 
centers (4 per hour), thus avoiding transfers to these centers. 

5.3 Findings

Possible changes in the distribution of jobs and 
population in South Limburg
Table 1 shows the distribution of the population, divided in central urban 

areas within 1 km from an IC station (more than 2,500 inhabitants/km2), urban 
and suburban areas further than 1 km from an IC station (500–2,500 inhabitants/
km2), and semi-rural and rural areas (less than 500 inhabitants/km2). It appears that 
while the population in South Limburg shrinks from 610,000 inhabitants in 2008 to 
575,000 in 2030, its distribution doesn’t change substantially – even in the policy-
driven TOD scenario.



Chapter 5

114

Table 1. Distribution of population in the different land use scenarios

Central urban areas Suburban areas Rural areas

2008 (current) 17% 62% 21%

2030 (BAU) 17% 63% 20%

2030 (TOD) 18% 62% 20%

Table 2 shows the distribution of jobs in the different land use scenarios. In all 
scenarios only about a half of the jobs in South Limburg are situated in economic 
centers. This means that improvements in the network of railways and highway 
infrastructure directly affect the accessibility of only half of the jobs. Approximately 
50% of this half have direct rail access (red centers), while the other half have direct 
highway access (blue and green centers). In the BAU scenario (2030) the share of jobs 
in blue centers increases. The TOD scenario, however, would result in a 7% shift of 
jobs toward red centers. Currently as well as in 2030 there appears to be a mismatch 
between the rail network and the location of economic centers.

Table 2. Distribution of jobs in the different land use scenarios

All centers Red centers 
(station areas and 

inner cities)

Blue centers 
(peripheral 
campuses)

Green centers 
(industrial 

areas)

2008 (current) 47% 24% 15% 8%

2030 (BAU) 50% 23% 18% 10%

2030 (TOD) 56% 31% 16% 9%

Accessibility of amenities in 2030
A comprehensive study on the situation of the inhabitants of the villages in 

the Netherlands (Steenbekkers & Vermeij, 2013) shows that even in small remote 
villages in the Netherlands, a supermarket and a primary school are provided within 
an average distance of 1 km, which can be considered an acceptable distance for 
walking or cycling, and thus an acceptable alternative for the car. This is confirmed 
by data from the CBS. (www.CBS/nabijheidsstatistiek). It should be noted however that 
only residents of large towns, suburban and urban areas have a choice between several 
shops and schools within walking distance (Wiersma et al. 2015). In some rural 
areas in South Limburg the average distance to shops is over 1 km (possibly too long 
to walk), but still below the 2.5 km (an acceptable bicycle distance). This figure has 
remained more or less stable between 2008 and 2013 (www.cbs/nabijheidsstatistiek). This 
result has strongly been influenced by policy choices ensuring an even distribution 
of  primary services over the past decades. For instance, since the 1960s the Dutch 
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national government banned the development of large shopping malls outside existing 
urban centers. This policy is not expected to change significantly, at least for the time 
being. As the population is not only declining, but also aging, this is expected to lead 
to the disappearance and/or spatial concentration of primary schools , thus increasing 
the average distances to schools in the periphery over 1 and in some cases over 2,5 km. 
This will affect an expected 10-15% of the total population. (CBS 2015; Graaf-Weerts 
de 2013; Public Result 2015; Van Til et al. 2007)

The overall picture of accessibility of amenities shows that people living in the 
thinly populated peripheral areas (10–15% of the population) will become more CD, 
especially in relation to primary schools. However, it seems that, given the average 
densities in a mid-sized post-growth region, there still will be enough support for 
reaching an array of daily amenities within an average distance of 1 km for 85–90% 
of the population.

Accessibility of jobs in economic centers
Accessibility of jobs in centers by different transport modes
Measuring the catchment area around economic centers of 30 minutes 

travel time per different transport mode gives an indication of their multimodal 
accessibility. For transit we also added scenarios with a travel time of 45 minutes. 
The TOD scenario is not shown here, because the shift in the distribution of the 
population towards urban areas from 17% to 18% has no substantial effect on the 
accessibility of centers.

Figure 2: Accessibility of centers (current (2008), BAU (2030) and scenarios RAIL, BRT and IC+ 
(2030): number of inhabitants (in 1,000s) that can reach centers by different transport modes 
within 30–45 minutes
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Figure 2 shows that the car is by far the most competitive transport mode for 
accessing economic centers, in both the current (2008) and future (2030) situations, 
even when allowing for 45 minutes travel time for public transport, compared to 
30 minutes for car. It also shows that within 30 minutes travel time the second best 
transport mode is the e-bicycle. The  RAIL scenario, combined with IC+ or with 
BRT, shows more or less the same total effects.

 
Figure 3 shows that relative to the situation in 2008 in the BAU (2030) 

scenario the position of the car improves, public transport more or less stabilizes, 
but bicycle and e-bicycle fall, meaning that in 2030 fewer people can reach centers 
within 30 minutes travel time by bicycle or e-bicycle than in 2008. The decrease in 
the population density could explain this result. However, more people can reach 
the centers by car, caused by current improvements in the road infrastructure. It also 
shows that in the RAIL scenario, combined with BRT or IC+, substantially more 
people (20% more) can reach the centers by public transport, compared to BAU 
(2030). 

Figure 3: Accessibility of centers in BAU (2030), and in RAIL, BRT and IC+ (2030) scenarios: 
number of inhabitants that can reach centers by different transport modes in 30 or 45 minutes, 
2008=100
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- Accessibility of jobs in centers, per type of center
Figures 2 and 3 showed the average accessibility of all centers. We also analyzed 

the effect of the scenarios on the different types (red, blue and green) of centers.
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Figure 4: Accessibility of centers in scenarios: absolute number of inhabitants (in 1000’s) that can 
reach centers by public transport in 45 minutes, per type of center
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Figure 5: Accessibility of centers in scenario’s: number of inhabitants that can reach centers by 
public transport in 45 minutes, per type of center, 2008 =100
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Figures 4 and 5 show that blue centers, with campuses and regional amenities 
outside urban areas profit most from the BRT, and red centers, in the inner cities near 
station areas profit most from the IC+. Furthermore, from our isochrones studies (not 
shown here) it appears that in the BRT scenario the blue centers are more accessible 
to people within the region of Zuid Limburg, while in the IC+ scenario the red 
centers are more accessible to people living in the central urban areas of the cross-
border cities of Liege and Hasselt. 
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Possible changes in the travel choices from residential areas
 

Figure 6: Number of jobs accessible in centers from all residential areas and from urban residential 
areas within 30 minutes by car and 45 minutes by public transport in scenarios 2008-2030
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While the multimodal accessibility of the centers was shown in the previous 
sections, we examine here the ‘mirror image’, the travel choices from residential areas. 
It appears that the travel choice score (i.e. the percentage of jobs accessible by public 
transport relative to car) of all residential areas in relation to the accessibility of jobs 
in centers (left side of graphic 6) in the BAU scenario  (Transit 2030 45 min) is about 
45%, and can rise to a maximum of about 50% in the BRT scenario. However, for 
people living in urban areas, shown on the right side of the graphic, the scenario with 
the highest travel choice score is the IC+: the score increases from about 70% in the 
BAU scenario to a maximum of almost 90% in the IC+ scenario. From our isochrone 
studies (not shown here) it appears that this increase in the number of accessible jobs 
in economic centers in the IC+ scenario is also partly affecting people living in the 
cross-border urban areas. The BRT scenario on the contrary mostly benefits people 
living in South Limburg, in urban, but also some suburban areas in the proximity of  
blue centers.
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5.4 Conclusions and Reflections

Conclusions
In this paper we explored the current and the possible future spatial conditions 

for car dependency (CD) in mid-sized, post-growth regions, with South Limburg 
as a case study. The region’s population decline has two effects in relation to CD. In 
areas with low densities, villages and semi-rural areas in its periphery, the economic 
basis for maintaining daily amenities decreases, leading to their likely disappearance 
and/or concentration. Average distances here are expected to exceed in the future 
1 km and even 2.5 km, the recognized comfortable walking and cycling distances 
respectively. This increases the CD in relation to daily amenities, affecting 10–15% 
of the population. However it seems that in urban as well as suburban and some rural 
areas, about 85–90% of the population, in 2030 there will be still enough economic 
support for maintaining a pattern of daily amenities within an average range of 1 km.

A second effect due to the declining population is that fewer people can reach 
economic centers and fewer jobs can be reached from residential areas within 30 
and 45 minutes. The current improvements of the highway system will mitigate this 
demographic effect to some extent, giving more people access to jobs by car, partly 
from outside the region. Although  current planned improvements to regional public 
transport are quite substantial, e.g. some cross-border rail projects, public transport 
will become less competitive in 2030. And although the e-bicycle has a potential 
to make people less CD, showing better performance than public transport against 
cars within 30 minutes of travel, the change in spatial conditions described above 
(increasing distance between homes and jobs) will also make its use less favorable. 

It appears that currently as well as in 2030 about 25% of the jobs in South 
Limburg are found in multimodal locations, directly served by rail and highway; 
about 25% at highway locations without rail access; and 50% elsewhere, without 
adequate regional accessibility. The TOD strategy, aiming at concentrating homes 
and jobs at transit-oriented locations, seems to have only a modest effect in a mid-
sized, post-growth environment. We also tested two DOT scenarios adapting public 
transport network to land use patterns, both aimed at offering more travel choices 
from urban residential areas to economic centers. One was based on improving IC 
services on the existing rail network and one on creating BRT services on the existing 
highways. We found that in both scenarios, in central urban areas travel choices 
related to jobs in economic centers can rise from 70% to almost 90%, meaning that 
out of 10 jobs accessible by car in 30 minutes, 9 are accessible by public transport in 
45 minutes, door-to-door. This means that DOT as a strategy can have a significant 
effect in offering travel choices to jobs, at least in central urban areas. The IC+ 
scenario improves the accessibility of centers which are already served adequately by 
public transport, but also improves access to urban areas outside the current daily 
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urban system of South Limburg (e.g. the central urban areas of the cross-border 
cities of Hasselt and Liege), thus extending the daily urban system geographically. 
The existing economic centers and campuses outside city centers (situated next 
to highways) would however benefit less from this scenario. In contrast, the BRT 
scenario, adding bus services on highways, directly linked to the campuses, would 
improve the accessibility by public transport of these areas in a substantial way, with 
the existing rail system still serving the central urban areas. In contrast with the IC 
scenario, it improves the connections within the existing daily urban system, instead 
of extending it geographically. 

It should be kept in mind that the model does not include a ‘transfer penalty’. 
Recent research shows that this penalty, expressed in travel time, in train-bus transfers 
can be on average about 20 minutes (Schakenbos 2015). Seen from this point of 
view, the BRT scenario, which in combination with the RAIL scenario gives direct 
access to all economic centers, seems the best alternative for the car in terms of 
experienced travel time. On the other hand, research also shows that most people 
prefer traveling by train or light rail to traveling by bus within the same travel time 
(Bunschoten et al. 2012).

It seems that in terms of CD there are ‘three worlds’ emerging in the post-
growth, mid-sized European region:
1. Rural areas increasingly becoming completely car dependent (in South Limburg 

10–15% of the population in 2030),
2. Suburban areas offering travel choices to daily amenities, but increasingly will 

become more car dependent in relation to jobs (65 –75% of the population in 
2030), and 

3. Central urban areas providing travel choices to amenities as well as jobs, but only 
under the condition of improving the regional public transport system (15–20% 
of the population in 2030).

Reflections
Three issues deserve further discussion. First, in terms of travel time, it seems 

that within 30 minutes travel time public transport could be replaced by bicycle and 
e-bicycle as an alternative to the car. Of course, travel time is not the only motive 
for mode choice, but the still rising popularity of the bicycle in Dutch towns and 
the growing demand of bicycle parking near stations question the current concept of 
regional public transport systems as a hierarchy of trains and light rail serving urban 
areas with local buses serving as feeders. In many cases the latter are not faster than 
the bicycle while requiring additional mode transfers. In terms of travel time and 
costs the use of the bicycle or e-bicycle as feeder for a high quality public transport 
network directly serving the regional economic centers could be a more effective 
alternative for the car than the hierarchical system of trains and local buses.
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Second, in this paper we have indicated the potentials of a high quality 
transport network, distinguishing two scenarios and indicating the number of people 
potentially benefiting from these investments. However, this perceived benefit does 
not demonstrate the economic viability of these alternatives. People who have a 
reasonable travel choice don’t necessarily make this choice. The actual use of public 
transport is heavily dependent on disincentives for car use. In that respect a rail-
based transport system, as described in the IC+ scenario, with central urban areas as 
destination, profits from restraints on car use in these areas. However, as shown in our 
findings, it doesn’t substantially improve the accessibility of the peripheral centers, 
which are not only economic centers but also locations for important regional 
amenities like hospitals and vocational training institutions. The second scenario, 
introducing BRT along the highways and giving direct access to the peripheral 
centers, profits less from restraints on car use, due to the current ample and free 
parking there. But if these areas are developed into full-fledged urban areas, with 
mixed use and quality of public space, and combined with parking restrictions, the 
competitiveness of BRT would increase. 

Third, we explored the spatial conditions for CD at an aggregated level, 
describing the average accessibility of all jobs by all inhabitants by different transport 
modes in the region. Furthermore, we described the potential accessibility (what 
people can access) rather than the actual accessibility (what people do access, as e.g. 
revealed by their mobility patterns). Of course not everyone has the same accessibility 
needs, and fulfilling them might not require the full range of potential accessibility 
options. For instance, research shows that commuters with lower education levels live 
on average less than 15 km from their work (Dijst et al. 2013). The e-bicycle could 
be an acceptable alternative for the car within 30 minutes in these cases and would 
provide a better alternative than public transport in terms of travel time. Furthermore, 
in the urban areas of Maastricht, Heerlen and Sittard-Geleen, 50-70% of residents 
commute within their own city, making the bicycle an attractive alternative (Vaessens 
& Knoors 2015). Although further research is required, it seems thus that in urban 
and many suburban environments across the region the bicycle or the e-bicycle could 
function as a basic alternative to the car for most trips - amenities as well as jobs. 
On the other hand, two groups seem to be become increasingly CD in their daily 
accessibility needs: (1) commuters and students living more than 10-15 km from 
their jobs or schools located on highway locations without adequate public transport 
and (2) people living in rural areas (10–15% of the population). For the first group it 
seems to be possible to provide regional public transport as a reasonable alternative to 
the car, at least in central urban areas, and under the condition of improving public 
transport as shown in the scenarios. For the second group to avoid CD the only – 
and rather draconian - alternative seems to be to move to these urban areas. This 
underscores the importance that in an urban region at least the urban areas offer the 
possibility of a choice for a car-independent lifestyles if the wish or the need arises. 
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6  Conclusions and reflection

The central aim of this study was to explore the extent to which the ‘cycle of 
CD’ has influenced the built environment of European mid- sized cities and the 
potential structural barrier it poses to shifting travel behaviour away from car use and 
ownership. The central research question was formulated as follows: 

How does the spatial context (i.e. the land use and transport components of 
accessibility, in other words the physical lay-out of urban areas) shape conditions for 
car dependency, and, consequently, which alternative mode choices allow for possible 
behavioural change in urban areas?

This chapter will present the main conclusions (section 6.1), reflect on the 
identified policy implications (section 6.2), and indicate the main contribution of the 
study and possible further research avenues (section 6.3).

6.1   Car dependency and accessibility

Accessibility of amenities
My findings show that, in the urban and suburban areas of the Netherlands, 

people live on average within walking distance of daily amenities, i.e. shops and 
schools. Taking a closer look at e.g. the Eindhoven area, it appears that only about 
10% lives outside that distance, in the suburbs around Eindhoven about 20% (see 
chapters 2 and 4). In the suburbs around Aachen and Southampton, the two case 
studies outside the Netherlands, this is somewhat higher, around 25%. A further 
difference between cities and suburbs is the degree of choice between amenities 
within walking distance. A particularly relevant case is that of primary schools. 
Research (Oakil et al. 2016) shows that entering parenthood seems to frequently 
be the step from a car-free lifestyle into a car dependent lifestyle. A crucial  aspect 
of the spatial structure of urban environments seems therefore the accessibility of 
primary schools. Having to bring the children to school by car is often the first step 
in a daily returning multi-purpose trip by car. Furthermore, it is and will likely be in 
the future a daily returning trip, whereas trips to supermarkets or other amenities are 
not always daily, especially as on line shopping becomes more common. According to 
our analysis (see chapters 2 and 4), if parents don’t want to send their children to the 
neighborhood school, in suburban areas they consequently become car dependent, 
as the choice is more limited there. However, when we consider the bicycle as an 
alternative, the picture changes dramatically: all cities and suburbs have a choice of 
different schools within bicycle distance, in this case 2,5 km. A similar picture applies 
to other amenities.  
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Accessibility of potential jobs
Considering access of workplaces (concerning about half of the population), 

my findings show that there is a big difference between potential jobs and the 
accessibility of actual jobs people hold. Looking at the accessibility of potential jobs 
within a daily urban system defined by a 30-minute car drive from the city center, 
in most environments the car provides access to the highest number of jobs. In this 
sense, the majority of the working population of the Netherlands is CD (see chapter 
2). However, there are two deviating situations. Medium-sized, monocentric cities 
and cities located along a border (a natural border like a coastline or a national 
border) offer relatively favourable conditions for accessibility by bicycle. In these 
contexts, about 50% of potential jobs accessible by car are also accessible by bicycle 
within a 30-minute travel time. This finding can be explained by the absence or weak 
influence of one of the driving forces behind car dependency, criss-cross movement 
on a regional scale. 

In most urban areas between 20 and 40% of the number of jobs accessible by 
car in 30 minutes, is also accessible by public transport in the same travel time, door 
to door. However, when raising the travel time by public transport to 45 minutes, 
compared to the car in 30 minutes (acknowledging what on average public transport 
commuters accept), the picture changes (see chapter 2). In the central areas of big 
cities, the percentage increases to 80% (see chapter 2), and in some central areas of 
medium-sized cities more jobs are accessible by public transport in 45 minutes than 
by car in 30 minutes. This can be explained by the fact that within these travel times 
workplaces situated in central areas of neighbouring cities are also reachable. In these 
cases, public transport is competitive with the car, considering congestion and the 
scarcity of free parking space. Even suburban areas with railway stations enjoy this 
advantage. Commuters living near a suburban railway station are less CD in their 
commute to workplaces in central areas than urbanites in their access to jobs in the 
suburban realm (see chapter 2). It must be kept in mind, though, that outside of the 
central areas of cities, a 30-minutes car ride reaches more than twice the number of 
jobs than can be accessed by alternative travel modes. 

Accessibility of actual jobs
The picture changes when looking at actual jobs people currently hold rather 

than potential jobs (see chapters 3 and 4). In 2016, the average commuting distance 
in the Netherlands was 19 km, which is above the acceptable bicycle and e-bicycle 
distance (KiM 2016); however, in big cities and some medium-sized cities, 60% to 
80% of employed persons live within 7.5 km of their actual workplaces, with the 
bicycle as a commuting alternative to the car. When the e-bicycle is considered, also 
most other cities and suburban areas around cities become between 60 and 80% 
independent of car use. Apparently, the average distance for commuters is determined 
by a minority of commuters traveling relatively long distances to their workplaces. 
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From chapter 3 it appears that in most medium-sized cities in the Netherlands, 
distances to workplaces have increased between 2005 and 2014. However, the trend 
in big cities seems to have stabilized. A relevant question is whether distance to 
work is a feature of the spatial context or rather a choice people make and thus a 
behavioural characteristic. Whatever the answer, the spatial context apparently both 
allows and constrains such behaviour, and in that sense distance to work can be seen 
as a feature of the spatial context.  

Between 20 and 40% of  employees living in urban and suburban areas in the 
Netherlands have jobs beyond e- bicycle distance. Through ongoing specialization 
workplaces located beyond e- bicycle distance may become more common (Tordoir 
2015) . In these cases regional public transport (combined with the bicycle) seems to 
be the only competitive alternative for the car. Chapter 2 shows that more jobs are 
accessible by public transport in 45 minutes from the central area of Eindhoven than 
by car in 30 minutes. This confirms the notion that public transport is competitive 
with the car for trips from one city centre to another city centre. However, looking 
at the daily urban system of mid-sized urban areas, including suburbs, the added 
value of the bike-train-walk option in the daily urban system of medium-sized 
cities and their suburbs seems presently modest. In our analysis of the urban areas 
of Eindhoven, Aachen and Southampton, it appeared that only between 2 and 6% 
of the  employees could use the bike-train-walk option as an alternative for the car 
for distances beyond 15 km. This was confirmed in chapter 5 in the South Limburg 
case. This is largely due to the low percentage of workplaces situated near stations 
(20-25%) and the low share of the urban and suburban population living within 
bicycle distance from stations (approximately half ) (see chapters 3, 4 and 5). These 
spatial limitations severely restrict mode choice for the daily commute. It leaves 
between  15-35 % of commuters CD in their daily commute, in cities and suburbs 
in the Netherlands. (see chapters 3 and 4). In chapter 4 it appears that for the cities 
of Eindhoven, Aachen and Southampton,  these percentages were around 20% , for 
suburbs not much higher, around 25 %, thanks to the potentials of the e-bicycle. 

6.2  Car dependency and density of population

While previous research has demonstrated a clear connection between 
population density and car use (Bagley & Mokhtarian, 2001; Bento, 2005; Geurs 
& Van Wee 2006; Newman & Kenworthy 1999, 2006; Kenworthy & Laube, 1999; 
Tayal et al., 2001; Van Wee 2009; Wegener & Furst, 1999; etc.), the relation between 
density and car dependency seems not so direct. My research shows that in suburban 
and urban environments density is only partly related to daily car dependency in 
the context of the Netherlands, as well as in the two cases outside the Netherlands. 
Medium-sized cities and their surrounding suburbs offer the same, in some cases even 
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better conditions for alternative transport modes than big cities with higher densities 
(see chapter 2). The conclusion is that it seems not density but rather accessibility 
of destinations that determines car dependency. At the same time, accessibility of 
destinations can depend on density, especially concerning the choice between schools 
and shops within walking distance (see chapters 3 and 4), but when taking cycling as 
a transport mode to daily amenities, density becomes less relevant. A similar picture 
emerges for jobs. In big cities with relatively high densities, more people live within 
cycling distance from their workplaces than in suburbs; however, when electric 
bicycles are considered these differences almost disappear (see chapter 4). Finally, 
considering the bike-train-walk option, workplace densities around station areas seem 
more relevant for shaping car dependency than residential densities (see chapters 3 
and 4). 

It seems that the spatial context of the analysed medium sized urban regions  
(see chapters 3 and 4)  shapes favourable conditions for  the active modes and 
particularly the bicycle. Within the moderate densities of these regions the bicycle 
and the e-bicycle seem appropriate in accessing daily destinations, more than walking 
or forms of public transport, which often lacks the frequency and service levels of 
bigger cities. Chapter 2 shows that in 30 minutes travel time the bicycle seems to 
have access to the same number of jobs as public transport. But the potential use of  
the e- bicycle shows a decisive added value in relation to the access of jobs, especially 
in the suburbs and tends to level out the differences in car dependency between cities 
and their suburbs, as most commuters live within 15 km of their workplaces. Of 
course, for distances up to 15 km one cannot consider everybody and/or for all times 
to use the (e-)bicycle. Local public transport can be an alternative, although one, 
especially compared with the e-bicycle, that is less competitive with the car, at least in 
the Dutch context (see chapter 5). Nevertheless,  public transport has an important 
role to play in meeting the mobility needs of the so called ‘captives’ of public 
transport: those who do not have access or cannot  drive a car, and for whom the 
bicycle or e-bicycle is also not an option (e.g., seniors or disabled people , or visitors 
from outside the region). 

6.3 Car dependency and travel behavior

Car dependency of the population
In chapter 5, focusing on  the urban and suburban areas of three European 

cities, we found that the percentages of people living beyond walking distance of 
amenities varies between 10% in cities and 25% in suburban areas. About half 
of the population holds a job (see chapter 5). This means that only half of the 
population is affected by possible car dependency in relation to the access of jobs. 
Of these employees chapter 3 shows that in the Netherlands between 15 and 35% 
still would be  CD. In chapter 4, focusing on three European urban areas we found 
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percentages between 20 and 25%. Overall, our findings show that, considering the 
total population of urban areas,  spatial conditions are causing the car dependency 
of around 20% of urban inhabitants, in the suburbs around 35% (See chapters 4 
and 5). However, when the bicycle is used for the access to shops and schools, these 
percentages drop to around 10% in the cities and around 13% in the suburbs.

Travel behavior
These findings indicate that in the analysed mid-sized urban regions there is 

substantial room to reduce car use and ownership. This is demonstrated by the fact 
that although the spatial structure of cities shapes CD conditions for around 20% 
of their populations, or around 10% when using the bicycle for accessing amenities 
instead of walking, actual car use in cities varies between 42% and 59% for all trips 
(see chapter 5). Thus, in all cities car use is substantially higher than the recorded car 
dependency for daily destinations. It must be kept in mind, however, that strictly 
speaking the recorded car use includes all trips, not only to daily amenities and 
workplaces, but also trips to weekly or monthly destinations. Although this will 
perhaps not change the picture substantially, as these trips are much less frequent, we 
cannot provide an estimate of all (daily and non-daily) avoidable car trips . This being 
said, a more precise picture can be painted for commuting. Between 17% and 22% 
of employees is CD in accessing their jobs, while actual car use for commuting lies 
between 50% and 62% (see chapter 4). The overall conclusion is that in all cases the 
necessary spatial conditions in terms of distances to amenities and work, as well as 
the added value of regional transport could allow a doubling of the use of alternative 
transport modes from around 30% of trips to above 70% in the daily urban systems 
of medium-sized urban regions. 

Finally, how unique is the situation in the Netherlands, compared to other 
countries in  Europe? In my comparison of three mid-sized urban regions, those 
of Eindhoven, Southampton and Aachen, I found substantial differences in travel 
behaviour. In the Eindhoven case more people use active modes, especially bicycles 
to daily destinations than in the other two cities. But the spatial conditions are quite 
comparable (see chapter 4) and in that sense don’t explain the differences in travel 
behavior. 

6.4 Policy implications 

The first layer: necessary spatial conditions
As stated in chapter 1, I distinguish between thee different layers in policies 

aimed at reducing car use and ownership. Theoretically, there are two ways to 
influence conditions and change travel behaviour: shaping necessary spatial 
conditions and shaping sufficient mobility conditions. It appears that the spatial 
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conditions currently are causing car dependency of between 10% and 20% of 
urban residents, while car use for all trips is about 50%. This discrepancy indicates 
a significant potential for a modal shift away from the car. It also shows a relatively 
low level of car dependency. In this context, it is questionable how far ambitions 
must go to adapt the spatial conditions (the system of land use and transport), 
in order to eliminate car dependency altogether. Especially in mature urban 
environments, achieving this goal would take long-term policy and costly measures, 
such as relocating workplaces and amenities towards transit. However, this issue may 
become more urgent as societal driving forces, as mentioned in the introduction 
and in chapter 2, could lead to more car dependency. In this respect there seems 
to be  differences between growth and post-growth regions. Average distances to 
workplaces keep increasing, both in growth and post-growth regions (see chapters 2 
and 4). Forms of public transport for distances above 15 km, and concentration of 
workplaces near transit, will likely become more important to stabilize or even reduce 
car dependency. In contrast, facilitating car use, e.g. by building more roads, would 
likely result in increasing distances from home to work, making the bicycle and e- 
bicycle less competitive. In shrinking cities and regions the evolving spatial conditions 
lead also to more car dependency in reaching amenities, as average distances to 
destinations increase, increasingly above walking and cycling distances. In rural areas 
primary schools and supermarkets are closing, due to shrinking and ageing of the 
population (see chapter 2). In chapter 5 it appeared that in the shrinking region of 
South Limburg the structure of highways in the last decades has been forming a 
new backbone of the urban region, around 20% of jobs being near highway exits. 
Not only jobs are situated here, also regional amenities like hospitals, campuses  
and leisure centers. This doesn’t only affect commuters, but also other groups in 
society, wanting access to these facilities, while not always owning a car, or having 
one available. As our research shows, in this context BRT (Bus Rapid Transit) along 
highways seems to offer more accessibility of jobs than trying to move economic 
activities to rail oriented locations.

The second layer: sufficient mobility conditions
As the necessary spatial conditions in the regions of Eindhoven, Aachen  and 

Southampton are quite comparable, and could allow a modal shift away from the 
car, especially in the cases of the UK and Germany,  sufficient mobility conditions 
(e.g., safe cycling infrastructure and frequency of public transport) must be realized 
in order to encourage behavioural change. However, creating space for alternative 
modes and green areas makes restricting car use and ownership unavoidable for 
two reasons. In most urban areas, and especially in pre-war built environments, 
the available public space is limited, and transport modes are competing with each 
other. In many areas there is simply no room for safe bike paths, as most of the scarce 
available space has already been allocated to car uses. Furthermore, crossing major 
roads in urban areas can prove to be difficult or even impossible, due to the intensity 
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of car traffic. Additionally, restricting car use and ownership makes other modes 
more competitive in terms of travel time and costs, and will consequently be likely to 
stimulate a modal shift. It seems that the combination of push and pull factors would 
deliver the greatest effects (Givoni et al. 2013). However, while in general there is 
societal support for promoting alternative travel modes, in contrast, restricting car 
use or ownership seems more controversial, as there is a widespread aversion against 
the limiting of this freedom of choice. The insights of this study, showing that 
only a small minority of the population is truly CD for daily trips, could provide 
justification for such car-restrictive policies.

The third layer: mobility management
The third layer consists of non-physical policy measures, such as promotion 

campaigns, road pricing, parking costs, ticketing, etc. These can be very effective in 
changing travel behavior (Hiselius & Rosqvist 2016). However, they can only be 
justified as the first two, more physical layers have shaped the necessary and sufficient 
conditions for behavioral change. 

6.5  Contribution of this study

The concept of car dependency keeps returning in debates about the wish to 
reduce the use of private cars in urban areas. The question is how far we can go in our 
ambitions to change travel behaviour away from the car.. Assumptions or opinions 
that our society is car dependent influence the course of such debates. My research 
serves to unravel the concept of car dependency and give insights into this important 
topic. The question is not if but how dependent are we on owning and using cars in 
different spatial contexts, as well as the different levels of car dependency for various 
population groups (e.g., those working vs not working). Such variated insights 
reveal the scope of possible behavioural change, justifying not only the promotion 
of alternative transport modes but also the restriction of car use and ownership. 
Furthermore, it highlights the spatial features of cities that enable effective measures 
that reduce car dependency.

6.6   Limitations and further research

Incidental trips
This thesis analysed car dependency in daily activities, described as the ‘hard 

core’ of car dependency, as most people tend to own a car if they have to use a car 
every day. I did not analyse to what extent people face car dependency for incidental 
trips (e.g., for social or recreational purposes). Other research (see Harms et al. 2015) 
has indicated that 57% of these trips in the Netherlands are within 7.5 km distance 
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and 78% within 15 km, i.e. within bicycle and e-bicycle range, respectively. Other 
trips could very well be CD (e.g., taking young children or transport of special or 
heavy loads) and car use would be unavoidable. If this implies regularly recurring 
trips, there might be a strong impetus to own a car, with cascade effects on other 
trips. Further research into the motivations behind car ownership, even when it is not 
frequently used, is therefore needed, if possible in relation to promising alternatives to 
car ownership such as MaaS (Liimatainen & Mladenović 2018). 

How many cars are ‘too many’?
This thesis is an attempt to determine the potential for behavioural change in 

urban areas. I have described a ‘hard core’ of car dependency in urban areas, caused 
by distances to amenities and a lack of accessibility to workplaces with modes other 
than the car. The assumption is that utilizing the existing potentials for alternatives 
to car use by offering sufficient mobility conditions (e.g. safe cycling infrastructure), 
in combination with mobility management, could perhaps create enough incentive 
for changes in travel behaviour towards liveable cities. However, how far must we 
specifically go in our attempts to change travel behaviour away from the car to create 
liveable cities? In other words, how many cars are too many from the point of view 
of liveability? And how does that vary in different urban environments? While there 
seems to be consensus that most cities today have too many cars on their streets, what 
might be an acceptable motorization level is a relatively unexplored field of research. 
A complementary approach to the one adopted in this thesis could then be to explore 
the balance between car use/ownership and liveability in cities. Further research into 
describing and measuring this ‘loading capacity’ for car use and ownership, in relation 
to city size and other characteristics, could give insights into how far the ambitions 
towards a sustainable modal shift should reach and why. 

Feasibility of regional public transport in mid-sized urban regions?
This research demonstrated that in the analysed medium-sized regions, 20% 

to 30% of workplaces, and in some cases regional amenities like hospitals and leisure 
centres, are located on highway locations. A Bus Rapid Transit- highway system 
offering bike-BRT-walk options could create a competitive alternative to the car 
in terms of travel time (see chapter 5). The potential of BRT needs to be further 
explored, and recent research has indicated the possible role of BRT as an alternative 
within and between urban regions (see KiM 2020). However, its potential role in 
accessing peripheral and highway-oriented regional centres remains unexplored. 
Furthermore, the question whether such a system would compete with, rather than 
complement, the existing rail system also needs to be examined. 
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Other travel modes?
The thesis explored the feasibility of other transport modes satisfying mobility 

needs and, at the same time, creating better conditions for liveability. As described in 
chapter 1, the large tracts of space occupied by cars are a persistent threat to achieving 
liveability. The bicycle and e-bicycle seem to have the potential to address these 
concerns, especially in combination with high-quality public transport. However, not 
everyone can or will use a bicycle for all trips and at all times. Compared to the car, 
the bicycle does not always offer the same level of comfort, speed and safety. A variety 
of other individual transport vehicles is currently being developed and used, being 
motorized, and protecting against weather, but not having the same disadvantages 
of the car in terms of volume and energy consumption. Examples include electric 
scooters and mopeds, sometime bundled under the label of ‘micro-mobility’ (Moran 
et al. 2020). Their potential as an alternative to the car, and their relationships of 
complementarity and competition with walking, cycling and public transport, also 
need to be further explored. 

6.7   Epilogue: the return of the original car? 

Today, it seems that cars will remain unavoidable for incidental trips, a visit to 
a hardware store or taking a road trip to a mountain retreat. This research has shown 
that this is not necessarily the case for many daily recurring, utilitarian trips, and 
that the car could perhaps regain its original purpose: a vehicle with an exceptional 
character that offers urbanites the freedom to undertake exceptional trips at will. This 
redefined purpose is not far from Henry Ford’s original vision: ‘I will build a car for 
the great multitude. It will be large enough for the family, but small enough for the 
individual to run and care for – and enjoy with his family the blessing of hours of 
pleasure in God’s great open spaces.’
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Summary

In 2050 over 80% of Europeans will live in urban areas. As European cities 
are attracting more people, they increasingly face problems caused by transport and 
traffic. There seems to be a still growing tension between the increasing attraction of 
urban areas and the ongoing use and ownership of cars in cities.  A reduced role for 
cars in urban mobility is a recurring issue in the debates about the future of our cities. 
However, in the postwar era the spatial structure of European cities has been adapted 
to widespread car use and ownership. The question arises in what measure spatial 
conditions have made Europeans car dependent. Addressing this question is the focus 
of my research. In the European context, of special interest are medium sized urban 
areas, as most people live there and since they increasingly attract new inhabitants. 
This leads to the core questions of this thesis:

How does the spatial context (i.e. the land use and transport components of 
accessibility, in other words the physical lay-out of urban areas) shape conditions for 
car dependency, and, consequently, which alternative mode choices allow for possible 
behavioural change in urban areas?

In order to answer these questions, first, I have to define the ‘spatial context’, 
and address how this shapes conditions for attempts to change travel behavior. I 
distinguish  necessary spatial conditions, shaped by the patterns of land use and 
infrastructure, and sufficient mobility conditions, being the quality of e.g. cycle paths 
or the service level of public transport. The first are ‘hard wired’, and difficult and 
costly to change, the second are more adaptable and can be a matter of more short 
term policies. In my research I will explore the presence of the necessary conditions in 
urban areas. 

Second, it is useful to define different ‘levels of CD’. These levels describe 
not only if people are CD, but rather how often they are CD. I distinguish between 
‘daily’ trips and ‘incidental’ trips. Being daily dependent  on the use of a car, e.g. 
for commuting to car dependent locations beyond cycling distance, creates a ‘hard 
core’ for the use and ownership of cars, resulting in a car-oriented lifestyle For people 
who don’t need a car on a daily basis, but only for incidental trips, e.g. a trip to the 
hardware store, or a recreational visit to the countryside, private vehicle use can be a 
necessity for that trip; however, owning a car is not, with renting or sharing providing 
alternative competitive options.These people, not owning a car, but only renting or 
sharing it for incidental occasions, can have what I define as a car-free lifestyle. In this 
sphere, policy aimed at offering attractive arrangements for rent-a-car or car-sharing  
might be an effective measure for making cities more livable. After all, in residential 
urban areas public space increasingly is dominated by parked cars owned by residents, 
leaving little space for walking, meeting places, trees and green areas.
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Third, I define urban areas as cities including their surrounding suburbs, as 
they form an integral part of the daily urban system of mid-sized cities.

  
My findings show that, in the urban areas of the Netherlands, people live on 

average within walking distance of daily amenities, i.e. shops and schools. Taking a 
closer look at e.g. the Eindhoven area, it appears that only about 10% lives outside 
that distance, in the suburbs around Eindhoven about 20%.  Second, between 
20 and 40% of employees living in urban and suburban areas in the Netherlands 
live beyond e- bicycle distance from their workplaces, being dependent on forms 
of public transport as an alternative for the car in their daily commute. Moreover, 
through ongoing specialization workplaces located beyond e- bicycle distance may 
become more common, especially in mid-sized regions. In these cases regional 
public transport (combined with the bicycle) seems to be the only competitive 
alternative for the car. However, the added value of the bike-train-walk option in the 
daily urban system of medium-sized cities and their suburbs seems  modest. This is 
caused  by the low percentage of workplaces situated near stations, being about 25%, 
and the share of the urban and suburban population living within bicycle distance 
from stations, being about only a half. This severely restricts the travel mode choice 
being competitive with the car for the daily commute. Still, public transport has an 
important role to play in meeting the mobility needs of the so called ´captives´ of 
public transport: those who do not have access or cannot  drive a car, and for whom 
the bicycle or e-bicycle is also not an option (e.g., seniors or disabled persons, or 
visitors from outside the region).

Overall, combining the above data, and confronting them with data on actual 
travel behavior, my findings show that around 20% of employees living in cities 
is CD in the access of their jobs, while actual car use in commuting lies between 
50% and 62%.  Considering the total (working and non-working) population of 
urban areas, spatial conditions are causing the car dependency of around 20% of 
urban inhabitants, in the suburbs around 35%. However, when the bicycle is used 
for the access to shops and schools, these percentages drop to around 10% in the 
cities and around 13% in the suburbs. In the three cities Eindhoven, Aachen and 
Southampton the actual car use varies between 42% and 59% of all trips. In all cases 
the necessary spatial conditions in terms of distances to amenities and work, as well as 
the added value of regional transport, could allow a doubling of the use of alternative 
transport modes from around 30% of trips to above 70% in the daily urban systems 
of mid-sized urban regions. Finally, how unique is the situation in the Netherlands, 
compared to other countries in  Europe? In my comparison of three mid-sized 
urban regions, those of Eindhoven, Southampton and Aachen I found substantial 
differences in travel behaviour. In the Eindhoven case more people use active modes, 
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especially bicycles to daily destinations than in the other two cities. But the spatial 
conditions are quite comparable and in that sense don’t explain the differences in 
travel behavior. 

My findings show that not density, but accessibility of destinations determines 
the car dependency of the population. At the same time, accessibility of destinations 
can depend on density, especially concerning the choice between schools and shops 
within walking distance, but when taking cycling as a transport mode to daily 
amenities, density becomes less relevant. A similar picture emerges for jobs. In big 
cities with relatively high densities, more people live within cycling distance from 
their workplaces than in suburbs; however, when electric bicycles are considered these 
differences almost disappear. 

It seems that the spatial context of the analysed medium sized urban regions  
shapes favourable conditions for  the active modes and particularly the bicycle. 
Within the moderate densities of these regions the bicycle and the e-bicycle seem 
appropriate in accessing daily destinations, more than walking or forms of public 
transport, which often lacks the frequency and service levels of bigger cities. Second, 
looking at the differences in the spatial conditions for car dependency, the potentials 
of the e-bicycle tend to level out the differences between cities and suburbs. In rural 
areas, however,  car dependency is increasing, due to shrinking and ageing of the 
population and the corresponding closing of primary schools and supermarkets.

It is questionable how far ambitions must go to adapt the spatial conditions 
(the system of land use and transport), in order to eliminate car dependency 
altogether. Especially in mature urban environment, achieving this goal would take 
long-term policy and costly measures, such as relocating workplaces and amenities 
towards transit. However, this issue may become more urgent as societal driving 
forces could lead to more car dependency. Especially in shrinking urban regions 
this seems to be the case, as average distances to destinations tend to increase above 
walking and cycling distances. 

The car seems in all areas unavoidable for incidental trips, such as a dedicated 
trip to the hardware store or having a social or recreational purpose in places not well 
accessible by alternative modes. Overall, my research shows that this is not necessarily 
the case for many daily recurring, utilitarian trips. When people don´t need a car for 
its utilitarian purposes to reach jobs and daily amenities, it could then perhaps regain 
its original purpose: a vehicle with an exceptional character, not an everyday necessity, 
but offering urbanites the freedom to carry out special tasks and visits or recreate in 
the countryside.
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Samenvatting

In 2050 woont meer dan 80% van de Europeanen in stedelijke gebieden. 
Naarmate die steden meer mensen aantrekken, nemen ook de problemen, veroorzaakt 
door verkeer en vervoer, toe. Dit heeft met name te maken met het gebruik en bezit 
van auto’s in steden. Het verminderen van de rol van auto’s in de stedelijke mobiliteit 
is dan ook een terugkerend thema in de debatten over de toekomst van onze steden. 
Echter, sinds de jaren vijftig van de vorige eeuw, is de ruimtelijke structuur van 
Europese steden aangepast aan het wijdverbreide autogebruik en -bezit. De vraag rijst 
in welke mate de ruimtelijke omstandigheden ons autoafhankelijk hebben gemaakt. 
Het beantwoorden van deze vraag is de focus van mijn onderzoek. 

In de Europese context zijn middelgrote stedelijke gebieden van bijzonder 
belang, aangezien de meeste mensen daar wonen en ze steeds meer nieuwe  
inwoners aantrekken. Dit leidt tot de kernvragen van dit proefschrift: hoe bepaalt  
de ruimtelijke context (de combinatie van grondgebruik en infrastructuur) van 
stedelijke gebieden condities voor autoafhankelijkheid, en, als gevolg daarvan,  
welke mogelijkheden en belemmeringen zijn er voor alternatieve vervoerskeuzes?

 Om deze vragen te beantwoorden, definieer ik eerst de ‘ruimtelijke condities’ 
die bepalend zijn voor onze vervoerskeuzes. Ik onderscheid noodzakelijke ruimtelijke 
condities, gevormd door de patronen van grondgebruik en infrastructuur, en 
aanvullende condities, bijvoorbeeld de kwaliteit van fietspaden of de frequentie en 
het serviceniveau van het openbaar vervoer. De eerste zijn ‘ingebakken’ en moeilijk en 
kostbaar om te veranderen, de tweede zijn meer aanpasbaar en kunnen een kwestie 
zijn van korte termijnbeleid.

Mijn onderzoek richt zich op de aanwezigheid van de noodzakelijke ruimtelijke 
condities in stedelijke gebieden. Daarbij  onderscheid ik verschillende ‘niveaus’ van 
auto-afhankelijkheid. Deze niveaus beschrijven niet alleen of mensen autoafhankelijk 
zijn, maar ook hoe vaak ze dat zijn. Ik onderscheid ‘dagelijkse’ verplaatsingen en 
‘incidentele’ verplaatsingen. Het dagelijks afhankelijk zijn van het gebruik van een 
auto, bijvoorbeeld naar voorzieningen of werk op locaties buiten fietsafstand en 
zonder adequaat openbaar vervoer, resulteert in een auto-georiënteerde leefstijl en 
creëert binnen de bevolking een ‘harde kern’ voor het gebruik en bezit van auto’s. 
Voor mensen die niet dagelijks een auto nodig hebben, maar alleen voor incidentele 
verplaatsingen, bijvoorbeeld een ritje naar de bouwmarkt, of een recreatief bezoek 
aan het platteland, kan het gebruik van een auto in dat specifieke geval noodzakelijk 
zijn. Maar het bezit van die auto is echter niet nodig, aangezien huren of delen een 
alternatieve en concurrerende optie is. Mensen die geen auto bezitten, maar deze 
alleen incidenteel huren of delen, kunnen wat betreft hun dagelijkse verplaatsingen 
een autovrije leefstijl hebben. Het voor die mensen aanbieden van aantrekkelijke 
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arrangementen voor autohuur of autodelen kan een effectieve maatregel zijn om 
steden leefbaarder te maken. Immers, in stedelijke woongebieden wordt de openbare 
ruimte steeds meer gedomineerd door geparkeerde auto›s van bewoners, waardoor er 
vaak te weinig ruimte overblijft voor wandelen, verblijven, ontmoeten en openbaar 
groen. Tenslotte  definieer ik ‘stedelijke gebieden’ als steden inclusief de omliggende 
suburbane gebieden, aangezien ze wat betreft dagelijkse verplaatsingen in veel 
gevallen één geheel vormen.

Uit mijn onderzoek blijkt dat inwoners van de stedelijke gebieden van 
Nederland gemiddeld op loopafstand wonen van dagelijkse voorzieningen, zoals 
winkels en scholen. Als we Eindhoven en omgeving nader bekijken, blijkt dat in 
Eindhoven slechts ongeveer 10% buiten die afstand woont, in de gemeentes rond 
Eindhoven ongeveer 20%. Ten tweede: tussen de 20 en 40% van de werknemers die 
in stedelijke en suburbane gebieden in Nederland wonen, heeft een werkplek buiten 
de e-fietsafstand. Door voortdurende specialisatie zal dit percentage toenemen, vooral 
in middelgrote regio’s. In deze gevallen lijkt regionaal hoogwaardig  openbaar vervoer 
(in combinatie met de fiets) het enige concurrerende alternatief voor de auto. De 
meerwaarde van de fiets-trein-combinatie in de dagelijkse woon-werkverplaatsingen 
van middelgrote steden lijkt, gemiddeld genomen, echter bescheiden. Dit wordt 
veroorzaakt door het lage percentage arbeidsplaatsen in de buurt van stations, 
namelijk ongeveer 25%, en het aandeel van de bevolking dat binnen fietsafstand van 
stations woont, ongeveer de helft. Dit beperkt in ernstige mate de aantrekkelijkheid 
van het openbaar vervoer voor het dagelijkse woon-werkverkeer in vergelijking met de 
auto. Wel speelt het openbaar vervoer een belangrijke rol bij de mobiliteitsbehoeften 
van de zogenaamde ‘captives’ van het openbaar vervoer: zij die niet de beschikking 
hebben over een auto of die niet kunnen besturen, en voor wie de fiets of e-fiets ook 
geen optie is (bijv. senioren of gehandicapten, of bezoekers van buiten de regio).

Door de bovenstaande gegevens te combineren en ze te confronteren met 
gegevens over het huidige verplaatsingsgedrag, blijkt uit mijn onderzoek dat 
ongeveer 20% van de werknemers die in steden wonen autoafhankelijk is met 
betrekking tot woon-werkverkeer, terwijl het werkelijke autogebruik voor het woon-
werkverkeer tussen 50% en 62% ligt. Als we kijken naar de totale (werkende en 
niet-werkende) bevolking van stedelijke gebieden, bepalen de ruimtelijke condities 
de autoafhankelijkheid van ongeveer 20% van de stadsbewoners, in de suburbane 
gebieden ongeveer 35%. Als in plaats van het lopen, de fiets wordt gebruikt voor het 
bereiken van winkels en scholen, dalen deze percentages tot circa 10% in de steden 
en circa 13% in de suburbane gebieden. Dit terwijl in de drie steden Eindhoven, 
Aken en Southampton het werkelijke autogebruik varieert tussen 42% en 59% van 
alle verplaatsingen. In alle gevallen kunnen de noodzakelijke ruimtelijke condities in 
termen van afstanden tot voorzieningen en werk, inbegrepen de toegevoegde waarde 
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van regionaal openbaar vervoer, een verdubbeling van het gebruik van alternatieve 
vervoerswijzen mogelijk maken van ongeveer 30% tot meer dan 70% van de 
verplaatsingen in het dagelijks functioneren binnen  middelgrote stedelijke regio’s. 

Tot slot: hoe uniek is de situatie in Nederland in vergelijking met andere 
landen in Europa? In mijn vergelijking van drie middelgrote stedelijke regio’s, die van 
Eindhoven, Southampton en Aken, vond ik grote verschillen in verplaatsingsgedrag. 
In Eindhoven gaan meer mensen met de fiets naar dagelijkse bestemmingen dan in 
de andere twee steden. Maar de ruimtelijke condities zijn redelijk vergelijkbaar en 
verklaren in die zin niet de verschillen in vervoerswijzen.

In algemene zin  blijkt uit mijn onderzoek dat niet de dichtheid van gebouwen 
en activiteiten, maar de bereikbaarheid van bestemmingen de autoafhankelijkheid 
van de bevolking bepaalt. Uiteraard kan de bereikbaarheid van bestemmingen 
afhangen van de dichtheid, vooral wat betreft de keuze tussen scholen en winkels 
op loopafstand, maar wanneer de fiets als vervoermiddel wordt genomen naar de 
dagelijkse voorzieningen, wordt dichtheid minder relevant. Een soortgelijk beeld doet 
zich voor bij arbeidsplaatsen. In middelgrote steden met relatief hoge dichtheden 
wonen meer mensen op fietsafstand van hun werk dan in suburbane gebieden. 
Maar als we kijken naar de mogelijkheden van de elektrische fiets, verdwijnen deze 
verschillen bijna. Het lijkt erop dat de ruimtelijke context van de geanalyseerde 
middelgrote stedelijke regio’s gunstige voorwaarden creëert voor de actieve 
vervoerswijzen, zoals lopen en fietsen. Maar binnen de gematigde dichtheden van 
deze regio’s lijken de fiets en de e-fiets meer geschikt om dagelijkse bestemmingen 
te bereiken dan te voet of vormen van openbaar vervoer, die vaak de frequentie en 
het serviceniveau van grotere steden missen. De mogelijkheden van de e-fiets heffen 
de verschillen in de ruimtelijke condities van stedelijke en meer suburbane gebieden 
in belangrijke mate op. In meer landelijke gebieden neemt de autoafhankelijkheid 
echter toe door krimp en vergrijzing van de bevolking en de daarmee samenhangende 
sluiting van basisscholen en supermarkten. 

Het is de vraag in hoeverre onze ambities moeten gaan om de ruimtelijke 
condities (het patroon van grondgebruik en infrastructuur) aan te passen om de 
autoafhankelijkheid helemaal weg te nemen. Vooral in een stedelijke omgeving waar 
geen grote ruimtelijke ontwikkelingen meer plaatsvinden, zou het bereiken van dit 
doel langetermijnbeleid en kostbare maatregelen vergen, zoals het verplaatsen van 
werkplekken en voorzieningen naar locaties met hoogwaardig openbaar vervoer. 
Dit probleem kan echter urgenter worden omdat maatschappelijke ontwikkelingen 
kunnen leiden tot meer autoafhankelijkheid. Vooral in krimpende stedelijke regio’s 
lijkt dit het geval te zijn, aangezien de gemiddelde afstanden naar bestemmingen 
doorgaans groter worden dan de maximale wandel- en fietsafstanden. 
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De auto lijkt in alle stedelijke gebieden onvermijdelijk voor incidentele ritten, 
zoals een ritje naar de bouwmarkt of een bezoek aan vrienden of familie of een 
weekendhuisje op het platteland. Mijn onderzoek toont aan dat dit niet noodzakelijk 
het geval is voor veel dagelijks terugkerende, utilitaire verplaatsingen. Wanneer 
mensen geen auto nodig hebben om bij hun werk en dagelijkse voorzieningen te 
komen, kan de auto misschien zijn oorspronkelijke doel terugkrijgen: een voertuig 
met een uitzonderlijk karakter, geen dagelijkse noodzaak, maar die stedelingen de 
vrijheid biedt om speciale taken uit te voeren en bezoeken te brengen, of te recreëren, 
op het platteland.
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