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Abstract
This master thesis investigates how urban structures influence travel behaviour in the city
region of Oslo and Akershus. Global climate change is one of the greatest challenges of our
time. In search for ways to mitigate CO2 emissions, policymakers have turned their eyes to
the transport sector. It is often conceived that polycentric city regions with compact, transitoriented cities and neighbourhoods reduce distances travelled, discourage car use and promote
the use of alternative transport modes. Multivariate quantitative models are applied in this
thesis to address specifically three shortcomings in the assumed causality between urban
structures and travel behaviour. First, car ownership usually overshadows the effect of all
other factors on travel behaviour. The findings in this thesis indicate, however, that car
ownership function as a mediator between urban structures and travel behaviour. Second, the
influence of trip destination locations on travel behaviour is understudied, particularly in a
Nordic context. In this thesis, the urban structures at trip destination locations, especially
workplace density, turn out to have a major impact on transport mode choice. Third, few
Nordic studies, and none of them Norwegian, have taken into account the street design in the
local neighbourhoods. Moreover, diversity measures, such as the degree of mixed building or
land use, have not been popular in Nordic studies. The findings in this thesis indicate that
future studies should take diversity and design elements into consideration.
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1 Introduction
Global climate change is one of the greatest challenges of our time. It is now extremely likely,
to use the terms of the Intergovernmental Panel on Climate Change (Pachauri et al. 2014, 4),
that human society was the main driver behind global warming in the period 1951-2010.
While international climate agreements between nations struggle to succeed or be ratified, the
situation may be more apprehensible, even optimistic, if we zoom down to the level of cities,
or more precisely city regions (Banister 2011). December 2015 the municipality of Oslo and
the county council of Akershus approved an ambitious regional transport and land use plan
(Plansamarbeidet 2015). The total amount of CO2 emissions in Oslo and Akershus is to be
reduced by 50 percent by 2030. To accomplish this, all growth in personal transport should be
absorbed by public transport, walking and cycling, a goal that is set in national guidelines in
the Norwegian Parliament’s agreement on climate policy (St. meld. nr 21 2011-2012), the
National transport plan (St. meld. nr 33 2017), and Oslo package 3 (2017).
The main strategy sketched out in the regional plan to achieve this goal is to
reconfigure the land use and transport infrastructure – or what will be labelled urban
structures in this thesis – of the entire region in basically two ways. First, transit-oriented
development (TOD) should find place in chosen local settlements, local towns, regional cities
and a city belt. These prioritised locations should be dense and diverse, in line compact city
development. Second, these locations are to be connected by public transport as the
‘backbone’ in a polycentric developed region (Plansamarbeidet 2015). The idea is that people
should have as much as possible of what they need and want within walking or cycling
distance, and if they must travel longer, for example to work, they will use public transport
instead of the car.
Strategies such as these rely on a causal relationship between urban structures and
travel behaviour that has been given much attention within the field of transport geography.
Both international (e.g. Dieleman, Dijst, and Burghouwt 2002; Zegras 2010; Ewing and
Cervero 2010) and Nordic studies (Næss, Røe, and Larsen 1995; Næss 2006; Holden and
Norland 2005; Næss 2012) confirm that there indeed is a correlation between urban structures
and travel behaviour. However, there are several important shortcomings. First, few studies,
especially in a Norwegian and Nordic context (Næss 2012, 34), account for how the
destination locations of trips may influence travel behaviour. Second, car ownership is in

most studies found to overshadow the influence of all other factors on travel behaviour. There
is reason to believe that car ownership, on the contrary, mediates the effect of these other
factors, both urban structures and socioeconomic and demographic attributes – on travel
behaviour, as shown in some few studies (Næss 2006; Cao et al. 2007; Van Acker and Witlox
2010). Third, Nordic studies have tended to focus on urban structures of a regional scope,
such as proximity to the city centre, and neglected several aspects at the local level of
neighbourhoods, such as the diversity and density, while the opposite is the case in American
studies (Ewing and Cervero 2010; Næss 2012).
The main objective of this master thesis is to unravel how, and to what extent, urban
structures at the place of residence and at trip destination locations influence urban daily
mobility in Greater Oslo, both directly and indirectly through car ownership.
Preliminary descriptions should always be made before one delves into explanations
and analyses. The first task in this thesis is to map the spatial distribution and heterogeneity of
travel behaviour throughout the region of Oslo and Akershus, and thereby address the
following research question:
RQ.1 How are travel behaviour and car ownership spatially distributed throughout
the city region of Oslo and Akershus, both according to where people live and
the destinations of the trips?
No surprises are revealed when I state already now that there are large variations
between the densest inner city locations in Oslo, such as Tøyen, and the most rural and
peripheral parts in the region, such as Hemnes in the municipality of Aurskog-Høland. This
variation is important to keep in mind when the ambition in the regional transport and land
use plan is to reduce car use and car dependency. Car dependency has traditionally been
associated with (sub)urban sprawl and spatial land use configurations that require people to
use the car (Newman and Kenworthy 1999). In other words, car dependency is likely to vary
across a heterogeneous city region. What is arguably a postsuburban development (Phelps and
Wu 2011) of Akershus – with a polycentric development of the region and an increased mix
of functions in the suburbs – may, however, make the patterns more complex.
A variety of multivariate modelling techniques will be used to address all following
research questions. Now, quantitative models tell everything about correlation and nothing
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about causality. Yet, when informed by theoretical frameworks, quantitative methods are well
suited to test hypotheses concerning assumed causalities in a large population, such as all the
inhabitants in Oslo and Akershus. I draw on travel behaviour data – from the National Travel
Survey 2013/14 (den nasjonale reisevaneundersøkelsen 2013/14) – that is supplemented via
Geographical Information Systems (GIS) with spatial data on urban structures. See Table 3-2
in Chapter 3 for a full overview of all urban structure variables and what theoretical concept
they represent. Next, I will establish the initial effects of urban structures on travel behaviour
by answering the following research question:
RQ.2 How and to what extent do urban structures at the place of residence influence
total distance travelled by car?
It is important to know how urban structures, such as population density and proximity
to the city centre influence the total distance travelled by car since it is directly relatable not
only to the CO2 emissions from car use, but also other important aspects, such as congestion,
local pollution and public health. Other aspects of travel behaviour, such as what transport
mode people choose to travel with, must be used to delve into how trip destination locations
influence travel behaviour, which is addressed in the following research question:
RQ.3 How and to what extent do urban structures at the place of residence and at
destinations influence people’s choice of transport mode?
A common finding in quantitative land use/transport studies is that car
ownership/access overshadows the influence of all other observable factors (Hanson 1982;
Dieleman, Dijst, and Burghouwt 2002), both socioeconomic and demographic attributes and
urban structures, on travel behaviour. A major limitation in most of these studies is that car
ownership is treated as independent from both urban structures and sociodemographic
attributes of individuals and households, when these elements most likely are closely
interlinked. The first step to unravel these relations is to model car ownership as a dependent
variable.
RQ.4 How and to what extent do residential urban structures influence car
ownership?
This research question will to some extent also address another well-known issue in
transport geography – both residential and travel-related self-selection – that people dwell in
3

certain areas and have certain types of travel behaviour because they have different
preferences (Cao, Mokhtarian, and Handy 2009). Car ownership tracks back, arguably, to
people’s preferences of both urban structures – they might have to use the car to live the place
they want to live – and travel behaviour – they simply enjoy taking a ride with the car.
Moreover, people may not prefer to dwell or travel the way they do, but they are selected into
neighbourhoods that influence their car ownership and how they travel. A structural equation
model (SEM) will be used to investigate the mediating role of car ownership, and thereby
address the following research question:
RQ.5 How and to what extent do urban structures at the place of residence affect
people’s choice of transport mode directly as well as indirectly through the
number of cars in their household?
It is usual in transport studies to distinguish between commute and non-commute trips.
Utilitarian (commute) trips are assumed, and found (Vilhelmson 1999; Næss 2006), to be
more governed by rational decision-making, and therefore more influenced by urban
structures than non-commute trips. These potential differences between commute and noncommute trips will be addressed by the following research question:
RQ.6 How and to what extent do urban structures and car ownership as a mediator
affect commute trips contra non-commute trips?
The entire city region of Oslo and Akershus is the study area of this master thesis. The
continuous urban area of Oslo, has been the study area of a number of land use/transport
studies (Næss, Røe, and Larsen 1995; Hjorthol 2000; Holden and Norland 2005), but very
few – Hjorthol (2000) being an exception – have studied the entire region of Oslo and
Akershus. More than 100 000 people commuted from residential areas in Akershus to
workplaces in Oslo in 2014 (Table 7-2), and the number of people who commute out from
Oslo is sharply increasing. With continuously improved road and rail connections, public
transport collaboration, regional planning collaboration, and increasingly out-of-centre
residential locations due to high housing prices, Oslo and Akershus have become increasingly
integrated, economically, politically, and when it comes to daily mobility. Moreover, the city
region of Akershus and Oslo is also one of the four-five fastest growing urban areas in Europe
(Wessel and Barstad 2016). It is therefore of the outmost interest to decouple population
growth from increased car use, as stated in policy documents.
4

Chapter 2 will present and explain the theoretical framework that is used in this thesis,
introducing state of the art knowledge on the relationship between urban structures and travel
behaviour. In chapter 3, the research design chapter, the study area will be presented. The
operationalisation of theoretical concepts into quantifiable variables and the transformation of
the conceptual framework into quantitative models will also be presented and discussed in
chapter 3. In chapter 4 the descriptive maps and findings from RQ1 will be presented. The
analytical results will be presented in chapter 5 and 6; Chapter 5 will present the models and
results that address the influence of residential and trip destination urban structures on travel
behaviour. Chapter 6 will draw on the previous findings and delve into the mediating role of
car ownership. Chapter 7 will summarise and synthesise the findings from the previous
chapters, and discuss the implications of the findings in this thesis.
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2 Theory
In this chapter, a literature review will be conducted to understand better how urban structures
influence travel behaviour. The findings are used to develop an analytical framework that will
inform the quantitative models later in this master thesis.
As climate change is given more and more attention, policy-makers have turned their
eyes to the transport sector and its contribution to GHG emissions. Worldwide, the CO2
emissions from the transport sector constitute 23 percent of all energy-related CO2 emissions.
Out of the transport-related CO2 emissions, car use is responsible for 42,5 percent (Barker et
al. 2007). In the case of Norway, the transport sector was responsible for 26 percent of all
GHG emissions in 2012 (Aamaas and Fridstrøm 2014). Car traffic contributed to 40 percent
of all transport-related emissions in Norway, international flights included. As the world gets
increasingly urbanised – more than two-thirds of the world’s population is predicted to live in
cities by 2050 (UN DESA 2014) – transport and transport-related emissions also get
increasingly urbanised. The future challenges, and solutions, to sustainable mobility will find
place in cities.
In his sustainable mobility paradigm, Banister (2008) argues that transport-related
emissions should be reduced in four ways. One, to use ICT to reduce the need to travel. In
other words, to use digitalisation to decouple activity participation from the spatial landscape
and thereby reduce trip frequency. Second, to enable a modal shift from car use to more
sustainable transport modes, by promoting walking and cycling through measures such as
road pricing and reallocating space from the car to other transport modes. Third, to ensure a
land-use policy that reduces the physical distance and separation between activities, and in
that way reduce trip distances. Fourth, technological innovations can contribute to more
resource efficient mobility, through means such as engine design, renewable energy sources
and alternative fuels.
Not all these approaches are available in the toolkit of regional and local policymakers that have been given the task to reduce CO2 emissions. What they do govern over,
however, is land use and, to a certain degree, transport infrastructure, which will be referred to
as urban structures in this master thesis. It has been widely assumed, and shown – as the
literature review in this chapter will tell – that urban structures exert an impact on travel
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behaviour, and thereby transport-related CO2 emissions. The question is how and to what
extent urban structures influence travel behaviour. To better understand that causality, one
needs to understand why people travel at all.

2.1 How to Understand Mobility
Humans have always needed to travel. To visit friends and family, to go to work, to do leisure
activities, to go shopping (Vilhelmson 1999). Basically, to live our lives, to participate in
society, we need to travel. It is next to impossible to do all activities on the very same spot,
even such vital activities as sleeping and going to the toilet. Humans have throughout all time
needed to travel, but more so in a contemporary society which is increasingly networkoriented (Castells 2011), and seldom restricted to the local neighbourhood, village or fixated
small-sized places. Nowadays, one person’s network of family, friends, colleagues, workplace
and so on may span entire cities, regions, countries, even across continents. As societies
become increasingly network-oriented, the amount of mobility will necessarily increase.
Internet and communication technologies (ICT) has been suggested to replace or reduce the
need to travel, but that has, for the time being, not been the case (Banister 2011; Hjorthol and
Gripsrud 2009). ICT has, arguably, on the contrary, enhanced mobility and resulted in
increased mobility (Schwanen and Kwan 2008; Dal Fiore et al. 2014). Constraints, such as
not knowing how to get somewhere, or not knowing about the opportunities elsewhere and
far-off, are easily reduced or eliminated by simply using a smartphone (Dal Fiore et al. 2014).
Mobility, the way it has been described so far, is understood as a derived demand in an
activity approach (Vilhelmson 1999). People do not travel for the sake of travelling in itself,
but to participate in activities at locations elsewhere. Travelling is, in other words, the side
effect of participating in society. This has been the usual conceptualising of travelling in
transport disciplines, such as transport geography, throughout the years, but especially back in
the golden age of spatial sciences (Cresswell 2012). This mobility concept has been
challenged by the ‘new mobilities paradigm’ that came in the wake of a seminal paper from
Sheller and Urry in 2006. This paradigm can in many regards be considered as the cultural
turn in social sciences finally catching up with the last ‘positivist’ stronghold, at least in
human geography, namely transport studies (Røe 2000). The reason I mention the new
mobilities paradigm, even though I am not applying any theories or approaches from it in this
master thesis, is that it points out what I will be missing in this thesis. Understandings of
7

travel as a ‘gift in itself’ (Jain and Lyons 2008) and as consisting of both physical movements,
practices and representations embedded with cultural meaning (Cresswell 2010), point out
that how people practice, experience and perceive trips can have a major impact on how they
travel. Albeit these elements are likely to influence what transport mode travellers use and
how much they travel, they are not included in this study. The use of qualitative interviews,
surveys with questions about attitudes, cultural meaning and experiences, and ethnographic
fieldwork could have addressed these issues (Røe 2000).
Mobility will in this thesis be understood as a derived demand, and moreover, daily
urban mobility is the form of mobility that is at the locus. The reason for this choice is that
most people’s everyday life travelling find place within the scope of city regions. Besides, in
a sustainability perspective, the scope of city regions seems to be the most relevant for
policymaking. While international climate change agreements have had a hard time to
succeed, there appears to be a willingness at the level of cities, and city regions, to address
climate change through actual measures (David Banister 2011), as shown in the new regional
land use and transport plan in Oslo and Akershus (Plansamarbeidet 2015). That mobility is
more than just from A to B, travel in itself, experience, meaning, etc., although very relevant,
will not be in focus.
Several indicators can be applied to address travel behaviour, such as trip frequency,
trip distances, transport mode choice, total distance travelled, and transport-related energy
use. Total distance travelled by car and transport mode choice are chosen as indicators of
travel behaviour in this master thesis. Total distance travelled by car, also referred to as
vehicle kilometres travelled (VKT), is chosen because it addresses the magnitude of car use,
and is arguably the most import travel behaviour attribute regarding environmental issues
such as CO2 emissions (UN Habitat 2013, 77). VKT is also directly relatable to other
important matters, such as congestion and local pollution. This indicator does not distinguish
between how far and how often people travel but is deemed to be more relevant to policymaking. Transport mode choice is chosen because it does a good job of addressing the
decision-making process specifically, which becomes even more important when it comes to
decoupling population growth from growth in car use. It also allows me to investigate the
impact of destination locations, since it is not primarily an indicator of aggregated travel
behaviour, as VKT, but rather an indicator of trip-based travel behaviour.

8

An underlying question of this entire study is, what makes people travel the way they
do? Næss (2006, 2013) has, by using qualitative interviews in as diverse locations as
Copenhagen, Denmark and Hangzhou, China, identified so-called transport rationales:
reasons and motivations for why people choose to travel the way they do. When people
choose where to travel, so that they can carry out and participate in activities, the final
decision is mostly the compromise between two competing desires, “the desire to limit travel
distances and the desire for best facility.” (Næss 2011, 34–35). Getting to the closest facility
would meet the first desire, but to meet the second desire, people will most likely have to
travel to a concentration of facilities. Both desires, and the ways to fulfil them are guided
essentially by how urban structures enable and hinder proximity. It is the purpose of the
remainder of this chapter to show how. One example is that a chemical engineer – in other
words, a highly-educated member of a specialised workforce – wants a relevant job. The
closest jobs in the local suburban neighbourhood, at the school or the local grocery store,
would not be of interest to the engineer, but the engineer may find a relevant job in an area
with a high concentration of specialised jobs, for example the major city centre. However, if
the person lives too far from the city centre, he may be tempted to find the second-best option
in the closest regional centre.
Daily urban mobility, or travel, is one of eight urban subsystems, or processes, that is
identified in the urban system by Wegener (2004). The urban must, according to Wegener, be
understood as an urban totality that is not static but ever changing due to fluctuations and
modifications in these subsystems. The systems change, however, at different rates. The two
subsystems physical networks – urban transport, communications and utility networks – and
the overall land use change very slowly. The two following subsystems, workplaces and
housing, change not as slowly as physical networks and the land use, but still slowly. The
fifth and sixth subsystem, employment and population change fast,1 while (passenger) travel
and goods transports can change immediately. A flow perspective (Dijst 2013) that is inspired
by Wegener’s urban subsystems, also include the extremely fluctuate and ever-changing
flows of information, knowledge and money. The flow perspective also includes large-scale

1

The distinctions between respectively population and housing, and employment and workplaces may not be
obvious, but people, and where they work, are not as sedentary as the structures and locations of the (physical)
dwellings and workplaces.
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natural processes in the Earth system, such as climate change, as a part of the urban system. In
that sense, the urban transcends the scales of local and global.
All of these urban systems are linked together, and Wegener (2004, 3) refers to how
the ‘land-use transport feedback cycle’ is used in planning literature to explain these relations.
In short, the distribution of land use determines the locations of activities. Human activities
need transport infrastructure – remember how a person is not able to do all activities at the
very same spot. The transport infrastructures result in accessibility. The uneven spatial
distribution of accessibility results in relocations and real estate development in the most
accessible areas. These changes in land use and location of activities will yet again result in
new shifts in the transport infrastructure, and so on this feedback cycle continues. These
relationships and the subsystems are market driven and subject to policy making. Mobility is
not mentioned explicitly in the feedback cycle, but the daily mobility patterns are inherent in
how transport infrastructures’ contribution to accessibility results in changed land use.
In other words, spatial configurations of land use and transport infrastructures do have
an impact on travel according to this feedback cycle. However, since it is a feedback cycle,
the mobility patterns affect the land use as well. The difference lies in the different rates of
change. Mobility patterns can change land use and transport infrastructures, but only in the
long term, due to how land use and transport infrastructures change very slowly. In the short
term, land use and transport infrastructures have an easier job influencing travel. The flows of
personal transport may, after all, change immediately. These causal relations are imperative in
the point of view of urban planners and policy makers. Without this causality, the efforts to
plan sustainable relationships between land use and transport would be meaningless. Most
quantitative studies of the relationship between land use and transport are careful not to talk
about causality explicitly, due to the limitations of quantitative research, and choose to refer
to the associations between land use and transport behaviour (Ewing and Cervero 2010; Næss
2012). To fully understand the causality and mechanisms connecting land use, transport
infrastructures and mobility patterns, in-depth qualitative studies are required (Røe 2000).

2.2 Urban regional land uses and infrastructures
The most well-known study of transport and land use is Newman and Kenworthy’s (1989)
study of the relationship between density and gasoline consumption in 32 American,
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European, Asian and Australian cities. They found that increased overall population density in
a city is associated with reduced transport energy use. Dispersed American cities with low
density were the cities with the highest gasoline consumption, while Asian cities, Hong Kong
being an extreme case, was at the opposite end of the scale. The crucial change finds place
when population density increases from five to 40 people per acre. The annual gasoline use
per capita falls from 400-600 gallons to 40-50 gallons. Similar studies of 112 Swedish towns
and regions (Næss 1993) and 22 Nordic cities (Næss, Sandberg, and Røe 1996) gave similar
results.
However, cities cannot be considered as homogeneous entities, certainly not if we are
to better understand intra-urban mobility (D. Banister, Watson, and Wood 1997). Cities are
heterogeneous with various types of districts, such as downtowns, central business districts,
inner city areas, outer city areas, industry zones, and residential locations. The picture gets
even more complicated as cities have turned into large heterogeneous city regions, with
multiple regional centres, mini-cities (Røe and Saglie 2011), in a polycentric pattern. The
introduction of the car as the dominant transport mode allowed cities to sprawl, making the
cities, and societies, arguably car-dependent (P. Newman and Kenworthy 1999). (Sub)urban
sprawl has been a larger issue in the US than in Europe. One reason to this is that a large
share of the expansion of European cities found place during the 19th century before the car
was the dominant transport mode, while US cities expanded mostly after the second world
war when the car was the dominating transport mode (Muller 2004). Initial waves of
residential relocations to the outskirts of cities, i.e. a suburban sprawl, have been followed by
waves of relocating businesses, workplaces, and eventually shopping malls to the suburbs –
turning cities inside out, rendering suburbs into postsuburban landscapes, and cities and
countrysides into complex metropolitan areas (Knox 2008; N. A. Phelps et al. 2006; Garreau
2011).

2.2.1 Neighbourhoods and the five Ds
There are two noteworthy traditions on how to study the importance of the local
neighbourhood for travel behaviour. The first one, which has been usual in American studies,
is to examine the effect of the urban structures within the local neighbourhood on travel
behaviour. The second tradition is to investigate the importance of the location of a
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neighbourhood relative to the city centre of the city or closest second-tier and regional
centres. This last tradition has been particularly strong in Nordic studies (Næss 2012).
Within the local neighbourhood, Cervero and Kockelman (1997, 200–201) coined the
‘three Ds’ – density, diversity, and design – as the urban structures that influence travel
behaviour the most. Three other Ds, destination accessibility, distance to public transport,
and demand management, have in later years been added to the list of influential urban
structures. All of the Ds, except for demand management will subsequently be presented and
used in this thesis. Demand management addresses mostly economic incentives to regulate
supply and demand, such as parking supply, road pricing, etc, and is strictly speaking not a
characteristic of the spatial urban structures. In UN Habitats (2013, 90) report on sustainable
urban mobility, for example, it is only referred to the five Ds.

Density
Density has always been regarded as a key characteristic that influences travel behaviour, as
shown in Newman and Kenworthy’s well-known study. The density indicates the intensity of
land use and activity within the neighbourhood. Previous studies have measured the effect of
both population density, workplace density, and a combined population/workplace density
(i.e. Næss 2006). Workplace density is, however, labelled as an indicator of diversity in this
thesis, however. The reason to this is explained in the following diversity section.
Density in the local neighbourhood is important due to three reasons. First, higher
density shortens distances between origins and destinations, which again is assumed to make
people use non-motorized modes. Næss (2006, 221) makes the point that the local density of
each neighbourhood in the city adds up to the overall density of the city. In a city with overall
high density, distances will be shorter than in a city with low density and equally large
population. Second, high population density indicates a good market. Second, many people
concentrated in a small is area is the same as many potential public transport users, customers,
workers, and public service users. The expenses of constructing any infrastructure or service
are lower per customer or user when they are concentrated and not dispersed. This supports a
higher density of shops and services, thereby also contributing to mixed activities and
workplaces in the local area. Concentrated flows of public transport passengers allow for
higher frequencies, higher station density and an increasing competitiveness towards the car.
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Third, high density can simultaneously prove to be negative for car use since it contributes to
bottlenecks and congestion, and fewer parking opportunities.
In a meta-analysis of more than 50 quantitative studies, most of them American,
Ewing and Cervero (2010, 275–76) found that population density and workplace density only
have a very weak effect on how much people travel. Increased density, of both kinds, is also
associated with slightly increased shares of walking and public transport use. Increased
residential population density reduces the distance travelled by car slightly. Ewing and
Cervero suspect that high multicollinearity among urban structures in the quantitative models
is the reason to the low contribution and that density, in reality, has a larger impact than
predicted by the models. The issue of multicollinearity is discussed more in detail in the
research design chapter, but the idea is that the urban structures are too interrelated. Instead of
getting one clean and definite effect from one urban structure on travel behaviour, they
muddle and render the effect of several urban structures to be weak or insignificant.
Density has a similar effect in the Nordic studies reviewed by Næss (2012) as in
Ewing and Cervero’s meta-analysis. Næss et al.(1995) found in a study of 30 residential areas
in Greater Oslo that high density contributes to a higher share of public transport, but has no
significant effect on travel distances. In another study of Greater Oslo, Holden and Norland
(2005) did not find any association between population density and travel behaviour.
Engebretsen and Christiansen (2011a) found, however, in a study of Norwegian settlements
with more than 50 000 inhabitants, that population density has a larger impact than proximity
to the city centre on car use.
Næss (2006, 221) emphasises the interwoven relationship between the distance from
the residential location to the city centre and population density at the residential location.
Næss (2006) found in his Copenhagen study that population density at the residential location
apparently does not contribute much in explaining travel behaviour. He argues, however, that
the local density of each neighbourhood in the city adds up to the overall density of the city.
Moreover, in a city with overall high density, distances will be shorter than in a city with low
density and equally large population.

Diversity
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The second D, diversity, refers to the variation and amount of activities in the local
neighbourhood. A large range of diversity indicators have been used in previous studies, all
from employment and floor area to different entropy measures with low values if the land use
or activity in the local neighbourhood is monotone, and high values if the land use is diverse
(Ewing and Cervero 2010). Having an extensive range of facilities and services nearby, will
assumedly reduce trip distances and thereby increase the likeliness of walking and cycling
(Cervero and Kockelman 1997). Diversity is also assumed to increase public transport use,
albeit this association is not as obvious as the influence on cycling and walking. The
assumption is that people are more inclined to use public transport if they can combine the
trip with other activities, such as visiting the grocery store before/after they use public
transport on the way to/from work.
High degree of diversity, indicated by factors such as land use mix and job-housing
balance, were found to have a negative effect on VKT, and a positive effect on walking and
public transport use in international studies (Ewing and Cervero 2010). Diversity is not
investigated explicitly in any of the Nordic studies in Næss’ (2012) literature review. He
assumes the reason for it is an assumption among the researchers that local job opportunities
are of little interest among most people in an increasingly specialised workforce. They work
elsewhere anyway. Engebretsen and Christiansen (2011) found, however, that not only
population density but also workplace density in the residential neighbourhood have a larger
impact than proximity to the city centre on car use. Not an indicator of diversity in the
location neighbourhood per se, but Næss et al. (1995, 95) did find that accessibility to local
service facilities reduced the distance people travelled by motorised modes and the energy use
people spend on travelling. This service accessibility indicator can arguably be classified as
an indicator of local destination accessibility.
Workplace density is labelled as an indicator of diversity in this thesis since it
indicates not only concentrations of workplaces but also concentration and range of services
and facilities, particularly since only private and not public workplaces are accounted for in
by the variable used in this thesis (read more in the land use variables section in chapter 3).

Design
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Design addresses specifically the built environment in the local neighbourhood. Is the street
infrastructure designed in such a way that it promotes walking, or not? How pedestrianoriented is the street design? Design was originally understood as the placement of parking
lots and the placement of shade trees (Cervero and Kockelman 1997) but has over the years
moved over to address the characteristics of street networks (Ewing and Cervero 2010). One
major distinction has been whether the streets network in the local neighbourhood is cul-desac-oriented, with curvilinear roads, few intersections, and many dead-end streets – which are
often found in suburban areas – or is the street network grid-oriented, just as in urban, central
areas (Figure 2-1). Grid-oriented networks are assumed to offer direct routes in most
directions, and promote walking, while cul-de-sac-shaped patterns discourage walking. Crane
(1996) argues, however, that a grid-shaped street network will not reduce car use on its own.
Yes, grid-shaped streets reduce the cost of walking and cycling, but it also reduces the cost of
using the car. Moreover, the reduced travel cost can result in a rebound effect, that people
travel more because it is cheaper. To succeed in reducing car use, grid-shaped street networks
must be combined with
regulations and incentives, i.e.
demand management,
according to Crane.
Intersection density has often
been used as a design indicator,
but also block size, street and
pavement connectivity, and
pavement coverage and metres
have also been used.
Figure 2-1: Cul-de-sac street network at Neskollen, Nes (to the left), and gridoriented street network at Grünerløkka, Oslo.

Design indicators –

most often intersection density – were found in the international meta-analysis (Ewing and
Cervero 2010) to have a larger, negative, impact on VKT than both density and diversity.
Moreover, no other urban structure had a larger impact on walking and public transport use
than design. Design is taken into consideration in only two Nordic studies (Westford 2010;
Næss 2011), and none of them had Oslo as study area. The association between design and
travelling by car was insignificant when the distance from the place of residence to the city
centre (of Copenhagen) was added to the model in the one study (Næss 2011). The other
study (Westford 2010), from Stockholm, found that children are less likely to walk to the
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school in a neighbourhood with grid streets and mixed traffic than three other neighbourhoods
with separate roads for active modes (walking, cycling) and motorised modes. Næss (2012,
41) suspects that the lack of contribution of design in Nordic studies to show that the
significant effect in American studies rather reflects the location of the residential area.
As pointed out, it can be difficult to separate the 3Ds, and their effects, from each
other. This is shown multiple times, as researchers stress the issue of multicollinearity in
quantitative studies, but also by how workplace-oriented indicators can be labelled to address
either density or diversity, as shown in Ewing and Cervero’s (2010) meta-analysis.

Distance to public transport
Increased distance to public transport makes it, assumedly, less likely to use public transport,
while short distances make it more liable to use public transport (Ewing and Cervero 2010).
Moreover, the distance to public transport may not only have an impact on public transport
use in itself but also what mode people use as access and egress modes on their way to and
from public transport. People that dwell several kilometres from the public transport, but use
it to commute to work in the city centre, for example, may be more likely to use the car to get
to the public transport station than the person who lives next to the bus stop. People have in
several contexts also been found to have a preference for rail-oriented public transport over
bus-oriented public transport (Hensher 2016).
In international studies (Ewing and Cervero 2010), proximity to public transport stops
reduced VKT, and increased the shares of walking and, not surprisingly, public transport use.
Næss and colleagues (1995) constructed an index variable that took into account both
proximity and frequency of public transport in their Oslo study. Public transport provision
near the residence turned out to have some effect on total distance travelled by motorised
mode, but no effect on the modal split. Then . Hjorthol (2000) found in a study of gendered
mobility patterns in Oslo and Akershus that distance to public transport had no significant
effect on whether married men or women use the car or not to commute trips. What did
matter, though, was the public transport frequency. This is a reminder that not only spatial
configurations but also organisational configurations have an impact on how people travel.

Destination accessibility
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Destination accessibility addresses how easy people can get to their desired destinations. As
previously mentioned, proximity to the concentration of facilities is more important than
proximity to the single closest facility (Næss 2006). Travel distance to the city centre, which
has a high concentration of facilities, has therefore often been used as an indicator of
destination accessibility. Short distances are supposed to increase walkability, and cycling,
while longer distances are more likely to increase the use of motorised transport modes,
especially car use, and trip distances. Proximity to sub-centres has also been used as an
indicator of destination accessibility and may be even more important to use to when one
measures accessibility in studies of large polycentric city regions, with regional centres in the
suburban areas, as well as in ‘exurban’ areas. These indicators address destination
accessibility at a regional scale, and it is important to take them into consideration as the
workforce get increasingly specialised. Besides, if people want to go the cinema or go out for
dinner, or go shopping, then these kinds of leisure-oriented services also tend to be
concentrated in central districts (Næss 2006). Distance to local centres, on the other hand, can
be relevant when people are to carry out mundane everyday activities or have non-specialized
work.
Ewing and Cervero (2010) found in their meta-analysis that travel distance to the city
centre is the most important urban structure in explaining VKT and public transport use,
while also having a noteworthy effect on walking. People travel less by car and more by
public transport and walking when they live nearby the city centre.
Regional destination accessibility is extensively investigated in Nordic studies (Næss
2012). The overall trend is that people tend to travel more and longer by motorised transport
modes the further they live away from the city centre. In Næss’ (2006) extensive Copenhagen
study, distance from residence to the city centre of Copenhagen turned out to be the most
important urban structure. Among Oslo studies, Næss et al. (1995) found that people travel
longer by motorised modes the further they live from not only the city centre of Oslo but also
from local service facilities, as previously mentioned. In Hjorthol’s studies, people in the
outer parts of the Oslo region commuted in average longer (Hjorthol 2000) and more often by
car (Hjorthol 1998) than city and inner city dwellers. Holden and Norland (2005) found that
distance from residential location to the city centre of Oslo had an effect on the respondents’
everyday travel energy use, but the distance to local subcentre also had an impact.
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Ewing and Cervero (2010) argue that distance to the city centre is a proxy for the other
Ds that characterise the activities within the local neighbourhoods, and in that way also
explain the low contribution of density to travel behaviour. Næss (2012), on the other hand,
argues for the opposite; that it is the local within-neighbourhood Ds – density, diversity,
design – that are proxies for the distance to the city centre of Oslo. It is more plausible,
according to Næss, that the travel distance to the major concentrations of workplaces, services
and facilities in the city centre matters more than the street design and the number of
intersections in the residential neighbourhood.
Some studies (Martamo 1995; Næss 2006) have identified certain tipping points in the
very periphery of city regions. Travel distances and car use increases outwards to these
tipping points. Beyond these tipping points, people start to travel less. The assumption is that
people live that far away from the assumedly most attractive concentrations of facilities, that
they choose the second-best option within acceptable travel distance. The transport rationale
of reducing transport costs outweighs the need of getting to the best facilities.
Access to recreational green areas has often been neglected in transport/land use
studies, but green recreational areas, such as parks and forests, has proven in some studies
(Holden and Norland 2005; Næss 2006; Sijtsma et al. 2012) to have a significant effect on
people’s leisure, non-commute trips. One assumption is that people that dwell in dense and
‘grey’ inner-city areas compensate for the lack of nearby green leisure areas by carrying out
longer leisure, non-commute trips, especially in the weekends (Næss 2006, 203). Another
assumption, which is also in the continuation of Crane’s (1996) argument that ‘new
urbanism’-patterned street networks reduce travel cost in overall, is that leisure trips are a
surplus phenomenon (Næss 2006, 203). In his Copenhagen study, Næss (2006) found that
residents in dense areas travel somewhat longer, both in total and by car, on the weekends.
Moreover, they make more often long-distance trips outside Sjælland, the island on which
Copenhagen is located, make more flights, and are more likely to own a summer cottage.
Most of these findings are only true when controlling for distance from residential location to
city centre. Furthermore, inner-city dwellers in Copenhagen did not travel more often to
nature locations than suburban dwellers. This makes Næss conclude that the increased
travelling by inner-city dwellers is not the result of a compensatory effect. They simply just
have to travel longer to get to these locations. Taking into account all other leisure trips but
trips to nature, suburban dwellers turn out to travel more in general than inner-city dwellers.
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Yet, inner-city dwellers seem to make medium-long leisure trips more often on the weekends,
indicating a certain compensation effect.
Holden and Norland (2005) found in their Oslo study that people in neighbourhoods
with a high density of dwellings spend more energy on flights. They also found that residents
with access to a private garden spend less transport-related energy on long leisure trips by car
and plane. Both Holden and Norland (2005) and Næss (2006) stress that the relationship
between urban structures and especially long-distance leisure trips, such as flights, most likely
is not causal, but rather spurious. A more plausible explanation, which needs further research,
is that people with an urban and cosmopolitan lifestyle prefer to both live in urban areas and
travel more by plane.
It is limited how much this master thesis will address the issue of compensatory and/or
surplus leisure trips, since long-distance trips outside the region of Oslo and Akershus are not
investigated.

Commute contra non-commute trips
Vilhelmson (1999) distinguishes between fixed and flexible trips, according to how flexible
the travellers can be with the time they spend and the place they travel between. A commute
trip, which has a fixated workplace location and fixated working time, is a typical fixed,
utilitarian trip, or what Næss (2006) refer to a ‘bounded’ trip. A leisure trip, such as visiting a
museum, is not as restricted by location and time, and is, therefore, a flexible, ‘non-bounded’
trip. Although commute trips may be flexible – one person may have flexible worktime in a
service job, and non-commute trips may be fixated, such as going to dance lessons at the
nearby gym. There are nuances with semi-fixated trips. Nevertheless, commute trips are in
general considered to be more fixated than non-commute trips. Næss argue (2006, 17) that
bounded trips should be expected to be more influenced by urban structures than nonbounded trips.

Strategies of sustainable urban mobility
The proper constellation and configuration of these Ds – density, diversity, design, destination
accessibility – is what is more or less known as the compact city strategy (UN Habitat 2013,
88). In a compact city, the local neighbourhoods – and thereby the entire city – are densely
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populated, diverse and with pedestrian-oriented street design. In a dense city, distances to the
city centre and subcentres will be short. Short walking distances to public transport also
ensure a transit-oriented development (TOD) (UN Habitat 2013, 93). In that way, the compact
development ensures that trips, in general, are shorter and therefore can be made by walking
and cycling. The transit-oriented development is intended to make it easier to undertake longdistance trips by public transport instead of using the car.
These strategies are also assumed to cause not only environmentally friendly mobility,
but also socially equitable mobility (Cass, Shove, and Urry 2005; Boschmann and Kwan
2008). In an ideal compact transit-oriented city, people are not required to own a car. One
issue that challenges this is that accessible locations equal to attractive and thereby expensive
locations. That is why Banister (2008, 75) suggests that policy-makers should emphasise a
development of not only attractive but also affordable locations in the cities. Besides, the
configurations of density, diversity and design in the compact city coincide particularly well
with the configurations that will ensure livable streets full of activity – the ‘sideway ballet’ –
in cities, according to Jane Jacobs (1961).
The challenge with the compact city strategy is that (sub)urban sprawl has resulted in
large polycentric car-dependent city regions with long distances between functions. The
influence of proximity to not only the main city centre but also regional sub-centres have
made both Næss (2012) and Holden and Norland (2005) argue that the urban development
should be decentralised at the regional scale, while development should be centralised and
compact within the cities and neighbourhoods at the local scale. If peripheral settlements are
to function as self-sustainable settlements, they must be located outside other centres’ and
settlements’ catchment areas (Næss 2012, 41), in line with the tipping point findings
(Martamo 1995; Næss 2006).
In their solution to render car-dependent urban regions into sustainable configurations,
Newman and Kenworthy (1999) suggests a strategy that is basically a combination of the
compact city strategy, and transit-oriented development. They envision that urban
development should be dense and diverse around the transport hubs throughout the region, in
so-called ‘urban villages.’, that are well-connected by the public transport infrastructure.

2.2.2 What about the destination location?
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A shortcoming in especially the Nordic transport literature (Næss 2012, 34) is the lack of
studies that take the urban structures at trip destination locations into account. Several
international studies, and some Norwegian studies indicate however that destination locations
have an impact on travel behaviour.
Frank and Pivo (1994) found that population density, employment density and land
use diversity not only at trip origin locations but also trip destination locations had a
significant effect on choosing other transport modes over the car. Barnes (2003) found that
commute trips made to the central business district (CBD) were much more likely to be made
by public transport than trips to other locations in the central city and suburban areas, in the
metropolitan area of Minneapolis-St. Paul in the US. A study of commuters in the Dublin
region (Vega and Reynolds-Feighan 2008) found that commuters to the central business
district and the most centrally located employment sub-centre are less likely to use the car
than commuters to more distant (post)suburban areas. The study also found that the public
transport provision towards employment sub-centres, notably the lack of provision to
suburban centres, has a major contribution to mode choice. A study of non-commute trips in
the Houston-Galveston metropolitan area in the US found that people travelled less by car, on
non-commute trips, when they travelled to areas with dense population and diverse land use
(Lee, Nam, and Lee 2014). People are less likely to travel by car when they travel to
destinations with high employment density and population density.
The Norwegian studies that have taken destination location into consideration, has
either focused on how workplace location influence commuting (e.g. Monsen 1983; Hansen
1993, Næss and Sandberg 1996; Strømmen 2001 in Næss 2012), or how shopping mall
location influence shopping trips (Hanssen and Fosli 1998; Svensson 1998; Engebretsen,
Hanssen, and Strand 2010 in Næss 2012) .
The general finding on commute trips is that commuters make a lower share of the
trips by car and a higher share by public transport, cycling and walking when the workplace is
located in the inner city than any (post)suburban location (Næss 2012, 34). In their study of
commuting to six workplaces, in both central and peripheral locations in Oslo, Næss and
Sandberg (1996) found that people commute less by car when the workplace is centrally
located in an area with high building density. Næss (2012) refers in his literature review to
three Nordic studies (Hanssen and Fosli 1998; Svensson 1998; Engebretsen, Hanssen, and
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Strand 2010) in which a peripheral location of shopping malls contributed to a higher level of
car use than a central location.

2.3 Socioeconomic and demographic attributes
As the literature review shows, urban structures do matter. However, urban structure is of
course not the only thing that influences people’s travel behaviour. Early transport studies,
Newman and Kenworthy’s (1989) novel study for example, were criticised for neglecting the
impact of people’s socioeconomic and demographic attributes (Næss 2015), such as income,
occupation, education, age, gender.
In a Swedish study, Hanson (1982) found that socioeconomic and demographic
attributes, especially gender, age, income, and car availability, matter more than urban
structures. Dieleman and colleagues (2002) found in a Dutch study that urban structures and
people’s social background are equally important to both modal choice and travel distance.
People’s social background is, however, more important when the purpose of the trip is
shopping or leisure. Households with children in the family were more likely to travel by car.
Car ownership turned out to be the most important attribute.
As briefly shown, socioeconomics and demographics matter. It is therefore important
to account for these attributes in any study of how urban structures influence travel behaviour.
Car ownership is the most important one of these attributes. “If people own a car, they use it.”
(Dieleman, Dijst, and Burghouwt 2002, 524), or even more crucial; if people do not have a
car, it is really difficult to use one. The question is whether car ownership is influenced by
other factors, such as urban structures and other socioeconomic and demographic attributes. If
people in central, dense, diverse and pedestrian-designed neighbourhoods use the car less than
people in peripheral, sparsely populated, car-dependent suburbs, is it not also less likely that
they need to own a car in the first place?

2.3.1 The role of car ownership
In a framework introduced by Ben-Akiva and Atherton (1977), transport mode choice is
argued to be a short-term decision. Moreover, they do not necessarily need to be conscious
decisions either (Næss 2006). Short-term decisions are yet again influenced by medium-term
decisions, such as whether you should own a car or not. This choice is yet again influenced by
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long-term decisions, such as where you choose to live. In other words, the effects of urban
structures (long-term decision) on travel behaviour (short-term decision) may be mediated
partly by car ownership (medium-term decision). Næss (2009) found that car ownership in
Copenhagen is influenced by proximity to the city centre, also when controlled for travelrelated attitudes. People are less likely to own a car when they live in central locations. Other
international studies (Hess and Ong 2001; Zegras 2010) have also shown that people are less
likely to have cars in their household if they dwell in neighbourhoods with mixed land use.
Although, household income seems to be the most important determinant of car ownership
(Zegras 2010).
Some studies have investigated not only how urban structures influence car ownership,
but also how car ownership function as a mediator between urban structures and travel
behaviour. Cao et al. (2007) found in a study in Northern California, US that car ownership
may function as a mediator but mostly for the effect of socioeconomic and demographic
attributes, number of adult household members and income especially. Urban structures had
only a marginal effect through car ownership. Van Acker and Witlox (2010) investigated in a
study in Ghent, Belgium whether car ownership is influenced by urban structures and social
background and if car ownership in that way not only influence travel behaviour directly but
also indirectly through car ownership. They used a structural equation model (SEM) to model
the direct and indirect effects of urban structures and social background via car ownership on
car use. Car ownership turned out to function as a mediating variable between urban
structures and car use. Land use diversity and distance from residence to the central business
district of Ghent had only an indirect effect through car ownership on car use. People
dwelling in central and diverse areas are less likely to use the car merely because they are less
liable to own a car. The distance from residence to the nearest railway station, and
accessibility to facilities by car, had a larger total than direct effect on car use. Increased
distance does in itself make people travel more by car, but even more so by making them
more likely to own one or more cars. In general, urban structures had a larger impact on car
use indirectly through car ownership than directly. Household income had only an effect on
car use indirectly via car ownership. They compared econometric models with and without
car ownership as a mediating variable and found that the influence of urban structures is
underestimated in the model without car ownership as mediating variable. The model with car
ownership as a mediating variable also explained more, had a higher model fit score, than the
model without car ownership as a mediating variable. Van Acker and Witlox (2010, 73)
23

conclude therefore that sustainable policy-making should not only focus on increasing density
and diversity through the means of compact city policies and transit-oriented development
(TOD), but maybe even more importantly focus on reducing car ownership (and use) through
measures such as increased registration fees, fuel/gasoline taxes and road pricing. “Once
people own a car, they tend to use it more often” (Van Acker and Witlox 2010, 73).
In a study back in the 90s, Næss and colleagues (1995) estimated how urban structures
in 30 residential areas in Greater Oslo influenced the residents’ travel behaviour and energy
use, using ‘cars per adult household member’ as one of several mediating variables in a causal
path analysis. The study does not give a clear-cut answer to what role car ownership has a
mediator since several variables were used as mediators, and car ownership was not used as a
mediator for any urban structure variable but ‘density of dwellings in the residential area.’
In his Copenhagen study, Næss (2006) modelled car ownership as one of several
mediating variables – the other ones being transport attitudes, driving license and nights spent
away from home – between residential urban structures and travel behaviour. Of these
mediating variables, car ownership exerted the largest influence on the proportion of distance
travelled by car (Næss 2006, 176). It is hard to single out car ownership’s contribution as a
mediator in Næss’ study since he used several mediators, but he found that residential urban
structures – that is density, distance to city centre, subcentre, railroad station and density –
influence travel behaviour also indirectly through the mediating variables.
The findings from these quantitative studies are also backed up by qualitative
interviews with people that moved from urban to suburban areas, and felt inclined to get a car,
eventually a second car due to the change in the built environment (Næss 2006, 220–21).

2.3.2 Self-selection and car ownership
Residential self-selection addresses the issue that people live different places because they are
inherently different as people (Næss 2014). They have different preferences, attitudes, values,
and worldviews. A family father lives in a detached house with a large garden in the
countryside with his family and drive a SUV because that is the dream of his life. A trendy,
young female environmentalist moves to the city centre because she wants to walk just around
the corner from her rented loft apartment and order a café au lait at the coffee shop.
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These kinds of causal relationships between urban structures and people’s
characteristics become problematic when they are used as independent variables – that are
supposed to have nothing to do with each other – in quantitative regression models. I return to
this topic (and self-selection and multicollinearity in general) in the research design chapter,
but this is problematic because if the regression models find, for example, that high density in
the local neighbourhood and a central residential location make people use the car less, it may
just be an expression of the fact that people who prefer to live in dense and central city areas
also prefer to use public transport. One problem is that we do not measure what we think we
are measuring, which is critical enough in a methodological perspective, but the consequences
of this issue are truly critical regarding policy-making. Large investments may be made, and
the urban face of large metropolitan regions may be restructured through the means of
densification and transit-oriented-development (TOD) to make people travel more
sustainable, only to discover that people keep on travelling the way they always have done
and oppose the changes, simply because humans are humans.
Cao et al. (2009) argue that the effect of urban structures on travel behaviour will be
exaggerated if people’s residential preferences are not taken into account. In a review of 38
studies, they did find that urban structures had an effect also when residential self-section was
taken into consideration. They also found, however, that the impact of urban structures was
greatly reduced when self-selection was taken into account.
Both Næss (2014) and Holden and Norland (2005) downplay the methodological issue
of residential self-selection. Instead, they insist that residential self-selection show the
importance of urban structures that are according to people’s preferences. A person who
wants to travel by public transport cannot use public transport if it is not in close proximity,
without literally going to great lengths. Næss (2014) argues that it is enough to control for the
‘usual suspects’ in regression models, that is individuals’ and households’ socioeconomic and
demographic attributes, to address residential and travel-related self-selection. It is
unnecessary to include travel-related attitudes, or car ownership, as independent variables.

2.4 Literature summarised
The literature review in this chapter indicates that urban structures indeed matter. Both urban
structures within the local neighbourhood – density, diversity and design – and the relative
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location of people’s dwellings to the major city centre, regional centres and local centre has
shown to impact how people travel in different studies. Distance from residence to the city
centre is the most important urban structure in explaining travel behaviour in both Nordic and
international studies. These variables are all intermixed and attempting to indicate how urban
an area is. Moreover, some studies have shown that urban structures at trip destination
locations, and workplace locations, have a role to play in explaining travel behaviour.
Most of this evidence-based knowledge is derived from quantitative studies that only
measure correlation, not causality. Qualitative interviews have indicated that urban structures
do have a causal effect on travel behaviour. Furthermore, quantitative models and qualitative
interviews have also stated that car ownership functions as a mediator between urban
structures and travel behaviour. Car ownership has also turned out to mediate the effect of
people’s socioeconomic attributes on travel behaviour. Higher income makes people travel
more by car because it makes people more likely to own one or more cars. Summed up, these
findings result in the conceptual frameworks presented in Figure 2-2 that will be used to
address the research questions that were elaborated in the introduction chapter.

Figure 2-2: Conceptual framework.
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3 Research Design
How urban structures and car ownership influence people’s travel behaviour in the Greater
Oslo region is a matter of large-scale patterns in an entire population. Qualitative methods,
such as in-depth interviews or ethnographic fieldwork, can give valuable information about
why and in what ways some few people’s travel behaviour is influenced by these factors (Røe
2000). The challenge is to generalise those findings to a larger population, namely everyone
that travels in Oslo and Akershus. A ‘perfect’ solution would be to conduct extensive in-depth
interviews and ethnographic fieldwork with the entire population in Oslo and Akershus and
simply avoid the need to generalise, but that is not possible. If it was possible, it would still be
a challenge to the external validity of the study; to generalise the findings to other contexts.
Quantitative models, on the other hand, enable the possibility to study relationships in
a small sample and generalise the findings from that sample to a larger population, based on
principles of probability (Skog 2004). The typical question in a quantitative regression model
is when X changes, how much does Y change, or as in this case, when urban structures and
car ownership change, how does travel behaviour change? In this chapter, the conceptual
framework that was presented in the theory chapter will be developed into such multivariate
quantitative models (Figure 3-1). The problem with quantitative models is that they only
measure correlation, not causality. As argued in the theory chapter especially based on Næss’
(2006, 2013) qualitative interviews with travellers there is reason to assume a causal effect of
urban structures on not only travel behaviour –mode choice and total distance travelled by car
in this thesis – but also car ownership, which can be assumed to subsequently influence travel
behaviour.
To address the research questions in this thesis, a range of multivariate modelling
techniques will be used. Several indicators can be applied to address travel behaviour, such as
trip frequency, trip distances, transport mode choice, total distance travelled, and transportrelated energy use. Total distance travelled by car and transport mode choice are chosen as
indicators of travel behaviour in this master thesis. Total distance travelled by car, also
referred to as vehicle kilometres travelled (VKT), is chosen because it addresses the
magnitude of car use, and is arguably the most import travel behaviour attribute regarding
environmental issues such as CO2 emissions (UN Habitat 2013, 77). VKT is also directly
relatable to other important issues, such as congestion and local (noise) pollution. VKT does,
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Figure 3-1: The model build-ups that are used to address the research questions.

admittedly, not distinguish between how far and how often people travel but is deemed to be
more relevant to policy-making.
Transport mode choice is chosen because it does a good job of addressing the
decision-making process specifically. This is important in regard to decoupling urban growth,
both in population and traffic, from growth in car use. It also allows me to investigate the
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impact of destination locations, since it is not an indicator of aggregated travel behaviour, as
VKT, but an indicator of trip-based travel behaviour. Multinomial logit models (MNLM) will
be used when choice of transport mode, a categorical variable, is the dependent variable.
TOBIT models will be used when total distance travelled, is the dependent variable.
Structural Equation Model (SEM) will be applied to estimate the direct and indirect effects of
urban structures through car ownership on mode choice. Binary logistic regression models
(LOGIT) will be used when car ownership is the dependent variable. A full overview of
multivariate modelling techniques will be presented in section 3.3
In the first section of this chapter, the study area will be presented. In the following
section, raw data will be operationalized into variables that will function as indicators of the
theoretical concepts. A full list of all variables, and what theoretical concept they represent, is
presented in Table 3-2. In the final section, the quantitative models will be developed.

3.1 Study area
3.1.1 Oslo and Akershus
The chosen study area in this master thesis is the region of Oslo and Akershus in Norway
(Figure 3-2). Oslo is the capital of Norway and functions both as a municipality and a county.
The urban settlement of Oslo, also referred to as the metropolitan area of Oslo, will be
discussed later. The county of Akershus surrounds Oslo in all directions, except in the northwest, and consists of 22 municipalities. These municipalities are located in three semiadministrative regions; Follo, Romerike, and the West region (Figure 3-3).
There are several reasons why this is chosen as study area. First, the urban region of
Oslo is one of the four or five fastest-growing urban areas in Europe, in relative terms
(Wessel and Barstad 2016), making the decoupling of population growth and car use crucial.
Most of the post-war population growth in the region has found place in Akershus, and not in
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Figure 3-2: Reference map. Data sources: SSB, The Norwegian Mapping Authority.

Oslo (Figure 3-4). In other words, most of the growth came in the shape of suburban2 sprawl
(Stugu 2006; Næss, Næss, and Strand 2011), just as in most other European urban areas after
the second world war (Kasanko et al. 2006). After the mid-60s, the population decreased in
Oslo, but the overall population size in the region was kept stable by growth in Akershus,
indicating the increasingly central role of suburbanization in the region. This coincides with
the time that the car became the dominant transport mode. Previously, the suburbanization
found place around the main railroad stations in Lillestrøm, Ski and Asker. From the 1970s

2

The conceptualisation of suburbs, and postsuburbs, is in this thesis limited to the functional and material concepts
because of practical reasons, although cultural representations and social structures also constitute parts of what is
suburban and postsuburban (N. Phelps and Wu 2011; Røe and Saglie 2011)
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and onwards, the sprawl was less restricted
and found place also in the exurban
periphery (Myhre 2008). Moreover,
decentralising of workplaces (Myhre 2008;
Næss, Næss, and Strand 2011) has led to
what is arguably a postsuburban
development. Local and regional centres, or
minicities (Røe and Saglie 2011), are
established throughout Akershus, and within
the municipal borders of Oslo, ensuring a
polycentric development of the region.
Figure 3-3: Regions in the study area. Data source: the
Norwegian Mapping Authority.

Næss et al. (2011, 118) argue, however, that
the development since the early 1980s has
been characterised by densification
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Figure 3-4: Population growth in Oslo (red) and Akershus (green),
1951-2015. Source: SSB.

appendix). The postsuburban
development has ensured a sharp

increase in commuting outwards from Oslo to workplaces in Akershus. Furthermore, crisscross commuting between municipalities in Akershus is also increasing (Myhre 2008). Oslo
and Akershus function as one interrelated labour market. Moreover, most of the previous
studies of Oslo have limited themselves to what they have referred to as the metropolitan area
of Oslo. Hjorthol’s (2000) gender-oriented study is the only study, that I am aware of, that has
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taken the entire region of Oslo and Akershus
into account. It is not necessarily specified
in all previous studies what they define as
the metropolitan area of Oslo, but it seems
in most cases to coincide well Statistics
Norway’s (SSB) definition of the urban
settlement3 of Oslo (Figure 3-5).
There is an important distinction
between the municipality of Oslo and the
urban settlement of Oslo. The urban
settlement covers the continuous urban area
from Asker in the west to Skedsmo in the

Figure 3-5: The municipality and the urban settlement of Oslo.
Data sources: SSB and the Norwegian Mapping Authority.

east. The urban settlement of Oslo will
occasionally be referred to as the metropolitan area of Oslo. Within the municipality of Oslo,
a distinction will be me made between the inner city and the outer city.4

Regional land use and transport plan
The development in the region of Oslo and Akershus the next decades is to be guided by a
regional transport and land use plan (Plansamarbeidet 2015). The regional plan was approved
in December 2015 by the municipality of Oslo and the county council of Akershus. The main
goal is to reduce the total amount of CO2 emissions in Oslo and Akershus by 50 percent by
2030. To accomplish this, all growth in personal transport should be absorbed by public
transport, walking and cycling, an objective which is known as the zero-growth objective. The
zero-growth objective originates from the Norwegian Parliament’s agreement on climate
policy (St. meld. nr 21 2011-2012), and is referred to in both the National Transport Plan (St.
meld. nr 33 2017) and Oslo package 3 (2016). To achieve these goals – reduction of CO2
emissions and the zero-growth objective – the regional plan aims to ensure a polycentric

3

The urban settlement definition is the closest one gets to a definition of a city in Norway. Urban settlements are
defined by Statistics Norway as any group of houses with at least 200 residents and with no more than 50 metres
between buildings. The distance can be increased to 200 metres in the case of apartment buildings, industry and
business buildings, such as educational and health care institutions. Satellites of house clusters are included if they
are less than 400 metres from the core of the settlement (Statistics Norway 2017c).
4
The inner city consists of the following urban districts (bydeler): Frogner, St. Hanshaugen, Sagene, Grünerløkka,
Gamle Oslo and Sentrum. The outer city consists of the remaining urban districts.

32

development at the regional scale, and a compact transit-oriented development (TOD) at the
local scale within prioritised growth areas. These prioritised areas, which constitute the
centres in the polycentric region, should be well-connected by public transport infrastructure.
The idea is that people should have most of what they need and want within walking distance,
and if they have to travel longer, to get to work for example, they will use public transport
instead of the car. Existing clusters of workplaces, such as the airport at Gardermoen and the
University at Ås (Figure 3-6) should continue to be honed as workplace clusters, and even
more importantly; the public transport infrastructure that connects these locations with the
regional centres and the rest of the region should be improved.
To achieve this transit-oriented development, 80 percent of all workplace and
population growth in each municipality should find place at prioritised growth areas
(Plansamarbeidet 2015, 25). This is the case in municipalities without regional cities and/or
city belt. In municipalities with regional cities and/or city belt, 90 percent of all growth should
find place in the prioritised growth areas, preferably along railroad infrastructure. The
remaining 20 or 10 percent of growth in the rest of the municipality is supposed to maintain
existing residential areas.
The regional plan identifies a city belt, regional cities, local towns and settlements as
well as the city of Oslo as chosen prioritised growth areas (Plansamarbeidet 2015, 19–23).
The city of Oslo should continue to be developed as the capital of Norway, a national
transport hub, and the centre of economic development. Oslo should be developed from the
inner-city core and outwards. The city belt spans from Asker in west to Lillestrøm in east, and
to Ski in the south (Figure 3-6). Six places in the county of Akershus have been pointed out as
regional cities; Asker, Sandvika, Ski, Ås, Lillestrøm and Jessheim. Each municipality in
Akershus has at least one local town or settlement chosen for growth (see grey points in
Figure 3-6).
One of the major challenges with this regional plan, is that it is not committing, only
guiding. This challenge is especially important, since municipalities govern land use
management, while counties and the state govern all major transport infrastructure (Aarsæther
et al. 2012). The main purpose of the regional plan is to coordinate land use and transport
policies, but (local) municipalities may have other objectives that conflict with the regional
objectives. Moreover, Næss and Saglie (2016) has in a newspaper chronicle stated that the
underlying principles in the regional plan are sound, but the plan is not ambitious enough.
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Figure 3-6: City of Oslo, regional cities, and workplace-intensive locations in Akershus. Grey points indicate prioritised local
towns and settlements (Plansamarbeidet 2015: 18).

3.2 Data
In this section the data sources, the data management and the operationalization of theoretical
concepts into variables will be presented and discussed.
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All the data used in this master thesis has in common that it is secondary data (Ringdal
2013); The data has originally been gathered for other purposes than this thesis. That means
that the decisions made by other people, concerning data collection, classification,
manipulation, and management, have an impact on the results in this master thesis. This can
challenge the reliability of the data, since the data may not be well-suited to the theoretical
elements and concepts used in this thesis.
The data material in this thesis can be put into three categories; data on travel
behaviour, data on urban structures, and data on socioeconomic and demographic attributes.
The data on travel behaviour and socioeconomic/demographic attributes origin from the
National Travel Survey 2013/14 (NTS), den nasjonale reisevaneundersøkelsen 2013/14
(Hjorthol, Engebretsen, and Uteng 2014). The data on urban structures origins from SSB
(Statistisk Sentralbyrå, SSB), the Norwegian Public Roads Administration (Statens vegvesen),
OpenStreetMap, and Geovekst, which is a collaboration between the Norwegian Mapping
Authority (Statens kartverk) and public governments agencies, departments, institutes,
municipalities etc. One source of reduced reliability is the temporal mismatch between the
travel survey data and data on urban structures. The survey was conducted in 2013 and 201.
Spatial data on road networks is, however, updated late 2016 and early 2017. All data from
SSB is from early 2014.
To operationalize the raw spatial data into urban structure variables, the geographical
information systems (GIS) software ArcMap is used. GIS are data systems that are designed
to collect, store, manage, edit, analyse and present spatial data (Longley et al. 2013, 13). GIS
is also used to define the local area/neighbourhood that surrounds both the residential
locations of the respondents’ dwelling, and trip destination locations.

3.2.1 Validity and reliability
The conclusion and analysis results from any quantitative model are no better than the model
that is developed and the input data used in that model. All the elements and processes – from
the gathering of the raw data to the overarching structure of the SEMs – need to be both
trustworthy and relevant to the research questions. Two terms that are used to address the
trustworthiness and relevance in scientific work, is validity and reliability (Skog 2004).
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In short, validity asks if this model, or this data, is the right one to answer the specific
research question. Reliability asks if the models and data are solid. If we reuse the data in a
new model, will we get identical results? As all the methodological elements and processes in
this master thesis are subsequently presented in this chapter, their validity and reliability will
be discussed.

3.2.2 Sample
The samples used in this thesis are drawn from the national travel survey 2013/2014, den
nasjonale reisevaneundersøkelsen 2013/14 (Hjorthol, Engebretsen, and Uteng 2014), from
now on referred to as NTS.5 More than 60.000 respondents nationwide in Norway were asked
how they travelled during one specific day. They were, amongst others, asked where they
live, how many trips they made throughout the day, what main transport mode they used for
each trip, where each trip began and ended, the purpose of the trip, how far they travelled, as
well as socioeconomic and demographic background information. Approximately 13.800 of
these respondents constitute a representative subsample in the Oslo region.6 That means that
conclusions made about patterns and relations in the sample can be generalised, with a high
degree of certainty, to the entire population in the region (Skog 2004).
Two samples are used in this thesis. The first sample consists of respondents as
observations, and include aggregated data on travel behaviour and data on the respondents’
socioeconomic and demographic attributes. This sample is used in the models with total
distance travelled by car and car ownership as dependent variable. The second sample is made
up by trips as observations, and include information about the trip, as well as the
socioeconomic and demographic attributes of the respondent that made the trip. This sample
is used in the models with transport mode choice as dependent variable.
The samples will in this thesis be limited to all adult (18 years and older) respondents
who dwell in Oslo and Akershus, and the trips they made within Oslo and Akershus. People

5

The Institute of Transport Economics (Transportøkonomisk institutt) is responsible for the NTS. The survey is
financed by the Ministry of Transport and Communication (Samferdselsdepartementet), the Directorate of Public
Roads (Vegdirektoratet), the Norwegian National Road Administration (previously known as Jernbaneverket, now
Bane NOR), the Norwegian Coastal Administration (Kystverket), and Avinor, a state-owned company that operates
most of the civilian airports in Norway..
6
The Oslo region is defined as the municipality of Oslo, the county of Akershus, the municipalities of Moss,
Spydeberg, Askim and Hobøl in Østfold, the municipality of Lunner in Oppland, and the municipalities of Hole
and Røyken in Buskerud.

36

who travelled in the region but live somewhere else are excluded. The same goes for trips
made outside of Oslo and Akershus made by residents dwelling in the region. Trips with
home as destination are omitted from the trip sample, but not the respondent sample. Home
trips are removed to avoid trips that are entirely dependent on other trips. It is the decisionmaking behind the choice of transport mode that is of main interest, and how urban structures
and personal attributes influence that choice. Although admittedly, under unique
circumstances home trips may be performed by a different transport mode, generally the
mode choice has usually already been made in advance for a previous trip. Omitting home
trips will remove this ‘double counting’ and remove trips that are entirely dependent on other
trips. Moreover, a clustered sample modelling technique has been performed on all
multivariate models that contain transport mode choice to account for non-independence of all
trips made on a day by one respondent. Because this thesis focusses on daily mobility
patterns, trips longer than 200 kilometres are removed from the sample. Only trips made by
car, either as driver or passenger, public transport, bicycle or walking are kept.
Both respondent’s place of residence and the destination location of trips are identified
with coordinates in the NTS sample used in this thesis.7 Most respondents could specify the
exact location of their home, while a larger share of destination location, not surprisingly,
were more uncertain (Hjorthol, Engebretsen, and Uteng 2014, 126–27). Respondents without
pinpointed place of residence were removed from the sample. Trips with a certain or semicertain location of destination – that the location is somewhere in a basic statistical unit
(grunnkrets) within a radius of 500 metres, are kept in the sample. People cannot be expected
to know the specific street address of trip destinations such as grocery stores, cafés, or parks.
The semi-certain location provides a balance between having the details of local
neighbourhood structures and people’s uncertainty about where exactly they have travelled.
The two final samples consist of 7253 respondents and 14 434 trips. Both samples are
relatively large. One advantage with the size of the samples is that there should be much
variation among the observations. On the downside is the risk of getting type I errors – that
associations that do not exist in reality are significant in the models results (Skog 2004).

7

The version of NTS 13/14 that is available to most users has only geographical locations identified at the
aggregated level of basic statistical units (grunnkrets). The in-house version of NTS 13/14 at the Institute of
Transport Economics (Transportøkonomisk Insitutt), with spatial data on disaggregated coordinate level, was used
in this thesis. The models were run in collaboration with senior research planner Tanu Priya Uteng.
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3.2.3 Representativeness
An important question about this sample is whether it is representative or not. If I am to make
any conclusions about the entire population of Oslo and Akershus from relationships
identified in the sample, to generalise, then the sample needs to be representative. A sample is
representative when everyone in the population has an equal opportunity to be included in the
sample (Skog 2004).
Table 3-1: Comparison of key
socioeconomic and demographic variables
in sample and population.

The chance of being a part of the sample was
equal for everyone in Oslo and Akershus, but the dropout rate, if it is systematic and not random, can
challenge the validity of the sample and the results in
this thesis. The response rate in the entire nation-wide
survey was only 20 percent (Hjorthol, Engebretsen, and
Uteng 2014, 120). The rate is not any lower than in
most other surveys. A comparison of the distribution of
the key demographic and socioeconomic variables
(Table 3-1) shows that young adults and people 75
years and older are underrepresented, while the other

age groups are overrepresented. People with lower education are largely underrepresented,
while people with both middle and higher education are overrepresented. The comparison
indicates that the drop-out is systematic. The results from the analytical models should,
therefore, be read with caution.

3.2.4 Travel behaviour variables
The choice of transport mode and total distance travelled by car, also referred to as vehicle
kilometres travelled (VKT), are used as indicators of travel behaviour in this master thesis.
Both of those indicators are drawn from the NTS.
Choice of transport mode indicates what transport mode the respondent used for each
trip during the survey day, and is the dependent variable in the models that use the trip
sample. The indicator is operationalised into a nominal variable with four possible outcomes;
car trip, public transport trip, bicycle trip or walking trip. Trips made with other transport
modes are omitted. Trips are classified as car trips when the respondent is car driver or car
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passenger. Public transport covers trips made by train, metro (t-bane), tram, bus and
passenger ferry. Cycling includes trips also made by e-bicycle (which constitutes a marginal
share of all bike trips in the sample). Respondents in the NTS were asked to list all the modes
they used throughout one trip, and then specify what mode they travelled the longest with
(Hjorthol, Engebretsen, and Uteng 2014, 75). It is the answer to this last question that is used
as dependent variable in the trip-based models in this thesis. This variable can hide some
variation, and thereby reduce the reliability of the variable, since transport modes that were
not the main mode of each trip are neglected.
Total distance travelled by car, also referred to as vehicle kilometres travelled (VKT)
or total car distance, identifies how far a respondent travelled, in kilometres, in total by car
during the survey day. This is a ratio variable with a meaningful zero value – you cannot
travel minus five kilometres. The respondents in the NTS were asked how long each trip was.
This would initially seem to lower the reliability, since people’s memory is not that
trustworthy (Skog 2004). The distance is however double checked by the surveyor
simultaneously during the question round, and is eventually adjusted. The final VKT variable
in this thesis is the sum of these adjusted distances made by car as main mode. The reliability
issue with the mode choice variable is valid for this variable as well; People may have trouble
remembering, or even knowing at all, how far they have travelled. The validity of this
variable is high though, since the values measures are directly relevant to GHG emissions.

3.2.5 Car ownership variables
Two variables are used as indicators of car ownership in this thesis. Number of cars in the
respondent’s household is used as a transport resource variable in the models in which
transport resource is used as a mediating or independent variable. Whether the respondent’s
household owns a car or not is the second variable, and is used in the model with car
ownership as dependent variable. The latter variable is a dummy variable with the value one if
the respondent’s household owns a car, and zero if not. Both variables are based on the
respondent’s answer to the question of how many cars the respondent and the household own
or have access to.
Both variables should be equally reliable, since they origin from the same question in
the NTS. One can expect people to remember how many cars they own. Yet, there may be
uncertainty revolving how many cars people have access to besides the ones they own. Other
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relevant variables, such as whether the respondent has driving license or not, were not taken
into consideration to keep the final models simple.

3.2.6 Land use variables
The urban structures used in this thesis can be classified according to the theoretical concepts
they are supposed to be an operationalisation of (see full overview in Table 3-2), such as the
three original Ds and the additional Ds (Cervero and Kockelman 1997; Ewing and Cervero
2010); Density, diversity, design, distance to public transport, and destination accessibility.
They can also be classified according to the process of how they are constructed and
operationalized in this thesis, which is related to the theoretical classification. The variables
that function as indicators of the three original Ds – density, diversity, design – are all
addressing the land use within an entire local neighbourhood. To construct these variables, the
extent of local neighbourhoods need to be defined. The variables that represent the other Ds –
destination accessibility and distance to public transport – are distance-oriented.

What neighbourhood?
The local neighbourhood, both at residential and trip destination locations, is in this master
defined as the entire land area covered by 250m x 250m cells that intersect an 800-metre
radius from the x and y coordinates of the respondent’s residential location and trip
destination locations. These cells are part of a fine-grained, standardised grid that is made by
SSB (Strand and Bloch 2009). The grid can be linked with data on population, enterprises,
dwellings, and building mass. These datasets will be used to measure urban structures in the
local neighbourhood, such as population density, workplace density, and building use
diversity. The datasets from SSB that are used in this thesis are in general regarded to be
reliable sources with few errors.
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Table 3-2: Urban structure variables and the theoretical concepts they represent.

There are two main reasons why neighbourhoods are defined and measured this way.
First, the grid cells are the lowest spatial level with open aggregated data on population and
employment. Basic statistical units (grunnkretser) is another option that could have been used
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instead. There exist basic statistical units in the city centre of Oslo that are smaller than these
cells, but there also basic statistical units in the outskirts of Akershus, for example in the
municipality of Aurskog-Høland, which are just as big as the entire urban area within the
municipality of Oslo. Most of the area in those large units is unpopulated woodlands and
agricultural land. Measuring population density in basic statistical units instead of the grid
cells would result in an overwhelming underestimation of the density in the local
neighbourhood of respondents living in these large units. The grid cells also offer a constant
scale for all units – local neighbourhoods – across the study area, reducing the issue known as
modifiable area unit problem (MAUP) – that the size and shape of the analysis units influence
the analysis result (Goodchild 2011). MAUP will always be an issue when aggregated data or
units are used, but with standardised neighbourhood shape and size the results in this thesis
are not dependent on the arbitrary size and shape of predefined administrative units.
The second reason neighbourhoods are constructed this way, concerns how large the
local neighbourhood should be. Most land use/transport studies have a somewhat pragmatic
approach to this question, which usually relies on the spatial level of the data that is used in
the study. With the grid cells, the local neighbourhood, as defined in this thesis, can cover an
area that is as far as 1150 metres – the 800 metres radius plus the diagonal of a 250 x 250m
cell – away from the coordinates. That will cover most area that is within walking distance for
most people. The median distance of a walking trip in the sample is approximately 800
metres. The neighbourhood definition is thereby relevant for policy-making that aim at
making neighbourhoods walkable.

Density: Population density
Population density is in this thesis defined as population per hectare of land within the local
neighbourhood. Water bodies and rivers are removed from the land area. Using built-up land
instead of all land could have increased the validity of the variable by excluding areas of no
relevance, but it would also make it more challenging to compare the results in this thesis
with other studies, especially studies in other countries; different definitions of built-up land,
and different classifications of land use would reduce the external validity. The population
data was extracted from a dataset that was joined with the SSB (SSB) grid in ArcGIS.

Diversity: Building use diversity and workplace density
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Two variables are intended to function as proxies for diversity; building use diversity and
workplace density.
Data on building use diversity, within the local neighbourhood, is extracted from a
building mass dataset that is joined with the SSB grid in ArcGIS. The building mass data
contains information about the number of each class of buildings in each grid cell. Buildings
are classified into different categories of dwellings (detached, semi-detached, apartment
buildings), industrial buildings, business buildings etc. Buildings with mixed functions, with
both dwellings and shops for example, are classified according to the function that uses the
most floor area (SSB 2017a). The following classes of buildings are taken into account in the
final building use diversity variable: dwellings, stores, offices, industry buildings. The
diversity index was measured using the Shannon entropy formula (Coulter 1989):
𝐻 = − ∑𝑅𝑖=1 𝑝𝑖 ln 𝑝1
where 𝑝𝑖 is the proportion of the ith building type in the local neighbourhood, relative to the
total amount of buildings in the neighbourhood. A local neighbourhood with buildings of only
one of the four classes will have a low value. Neighbourhoods with a diverse mix of building
types will have a high value.
Other combinations of building types were tested in sensitivity analyses, such as
dwellings contra all other buildings, or the use of three classes; dwellings, business, and
industry. These alternative measures performed however weaker in explaining variation in
travel behaviour. There are especially two elements that may reduce the validity of the
variable. First, buildings with mixed used are only classified according to the main use, and in
that way hiding variety. It is not unusual, for example, with buildings in urban areas with
stores on the ground floor and dwellings in the other floors. Second, the variable tells nothing
about the intensity of the activities in each building, only that it is a building of a certain type.
Building use diversity was preferred over land use diversity, which is often used in
transport/land use studies, because the building use data was easily accessible.
The other diversity variable, workplace density, measures the number of workplaces
per hectare of land within the local neighbourhood. The population data was extracted from
an enterprise and employment dataset that was joined with the SSB grid in ArcGIS. The
workplace data identifies only the number employees in private sector. Employees in public
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sector, such as government jobs, are not accounted for. This may lower the validity of the
variable, since many workplaces are neglected. Moreover, the variable may favour the major
city centres and regional centres over more decentralised locations with a higher share of
public jobs, such as school jobs. At the same time, the variable gives a good indication not
only of where respondents can find a concentration of workplaces (in private sector), but also
services and facilities, such as cafés, stores, museums etc. This is the reason this variable is
labelled as a diversity and not density variable. The high collinearity between workplace
density and building use diversity, as shown in Table 4-1 in the next chapter, supports this
line of thought. The high collinearity between these two diversity variables is also the reason
why building use diversity is only measured at the residential locations, while workplace
density is only measured at trip destination locations.
The problem with high collinearity between independent variables in a quantitative
model, is that instead of getting one strong correlation between one independent variable and
the dependent variable, one runs the risk of getting weaker, non-existent (insignificant) or
counter-intuitive correlations (Skog 2004).

Design: Intersection density
Intersection density is, contrary to what it may sound like, a variable that is intended to
address the design in the local neighbourhood, and not density. The variable counts the
number of intersections per 100 metres of road in the local neighbourhood. Figure 3-7 shows
the number of intersections in a grid-shaped street network compared with a cul-de-sacoriented road network (although, without the curvilinear shapes), when the total distance of
roads is the same. As shown, the number of intersections is much larger in grid-oriented
networks. More intuitively to understand, the intersection density also indicates how fine-

Figure 3-7: The number of intersections (red dots) in a grid-shaped and ‘cul-de-sac’-shaped street network with equal amount
of roads.
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grained or coarse (grid-oriented) street networks are. Coarse street networks have fewer
intersections than fine-grained networks.
Another design variable, pedestrian-oriented street design, was also constructed. It
measures metres of pavement, bike lanes etc. per metre of (car) road. The variable is not used
in the final models because it correlates too strongly with several other urban structure
variables – it has almost a perfect fit with population density at residential locations (coef. =
.905 in Table 4-1 in Chapter 4) – and would cause multicollinearity.

Distance variables
The construction and operationalisation of distance-oriented variables – the destination
accessibility and distance to public transport variables – will be presented in this section. One
general weakness with all the distance-oriented variables in this thesis is that they account for
distances within Oslo and Akershus, and not to adjacent municipalities. This is not an issue
for most respondents in the sample, but people living on the fringes of the region may be
influenced by the facilities outside the region. In the municipality of Vestby, for example, the
southern urban settlement is a part of the urban settlement of Moss, which is centred outside
the region. It is not unlikely that respondents in such cases may use public transport or local
centres on the other side of the border, but that is not taken into account in this master thesis.
This reduces the validity of these variables.

Network analyses and datasets
All the distance-related urban structure variables in this thesis are estimated by the use of
origin-destination (OD) matrix analyses in ArcMap’s Network Analyst extension. OD matrix
analyses allow one to measure the travel distance throughout a street network from many
origin locations – the place of residence for all respondents in the sample – to the closest of
several facilities, for example the closest public transport service (Jensen and Jensen 2013).
People will have a hard time, especially in urban settings, to travel in a straight line from one
location to another. Network analyses are therefore especially useful to measure travel
distances.
Two network datasets are used to measure travel distances. An existing, public
network dataset from the Norwegian Public Roads Administration (NPRA) is used to estimate
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travel distances by car to respectively closest local centre and closest regional centre.8 A
pedestrian- and bicycle-oriented network dataset is built up from scratch by data from
OpenStreetMap and the existing network dataset from NPRA, and used to estimate walking
distances to closest public transport service, and closest train or metro station.
A weakness with the NPRA (car) network dataset, which is based on Elveg road
dataset, is that roads shorter than 50 metres are not included (Geonorge 2017). Nor are
pavements, or informal infrastructure such as paths and tracks, included in the dataset. These
issues do not matter much when estimating travel distances by car, but they make the dataset
ill-suited to estimate walking distances, lowering the validity. Even NPRA and the Agency
for Planning and Building Services in the municipality of Oslo (Plan- og bygningsetaten), has
used OpenStreetMap data to measure walkability and walking distances (personal
communication). OpenStreetMap, on the other hand, contains seemingly extensive data on
walkable and bikeable paths, tracks, footways, bikeways, and pavements (Figure 3-8). In
other words, when estimating walking distances, the OpenStreetMap data offers higher
validity than the public road datasets. As for reliability, the situation is quite the opposite.
OpenStreetMap is the GIS world’s
equivalent to Wikipedia, and is based on
voluntary crowdsourcing, so-called
Volunteered Geographic Information (VGI)
(Jensen and Jensen 2013). This raises
important questions about reliability.
By merging OpenStreetMap data and
Elveg data from NPRA into one pedestrianoriented network dataset, the two data
sources can weight up for each other
weaknesses. Road segments that exist in
Figure 3-8: Comparison of what road segments that are
included in OpenStreetMap (OSM) and in National Road
Database (NVDB).

both datasets are double-counted in the final
network dataset for walking distances. That

should not be a problem, considering that people do not only walk along one specific line on

8

Distance to the city centre of Oslo was initially estimated with this network dataset, but the Euclidean distance
is used in the final variable. The reason is explained on page 59.
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the pavements etc. Roads that are not traversable for pedestrians and cyclists are excluded
from the network dataset. That includes the highways and most of the arterial roads. A digital
elevation model, constructed by the Norwegian Mapping Authority, is used to estimate the
distance of each line segment in the network dataset, except tunnels and bridges, upon the
surface.
Both the walking network dataset
and the car network dataset contained
initially several errors. In several cases, a
small road segment, perhaps only one meter,
of an entire road had been classified as
restricted to one-way direction in the NPRA
network dataset, when there in reality is no
restriction on the road. These segments were
Figure 3-9: Example of a road segment, vertice that is not
connected to the other road segments in NVDB.

reclassified to allow driving both directions.
In other cases, smaller roads, usually private

roads, were not linked to the larger road network. This may be due to the exclusion of roads
shorter than 50 metres in the public road dataset, but in most cases, it seemed to be the result
of sloppy digitalization of the roads (Figure 3-9), especially since this reoccurred in some
specific neighbourhoods and municipalities. This is a reminder that the data used in this
master thesis is not ‘the one truth’ – if there is one truth at all – but the end result of a number
of decisions and work made by myself and the ones that gathered, classified and managed the
data (Skog 2004; Jensen and Jensen 2013). Google Street view was used to doublecheck and
‘ground’ the road classification.

Distance to public transport
Distance to closest public transport service is measured by running an OD cost matrix
analysis with the pedestrian-oriented network dataset. The geographical location of each
public transport service, which is stops, stations, terminals etc., is extracted from GTFS9 data
from both NSB and Ruter. The GTFS data is updated from 2016 and 2017. Løren metro
station, which opened in 2016, is therefore removed from the analysis, since the survey data

GTFS is a “common format for public transportation schedules and associated geographic information.” (Google
2017)
9
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from the NTS is from 2013 and 2014. The data is reliable but there is an issue with the
validity; The geographical point locations extracted from the GTFS data do not coincide with
the entry points, but with the very central location of the stations along the rail infrastructure
or the bus lines. This may exaggerate the walking distances for residents with very short
distances to public transport, but this exaggeration will decrease with longer walking
distances and is most likely not a major threat to the validity of the variable. This also applies
to the next variable as well.
Distance to closest train or metro station is measured by running an OD cost matrix
analysis with the pedestrian-oriented network dataset. The geographical location of each train
and metro station is extracted from GTFS data from NSB and Ruter. The ferry terminal at
Nesoddtangen is neither a train or metro station, but it is included in this category, due to its
equivalent role as a main transport hub in the local area (see the descriptive result chapter). As
with the previous variable, temporal mismatch is an issue, and Løren metro station was also
removed in this case.

Destination Accessibility: Distance to hierarchy of centres
The distance to local centre variable identifies the shortest travel distance, along the road
network, to the closest local centre. This was done by the use of the OD cost matrix analysis
in ArcMap. Centre zones, made and defined by SSB, are used as destination locations.10
Centre zones are defined as an area consisting of one or more centre kernels, cores, and a 100metre buffer zone around these (SSB 2017b). A centre kernel must have at least three
different main types of economic activity. The presence of retail trade, government
administration or health and social services, or social and personal services is required. The
variable is deemed to have both high validity and reliability.
The distance to regional centre is measured in the same manner, but with the closest
main centre zone in either Asker, Jessheim, Lillestrøm, Sandvika, Ski or Ås (Figure 3-2) as
the destination location. Respondents with shorter travel distance to the city centre of Oslo
than any of the regional centres, has Oslo city centre identified as closest regional centre.

10

Only point data can be used as destination location in an OD cost matrix analysis. The centre zones are polygons.
The multiple corners along the edges of the centre zones are therefore turned into points. The point with the shortest
travel distance to the respondent is identified as destination location.
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The distance to the city centre of Oslo was initially estimated in the same manner as
the distances to regional and local centres, but the final variable that is used in the remainder
of this thesis, is the Euclidean distance, ‘as the crow flies’, to the city centre of Oslo. The
reason to this is the special case of Nesoddtangen. As shown later in the descriptive chapter,
Nesoddtangen is one of the few locations in Akershus with almost as low car use share as the
inner city of Oslo. The most plausible explanation to this is most likely that the public
transport route to the major concentration of workplaces, and other attractive services and
facilities – the city centre of Oslo – is twice as efficient as the most efficient route made by
car, due to the passenger ferry connection just across the Oslofjord. Car trips must be made
around the fjord. Models were run with both variables, and the variable with Euclidean
distance performed better than the network-based variable and therefore used in the final
models. Besides, the purpose of the distance is to estimate the accessibility to the city centre
of Oslo in general, not necessarily the accessibility by car.
The distance to green leisure area is operationalized by the use of the pedestrianoriented network dataset. The green area data is extracted from the FKB AR5 dataset, which
is mostly used to map mostly agricultural and forest resources (respectively ARTYPE 30 and
50), and FKB arealbruk, land use (OBJECT TYPE = park). Only points can be used as
destinations in network analyses, intersections between these green areas and the pedestrianoriented network dataset is therefore used as destinations in an OD cost matrix analysis.

3.2.7 Control variables
All the control variables originate from the NTS.

Demographic variables
The respondents in the NTS are required to respond whether they are male or female. The age
variable classifies people into different age groups that were partly predefined in the NTS: 1834 years, 35- 66 years, 67-74 years, and 75 years and older. These variables are deemed to be
both valid as control variables (Hanson 1982; Dieleman, Dijst, and Burghouwt 2002) and
reliable.

Socioeconomic variables (individual level)
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A general note on socioeconomic variables is that the validity of these variables is in general
high. They may, however, not be that reliable. The respondents in the NTS are asked
themselves to report their education level, income level etc. People in less privileged social
groups, such as low-income groups, may report a higher income level or higher education
level to avoid the stigma (Skog 2004).
The education level variable tells the highest educational level that the respondent
holds, and follows a predefined classification scheme of three classes that is used in the NTS
sample. The three classes are as follows: 1) lower education, in which case primary school or
high school is the highest level of education. 2) middle education, undergraduate or similar –
maximum four years of higher education – is the highest level of education. 3) higher
education, graduate, postgraduate and equivalent.
The Student variable tells whether the respondent is a student or not. Preliminary
models were run with more sophisticated occupation variables, distinguishing between fulltime workers, part-time workers, students, domestic and retired people. There were, however
no significant differences between the other classes but students.

Socioeconomic variables (household level)
Household annual income. The respondents are in the NTS asked to give either an exact
estimation of the household’s annual gross income, or to put the household’s income in a
range of intervals. A predefined classification scheme from the NTS with six classes was
initially reduced, but it was reduced to a variable with three classes in the final models in this
thesis to make the models simpler: Higher income (800 000 NOK and above), middle income
(800 000 – 400 000 NOK) and lower income (below 400 000 NOK).
Household types are categorised according to the constellation of adults and children
(< 18 years) in the household, as specified by the respondents in the NTS. Households
consisting of one single adult member are used as reference group in the analyses. The other
classifications of household types are; (adult) couple, several adults, and households with
children. The respondents are asked in the NTS to specify the number of additional members
in the household and, amongst others, their age, and how they are related (Hjorthol,
Engebretsen, and Uteng 2014, 83).
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Temporal Attributes
Temporal attributes are used as control variables in all trip-based models. Season is classified
into winter, spring, summer, autumn. Week distinguishes between workweek and weekend.
Time of day distinguishes between rush hour (07.00-09.00 and 16.00-18.00) and off-peak. All
data on temporal variations origins from the NTS. Efforts were made to ensure seasonal
variations in the NTS sample (Hjorthol, Engebretsen, and Uteng 2014).
Table 3-3: Data description and descriptive statistics.
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3.3 Models
A set of generalised linear models (GLM) is applied to address the research questions. The
most well-known and used regression model, linear regression model (LRM), is well-suited to
estimate correlations when the dependent variable is continuous. With categorical dependent
variables, which is the case in most analyses in this master thesis, LRM runs poorly. LRM
assumes a linear relationship between the independent and dependent variables, but there
cannot be a straight line between categorical outputs. One consequence of this is that
extremely low and high values usually are exaggerated in LRM (Skog 2004). Figure 3-1
shows the GLMs that are used to address the different research questions. Stata is used to run
all the models.

3.3.1 Car ownership: Logit
A logit model is applied to estimate the effect of residential and destination urban structures
on car ownership, controlling for social background and temporal variations – and thereby
address RQ4. Logit models are well-suited when the dependent variable is a categorical
variable with two possible outcomes. The logit model in this thesis has car ownership as
dependent variable with the value 1 if the respondent’s household owns one or several cars,
and the value 0 if the respondent’s household does not own a car. The sample with
respondents, not trips, is used in the logit model.
As previously mentioned, the linear regression model assumes a linear relationship
between the dependent and independent variables. In the cases with a categorical outcome, the
relationship is likely to be non-linear – imagine a jump from the 0 value (not owning a car) to
the 1 value (own car(s)) in an S-shaped relation, rather than a steady increase. A household
does not own a quarter of a car. To better accommodate for non-linear trends, the dependent
variable in a logit model is first transformed into an odds value; then the odds value is
logarithmically transformed into a logit value. (Skog 2004). A one-unit increase in the
independent variable is associated with an increase in the logit value of the dependent
variable, everything else being equal.
The practical interpretation of the coefficient is that if the coefficient value is above 0,
the probability of having the 1-value in the dependent variable, to own a car, increases. A
coefficient value below 0 indicates decreased probability of having the 1-value. An example
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from the logit model (Table 6-1) in Chapter 6: Population density at the place of residence has
a negative regression coefficient (coef. = -.490), while increased distance to the city centre of
Oslo has a positive regression coefficient (coef. = .310). That means that respondents that live
in denser areas are less likely to have car(s) in their household than respondents in sparsely
populated areas. People that live far away from the city centre are more likely to own one or
more cars than people that live close to the city centre. The urban structures’ coefficients are
standardised in all models to make the coefficient values independent of any scale effect and
easier to compare. The socioeconomic and demographic variables are not standardised. The zscore of each coefficient is however presented in all models. The z-score is initially used in
the significance tests to find out whether a coefficient is significant or not, and can be used to
show how certain the correlation is.
Both coefficients in the example above are significant at the significance level of 0,1
percent. That means that the null hypothesis – that there is no relationship between the
dependent and the independent variables – with 99,9 percent certainty can be rejected. I
operate with conservative levels of significance, 0,001, 0,01 and 0,05 due to the large sample
sizes. The danger of large samples is the risk of achieving type I errors, that an effect that is
not present in real life is deemed significant.
In linear regression models, R2 is used to measure how much the entire model explains
the variation in the dependent variable (Skog 2004). There is no equivalent measure in
logistics regressions, or other GLMs, but several indicators have been developed. McFadden’s
R2, also referred to as pseudo R2, to will be used, but should be interpreted with caution.
Three assumptions should ideally be fulfilled in a logit model (Skog 2004). First, the
relationship between the dependent and independent variables must be non-linear. This is
necessarily fulfilled, since the dependent variable, car ownership in household, is categorical.
Second, the observations must be independent of each other, which is the case in the applied
sample. Friends and family members that influence each other can be in the sample, but this is
not assumed to be a large issue. Besides, there is no way, with the observed data, to cluster
these observations. Third, there must be no confounding omitted variable that influence both
the dependent and the independent variables. This third assumption is the hardest to fulfil, and
need to be scrutinised theoretically. One major source of factors that can influence this
assumption, in the case of this thesis, is residential and travel-related self-selection, in other
words attitudes and values, as mentioned in the theory chapter. There is, however, no data on
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these value sets in the NTS. Maximum likelihood (ML) is used to estimate the model instead
of the ordinary least square (OLS) method that is usually used in LNM. OLS requires normal
distribution among the residuals, the unexplained variation among observations, which is not
possible in models with categorical dependent variables (Skog 2004).

3.3.2 Transport mode: Multinomial logit model
To estimate the effect of residential and destination urban structures on transport mode
choice, controlling for social background and temporal variations – and thereby address RQ3
– a multinomial logit model (MNLM) is applied. In a MNLM, the dependent variable is a
categorical variable with more than two possible outcomes. Choice of transport mode is the
dependent variable, with four optional outcomes; car (the reference group), public transport,
bicycle, and walking. The regression coefficients, one presented for each mode in the tables
except the reference, indicate the increase (if positive coefficient value) or decrease (if
negative coefficient value) in the probability of using that transport mode instead of the car.
At an intuitive yet valid level, MNLM can be understood as a model that is “simultaneously estimating binary logits for all possible comparison among the outcome categories.”
(S. Long 1997, 149), and the principles of fitting and estimating a multinomial logit model
follow the same paradigm as for a binomial logit model (Hosmer Jr, Lemeshow, and
Sturdivant 2013, 398:289). While using binomial logit models, the probability of choosing
public transport over any other transport modes would be estimated by running binary logit
models pairwise with each other transport mode. If all four transport mode outcomes were to
be compared with each other in binary logit models, we would need to run six binary logit
models. With a multinomial logit model, they are all run simultaneously in one model. The
main difference is that the overall sample is larger in the multinomial logit model than in each
binary logit model, ensuring a more efficient use of the data (Long 1997, 151).
The MNL model requires an assumption of independence of irrelevant alternatives
(IIA) (Long 1997). IIA assumes that adding or removing one or more of the outcome classes
– one of the transport modes in the case of this thesis – does not affect the probability of
choosing any of the other outcomes. There is, however, reason to assume that people are more
inclined to travel by public transport if they cannot travel by car. Statistical tests of the IIA
assumption, such as the Hausman test, perform poorly, even in large-sized samples (Cheng
and Long 2007). The tests frequently produce contradictory results , and “provide little
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guidance to violations of the IIA assumption.” (Long and Freese 2006, 190). More advanced
modelling techniques can be used, such as conditional probit model and mixed logit model, to
relax the IIA assumption. MNLM is used in this thesis not to make the modelling more
complex than it already is. The model results presented in chapter 5 are sound and more or
less in line with previous studies.
McFadden’s R2 will be used to give an indication of how well the MNL models
explain the variation in the dependent variable, mode choice, but should, as in the binomial
logit model, be used with caution. The trip dataset, without home trips, is used in this model.
The standard error of all trips is clustered on the respondent, to account for any dependency
between the trips.

3.3.3 Direct and indirect effects: Structural Equation Modelling
Structural Equation Modelling (SEM) is used in this thesis to investigate not only the direct
but also the indirect effect of residential urban structures, and social background, on transport
mode choice via car ownership, and thereby address RQ5 and 6. The statistics software Stata
makes a distinction between SEMs and Generalised Structural Equation Modelling (GSEM).
While SEMs are suitable when the dependent variable is continuous, GSEMs are well-suited
when the dependent variable is categorical and therefore preferred in this thesis. The term
GSEM will be used in this thesis when the dependent variable is categorical.
The purpose of a GSEM in this thesis,11 is to measure both the direct effects and
indirect effects, through car ownership, of residential urban structures and social background
on transport mode choice. In that regard, the GSEM is conceptually a combination of two the
models that address RQ3 and RQ4, as shown in Figure 3-.
The mediating variable, car ownership, is operationalized as number of cars in the
respondent’s household, which is contrary to how car ownership is operationalised in the logit
model. Sensitivity analyses were conducted with both the dummy variable and the continuous
variable as mediators, and the models with number of cars as mediator performed in overall
better. Number of cars should ideally be treated as a count variable in a poisson model, since

11

SEM is often defined as a modelling technique that can be used to not only handle exogeneous, endogenous and
mediating variables in path analyses, but also estimate latent variables as the function of (combined) observed
variables (Golob 2003). Latent variables are not used in this thesis.
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it is relatively skewed (S. Long 1997), but it is treated as a continuous variable, with normal
distribution, in the GSEM to simplify the model and the interpretation of the model results.
The dependent variable is the same as in the MNLM that is used to address research
question 3, namely transport mode choice, with four outcomes; car (reference group), public
transport, bicycle, and walking. The coefficients can, in themselves, be interpreted in the same
manner as in the other logit models; The regression coefficients, one presented for each mode
in the tables except the reference, indicate the increase (if positive coefficient value) or
decrease (if negative coefficient value) in probability of using that transport mode instead of
the car. The difference is that the tables for the GSEM model will show one coefficient for
direct effect and another coefficient for total effect.
The total effect includes both the direct effect of the independent variable on mode
choice, and the indirect effect through car ownership. If the total effect coefficient is larger
than the direct effect, it means that the indirect effect via car ownership contributes to the
probability of choosing that specific transport mode over the car. For example, the total effect
of residential population density on walking in Table 6-5 is twice as big (coef. = .4.69) as the
direct effect (coef. = .241). It is also shown that population density has a negative effect on
the mediator, car ownership (coef. = -.176). In other words, increased density makes it more
likely that people walk (compared to using the car), but even more so because of how
increased density make people less likely to own cars. An independent variable can also have
only an indirect effect on mode choice, i.e. no significant direct effect but a significant total
effect. The mediator can also have a mitigating effect.
The GSEM commando in Stata is limited, and does not estimate the significance of
total, direct, and indirect effects. The user-designed KHB package offers the opportunity to
estimate and present both total, direct and indirect effects in most GLMs (Kohler et al. 2011),
and is therefore used in this thesis. One limitation with the KHB package, and the GSEM
commando in Stata, is that they do not estimate how well a model, with a categorical
dependent variable, fits the data. Equivalent SEM models (in the appendix) are therefore run
with each transport mode option as a dummy variable that was treated as continuous between
zero and one. The model fit indices, CFI (comparative fit index) and RMSEA (root mean
square error of approximation), from these SEMs models are presented in a separate table
(Table 6-2). The CFI should in a good model be above or equal to .95, while the RMSEA
should be lower than .07 (Hooper, Coughlan, and Mullen 2008). The McFadden’s R2 values
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of how well the SEM models explain variation in mode choice and car ownership are also
presented in the separate table. The pseudo R2 should, as always, be interpreted with caution.
GSEMs in Stata do not assume joint-normality among the observed exogenous
variables (Stata 2013), but the model fit indices and the explanatory power of the variables are
estimated with SEMs that assume multivariate normality. The large sample used in this thesis,
almost 15 000 trips, will however reduce the influence of skewed non-normal data when
using maximum likelihood estimation (Anderson and Amemiya 1988; Lei and Lomax 2005).
Besides, a high power for hypothesis testing can be achieved when the sample size in the
SEM is larger than 500 observations and the degrees of freedom are over 30 (MacCallum,
Browne, and Sugawara 1996). The danger is, as previously mentioned, that the large sample
size results in type I errors.
The different sets of variables in a (G)SEM are often referred to as endogenous and
exogenous variables. The variables that are not influenced by other variables are the
exogenous ones, while all variables that are influenced by other variables are referred to as
endogenous. In this thesis, the variables are consequently referred to as independent variables
(the urban structure variables, social background variables and temporal variables), mediating
variable (car ownership), and dependent variable (transport mode choice).

3.3.4 Total distance travelled by car: Tobit
To estimate the influence of urban structures on how far people drive in total by car during
one day, a tobit model is applied. The dependent variable, VKT, is continuous but the skewed
nature of the distribution of travel distances – including respondents that do not travel by car
at all – makes LRM with OLS estimation ill-suited (S. Long 1997). The LRM would, for
example, predict (non-existing) negative travel distances among people that in reality did not
travel by car at all. The tobit model solves this by applying a latent dependent variable that is
predicted in the same manner as the ‘regular’ observed dependent variable (S. Long 1997;
Böcker, Prillwitz, and Dijst 2013). In the cases that the latent variable is positive, the value of
the observed variable is equalled to the latent variable’s value. Otherwise, when the latent
variable predicts negative travel distances, the observed variable is equalled to zero. This is
done by left-censoring all observations that are lower or equal to zero.
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The regression coefficient in the tobit model is interpreted in the same manner as in a
LRM, contrary to all other models in this thesis. A one-unit increase in the independent
variable is associated with a one-unit (absolute) increase in the dependent variable. For
example, if the significant regression coefficient of residential population density equals to
minus one (-1), then one additional inhabitant in the neighbourhood will make people drive
one kilometre less by car.
McFadden’s R2 will be used to give an indication of how well the model explains the
variation in the dependent variable, mode choice, but should, as in the other models, be
interpreted with caution. The model quality of a tobit model, the pseudo R2, should preferably
be estimated by the McKelvey-Zavoina R2 (S. Long 1997), but this is not possible due to
limitations in Stata. The person dataset is used, since total distance travelled by car is an
aggregated indicator of travel behaviour.

3.3.5 Sensitivity analyses
Initial models were run with different combinations of independent variables to ensure the
best possible final models. Several variables were constructed but eventually omitted from the
final models due to multicollinearity (see Table 4-1 in the descriptive results chapter). One
such variable is pedestrian-oriented street design, which counted the metres of pavement, bike
lanes etc per metre of (car road). When (residential) population density and (residential)
pedestrian-oriented design both are used as independent variables, pedestrian-oriented design
results, counter-intuitively, in increased car use. When population density is removed from
the model, pedestrian-oriented design is on the contrary one of the strongest contributors to
reduced car use. The final models are run without the pedestrian-oriented design variable.
The same happens with building use diversity and workplace density, building
diversity being the one variable with counter-intuitive effect on modal choice. In the final
models, building use diversity is kept in the residential neighbourhoods, while workplace
density is kept in the trip destination locations, to ensure a variety of urban structures in the
models.
Diversity variables with different combinations of building type uses were also
constructed. One variable made a distinction between dwellings and all other buildings.
Another variant distinguished between three classes; dwellings, industry, and offices and
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stores as a joint class. Both of these variables performed weaker than the variable that
distinguishes between dwellings, stores, offices, and industry.
Models were also run with logarithmic transformations of the distance-oriented
variables, such as distance to the city centre of Oslo etc. It is the relative difference, not the
absolute difference in variation that are taken into account in logarithmically transformed
variables (Skog 2004). In a non-transformed version of the distance to local centre variable,
for example, the increase from 55 to 60 kilometres is considered as just as important and large
as the increase from two to seven kilometres, while in a logarithmically transformed variable
the jump from 55 to 66 kilometres is considered as much less important, it is only an increase
of nine percent, than the increase from two to seven kilometres, which is an increase of 250
percent. Therefore, it makes sense that logarithmic distance variables should have larger
impact on whether people walk or not than non-transformed distance variables.
The model fit of SEM models with and without transformed distance variables were
compared, and the transformed variables contributed to a slightly higher model fit estimates in
SEMs with dependent dummy variables on whether the respondents chose public transport or
cycling over other transport modes. For walking trips, however, the model with transformed
variables performed notably poorer (pseudo R2 of dep.var. = 0.085) than the model without
transformed variables (pseudo R2 of dep.var. = 0.128). The final model is therefore run
without logarithmically transformed variables.
Public transport frequency and settlement size are to variables that were constructed
but omitted from the final models. Settlement size had no significant correlation with any
transport mode choice, and is therefore omitted in the final models. Public transport
frequency, on the other correlated too much with the density, diversity and design variables
(Table 4-1 in next chapter). If nothing else, this collinearity supports the validity of all
variables included, since dense and diverse neighbourhoods provide good markets for public
transport infrastructure.
As for car ownership, both a dummy variable (household owns car(s) or not) and a
continuous variable (number of cars in the household) were, as previously mentioned, tested
as a mediating variable in the full GSEMs. The GSEMs performed better with the number of
cars in the household as mediator instead of a dummy variable – whether the household holds
car(s) or not. In the models with car ownership as the dependent variable, on the other hand,
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the dummy variable performed better. In that case, a logit model with the dependent dummy
variable was compared with number of cars as the dependent variable in both a linear
regression model, a poisson model, and a negative binomial model. The logit model
performed better.
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4 Descriptive results
Thousands of people travel every day in Oslo and Akershus. Combined, the choices and
habits of each individual form patterns that can be revealed in statistics and maps. In this
chapter, that kind of preliminary descriptive results will be presented. Initially, maps and
statistics on the general travel patterns in the region – modal share and vehicles kilometres
travelled (VKT) according to residential location of the respondents and destination location
of the trips – will be presented and discussed, and thereby answer the following research
question:
RQ.1 How are travel behaviour and car ownership spatially distributed throughout
the city region of Oslo and Akershus, both according to where people live and
the destinations of the trips?
The hypothesis is, based on the findings in the literature review, that people have a
high share of car use and travel longer by car when they live in residential locations that are
sparsely populated and far away from the city centre. It may be possible, though, that people
travel less by car, if they live in or nearby subcentres, regional and local centres throughout
the county of Akershus. People are also assumed to have a high car share use and travel
longer by car when they travel to locations further away from the city centre of Oslo with low
population density and workplace density. Shorter distances to regional centres, local centres,
and public transport are also assumed to lower the car use, albeit not as much as shorter
distances to the city centre of Oslo.
After addressing the spatial patterns of travel behaviour, I will go more into detail on
the descriptive relationships between travel behaviour and respectively the most ‘classic’ and
well-known urban structures; population density in the local neighbourhood, both residential
and destination ones, and distance from the neighbourhood to the city centre of Oslo. That is
not to say that other variables are not of importance and interest, as will be shown later in this
chapter.

4.1 How to read the maps
A description of the build-up of the maps in this chapter may be useful to increase the
readability of the maps. The maps show the aggregated average values among the
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respondents, or the destinations in the case of Figure 4-6 in the spatial units. The spatial units
in the maps are a mix of urban settlements (tettsteder), merged urban districts (bydeler) and
so-called statistical tracts (delområder). The latter is a spatial unit in between the smallest
organisational units, basic statistical units (grunnkretser), and the municipality. Most of
Akershus is represented as tracts in the maps. All urban settlements, except Oslo,12 with more
than thousand inhabitants are symbolised as circles. Tracts, settlements, and urban districts
are mutually exclusive in these maps. No data is double-counted. The different sets of centres
throughout the urban settlement, such as Sandvika and downtown Oslo, are not singled out
because they are part of a continuous urban area without clear-cut boundaries. A look at the
travel data at the level of individuals showed that the variation in travel behaviour within the
urban areas in the municipalities of Asker and Bærum is apparently low. Lillestrøm, albeit a
part of the urban settlement of Oslo, was singled out because it is easily separable, being
isolated on the west bank of the river Nitelva.
There are three reasons to the use of this mix of spatial units. First, it is a matter of
representativeness. This relates mostly to the choice of using tracts instead of basic statistical
units in Akershus, but most basic units outside the urban settlement of Oslo and the major
settlements in Akershus contain very few respondents from the sample, making the units
vulnerable to extreme values among single individuals. This is to a certain degree still the
case – especially in the case of bicycle use, which has few observations in general – but in the
maps presented in this chapter, every unit has at least ten respondents, except two spatial units
that have seven respondents. These are admittedly low numbers, but the patterns presented in
the maps make sense in most cases, both in how nearby spatial units have similar values, and
how the patterns relate to literature on travel behaviour. The maps should anyway be read
with care, especially in the case of deviating tendencies in the rural areas. A number of tracts
have been merged with adjacent tracts with similar travel behaviour, to increase the number of
respondents from initially just a handful of respondents in each tract. Ullensaker, Enebakk,
and Nesodden are municipalities in which all the tracts have been merged together.
The second reason to this mix of spatial units, is to single out the urban settlements in
Akershus from the adjacent rural areas. In many cases the tracts cover both rural and urban
areas. As the influence of urban structure on travel behaviour is the main interests in this

12

The urban settlement of Oslo, as shown in Figure 3-5, not the municipality of Oslo.
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master thesis, these tracts would hide heterogeneity that is of high interest. That is why the
urban settlements, except Oslo, are singled out and represented as points on the maps.
The third reason to the mix of spatial units, is to avoid cluttering in the most urban
areas. With a scale of 1:300 000 on most of the maps, to cover the entire region, even urban
districts, not to mention basic statistical units, in the urban settlement of Oslo become small.
Too small, as cluttering of the borders between the units would make it difficult, if not
impossible, to read any meaningful information. The urban districts have been merged into
larger, albeit meaningful, units, such as one inner city unit in Oslo and several outer Oslo
units (within the municipality borders). This is also the case for tracts throughout the entire
urban settlement of Oslo. To specify, I distinguish between the inner city of Oslo, the outer
city of Oslo, which is within the municipal borders of Oslo, and the remaining parts of the
urban settlement of Oslo (see footnote 12). The urban settlement of Oslo may occasionally be
referred to as the metropolitan area of Oslo. All units presented in the figures and tables are
mutual exclusive.
These spatial units are only used for descriptive purposes in this chapter, and are not
used in later analyses. The colour classification schemes in the maps follow the natural breaks
in the value ranges (Longley et al. 2013), ensuring the largest degree of heterogeneity
between the colour classes and homogeneity within the colour classes.

4.2 Travel patterns
4.2.1 Total distance travelled by car
The map in Figure 4-1 and the table in Figure 4-2 show the patterns of the average total
distance travelled by car (during one day), also known as vehicle kilometres travelled (VKT),
throughout the city region of Oslo and Akershus. It may occasionally be referred to as total
car distance. Total car distance is, as argued in the theory chapter, maybe the most important
aspect of travel behaviour regarding CO2 emissions.
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Figure 4-1: Total distance travelled by car according to the residential location of the respondents. Data source: NTS13/14.
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The car use is relatively low, 10-36

VKT

kilometres, throughout the entire urban
Oslo, inner city

settlement of Oslo. People dwelling in the
inner city of Oslo drive the least with car, no
more than 11 kilometres during the survey
day. Lillestrøm dwellers drive less with the
car than Oslo outer city dwellers. The VKT is
higher outside the urban settlement of Oslo,
with some settlements as exceptions. The car
use in the settlements of Ski and Ås, the
northern settlements in Nesodden, and Årnes
in Nes is on the same level as in the settlement
of Oslo. The railroad is added to the map in
Figure 4-1 to underline one of these
similarities; all of these settlements, except
the municipalities in Nesodden, are located
along the railroad. Nesoddtangen does,

Lillestrøm, settlement
Oslo, outer city
Ås, settlement
Bærum, urban area
Rælingen
Oppegård
Ski, settlement
Bærum, rural area
Asker
Skedsmo, without Lillestrøm
Lørenskog
Ski, without Ski settlement
Nesoddtangen settlem.
Nesodden, w/o Nesoddt.
Nittedal
Ås, without Ås settlement
Råholt, settlement
Vestby
Fet
Jessheim, settlement
Sørum
Drøbak, settlement
Frogn, without Drøbak

however, have a passenger ferry terminal with
an equivalent role as the train stations.
Nesoddtangen is also one of the few, if not the
only location in the region that public
transport outcompetes car use, in relative
terms, in accessibility to the city centre of
Oslo, as argued previously in the data section

Gjerdrum
Aurskog-Høland
Eidsvoll, without Råholt
Nes
Hurdal
Ullensaker, without Jessheim
Enebakk
Nannestad
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Total distance travelled by car (km)

in the method chapter. In Akershus the car use
is lower in the areas closest to Oslo. The VKT
generally increases outwards in the region,

Figure 4-2: Total distance travelled by car (VKT) in all the
municipalities and the largest settlements (all letters in
capital) in Akershus, according to residential location of the
respondents. Data source: NTS13/14

and is in general high in the most peripheral
parts of Akershus, such as Hurdal and Feiring in the north and Hemnes in the southeastern
region. Two notable exceptions are Eidsvoll and Nes, which are both well accessible by train.

4.2.2 Modal split
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The region of Oslo and Akershus is a car-oriented region. 58,1 percent of all trips13 in the
region are made by car (as either driver or passenger), which is somewhat lower than the
Norwegian national average of 63 percent, urban and rural areas combined (Hjorthol,
Engebretsen, and Uteng 2014, 25). As only one out of five trips are made by car among
dwellers in the inner city of Oslo (Figure 4-3), who constitute a large share of the sample, this
seems to support findings that it is dwellers in the outskirts of city regions that drive the most
by car, before car use drops beyond the city region (Martamo 1995). One of the major
patterns, which I will get back to later, is that the further people live from (the city centre of)
Oslo, the more they use the car. The second most popular transport mode is walking, which is
the preferred mode in 21,7 percent of all trips. 16 percent of all trips are made by public
transport, while only 4,2 percent of all trips are made by cycling. Residential location

Car
The spatial distribution of car use as transport mode (Figure 4-4a), according to where the
respondents live, follows to a large degree a gravity model, as already mentioned. Inner city
dwellers in Oslo use the car for only one out of five trips, as previously mentioned (Figure
4-3). The car use increases in the outer city of Oslo, but is lower among dwellers in Lillestrøm
and Nesoddtangen than in the outer city. The inner and outer city of Oslo, Lillestrøm and
Nesoddtangen are the only locations in which the residents use the car for less than
approximately 50 percent of all trips (Figure 4-3 and Figure 4-4a). The car use continues to
increase outwards in the urban settlement of Oslo. More than fifty percent of all trips made by
residents in the southern parts of Oslo are made by car (Figure 4-4a). The same trend is found
in the urban area that continues into Bærum in the west and Lørenskog in the east. Outside the
urban settlement of Oslo, the car use is notably higher. Most trips, more than 79 percent,
made by rural dwellers in most parts of the eastern part of Akershus, Romerike, are made by
car. The car use among urban dwellers in Romerike, on the other hand, is in overall lower and
in some settlements on the same level as outer city dwellers in Oslo. In other settlements,

13

All trips cover only trips made by the transport modes investigated in this thesis; car (driver and passenger),
public transport, bicycle, and car. Trips with home as destination are excluded.
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especially in Upper Romerike (Øvre Romerike)
the car use is high, above 78 percent, but often
lower than in the surrounding rural areas. The car
use is, in general, lower in Follo than Romerike.

Public transport
The use of public transport (Figure 4-3 and Figure
4-4b) is highest among inner city dwellers in Oslo.
Every fourth trip is made by public transport. The
public transport share is in general high in the
remaining areas of the urban settlement of Oslo,
and in general in the western parts, Asker and
Bærum. The public transport use is remarkably
low in the urban, northern areas of Lørenskog,
though. One reason to this could be that there is
only local train in Lørenskog, and no direct
regional train to the city centre of Oslo. People
who live the eastern parts of Akershus, Romerike,
make relatively few public transport trips. Some
noteworthy exceptions are the urban settlements in
Nittedal, north of Oslo, which have a relatively
good railroad connection to the city centre of

Residential location
Oslo, inner city
Lillestrøm, settlement
Nesoddtangen,…
Oslo, outer city
Ås, settlement
Ski, settlement
Oppegård
Bærum, urban area
Nesodden, w/o Nesoddt.
Asker
Lørenskog
Skedsmo, w/o Lillestrøm
Nittedal
Ski, without Ski city
Vestby
Drøbak, settlement
Rælingen
Ås, without city
Bærum, rural area
Sørum
Enebakk
Ullensaker, w/o…
Aurskog-Høland
Råholt, settlement
Nes
Hurdal
Jessheim, settlement
Eidsvoll, without Råholt
Nannestad
Fet
Gjerdrum
Frogn, without Drøbak
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The variation between rural and urban
dwellers is seemingly larger in Follo than in
Romerike, mostly due to higher public transport

Car

Public transport

Bicycle

Walking

Figure 4-3: Modal split in all the municipalities and the
largest settlements (all letters in capital) in Akershus,
according to residential location of the respondents. Data
source: NTS13/14

share in the settlements. The settlements in the
municipality of Nesodden have a high share of public transport, not surprisingly due to the
ferry connection to the city centre of Oslo.

Bicycle
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The patterns of bicycle use (Figure 4-4c) should be interpreted with caution, since there are
relatively few bicycle trips in the sample. A low share of trips is made by bicycle no matter
where respondents dwell in the region. The highest bicycle share, 14 percent, is found in
Lillestrøm – which has been awarded the best bicycle city in Norway five times in a row
(NRK 2016) – followed by Ås, both the municipality and the settlement, and the central areas
of Oslo. The spatial patterns of bicycle use seem arbitrary, but the areas with the lowest
bicycle use – no more than one percentage of all trips – are in peripheral areas of the county
of Akershus, but also include many urban settlements in Romerike.

Walking
The inner city of Oslo is the only location in the study area in which walking is the most
popular transport mode (Figure 4-4d). 53 percent of all trips made by inner city dwellers are
made by walking. The walk share is kept relatively high in the rest of the urban settlement.
There is no abrupt change between walking share inside and outside the urban settlement of
Oslo (at least if Marka, the forest areas surrounding Oslo, is neglected). The walk share is in
general higher among urban dwellers than rural dwellers in Akershus.
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a)

b)

c)

d)

Figure 4-4: Modal split among trips, according to residential location of respondents. A) share of car trips, B) share of public
transport trips, C) share of bicycle trips, D) share of walking trips. Data source: NTS13/14.
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4.2.3 Destination location
Car
The table in Figure 4-5 and the map in
Figure 4-6 show the modal split among
trips according to the destination location
of the trips. Of all trips that end up in the
inner city of Oslo, 24 percent are made by
car (Figure 4-6a). To clarify, these trips
are not confined to Oslo residents, but
include trips made by residents from Oslo
as well as Akershus. Trips made by
residents outside the region of Oslo and
Akershus are not accounted for. If these
trips were included, the share made my
motorised modes would probably be even
higher. The share of car use is slightly
higher among trips with the inner city of
Oslo as destination, than the share of trips
made by residents in the inner city. The car
share is in general higher among people
that travel to destinations outside the inner
city than among people that live outside the
inner city. Of course, these two groups do
overlap, but it is not unlikely that people

Destination location
Oslo, inner city
Nesoddtangen, settlem.
Ås, settlement
Oslo, outer city
Lillestrøm, settlement
Bærum, urban area
Oppegård
Rælingen
Ski, settlement
Ski, without Ski settlement
Nesodden, w/o Nesoddt.
Drøbak, settlement
Enebakk
Vestby
Asker
Lørenskog
Bærum, rural area
Nittedal
Fet
Ås, without Ås settlement
Frogn, without Drøbak
Hurdal
Aurskog-Høland
Sørum
Gjerdrum
Nes
Skedsmo, w/o Lillestrøm
Nannestad
Ullensaker, w/o Jessheim
Eidsvoll
Råholt, settlement
Jessheim, settlement

that both live and travel outside Oslo, and
people that live in Oslo but travel out to
Akershus, use the car more often than
people that live in Akershus and travel to
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Car

Public transport

Bicycle

Figure 4-5: Modal split in all the municipalities and the largest
settlements in Akershus, according to destination location of the
trips. Data source: NTS13/14.

Oslo. The public transport infrastructure,
for example, is currently shaped to feed Oslo with commuters from Akershus
(Plansamarbeidet 2015).
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Walking

Trips with destination in Romerike are more often made by car than trips with
destination in Follo. A large number of the settlements in Akershus have just as low car share,
as destination locations, as the outer city of Oslo. The differences between urban settlements
and nearby rural areas are in general larger when they are considered as destination locations
rather than residential locations.

Public transport
The public transport use (Figure 4-6b), according to destination locations, follows pretty
much the same pattern as for residential locations, but it is much more polarised. The share of
trips made by public transport with the inner city as destination is larger than the share among
people that dwell in the inner city. This should come as no surprise, since many people travel
by public transport from elsewhere in the region to the city centre, while a high share of the
public transport users that live in the city centre probably travel mostly within the city centre.
A very low share of trips made to the rural areas of Akershus is made by public
transport. The public transport share is also low to settlements outwards in the region,
especially in the north-eastern parts. The public transport share at these peripheral locations is
notably lower when considered as destination locations rather than residential locations. In
other words, people living in these places use public transport more often than people that
travel to these places. As previously mentioned, one reason to this can be that the public
transport infrastructure is configured in such a way that it is easier to get to the central urban
areas than to the peripheral, rural areas. Besides, people that live in these areas may use the
car or other modes to get to the train that brings them to the city centre of Oslo. People
travelling outwards to these peripheral centres, will have a harder time to get from the train
station to destinations that are not in close, walkable proximity to the train station, thus
making it less tempting to use public transport.

Bicycle
The patterns of bicycle use according to destination locations (Figure 4-6c) follow almost
exactly the same patterns as the use according to residential locations, with some reasonable
differences. People do not use the bicycle to travel across half the region. They are local in
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scope, and usually find place in people’s residential location. It is therefore not a surprise that
the bicycle share is high in the remote areas that have high share of bicycle trips among
residents, when the areas are considered as destination locations. A large share of the car trips
made by people dwelling in these municipalities may have destination outside the
municipalities, while the bicycle trips most likely both begin and end within the
municipalities. That can also explain why the bicycle share is lower among trips with
Lillestrøm and the inner city of Oslo as destinations than among trips made by residents in
these two central locations.

Walking
The patterns of walk share according to destination locations (Figure 4-6d) are similar to the
patterns according to residential locations because of the same reasons as with bicycle use –
walk trips are most often made within and not across the spatial units in the maps. Several
settlements throughout Akershus have a larger walking share as destination locations than as
residential locations. The inner city of Oslo is still the only location in which walking is the
most popular transport mode; four out of six trips to the inner city are made by walking.
The main point to bring over to the multivariate analyses, is that urban structures seem
to matter. People living in and travelling to the city centre of Oslo use car less than others, and
most people living in and travelling to settlements use also car less than most others. The
question is how much this comes down to distances in themselves, or if there are other
characteristics about the locations, or even the people, that might influence people’s choice of
transport mode.
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Figure 4-6: Modal split among trips, according to destination location of trips. A) share of car trips, B) share of public
transport trips, C) share of bicycle trips, D) share of walking trips. Data source: NTS13/14.
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4.3 Urban structures and modal split
4.3.1 Residential urban structures
Figure 4-7 shows the modal split according to the population density and distance to the city
centre of Oslo from respondents’ place of residence. A quick note on the population density.
A population density of 0-9 inhabitants per hectare of land is usual in rural areas. The
population density is in many settlements throughout Akershus no higher than 9-24, while
some of the most urbanised settlements in Akershus have even higher density in some areas.
The population density is in general high throughout the urban settlement of Oslo. The inner
city of Oslo, and some locations in the eastern part of Oslo, Groruddalen, are the only places
with more than 100 people per hectare.

Figure 4-7: Modal split according to population density and distance to the city centre of Oslo from the residential location of
the respondents. Data source: NTS13/14.

Variation in population density at the respondents’ residential location seems to
contribute to large variation in the modal split. People dwelling in the most sparsely populated
areas use the car for 80 percent of all trips, while people in the densest areas use the car for 20
percent of all trips. It is largely walking that substitutes cars in increasingly dense areas. All
other transport modes but the car also increases in share in denser areas. Both the cycling
share and public transport share is three-doubled from the most sparsely populated areas to
the most populated areas. While the car share increases, and walking and cycling shares drop
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from the densest areas to the second-densest areas, according to the classification used in this
case, the public transport share is maintained at the same level.
Distance to the city centre of Oslo also contributes to the variation in the modal split
(Figure 4-7). While people who live in or very close to the city centre only use car for 20
percent of all trips, people that live more than 20 kilometres from the city centre use the car
for almost 80 percent of all trips. Walking is the most popular transport mode in the central
areas, as also shown previously in this chapter.
Population density and distance to the city centre represent in many regards each end
of a scale of well-known indicators of urban structure, but as argued in the theory chapter,
they are intrinsically linked. High density in many local neighbourhoods throughout a city or
region ensures shorter travelling distances between dwellings and destinations. A bivariate
correlation matrix with all urban structure variables (Table 4-1), at the residential location of
respondents, shows that these urban structure variables must be considered as parts of a
complex and closely interlinked urban totality. The correlation matrix also shows some of the
variables that were left out of the final analyses due to high multicollinearity and counterintuitive effects on transport mode choice.

Table 4-1: Bivariate correlation matrix with all residential urban structure variables.
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4.3.2 Destination urban structures
The pattern of how urban structures at destination locations influence the modal split (Figure
4-8) is similar as in the case of residential locations. The main difference, which was pointed
out previously, is that car use in overall is slightly higher. Other transport modes but the car
are used much, for almost 80 percent of all trips, when the destination is in the densest areas,
but not as often as when the traveller live in the densest areas. The one transport mode with
the largest differences, when comparing the impact of residential and destination location, is
public transport. Public transport is, in fact, the most popular transport mode when the
destination location has a population density between 50 and 99 inhabitants per hectare. When
the destination is in the most sparsely populated areas, the public transport share is almost as
low as the bicycle share, something which is not the case when the urban structures in
residential locations are taken into consideration.

Figure 4-8: Modal split according to population density and distance to the city centre of Oslo from the destination location
of the trips. Data source: NTS13/14.

The same overall pattern is also identified in how distance, from the destination
location to the city centre of Oslo (Figure 4-8), is associated with the modal split. Distance
from the residential location has a larger impact than distance from destination location on
choosing other transport modes than the car. Just above twenty percent of all trips made to the
city centre are made by car. In fact, public transport is the most popular mode used to travel to
destinations close to the city centre of Oslo. This supports previous arguments that the city
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centre of Oslo is, not surprisingly, the destination location of public transport trips from
elsewhere in the region. Except for areas closest to the city centre of Oslo, the share of trips
made by walking is stable whether the destination of the trips is two or 30 kilometres away
from the city centre. Contrary to how car use is substituted by primarily walking when the
dwelling is located closer to the city centre, it is most of all public transport that substitutes
car use when the destination is located closer to the city centre.

4.4 Social characteristics and modal split
Explaining travel behaviour solely from looking at urban structures may give an incomplete
picture. For all we know, different kind of people with possibly very diverse travel patterns,
may live at the different locations. For instance, elderly people may be more likely to live in
city centres, toddler families in the suburbs, highly educated people in central locations, and
people with low education live in the periphery. This issue of residential self-selection can
perforate the findings so far in this chapter on the relationships between urban structures and
travel behaviour.
Women drive less and walk more often than men (Figure 4-9). The modal split among
most age groups is quite similar. People aged 67-74 years are the ones that travel most often
with car. People aged 35-66 use public transport more but walk less often. Elderly people,

Figure 4-9: Modal split according to age and gender. Data source: NTS13/14.
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above 75 years old, use the car to fewer trips and walk more often. The age group that stands
out, are young people between 18 and 34 years old. They use public transport almost as often
as they use the car, contrary to other age groups.
There are clear distinctions in the modal split among different education groups
(Figure 4-10). People with lower education have a higher car share than people with higher
education levels. The public transport share is not that different between the education levels,
but increases slightly the higher education people have. Both the bicycle and walk share
increase with higher education level.
People with higher household income have a higher car share than people with lower
household income (Figure 4-10). The public transport share is increasing with lowering
income level, while the bicycle share is stable. Walking is the transport mode that substitutes
car in the lower income groups.
Groups with different socioeconomic and demographic attributes do indeed have
different modal splits, but, and this is a large but, variation in socioeconomic and
demographic attributes contribute less than variation in both residential and destination urban
structures to variation in modal split. High-income groups have a higher car share than lowincome groups, and young adults use the public transport more often than middle-aged

Figure 4-10: Modal split according to education and income. Data source: NTS13/14.
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people, but the differences are not by far as large as between dwellers in the most and least
dense locations in the area (Figure 4-7 and Figure 4-8).

4.5 Car ownership and modal split
The last relationship that will be presented
in this chapter, is the one between car
ownership and transport mode choice. As
Figure 4-11 indicates, whether the
respondent’s household holds a car at all or
not, has a major influence on the
respondent’s car use. People with no car in
the household use car, assumedly someone
else’s car, to less than ten percent of all
trips, while people with at least one car in
the household use the car to the majority of
their trips. In households with no car, the car
share is substituted to a large degree by both
public transport trips and walking trips.

Figure 4-11: Modal split among trips according to number of
cars in the respondent's household. Source: NTS13/14

People’s car share also increases as
the number of cars in the household increases. A respondent with one car in the household
uses the car for almost 60 percent of all their trips, while respondents with two cars in the
household use the car for almost 80 percent of their trips.
As Figure 4-12 shows, the number of cars in the household is not evenly distributed
throughout the study area. The pattern is relatively similar to the patterns of modal split
(Figure 4-7 and Figure 4-8) throughout the region. The areas with the highest and lowest car
share, considering both residential and destination locations, are also the areas with
respectively the highest and lowest number of cars per household.
Residents in the inner city and eastern parts of Oslo own the fewest cars. The number
of cars increases slightly throughout the urban settlement of Oslo into Bærum, Asker,
Lørenskog, Skedsmo and Rælingen, as well as southwards into Follo. The number of cars
increases outwards in the eastern parts of Akershus, Romerike, and residents in large rural
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Figure 4-12: Number of cars per household. Data source: NTS13/14.
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areas of Romerike have in average at least two cars in the household. The number of cars per
household is, with only a couple of exceptions, lower in the urban settlements in Akershus
than in adjacent rural areas.

4.6 Conclusion
The purpose of this chapter was to not only give a glimpse of the descriptive data in this
master thesis, but also to answer the following research question:
RQ.1 How are travel behaviour and car ownership spatially distributed throughout
the city region of Oslo and Akershus, both according to where people live and
the destinations of the trips?
In short, travel behaviour is in spatial terms heterogeneously distributed throughout the region
of Oslo and Akershus. Not only do the maps and figures in this chapter show that modal splits
are different according to where people live, but also where they travel, not to forget what
kind of socioeconomic and demographic attributes’ people possess. The latter group seem to
influence transport mode choice less than the urban structures. These are premature
conclusions, as it is uncertain how the different factors interplay with each other. Is residential
self-selection an issue, for example, and is car ownership influenced by any other variables
and thereby function as a mediator for other variables’ effect on the choice of transport mode?
Three patterns can be identified. First, people use the car to a higher share of their trips
if they live outside the urban settlement of Oslo. People in the rural outskirts use the car more,
while city dwellers use the car less. The car share is substituted mostly by walking, but also
by public transport to a large degree. The border of the urban settlement of Oslo functions
almost as a watershed between car-oriented mobility patterns and non-car-oriented mobility
patterns. Residents in the outer parts of the metropolitan area have a distinctive less caroriented mobility pattern than residents living (just) outside the urban settlement. A high share
of all trips within the metropolitan area of Oslo are admittedly made by car, but the share is
notably lower than outside the metropolitan area. When outside the urban settlement of Oslo,
distance to the city centre of Oslo does not seem to matter that much, as the patterns are
fragmented, and most likely influenced by proximity to regional and local settlements, which
is the next point. Nevertheless, the findings support the results from previous studies (Næss
2006; Ewing and Cervero 2010), that proximity to the city centre is associated with modal
shift.
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Second, residents in several urban settlements throughout Akershus travel, in most
cases, less by car than nearby rural residents. This is in line with previous studies (Holden and
Norland 2005; Næss 2006), regarding proximity to local subcentres. Nevertheless, the
differences are still bigger between respondents in the city centre of Oslo and the larger
settlements in Akershus, than between respondents in these settlements and residents on the
countryside.
The third pattern is that residents in the railroad corridors in Akershus travel less by
car than Akershus dwellers living far from the railroad corridors. This seems to have an
influence on not only urban dwellers in station cities, but on all nearby rural area.
The patterns of mode choice, according to where people choose to travel, are similar to
the patterns based on where people live, but they are somewhat more polarised. This is
especially the case for public transport share. The reason for this, most likely, is that both
people that travel to and live in central locations use public transport, while people that travel
outwards from central locations are more likely to use the car. People do not walk or cycle
these trips that span across half the region. The walk and cycle shares are therefore not as
polarised when we compare the walking and cycling shares of destination locations with the
shares of residential locations.
One final note is that the spatial pattern of travel behaviour is relatively similar to the
spatial pattern of car ownership, which seems to contribute much more than anything else to
variation in the modal split. The question, however, is whether car ownership in itself is
influenced by other factors, such as residential urban structures, as indicated in this chapter,
and socioeconomic and demographic attributes.
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5 Analysis I: Transport mode choice
(and distances) by urban structures of
residence and destination
In this first analysis chapter, I will investigate how total distance travelled by car, also
referred to as total car distance for short, is influenced by residential urban structures, thereby
addressing the following research question:
RQ.2 How and to what extent do urban structures at the place of residence influence
total distance travelled by car?
The hypothesis is, as shown in the descriptive chapter and previous studies (Ewing and
Cervero 2010; Næss 2012), that urban structures have a major influence (association) on how
much people use the car. People are assumed to travel more by car the further they live away
from the city centre of Oslo, local/regional centres and rail-oriented public transport. People
dwelling in dense, diverse and grid-designed are also assumed to travel less by car. Distance
from dwelling to the city centre is expected to have the largest impact. The effect of diversity
and design variables will be of particular interest, since these aspects are seldom investigated
in Norwegian and Nordic studies (Næss 2012).
With the relationship between urban structures and car use established, I will move on
to see how urban structures can contribute to modal shifts from the car to other transport
modes. This modal shift, decoupling population growth from growth in car use, is at the very
core of the ensuring more sustainable urban mobility patterns. While total car distance may be
more suited to address the environmental implications of how people travel, transport mode
choice addresses better the decision-making process of how people prefer to travel. Moreover,
models with total car distance, an aggregated indicator of travel behaviour, are not able to
account for the influence of destination locations on car use or mode choice. The urban
structures related to the trip destination locations have seldom been taken into account in
Nordic travel behaviour studies. The descriptive results, and previous studies(Frank and Pivo
1994; Næss and Sandberg 1996; Barnes 2003; Vega and Reynolds-Feighan 2008; Lee, Nam,
and Lee 2014) from the previous chapter indicated, however, that people’s choice of
transport modes is associated not only with the urban structures at their residential location,
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but also with the urban structures at the trip destination. The following research question will
therefore be addressed:
RQ.3 How and to what extent do urban structures at the place of residence and at
destinations influence people’s choice of transport mode?
The hypothesis, which is based on previous findings presented in the literature review and the
descriptive results, is that urban structures at the trip destinations in fact may exert a strong, if
not even stronger effect on transport mode choice than urban structures at respondents’ place
of residence. People are assumed to travel less by car to destination locations that are central,
dense and diverse than to peripheral, scarcely populated areas with monotonous building use,
in other words suburban and exurban locations. Shorter distances from destination locations
to regional and local centres, as well as shorter distances to public transport are also assumed
to reduce car use, albeit not as much as the destination’s location relative to the city centre of
Oslo.

5.1 Total car distance by residential urban
structures
Model interpretation
To address RQ2, how total distance travelled by car, during one day, is influenced by
residential urban structures, a tobit model is applied. The model will also include the direct
effects of respondents’ socioeconomic and demographic attributes. A stepwise model buildup is chosen to demonstrate the relative significance of residential urban structures. The
regression coefficient in the tobit model is interpreted in the same manner as in a LRM. A
one-unit increase in the independent variable is associated with a one-unit increase in the
dependent variable.
The urban structure variables’ coefficients are standardised – to make comparisons
between the urban structures easier – while the socioeconomic, demographic, and temporal
variables are not standardised. The t score, which is presented in brackets in the tables, is
initially used to the significance test of the correlation, but it can be used to a certain degree
compare the relative contribution of social contra urban structure variables. The stars indicate
the significance level of the coefficient. The conservative significance levels of 95, 99 and
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99,9 percent are used due to the relatively large sample size, and in that way avoid potential
type I errors – that associations that do not exist in reality are significant in the models (Skog
2004).
The model quality of the tobit model should preferably be estimated by McKelveyZavoina R2, since it takes the latent variable into account (S. Long 1997, 105), but is
estimated by McFadden R2 due to limitations in the software, Stata. As with all pseudo R2s,
the estimates should be interpreted with caution, but they give an indication the models’
performance compared to each other. An in-depth model specification can be read on page 57
in chapter 3.

Model results
Table 5-1 shows first, in model I, that people’s social background, mostly their demographic
attributes, is associated with how much they travel by car. Gender is the social background
attribute with the strongest impact on VKT. Men travel in general more by car than women.
The contribution of car ownership is major.
The effect of people’s social background on VKT is greatly reduced, or even rendered
insignificant, when residential urban structures are added in model II. This covariance
between social background attributes and urban structures may indicate residential selfselection, as discussed in the theory chapter. The models tell nothing about the causal
direction of the relations between urban structures and social background – if they are causal
at all and not spurious – but as argued in the literature and indicated by especially qualitative
interviews (Næss 2006), it is likely that people self-select themselves to different urban
setting. The effect of car ownership is reduced when urban structures are added to the model
but is still strong. The reduction may indicate that car ownership functions as a mediator of
the effect of residential urban structures on total distance travelled by car.
The residential urban structure with the largest impact on VKT, is population density.
Respondents in dense neighbourhoods travel less by car than respondents in sparsely
populated areas. This is contrary to the weak effect of population density found in previous
studies (Ewing and Cervero 2010; Næss 2012). Increased distance to closest local centre
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Table 5-1: Tobit model on total distance travelled by car.

makes people travel more by
car, though the association is
significant only at the
significance level of five
percent. The finding is in
line with previous studies
(Holden and Norland 2005;
Næss 2006) People living in
neighbourhoods with a
diverse mix of building uses
travel less by car. Distance
from place of residence to
the city centre of Oslo is
‘only’ the second most
important urban structure in
explaining VKT. People
living far away from the city
centre travel more by car.
To sum up, these

findings support the hypothesis that urban structures influence total distance travelled by car.
People dwelling in dense, diverse and centrally located (relative to the city centre of Oslo)
neighbourhoods travel less by car than otherwise. Though, the impact of people’s social
background, car ownership included, is higher than impact of the residential urban structures.
The question remains what these people, that travel less by car, substitute the car with.

5.2 Transport mode choice by urban structures of
residence and destination
Model interpretation
To address the effect of urban structures, both at the residential location and at trip destination
locations, and thereby address RQ3, a multinomial logit models (MNLM) is applied. The
model will also control for the effects of respondents’ socioeconomic and demographic
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attributes, and the effect of temporal attributes of when the trips were made. A stepwise
model build-up is chosen to demonstrate the relative significance of residential and
destination urban structures, and to reveal potential changes in the individual parameters
when these urban structures are added. Table 5-2 presents the results from a model with only
social and temporal attributes of the trips and the respondents as independent variables. With
the effect of these attributes established, the urban structures at the residential locations are
added in the model results presented in Table 5-3. In the final table in this section, Table 5-4,
the urban structures at the destination locations are added.
The tables present the regression coefficient of how much each independent variable
influence the chance of choosing each transport mode over the car, everything else being
equal. A one-unit increase in the independent variable is associated with an increase, the value
of the regression coefficient, in the logit value of the dependent variable, (Skog 2004).
Coefficients can be difficult to interpret in multinomial logit models, but a (significant) value
above zero indicates that an increase in value in the independent variable is associated with an
increase in the probability of choosing the specific transport mode over the car. Conversely, a
negative coefficient value indicates that an increase in the independent variable’s value
contributes to a decrease in likeliness of choosing the specific transport mode over the car.
The urban structure variables’ coefficients are standardised – to make comparisons between
the urban structures easier – while the (categorical) socioeconomic, demographic, and
temporal variables are not standardised. The z-score, which is presented in brackets in the
tables, can be used to compare the relative contribution of social contra urban structure
variables. The stars indicate the significance level of the coefficient. The conservative
significance levels of 95, 99 and 99,9 percent are used due to the relatively large sample size,
which may cause type I errors – that associations that do not exist in reality are significant in
the model results.
The McFadden R2, also referred to as pseudo R2, is presented for each model. The
pseudo R2 is an attempt to find an indicator that resembles the R2 in linear regression models,
which explain how much the model in overall explain the variation in the dependent variable.
The pseudo R2 should be used with caution, and is best used to compare the relative
explanatory power of different models in explaining transport mode choice.
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All variables that are used in the final SEM model, on direct and total effect on
transport mode, are present in these models. An in-depth description of the model
specifications can be found on page 54 in the research design chapter.

5.2.1 Effect of socioeconomic and demographic attributes
Table 5-2 shows the contribution of socioeconomic, demographic, and temporal variables to
the respondent’s choice of transport mode. The model explains in overall 14 percent of the
variation in what transport mode respondents choose when they travel. It comes as no surprise
that the number of cars in the respondent’s household overshadows the contribution of all
other variables, just in line with previous studies (Hanson 1982; Dieleman, Dijst, and
Burghouwt 2002). The more cars the respondent holds, less likely is it that the respondent
chooses any other transport mode but the car. Car ownership does, however, not have as
negative impact on bicycle trips as on the other transport modes.
Among the (other) socioeconomic and demographic variables, education level exerts
the largest effect on modal choice. People with middle education, and people with lower
education even more so, are more likely than people with higher education to choose the car
over any other transport mode. The income level in the household has no significant effect on
any modal choice, except in one case. Respondents in households with middle income are less
likely to walk. It will be interesting to see in final analyses in this thesis if income level has a
significant indirect effect, through car ownership on modal choice, which was the case in van
Acker and Witlox’ (2010) Belgian study.

5.2.2 Effect of residential urban structures
In Table 5-3 residential urban structure variables are added to the model. The model explains
modal choice somewhat more (pseudo R2 = 16,8 percent) than the previous model without
urban structures (pseudo R2 = 14 percent). The contribution of cars in the household are
notably reduced, note the drop in the z values. This indication of collinearity implies that
number of cars in the household can be influenced by the urban structures in respondents’
residential location, as indicated in previous studies (Hess and Ong 2001; Næss 2009; Zegras
2010; Van Acker and Witlox 2010).
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Table 5-2: MNLM model on transport mode, socioeconomic, demographic, and temporal variables.

The effect on modal choice from most socioeconomic and demographic variables
drops when residential urban structures are added, indicating residential self-selection; that
people’s social background and where they live are interrelated. Several of the previously
significant differences among the social background variables are rendered insignificant.
Among the residential urban structures added to the model, population density in the
local neighbourhood is the only variable with a significant effect on using any transport mode
instead of the car. In other words, residents in dense neighbourhoods are less likely to use the
car than residents in sparsely populated neighbourhoods. Population density has a larger
impact on walking than on other modes. Population density is also the one out of all urban
structures with the largest impact on walking.
Increased building use diversity in the residential neighbourhood increases the
probability of choosing public transport and walking instead of the car. Building use diversity
is the second strongest determinant of walking among the urban structures. Residents in
diverse neighbourhood are more likely to walk than residents in neighbourhoods with
monotone building use. One reason to this, as argued in the literature review, is that people
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dwelling in diverse neighbourhoods find services, facilities, and workplaces within walking
distance in the neighbourhood. The increased public transport use can be caused by the
assumption that people can combine several activities, e.g. go to the grocery store, on their
way to and from public transport.
Table 5-3: MNLM model on transport mode, residential urban structures, socioeconomic, demographic, and temporal
variables.

Walking is the only mode choice that is influenced by intersection density in the
residential neighbourhood. Residents in neighbourhoods with many intersections, in relative
terms, are more likely to walk instead of driving than residents in intersection-scarce
neighbourhoods. As mentioned in the literature review, intersection density can be considered
as a proxy for the complexity of the street network. Urban areas with grid-oriented street
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network are usually the areas with a high intersection density – depending on the coarseness
of the network – while suburban neighbourhoods with cul-de-sac-shaped street network, as
well as rural areas, have low intersection density. It is, in other words, not only the nearby
location of trip destinations in the residential neighbourhood that has an influence on walking,
but also how easy it is to get to the destinations and how much the built environment
promotes walking.
These results are in line with international studies, that the 3Ds – density, diversity and
design – all promote walking (Ewing and Cervero 2010). Though, the strong effect of
population density stands in contrast to previous findings. It should not come as a surprise that
all the urban structures that characterise the built environment in the local neighbourhood
have an impact on walking and not necessarily on the other modes. Most walk trips find place
entirely within the local neighbourhood. The residential urban structure variables characterise
therefore not only the respondent’s residential location, but also the destination location of the
walking trip and the structures along the entire trip distance. Trips made by the other transport
mode alternatives have destination location more often outside the residential neighbourhood.
Turning over to the distance variables, or the destination accessibility and distance to
public transport variables, increasing distance to closest train or metro station has an expected
negative effect on using public transport, in line with previous studies (Næss 2006; Ewing and
Cervero 2010), and a maybe surprising positive effect on using the bicycle instead of the car.
The latter effect can make more sense, though, since increasing distance does not contribute
to a significant effect on walking. That means that walking is influenced by the increased
distance in the same way as the reference mode in the model, the car. And it is plausible that
people are more likely to cycle than to walk when the distance to the closest train or metro
station increases.
Increasing distance to the closest public transport service at all, for example the closest
bus stop, has a positive effect on cycling and negative effect on walking, but no effect on
public transport use. People are more likely to cycle and less likely to walk when the distance
increases.
How far people live from a local centre has a significant effect only on walking.
People are less likely to walk than to drive the car when the distance increases. Distance to
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regional centre has a negative effect only on cycling. In other words, people are less likely to
cycle when the distance increases.
Distance to the city centre of Oslo from the residential location has a significant effect
only on public transport. People are less likely to use public transport when the distance to the
city centre increases. The impact of the distances to the different sets of centres can hint at
how mode choice is influenced by the proximity to the hierarchical structures in the region.
The urban structures of a local character, i.e. the 3Ds and distance to local centre, have an
impact on walking. Urban structures of a middle-ranged semi-regional character, such as
distance to train stations and metro stations, and regional centres, influence cycling and partly
public transport use, while urban structures of a regional character have an impact on public
transport use, such as distance from dwelling to the city centre of Oslo. The descriptive maps
in the previous chapter support this idea, as there are not that large variations in walking
throughout the region, while public transport is used much more in the central area of the
region.

5.2.3 Effect of destination urban structures
Adding the urban structure variables that characterise the destination location of each trip, in
Table 5-4, increases the explanatory power of the model even more. The pseudo-R2 has
increased from 16,8 percent in Table 5- to 23,1 percent.
Contrary to how the effect of cars in the household on mode choice was notably
reduced when residential urban structures were added in Table 5-3, the effect of cars is in the
household is basically unchanged from Table 5-3 when destination variables are added to the
model in Table 5-4. One preliminary conclusion that is possible to make, is that urban
structures at the destination locations have an impact on only travel behaviour, while urban
structures in the residential neighbourhoods influence not only travel behaviour but also car
ownership.
The influence of most socioeconomic and demographic variables is reduced even
more in this model than in the model with only residential urban structures added. The
differences between the genders increase with urban structures at the destination locations
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Table 5-4: MNLM model on transport mode, destination and residential urban structure, socioeconomic,
demographic, and temporal variables.
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added to the model. Women are even more likely to use public transport and walk than men
when destination locations are taken into consideration.
Most of the urban structures at respondents’ residential location are rendered
insignificant when structures at the trips’ destination locations are added to the model.
Population density at the residential location has no longer an effect on public transport and
bicycle use. The remaining effect on walking is significant only at the significance level of
five percent, and the effect is split in half from the previous model without destination
structures. Building use diversity has no longer a significant effect on public transport use, yet
the variable’s effect on walking is only slightly reduced, making building use diversity the
most important residential urban structure in explaining walking. Intersection density, i.e.
street design, has no significant effect on any mode choice.
Residential distance to closest train or metro station has no longer a significant effect
on public transport use, but has an almost unchanged effect on bicycle use. Distance to closest
public transport service has an almost unchanged effect on mode choice from the previous
model. Distance to regional centre has an increased negative effect on cycling.
Increased distance to the city centre of Oslo, from the residential location, has now a
positive effect on public transport use, contrary to how it had a negative effect on public
transport use in the previous model without destination variables. This is somewhat counterintuitive, as it was shown in the descriptive results that public transport use is much larger in
the city centre of Oslo than in the peripheral areas. A look on the effect from the urban
structures at destination locations will show, however, that they may have a much larger
impact on public transport use than residential structures.
Among the urban structure variables characterising the destination locations in the
model, workplace density is the variable with the strongest impact on mode choice. In terms
of relative explanatory power, workplace density is roughly on the same level as number of
cars in the household, comparing the z values. Higher workplace density at the destination
location contributes to increased likeliness of choosing public transport, most of all, and
walking and cycling. No other destination variables have a significant effect on all modes.
Population density at the trip destination has a positive effect on cycling and walking.
People cycle and walk more if they travel to dense neighbourhoods. The effect on walking is
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particularly strong. Intersection density at the destination has a positive effect, at the
significance level of five percent, on using public transport. Increased distance from the
destination to train or metro station increases, counter-intuitively, the likeliness of walking.
Increased distance from destination to closest public transport service makes people use
public transport less but cycle more. Again, this may make sense if one compares bike use to
walking. Increased distance to regional centre has a negative effect on public transport use.
Increased distance to the city centre of Oslo has a major negative effect on travelling by
public transport, and is the second most important destination variable in explaining public
transport use. Increased distance to closest green leisure area has a minor negative effect on
walking. People walk more when they have parks and forests nearby.
As mentioned above, the number of cars in the household overshadows most other
variables, except workplace density at the destination, in affecting mode choice. The effect of
car ownership was distinctly reduced, yet still strong, when residential urban structures were
added to the model in Table 5-, but unchanged when destination urban structures were added
in Table 5-. These relations give reason to assume that car ownership is influenced by
residential urban structures, while destination urban structures seem to have mostly a direct
effect on travel behaviour. The real question is whether residential urban structures influence
mode choice indirectly through car ownership. I will address this question preliminary by
investigating, in the next chapter, how car ownership is informed by residential urban
structures. The lacking covariance between car ownership and destination urban structures
also indicate that there is no reason, as theoretically assumed when developing the analytical
framework in the theory chapter, that the destination location influence number of cars in the
household.

5.3 Conclusion
The aim of this chapter was to address the following research question:
RQ2

How and to what extent do urban structures at the place of residence influence
total distance travelled by car?

RQ3

How and to what extent do urban structures at the place of residence and at
destinations influence people’s choice of transport mode?
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The hypotheses, that compact city measures – dense, diverse, grid-designed
neighbourhoods in central locations with public transport and local centres within proximity –
would reduce the share of trips made by car, and the distance travelled by car, are to a large
degree supported.
Addressing RQ2 first, people travel less by car if they live in densely populated
neighbourhoods with a diverse mix of building types. Proximity to the city centre of Oslo and
closest local centre also reduces the total distance travelled by car. The most important urban
structure is population density, followed by proximity to the city centre of Oslo. The high
influence of population density is contrary to the findings in previous studies (Ewing and
Cervero 2010; Næss 2012), but in line with Engebretsen and Christiansen’s (2011a) study of
larger settlements in Norway. Few socioeconomic and demographic attributes influence total
car distance. Yet, car ownership is the most important variable in explaining how much
people travel by car. If people own a car, they use it, and if they hold more cars in the
household, they travel even longer. The drop in car ownership’s impact, when the urban
structures were added, may indicate that car ownership is correlated with the urban structures.
Previous studies, and theoretical assumptions, indicate that car ownership is influenced by
urban structures.
Moving over to RQ3, both residential and destination urban structures influence mode
choice. Among the residential urban structures, there is no single variable that influences both
public transport use, cycling and walking, at least not in the full model with destination
variables included. Public transport use is only influenced by how far people live from the
city centre of Oslo. People are more likely to cycle the further they live away from any kind
of public transport, while living far away from a regional centre make people cycle less.
Walking is the only transport mode that is influenced by the urban structures within14
the residential neighbourhood, the three Ds (Cervero and Kockelman 1997); density,
diversity, design. People are more likely to walk if they live in diverse (most important) and
dense neighbourhoods with an assumedly fine-grained grid-oriented street network, i.e. high
intersection density. Design variables have seldom been included in Nordic studies (Westford
2010 and Næss 2011 being two exceptions), but the results in this chapter shows that

14

Local, regional and major city centres, as well as public transport facilities, can be located within the defined
residential neighbourhood too, but not necessarily.

96

intersection density has a role in making people walk more in the Oslo region. The results in
this chapter also show that diversity has an influence, although it is seldom applied in
Norwegian studies (Engebretsen and Christiansen 2011a). People are also more likely to walk
if they live in proximity to public transport services and local centres.
The other transport modes are influenced by other sets of residential urban structures.
Cycling is influenced by distance to public transport and regional centres, while public
transport is influenced by residential location relative to the city centre of Oslo. The influence
of different destination variables on different transport modes is not that simple to categorise,
however.
One major implication of these findings is that one should not only ask about how to
reduce car use, in a sustainable planning perspective, but also modify the question to what
transport mode to replace the car with. Increased public transport use requires other sets of
configurations of urban structures than increased shares of walking or cycling.
The results in this chapter indicate that urban structures at the trip destinations have a
larger influence on transport mode choice than residential urban structures. Among the urban
structures at destination locations, workplace density is by far the most important variable –
even with a sample that includes non-commute and weekend trips. It is the variable with the
single strongest effect, after car ownership, on mode choice. People are more likely to both
use public transport, cycle and walk when they travel to places with high workplace density.
If workplace density is considered as an indicator of diversity, then the finding is conforming
to previous studies (Frank and Pivo 1994; Lee, Nam, and Lee 2014). Public transport use is
also influenced in large parts by how far the trip destination is located from the city centre of
Oslo. This is in line with previous studies (Næss and Sandberg 1996; Barnes 2003; Vega and
Reynolds-Feighan 2008) Increased distance makes people use public transport less. It is
interesting to note that people use public transport more the further they live away from Oslo
city centre, but also use public transport more the closer the destination is located to the city
centre. This can hint at not only how much travel flows in the region are oriented towards the
city centre of Oslo as a dominating centre in the region, but also the important role of public
transport in feeding the city centre of Oslo with these flows. The role of residential proximity
to the city centre is therefore contrary to previous findings (Næss 2006; Ewing and Cervero
2010; Næss 2012) regarding choice of transport mode. The results from the models with only
residential urban structures, on the other hand, is in line with previous studies. However,
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socioeconomic and demographic attributes – especially age, gender, and education level –
have a major influence on what transport mode people prefer, also when urban structures are
accounted for.
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6 Analysis: Urban structures,
commute and non-commute transport
mode choices and the mediating role of
car ownership
If you own a car, you use it is the main conclusion of several land use/transport studies
(Hanson 1982; Dieleman, Dijst, and Burghouwt 2002; Van Acker and Witlox 2010). The
findings in the previous chapter indicated that this might be case in this study as well. The
results in the previous chapter implied that residential urban structures might have an impact
on car ownership, while structures at the destination location do not. In this chapter, I will
first get a grip on how urban structures at the residential location affect car ownership, by
running a logit model with car ownership as the dependent variable. Next, I will investigate
how any influence of residential urban structures on transport mode choice is mediated
through car ownership. A structural equation model (SEM) will be applied to estimate both
the direct and indirect effect of residential urban structures, and socioeconomic and
demographic attributes, on mode choice via car ownership. Urban structures at the trip
destination locations will also be added, to account for the effects that were found in the
previous chapter. Separate models will also be run for commute and non-commute trips, to
see whether urban structures have larger impact on commute trips, as indicated in the
literature review or not. These are the RQs that will be addressed in this chapter:
RQ4

How and to what extent do residential urban structures influence car
ownership?

Moreover, this chapter addresses RQ4, RQ5 (which is essentially a statistical integration of
RQ2 and 3), and RQ6:
RQ5

How and to what extent do urban structures at the place of residence affect
people’s choice of transport mode directly as well as indirectly through the
number of cars in their household?

RQ5 is essentially a statistical integration of RQ3 from the previous chapter, and RQ4.
RQ6

How and to what extent do urban structures and car ownership as a mediator
affect commute trips contra non-commute trips?
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The hypothesis in RQ4 is, in line with previous studies that people in diverse and centrally
located neighbourhoods are less likely to own a car (Hess and Ong 2001; Næss 2009; Zegras
2010). I also assume that proximity to regional centres, local centres, and public transport,
increased density, and a more grid-oriented design within both the residential neighbourhoods
and the trip destination locations are assumed to reduce car ownership. People’s social
background, especially the income level is also assumed to have an impact on car ownership
(Zegras 2010).
In RQ5, the hypothesis is, in line with findings from previous studies (Van Acker and
Witlox 2010), that the indirect effect of residential urban structures on mode choice may be
larger the direct effects, or that some residential urban structures, land use diversity (building
use diversity in the models applied in this thesis) and distance from dwelling to city centre in
Van Acker and Witlox study, may be without direct effect and an entirely indirect effect.
Allthoug, car ownership is expected to mediate socioeconomic attributes, such as household
income (Cao et al. 2007; Van Acker and Witlox 2010), more than urban structures.
In RQ6, the hypothesis is that commute trips are more guided by urban structures,
while non-commute trips are guided more by people’s social background, in line with
previous studies (Vilhelmson 1999; Dieleman, Dijst, and Burghouwt 2002; Næss 2006).

6.1 Car ownership as dependent variable
Model interpretation
As shown in the previous chapter, the influence of car ownership on the choice of transport
mode overshadows the influence of all other explanatory variables and factors, both urban
structural and socioeconomic ones, except workplace density at the trip destination. The main
agenda in this section is to investigate how urban structures and people’s attributes influence
car ownership. To answer this question, a binary logit regression model is used. The results
are presented in Table 6-1. The table includes the results from model I, with only
socioeconomic and demographic independent variables, and model II in which urban
structures in the respondents’ residential neighbourhood are added. The dependent variable,
car ownership, is in both models operationalized into a binary categorical variable; whether
the respondent’s household owns car(s) or not. Such operationalizing of car ownership
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reduces the ability to evaluate the role of a ‘number two’ car in households with more than
one adult member with a driving license. Sensitivity analyses showed, however, that the
model performs better in overall when the dependent car ownership variable is a dummy and
not a count variable.
The coefficient of each urban structure variable is standardised, while the
socioeconomic and demographic variables are not. The z value of each variable is presented
in the brackets and can be used to compare the unstandardized variables. The sample in these
models consists of respondents, and not trips. A one-unit increase in the independent variable
is associated with an increase in the dependent variable on the logit scale equivalent to the
regression coefficient. The practical interpretation is that a (significant) regression coefficient
with a value above zero indicates that an increase in value in the independent, explanatory,
variable contributes to an increase in the probability of owning (several) cars. Conversely, a
negative coefficient value indicates that an increase in the explanatory variable’s value
contributes to a decrease in likeliness of owning cars. An in-depth description of the model
specification can be found on page 52 in the research design chapter. The exact configuration
of independent variables in this logit model will also be used in the later SEM models. The
conservative significance levels of 95, 99 and 99,9 percent are used due to the relatively large
sample size, and thus try to avoid potential type I errors.

Results
Model I in Table 6-1, without urban structure variables, explains in overall 26,5 percent of the
variation in car ownership. All variables, except ‘being a student’, have a significant effect on
whether the respondents hold car(s) in the household or not. Age is the variable (group) with
the strongest association with owning a car. People are more likely to have a car in the
household if they are not young adults, everything else being equal.
Adding urban structure variables in model II (Table 6-1) increases the pseudo R2 value
of the model from 26,5 percent to 38,3 percent. All the socioeconomic and demographic
variables have a reduced effect on car ownership compared with model I. These changes
indicate that the social variables and the urban variables are interlinked, thereby suggesting a
residential self-selection. Particularly, it is not random where people live, especially people
with different education level and in different age groups. Household type and income level –
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especially having high household income – are the most important socioeconomic
contributors to car ownership in model II.
Four of the urban structure variables in model II have a significant effect on car
ownership. Population density in the residential neighbourhood has the strongest effect.
People dwelling in dense neighbourhoods are less likely to own a car. The second strongest
urban structure is building use diversity. Respondents in diverse neighbourhoods are less
likely to own a car than respondents in neighbourhoods with a monotone building use.
Increased distance from the respondent’s dwelling to the city centre of Oslo has a positive
effect on car ownership. People that live far away from the city centre are more likely to own
a car than inner city dwellers. The last significant urban structure variable is intersection
density, which is significant at the five percent significance level. Respondents dwelling in
Table 6-1: Logit models for car ownership.

neighbourhoods with
many intersections, in
relative terms, are less
likely to own a car.
To sum up, car
ownership has a strong
association with both
socioeconomic,
demographic attributes,
and urban structures. In
this thesis, as in the
literature, this
association is assumed
to be causal. Whether
you own a car or not
depend on who you are
and where you live.
Socioeconomic and
demographic variables
have a stronger effect
than urban structures on
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car ownership, as also shown in previous studies (Cao et al. 2007; Zegras 2010; Van Acker
and Witlox 2010), but urban structures contribute with their fair share in explaining car
ownership. People in dense, diverse neighbourhoods with (assumedly) fine-scaled street grid
close to the city centre of Oslo are less likely to own a car than people living in sparsely
populated, neighbourhoods with monotone building use. These findings conform to previous
findings; that mixed land use (Hess and Ong 2001; Zegras 2010) and central location (Næss
2009). These relations, and their potential effect on mode choice via car ownership, will be
further investigated in the next section.

6.2 Car ownership as mediator
Model interpretation
As shown in the previous section, car ownership is related to a range of socioeconomic and
demographic variables, but also a handful of urban structures at the residential location. As I
have shown in the literature review (Næss 2006; Van Acker and Witlox 2010) and the
descriptive results, car ownership seems to have an influence on transport mode choice. The
question is therefore whether car ownership functions as a mediator for the urban structures’
effect on mode choice. The hypothesis is that car ownership functions as a mediator of
residential structures, albeit the indirect effect of socioeconomic attributes, such as income,
may be even stronger, as shown in previous studies (Cao et al. 2007; Van Acker and Witlox
2010) A structural equation model (SEM) will be applied to estimate both the direct and
indirect effect of residential urban structures, and socioeconomic and demographic attributes,
on mode choice via the number of cars in the respondent’s household. A final alteration of
this model will also include direct effects of destination urban structures on transport mode.
The SEM models are run in Stata with use of the GSEM15 command and the user-designed
KHB package to estimate direct and total effect. An in-depth model specification can be
found on page 55 and onwards in the research design chapter.
A stepwise model build-up is chosen to demonstrate the effects of respectively
socioeconomic and demographic attributes, residential urban structures and destination urban

15

As pointed out in the research design chapter, Stata distinguish between SEMs with continuous dependent
variable and categorical dependent variable. The latter must be run with the GSEM to be acknowledged as a
categorical variable.
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structures. Table 6-3 presents the results from a model with only social and temporal
attributes of the trips and the respondents as independent variables. In Table 6-4, residential
urban structures are added to the model, while destination urban structures are added to the
model in Table 6-5. The number of cars in the household is presented as a mediating variable
in all the models. The tables also show the effect of social attributes and residential urban
structures on the number of cars in the respondent’s household.
The tables present the regression coefficients of how much each independent variable
influence mode choice, everything else being equal, directly and in total. The total effect of an
independent variable on mode choice takes into consideration both the direct effect on mode
choice and the indirect effect via the mediating variable; number of cars in the household. A
positive coefficient value indicates that an increase in the independent variables’ value
contributes to an increased likeliness of travelling the transport mode in question instead of
the car. A negative coefficient value indicates that an increase in the independent variable’s
value makes people less likely to choose the transport mode than the car (the reference
group). The urban structure variables’ coefficients are standardised – to make comparisons
between the urban structures easier – while the socioeconomic, demographic, and temporal
variables are not standardised. The z-score of each effect is presented in brackets and can be
used to describe the certainty of the effects of the unstandardized variables. The stars indicate
the significance level of the effect. The conservative significance levels of 95, 99 and 99,9
percent are used due to the relatively large sample size, and in that way avoid potential type I
errors.
Number of cars in the household is used as mediating variable instead of a dummy
variable of whether people have cars in the household or not, such as the one used in the logit
model on car ownership (Table 6-1). Sensitivity analyses were run with both variables used,
and the models with number of cars performed better. Number of cars is treated as a
continuous variable, not a factor variable with count data, since the KHB package in Stata
does not allow factor variables to function as mediating variables. It will also simplify the
interpretation of the models.

6.2.1 Model fit
Model fit indices cannot be estimated for a SEM with a categorical dependent outcome
variable in the statistics software Stata. SEMs with a categorical dependent variable is in
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Stata, and from now on in this chapter, referred to as a Generalised Structural Equation model
(GSEM). The model fit indices, and the McFadden’s pseudo R2 values, presented in Table
6-2, come from equivalent SEM models, with each transport mode choice (over all other
transport modes16) as a dummy variable that is treated as a continuous variable. The standard
error of the trips in the SEM models is not clustered on respondents, since Stata cannot
estimate model fit indices in samples with clustered standard error either. The model fit
indices should therefore be interpreted with caution. The indices are presented in a separate
table simply to make it clear that they do not originate from the GSEM. Nevertheless, the
model outcomes of the SEM models are largely in line with the GSEM results (see all SEM
models in the appendix). Given this similarity, plus the fact that the SEM model fit statistics
indicate very good model fit (see the next paragraph), the model fit indices provide a strong
indication that also the GSEM models presented in this study fit the data well.
Both the CFI (comparative fit index) value and the RMSEA (root mean square error of
approximation) value in Table 6-2 give an indication of the overall performance of the model
in explaining the endogenous, dependent variables – both mode choice and number of cars in
the household. The RMSEA should be lower or equal to .07, and the CFI value should be
higher or equal to .95 in models with acceptable fit (Hooper, Coughlan, and Mullen 2008).
The pseudo R2 values show how much the (SEM) models explain respectively mode choice
and car ownership.
A look at the overall performances of the models in Table 6-2 shows that all models
perform well, with CFI and RMSEA within acceptable ranges. The model with only
socioeconomic, demographic, and temporal variables does a good job in explaining car
ownership, 22,9 percent, and contributes in explaining the variance in transport mode choice –
8,8 percent for public transport, 3,3 percent for cycling, and 8 percent for walking. Whether
people choose the car or not, is explained almost as well as car ownership, with 20,6 percent.
Adding residential urban structures to the model contributes to an incremental increase
in explaining public transport use and cycling. For walking, the pseudo R2 increases from 8
percent in the previous model to 11,5 percent in the model with residential urban structures.
This improvement is in line with the findings in the results in the previous analysis chapter,
16

The car is used as the reference group in the GSEMs, but using only the car as the reference group in the
equivalent SEMs would make the model fit indices dependent on varying sample sizes. The GSEMs takes the
entire sample with all the transport mode observations into consideration.
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Table 6-2: Model fit indices from SEM models.

since most walking trips are
made entirely within the
residential neighbourhood, and
therefore more influenced by the
residential structures. The real
contribution of adding residential
urban structures in the model is
the increase in explaining car
ownership – from 22,9 percent to
34,4 percent – something which
supports the findings in the
previous analysis with car
ownership as dependent variable,
and the theoretical assumption
that car ownership is influenced
by urban structures.

The model with destination urban structures added (model 3) does not add anything to
car ownership, since the destination variables are modelled only with a direct effect on mode
choice. The destination variables do not contribute much in explaining cycling and walking,
but public transport is now explained with 19 percent compared with 9,3 percent in the model
without destination variables.

6.2.2 Effect of socioeconomic and demographic attributes
Table 6-3 shows the direct and total effects of socioeconomic, demographic, and temporal
variables on mode choice, and direct effects on the mediating variable, number of cars in the
household. Number of cars in the household has a major impact on mode choice, just in line
with previous results in this thesis and other studies (Hanson 1982; Dieleman, Dijst, and
Burghouwt 2002; Van Acker and Witlox 2010). However, all the social variables that have a
significant direct effect on mode choice, have an even larger total effect. In other words, the
variables have a significant indirect effect on transport mode through car ownership as well as
a direct effect.
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Table 6-3: GSEM model on transport mode with number of cars as mediating variable. Socioeconomic, demographic, and
temporal variables.

Income level has in most cases only an indirect effect – the total effect is significant
but the direct effect is not – on mode choice via car ownership. This effect conforms to van
Acker and Witlox’ (2010) findings. The one exception is that respondents’ in households with
middle income also have a direct effect on being more likely to walk than low-income groups.

6.2.3 Effect of residential urban structures
The residential urban structure variables are added to the model in Table 6-4. The effect of
most socioeconomic and demographic variables is greatly weakened or rendered insignificant
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by this addition. The impact of household income, which is mostly indirect, is only slightly
reduced. The impact of gender is increased.
Population density in the residential neighbourhood has both direct and indirect effects
that make people more likely to walk, cycle and travel by public transport. It is also the
residential urban structure variable with the largest effect on all mode choices. The total
effects are almost twice as big as the direct effects. In other words, almost half the job of how
population density makes people travel with other modes instead of the car, is done by
making people own fewer or no car at all. It should therefore be of little surprise that
residential population density is one of the most important contributors in explaining number
of cars in the respondents’ household. This indirect contribution of population density may
explain why population density has a low impact in several studies that have not accounted
for indirect effects (Ewing and Cervero 2010; Næss 2012).
Building use diversity in the residential neighbourhood has both direct and indirect
effect on public transport use and walking. People are more likely to walk and use public
transport if they live in diverse neighbourhoods. The indirect effect does not make up as much
of the total effect as in the case of population density but still has a noteworthy contribution.
Building use diversity has only an indirect effect on cycling.
The design aspect intersection density has only an indirect effect on cycling and public
transport use, but both a direct and an indirect effect on walking. People are in all cases more
likely to travel by other modes than the car in areas with intersection-dense street designs.
Increased distance to train or metro station has both a direct and total negative effect
on public transport use, and a positive effect on cycling. The total effect of the distance
increase on cycling is, however, smaller but still positive, than the direct effect. The reason is
that increased distance to train or metro stations also makes the respondents more likely of to
own an increasing number of cars and thereby, assumedly, use car.
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Table 6-4: GSEM model on transport mode with number of cars as mediating variable. Residential urban structure,
socioeconomic, demographic, and temporal variables.
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Increased distance to closest public transport has similar, yet in overall weaker, effects
as distance to train or metro station on cycling. The direct effect is reduced, yet positive, in
the total effect by how car ownership reduces cycling. People also walk less the further they
live from any public transport service. The effect is mostly directly, but also indirectly
through car ownership.
Distance to closest local centre has a negative effect, mostly directly but also some
effect via car ownership, on walking. How far people live from regional centres influences
cycling. People are more likely to drive than to cycle the further they live from regional
centres. The direct and total effect are roughly the same, indicating that effect of distance to
regional centre on cycling is largely direct and not mediated by car ownership. Living close to
regional centres probably increases use of bicycle over car. Increased distance to regional
centre has a positive effect on public transport use. This may suggest that bicycle use is
substituted by public transport when the distances are too far.
Distance from the residential location to the city centre of Oslo has a negative and
mostly indirect effect on walking and cycling, in reference to the car, indicating that
peripheral dwellers favour car ownership and subsequent use of the car. Proximity to the city
centre has mostly a direct effect on public transport, however. People travel in general less
with all transport modes but car the further they live away from the city centre.

6.2.4 Effect of destination urban structures
The urban structures related to trip destination locations are added to the model in Table 6-5.
A very interesting change among the socioeconomic and demographic variables is that while
all effects except gender on mode choice were weakened when residential urban structures
were added to the model in Table 6-4, several of these social background effects increase in
strength when destination variables are added to the model.
Gender explains the variation in mode choice even more than in previous models, and
has now also an indirect effect on bicycle use. Women are more likely to cycle than men,
albeit at the significance level of five percent. Middle aged people (35-66 years old) are even
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Table 6-5: GSEM model on transport mode with number of cars as mediating variable. Destination urban structure, residential
urban structure, socioeconomic, demographic, and temporal variables.
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less likely to use public transport or walk than young adults. People with higher household
income are even less likely to use public transport or to walk than low-income respondents,
while income no longer has a significant effect on cycling.
These increases among some of the social variables can indicate that they are not that
closely related to residential urban structures in what can have been assumed to be residential
self-selection. It makes sense that residential self-selection is not gendered, which would
imply that men and women and live in different configurations of urban structures. The effect
of income level on car ownership, on the other hand, was unaltered or even higher when
destination variables were included in the model, indicating that van Acker and Witlox’
(2010) finding – that income has an indirect effect on car use – is still valid when destination
structures are accounted for. That being said, there are several socioeconomic and
demographic attributes that have reduced importance when destination locations are taken
into consideration.
Turning over to changes in the residential variables, population density in the
residential neighbourhood has a greatly reduced impact on mode choices in the model with
destination variables included. Population density now has a direct effect only on walking, at
the significance level of five percent. The variable still has a notable impact on mode choices,
but only indirectly through car ownership. People dwelling in densely populated areas are less
likely to own cars, and are subsequently more likely to use other transport modes, especially
walking.
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The effect of building use diversity on cycling is rendered insignificant, and the effect
on public transport use is only indirect through car ownership. The impact on walking, on the
other hand, is only somewhat reduced. Building use diversity is in this final model the
residential urban structure with the largest impact on walking, mostly with a direct effect not
mediated by car ownership.
Intersection density in the residential neighbourhood has no longer an effect on public
transport use, and only a minor effect, significant at the significance level of five percent, on
cycling, while the variable’s impact on walking, also significant at a five percent significance
level, is only slightly reduced.
Distance to closest rail or metro station from the residential location has a slightly
lower, positive effect on cycling in the model with destination variables. The variable has no
longer a significant direct effect on public transport use, only an indirect, negative effect. The
influence of distance to closest public transport service at all, has a marginally lower impact
than in the model without destination variables, while the effect on walking is unchanged.
The influence of distance to closest local centre has reduced impact, and significance
level, on walking. Distance to regional centre, on the other hand, is the one residential urban
structure that has increased in effect in the model with destination variables. It is the most
important residential structure that influence cycling. The total effect is, as in the previous
model, smaller than the direct effect. People cycle less the further they live from regional
centres, but the effect is reduced by car ownership.
While distance from the residential location to the city centre of Oslo had a negative
effect on the likeliness of choosing public transport over car in the previous model in table
Table 6-4, it has a positive effect on public transport use in the model with destination
variables included, contrary to the descriptive results and the results in previous studies (Næss
2006; Ewing and Cervero 2010; Næss 2012). The total effect is notably lower than the direct
effect, since distance to the city centre has a strong, negative effect on number of cars in the
household, but the total effect is still positive. In other words, people are more likely to use
public transport the further they live away from the city centre of Oslo, but not as likely if
they own car(s). The mitigating effect of car ownership on the effect makes sense and gives
credit to the validity of the effect. The car is the one mode that can outcompete public
transport on long-distance trips, and as shown throughout this thesis, if you own a car, you
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use it. The same trend was also found in the multinomial logit models (Table 5-4) in chapter
5, albeit that effect was stronger since car ownership did not function as a mediator in that
model. Several sensitivity analyses were run with different setups – omitting distance to
regional centre, use log transformed variables – but the overall trend was the same; increased
distance to the city centre makes it more likely to use public transport.
Among the newly added destination urban structures added to the model in Table 6-5,
workplace density has by far the strongest effect on mode choice, and is on the same level as
number of cars in the household, which has been shown to mediate the effect of several other
factors. People are (much) more likely to use public transport, but also to cycle or walk, when
they travel to places with a high workplace density, even when the sample include all kind of
trips, not only commute trips. This supports the use of workplace density as an indicator of
diversity and the concentration of not only workplaces but also services and facilities.
Population density at the destination location has a positive effect on cycling and
walking, but not on public transport use. Among the destination variables, it is the second
most important contributor to walking. People are more likely to walk and cycle when they
travel to densely populated areas. Intersection density has a minor, positive effect on public
transport use, at the significance level of five percent.
Increased distance to closest train or metro station has, surprisingly, a positive effect
on walking. People walk more if they are going to places located far away from rail transport
hubs. Increased distance to closest public transport service has a small negative effect on
public transport use and small positive effect on cycling. People use public transport more if
the destination is located nearby public transport services, but are also more likely to cycle if
the distance increases.
Distance to closest local centre from destination does not have a significant effect on
any mode choice. Proximity to regional centre, on the other hand, increases the likeliness of
using public transport, though the effect is significant at the significance level of five percent.
Distance to the city centre of Oslo, from the trip destination, has a strong negative effect on
public transport use. The negative effect is stronger than the positive effect of the equivalent
residential variable. In other words, destination location, relative to the city centre of Oslo,
has a larger impact on public transport use contra car use than residential location. Increased
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distance to green leisure areas has a negative effect on the likeness of walking instead of using
the car.
To sum up briefly, car ownership seems to function as a mediator of the effects of both
people’s socioeconomic and demographic attributes, and the residential urban structures on
transport mode choice. The mediating function of car ownership is arguably even more
important when destination urban structures are taken into account. Several residential urban
structures have a larger total effect than direct effect, and some structures have only an
indirect effect via car ownership on mode choice.

6.3 Commute contra non-commute trips
The focus will now be moved to whether these constellations of urban structures and car
ownership influence commute trips and non-commute trips differently. Table 6- with the
model fit indices shows that the full model in overall explains the variation in mode choice
among commute trips (36,4 percent) better than both non-commute trips (30,2 percent). The
model also does a better job in explaining number of cars among the respondents in the
commute sample than the non-commute sample. This indicates that commute trips are more
predictable, and better explained by observed and measurable variables.

6.3.1 Results
As shown in Table 6-6 with commute trips and Table 6-7 with non-commute trips, car
ownership does not have as big role as a mediator on commute trips as non-commute trips,
and especially on the likeliness of walking (contra car use). Most socioeconomic and
demographic attributes have a much larger impact on non-commute than commute trips. In
most cases, it means that people are even less likely to use other transport modes but the car
for non-commute than commute trips. Several variables that do not have a significant effect
on commute trips, have a significant effect on non-commute trips. Walking, especially, is
unaffected by most social variables in the commute sample, but are influenced all over the
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Table 6-6: GSEM model on transport mode among commute trips with number of cars as mediating variable. Destination
urban structure, residential urban structure, socioeconomic, demographic, and temporal variables.
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line in the non-commute sample. To sum up, when people are not bound by specific
destination locations that they routinely travel to every workday, i.e. commute trips,
differences among people have a larger impact on mode choice.
As expected, temporal variations have a larger impact on non-commute than commute
trips. This may indicate that non-commute trips are not as routinized and carved-in as
commute trips, in which people are more likely to use the same transport mode throughout the
year. Nevertheless, winter still has an influence on commuters’ bike use.
The effects of residential urban structures show not as straightforward differences
between commute and non-commute trips as social background. The effect on public
transport use is lower and in some cases non-existent among non-commute compared to
commute trips. Residential urban structures’ effect on cycling, on the other hand, is much
stronger among non-commute trips than commute trips. Urban structures have in general a
stronger effect on walking among non-commute trips than commute trips, except for a couple
of variables; distance to local centre and regional centre.
Population density at the residential location has a larger, positive influence on bicycle
use and walking among non-commute trips than among commute trips. The effect on bicycle
is mediated entirely through car ownership. The indirect influence of population density on
public transport use, on the other hand, is somewhat larger among the commute trips.
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Table 6-7: GSEM model on transport mode among non-commute trips with number of cars as mediating variable. Destination
urban structure, residential urban structure, socioeconomic, demographic, and temporal variables.
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Building use diversity has an indirect effect on public transport use among both noncommute and commute trips, and mainly a direct effect on walking.
Intersection density at the residential location has no effect at all on commute trips, but
makes it more likely to walk on non-commute trips. In other words, all the initial 3Ds –
density, diversity, and design – influence non-commute walk trips.
Increased distance to train or metro station has an expected effect on public transport
use among commute trips – they are less likely to made by public transport the further the
respondent dwells from such stations. Among non-commute trips, increased distance has a
positive effect on bicycle use only. Car ownership mitigates the effect, though, since people
are more likely to own cars with increased distance. The total effect is lower than the direct
effect.
Distance to closest public transport service has only an effect on non-commute trips,
and then on all transport modes but public transport use. People cycle more and walk less the
further they live from public transport. Just as with the other public transport variable, the
total effect on bicycle use is lower than the direct effect.
Distance to closest local centre is one out of two residential structure variables with a
larger impact on commute trips than non-commute trips. The effect of making people less
likely to walk the further they dwell from a local centre, is albeit weak and only significant at
the significance level of five percent. This effect is only direct.
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Increased distance to closest regional centre decreases bicycle use among both
commute and non-commute trips, albeit more among non-commute trips. Increased distance
to closest regional centre also reduced the amount of commute trips made by walking.
Distance from residence to the city centre of Oslo is the most important residential
structure in explaining public transport use. Increased distance to the city centre of Oslo
makes people actually more likely to use public transport instead of the car. The total effect
mitigates the direct effect though, just as in the model with full sample. This relationship was
discussed in-depth in the previous section. Among non-commute trips, distance to the city
centre is shown to have a small and only direct positive effect on public transport use. This
difference between commute and non-commute trips may indicate the central role public
transport has of feeding the city centre and workplaces of Oslo with commuters from
relatively peripheral locations in Akershus.
Urban structures at the trip destination locations have in overall a larger impact on
non-commute than non-commute trips. Moreover, a larger range of urban structures has an
effect on non-commute trips than on commute trips. High population density at the
destination location contributes to both public transport use, cycling and walking on noncommute trips, but only walking in the case of commute trips. Intersection density has a
marginal effect on public transport use on non-commute trips, and increased distance to train
or metro stations make people walk more on non-commute trips. Neither intersection density
nor proximity to rail-oriented public transport has any effect on commute trips. Living nearby
any kind of public transport, however, increases the likeliness of using public transport and
decreases the likeliness of cycling non-commute trips.
Increased distance from destination location to regional centre make commuters less
likely to walk, and non-commuters less likely to use public transport. Distance to the city
centre of Oslo from destination location has an almost identical effect on commute and noncommute trips.
The last destination urban structure variable to be mentioned, is workplace density,
which is the only urban structure, among both residential and destination urban structures,
that exerts a significant effect on all transport mode choices among both commute and noncommute trips. It is also the variable with the largest effect on public transport use and
walking. Distance from residential location to regional centre has a slightly stronger effect on
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cycling. Workplace density has a marginally lower effect on cycling and walking among noncommute trips than commute trips, but contributes to more public transport use among noncommute trips than among commute trips. As workplace density has almost the same effect
on non-commute trips as commute trips, it seems that the variable is a well-functioning proxy
not only to workplace concentrations but also concentrations of attractive destination
locations for non-commute trips, such as leisure-oriented facilities and services, etc. stores,
restaurants, cafes, etc.

6.4 Conclusion
The aim of this chapter was to address the following research questions:
RQ4

How and to what extent do residential urban structures influence car
ownership?

RQ5

How and to what extent do urban structures at the place of residence affect
people’s choice of transport mode directly as well as indirectly through the
number of cars in their household?

RQ6

How and to what extent do urban structures and car ownership as a mediator
affect commute trips contra non-commute trips?

Concerning RQ4, the results from the logit model (Table 6-1) with car ownership as
dependent variable indicates that car ownership is indeed associated with a large number of
urban structures, and people’s social background. This is in line with previous studies (Hess
and Ong 2001; Næss 2009; Zegras 2010) Qualitative interviews can back up the assumption
that these relations are causal (Næss 2006). In other words, car ownership is likely to be
influenced by residential urban structures and people’s social background. Socioeconomic
and demographic variables have a stronger effect than urban structures on car ownership, as
also shown in previous studies (Cao et al. 2007; Zegras 2010 van Acker and Witlox 2010),
but urban structures contribute with their fair share in explaining car ownership. People in
dense, diverse neighbourhoods with (assumedly) fine-scaled street grid close to the city centre
of Oslo are less likely to own a car than people living in sparsely populated, neighbourhoods
with monotone building use. These findings conform to previous findings; that mixed land
use (Hess and Ong 2001; Zegras 2010) and central location (Næss 2009) make people less
likely to own one or more cars.
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Regarding RQ5, the SEM models with car ownership as a mediator indicate that car
ownership has a vital role as a mediator of other factors, both urban structures in people’s
residential neighbourhood, and their socioeconomic and demographic attributes. This is in
line with previous studies that have used car ownership as a mediating variable (Cao et al.
2007; Van Acker and Witlox 2010). Residential urban structures turned out to have a much
larger influence on mode choice when the indirect effects through car ownership are taken
into consideration, just as in Van Acker and Witlox’ (2010) study. Especially household
income and population density in the residential neighbourhood have almost no direct effect
on transport mode choice, but they still contribute indirectly via their contribution to car
ownership. These are structures that do not influence mode choice in themselves, but by
influencing people’s car ownership, they subsequently influence car use. The lack of using car
ownership as a mediator may, therefore, explain why population density had such a marginal
effect on travel behaviour in Ewing and Cervero’s (2010) meta-analysis of international
studies.
The importance of modelling car ownership as a mediator is arguably even more
important when urban structures at destination locations are included in the model. As shown
in the previous chapter, residential urban structure variables lose strength and become in
many cases insignificant when destination variables are added to the model. Yet, they still
seem to play a role in how they influence car ownership and thereby car use. However, the
total effect of residential urban structures is low compared to the effect of urban structures at
the destination location. Workplace density at the destination location has a major impact on
mode choice.
Turning over to RQ6, there are no broad distinctions between commute and noncommute trips. Commute trips are in overall better explained by the model than non-commute
trips. This indicates that commute trips are more predictable. This may also indicate that
commute trips are governed more by rational decision-making Næss (2006) and Vilhelmson
(1999). Non-commute trips are influenced by socioeconomic and demographic attributes in a
much larger degree than commute trips, in line with the Dieleman and colleagues’ (2002)
findings. Nevertheless, workplace density at the trip destination has a major influence on both
commute and non-commute trips – people travel less by car and more by all other modes
when they travel to workplace-dense neighbourhoods.
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7 Conclusion
This master thesis began by pointing out that global climate change is one of the greatest
challenges of our time. In search for ways to mitigate CO2 emissions, policy-makers have
turned their eyes to the transport sector. It is well-established knowledge that urban structures
exert an influence on travel behaviour (e.g. Newman and Kenworthy 1989; Dieleman, Dijst,
and Burghouwt 2002; Ewing and Cervero 2010; Næss 2012; Zegras 2010), and this
knowledge has been translated into policy documents for how entire city regions, such as
Oslo and Akershus, the study area of this thesis, should be developed. It is often conceived
that polycentric city regions with compact, transit-oriented cities and neighbourhoods reduce
distances travelled, discourage car use and promote the use of alternative transport modes.
The questions remain to what degree urban structures influence travel behaviour.
The main objective of this master thesis is, therefore, to unravel how, and to what
extent, urban structures at the place of residence and at trip destination locations influence
urban daily mobility in Greater Oslo, both directly and indirectly through car ownership.
Several shortcomings in the literature are addressed in this thesis. First, car ownership
usually overshadows the effect of all other factors. Some studies indicate, however, that car
ownership function as a mediator between urban structures and travel behaviour (Næss 2006;
Cao et al. 2007 Van Acker and Witlox 2010). Second, the influence of the urban structures at
destination locations are understudied, particularly in a Norwegian context (Næss 2012, 34)
Several studies investigate the effect of workplace location on commute trips (Næss and
Sandberg 1996; Tennøy, Øksenholt, and Aarhaug 2014) or shopping mall location on
shopping trips (Hanssen and Fosli 1998; Engebretsen, Hanssen and Strand 2010). Third, only
a few Nordic studies (Westford 2010; Næss 2011), and none of them Norwegian, have taken
into account the design in the local neighbourhood. Moreover, diversity measures, such as the
degree of mixed land/building use, have not been used in any Norwegian study. The main
emphasise in Norwegian and Nordic studies has been on regional urban structures, such as
location of the dwelling relative to the main city centre of the region and subcentres.
To address these relations and shortcomings, six research questions were formulated
in the introduction of this master thesis. The results from analysis addressing these RQs are
summarised and interpreted in the following section.
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RQ.1 How are travel behaviour and car ownership spatially distributed throughout
the city region of Oslo and Akershus, both according to where people live and
the destinations of the trips?
A descriptive analysis of the spatial distribution of car ownership, total distance
travelled by car, and transport mode choice throughout the region of Oslo and Akershus,
indicates that urban structures and travel behaviour are related. Three major patterns are
identified. First, both people that live in and travel to places in proximity to the city centre of
Oslo use the car less and other modes more, especially walking and public transport, than
people who live in or travel to peripheral locations. The location of trip destinations seems to
have a larger impact than residential location on especially public transport use; a very low
share of all trips made to most places outside Oslo is made by public transport. Second,
people are travelling less by car and more by other modes, notably walking and thereafter
public transport, when they live in or travel to urban settlements in Akershus, and not adjacent
rural areas. Third, people living in or travelling to locations along the rail road corridors travel
less by car and more by other modes.
The spatial pattern of car ownership follows the patterns of total car distance and mode
choice, but are arguably even more polarised by variations in urban structures from place to
place. These descriptive findings are in line with previous studies.
RQ.2 How do urban structures at the place of residence influence total distance
travelled by car?
The results from a tobit model indicate that urban structures have an important
influence on how much people use the car in total, even though people’s socioeconomic and
demographic attributes exert a larger effect. People dwelling in densely populated
neighbourhoods with diverse building use and short travel distances to the city centre of Oslo
and closest local centre travel less by car than others. This is in line with previous studies
(Holden and Norland 2005; Næss, Røe, and Larsen 1995), and adds to the importance of
building use diversity. As car use decreases in these neighbourhoods with ‘sustainable’
constellations of urban structures, the question is what transport mode do people use instead?
RQ.3 How do urban structures at the place of residence and at destinations influence
people’s choice of transport mode?
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The results from a multinomial logit model, with transport mode choice as dependent
variable, indicate that the urban structures at both residential and trip destination locations
have an impact on mode choice, the latter having the largest impact. High workplace density
at the destination location is by far the most important factor in making people travel less by
car and more by all other transport modes. Moreover, workplace density exerts a large
influence on all kind of trips. Previous studies with destination location are often either
limited to commute trips (Næss and Sandberg 1996; Barnes 2003; Vega and ReynoldsFeighan 2008) or shopping trips (and then with shopping malls as only destination location
type that was taken into consideration) (Hanssen and Fosli 1998; Engebretsen, Hanssen and
Strand 2010). It is important to keep in mind that a high workplace density is not only an
indicator of where people can find jobs, but also where they may find all kind of services and
facilities that are attractive destinations for non-commute trips. Apart from the important
influences of urban structures on transport mode choice, there is one other determinant that
stands out. The number of cars in the household has a strong positive effect on car use, at the
cost of all other transport mode usages. If you own a car, you use it (Hanson 1982; Dieleman,
Dijst, and Burghouwt 2002; Van Acker and Witlox 2010). Or rather, if you do not own a car,
it is really hard to use a car. But, car ownership is not necessarily independent from urban
structure, as investigated by the following research question:
RQ.4 How and to what extent do residential urban structures influence car
ownership?
The results from a logit model with car ownership as dependent variable indicate, as
shown in the descriptive results and previous studies (Hess and Ong 2001; Næss 2009; Zegras
2010), that car ownership is indeed associated with, and assumedly influenced by, residential
urban structures, although also here socioeconomic and demographic play a larger role.
Especially population density has a large effect on car ownership. People are also less likely
to own one or more cars if they live in intersection-dense neighbourhoods with a high
diversity of building uses that are located close to the city centre of Oslo. While RQ2, 3 and 4
analyse the effects of urban structures, along with socio-economic and demographic factors,
on transport mode choice and car ownership separately, a fifth research question has been
formulated to integrate the two:
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RQ.5 How and to what extent do urban structures at the place of residence affect
people’s choice of transport mode directly as well as indirectly through the
number of cars in their household?
The results from a structural equation model (SEM) indicate that car ownership indeed
functions as a mediator of the effect of residential urban structures on transport mode choice.
The urban structures within the residential neighbourhood – population density, building use
diversity, and street design – have mostly an indirect effect on transport mode choice. In other
words, people dwelling in dense, diverse and complexly-designed (intersection-dense)
neighbourhoods travel less by car and more by other public transport modes because the
urban structures make them less likely to own one or more cars. Walking is the only mode
that is promoted by all the urban structures within the residential neighbourhood. The finding
that population density has an indirect effect on transport mode choice via car ownership, can
explain why population density has such a surprisingly low effect on travel behaviour in most
studies (Ewing and Cervero 2010; Næss 2012). The location of the residential neighbourhood,
with respect to the location of local centres, regional centres and the city centre of Oslo, has
on the other hand mostly a direct effect on transport mode choice. Moreover, a hierarchical
structure in the effects on transport mode choice can be identified according to the different
spatial scales. Proximity to local centres make people walk more, proximity to regional
centres (and to a lesser degree city centre of Oslo) make people cycle more, while proximity
to the city centre of Oslo make people travel more by public transport.
Socioeconomic and demographic attributes turn out to have a major impact on
transport mode behaviour, in line with the previous findings in this thesis and other studies
(Dieleman, Dijst, and Burghouwt 2002; Hanson 1982), not only directly, but also indirectly
through car ownership. Especially the effect of income, as indicated by some few studies (Cao
et al. 2007; Van Acker and Witlox 2010), is mediated by car ownership.
The direct effects of destination urban structures are included in the model as well, and
they turn out to have a larger effect on transport mode choice than the residential urban
structures. It confirms the importance of workplace density in explaining transport mode
choice. Again, it is important to remember that this variable is an indicator of much more than
attractive destinations for commute trips. That leads to the next research question:
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RQ.6 How and to what extent do urban structures and car ownership as a mediator
affect commute trips contra non-commute trips?
The same models that were used to address RQ5, albeit run on the two sub-samples of
commute trips and non-commute trips, did a better job in overall of explaining the transport
mode choice among commute trips than non-commute trips. This may indicate that ‘bounded’
commute trips are governed more by rational decision-making Næss (2006) and Vilhelmson
(1999), while non-commute trips are more irrational and influenced more by unobservable
elements, such as personal attitudes, values and worldviews, as indicated by. This is also
supported by how people’s socioeconomic and demographic attributes have a larger influence
on non-commute trips than commute trips; differences between people matter more when
people do not commute. Still, both commute and non-commute trips are influenced by urban
structures. Moreover, workplace density at the trip destination has a major influence on both
commute and non-commute trips – people travel less by car and more by all other modes
when they travel to workplace-dense neighbourhoods. This supports the assumption that this
variable is an indicator of not only workplace locations – attractive destinations for commute
trips – but that it may even be the best indicator of nothing less but urbanity. Næss (2006)
stresses in his work that proximity to concentrations of facilities are more important for
people than proximity to the single-closest facility. It may be that workplace density is one of
the best indicators of such concentrations of facilities.
Table 7-1 summarises the main results listed above. Quantitative models have been
applied to get these results, and it is important to stress that these models take into account
only the variables and the causal assumptions that I bring to them. The mechanisms of how
high workplace density at destination locations make people travel less by car, remain
unexplained in this thesis. Workplace density have a high collinearity with building use
diversity, and some collinearity with most other urban structures. This indicates that the
contribution of workplace density should not be observed in isolation from other structures. A
large range of urban structures functions in an interplay with each other. Workplace-dense
areas are, for example, likely to be centrally located areas with well-functional public
transport services.
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Moreover, the urban structure variables used in this thesis are all attempts to describe
the partially tangible characteristics of urban, suburban and exurban locations. Elements such
as cultural meanings, representations and qualitative characteristics of places have not been
accounted for, yet, they are likely to exert an impact on travel behaviour. Nor are people’s
travel-related attitudes or values accounted for in this thesis. A large share of the variation in
people’s transport mode choices is not explained by the models run in this master thesis. In
other words, how people travel is not only up to rational decision-making based on urban
structures or social background, but also irrationality, randomness, or other unobserved yet
crucial factors, such as attitudes, values and worldviews (Røe 2000; Næss 2006).
Table 7-1: Summary of the results.

7.1 Theoretical implications
There are four main contributions from this master thesis to the knowledge production in
transport studies. First, the results support the well-established knowledge that residential
urban structures matter (Næss 2006). Second, urban structures at the trip destination locations
do not just influence transport mode choice; they have in fact a larger impact on travel
behaviour than the urban structures at the residential locations. This conclusion is rather novel
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in a Norwegian context, as destination locations have only been taken into consideration in
some few Norwegian studies that have studied specifically work trips (Næss and Sandberg
1996; Tennøy, Øksenholt, and Aarhaug 2014) or shopping trips with shopping malls as only
type of destination (Hanssen and Fosli 1998; Engebretsen, Hanssen and Strand 2010). The
impact of urban structures at the destination locations in this study indicates that destination
locations should be taken into account in future transport studies, for all kind of trips. The
impact of destination locations may explain why people still own cars in densely populated
central districts. Emphasis on this issue may help in understanding, and perhaps addressing,
what at first seems irrational decision-making.
Second, the findings in this thesis confirm that car ownership should be treated as a
mediator of the effect of residential urban structures, and people’s social background, on
transport mode choice. This renders regular regression analyses unsuitable, and calls for more
use of structural equation modelling. The alternative to modelling car ownership as a mediator
in quantitative models, if the purpose of the study is to unravel the influence of urban
structures on travel behaviour, is to not include car ownership at all, as suggested by Næss
(2014). If treated as an independent variable, car ownership will only cover the effect of
notably residential urban structures. The weak effect that has been found in both international
and Nordic studies of population density on travel behaviour can in several cases, probably,
be explained by the use of car ownership as a ‘regular’ independent variable instead of as a
mediating variable.
The third main contribution from this thesis, specifically in a Norwegian context, is
that street design (intersection density) and building use diversity (a mix of dwellings, stores,
offices and industry) within people’s residential neighbourhood, and the trip destination
locations, have an influence on people’s travel behaviour. This contribution is closely related
to the second contribution, the role of car ownership as a mediator, since most of these withinthe-neighbourhood structures – population density, building use diversity, intersection density
– have mostly an indirect effect on transport mode through car ownership. In other words,
they do not make people travel less per se, but they make people own fewer or no car at all,
which makes people use the car less and other, more sustainable transport modes, more.

7.2 Implications for policy and planning
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The findings in this master thesis have three important implications for policy-making and
planning. First, policy-makers with the objective to replace car use with other more
sustainable transport modes should not only ask how to reduce car use, but also what transport
mode they want to replace the cars with. When car-reducing measures are implemented,
alternative modes should be promoted simultaneously. It is all about relative competitiveness
of modes. A hierarchical structure in the effects on transport mode choice can be identified
according to the different spatial scales. Dense, diverse, and complexly-designed
(intersection-dense) neighbourhoods promote walking over the car. People living closer to
regional centres cycle more, while the regionwide structures, such as proximity to the city
centre of Oslo, influence public transport, as shown in Table 7-1. This is the case at both
residential locations and trip destination locations. An interesting side note is that the
configurations of urban structures that promote more sustainable mobility coincide well with
the conditions for city diversity that promote active streets full of life in a ‘side walk ballet’,
according to Jane Jacobs (1961): Densely populated neighbourhoods with a diverse mix of
building uses (and age of buildings), and a fine-grained street network with many
intersections and short blocks.
Second, sustainable mobility planning should promote the concentration of popular
destinations, such as employment, shopping and service centres, and sport or other
recreational facilities in central (in regard to both the city centre and regional centres)
locations with complexly-designed street network, and access to public transport.
Concentration of such services at peripheral or car-dependent locations, such as highway
access shopping malls, should be combated. Not only will destination-oriented development
contribute more than residential-oriented development to modal shifts from the car to other
transport modes. Destination-oriented development will also, more likely, reduce the conflict
level that follows any kind of development. People do not like changes, but especially not in
their own residential neighbourhood, or backyard (Not In My Back Yard, NIMBY), that they
are personally attached to.
Third, policy-making should focus on reducing not only car use directly, but also
indirectly by reducing car ownership. This can be done, as indicated by the results in this
thesis, by restructuring the urban structures. People in central (in regard to both city centre of
Oslo and regional centres), dense, diverse, complexly-designed are less likely to own one or
more cars. Other demand management measures should also be considered, such as increased
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registration fees and fuel prices. The use of this kind of demand management can, however,
be considered as more provocative and unjust, since they may harm people that do not really
have any other travel options but the car. The second implication – the promoting of welldeveloped destination locations – may contribute to reduced car ownership, as previously
argued. People may still own a car in neighbourhoods with the ‘proper’ constellations, if they
often travel to car-dependent destination locations.
Relating to the current regional land use and transport plan in Oslo and Akershus
(Plansamarbeidet 2015), the results in this thesis supports, in general, the measures applied in
the plan. Residential locations and destination locations should be dense, diverse and
complexly-designed, in line with the compact transit-oriented development strategy in the
regional plan, to reduce car use and increase use of other modes. Proximity to not only the
city centre of Oslo but also regional centres has an influence on modal shift, reduced travelled
distance by car and car ownership, something which supports a polycentric development, as
suggested in the regional plan. However, more important than a polycentric or monocentric
pattern, according to the findings in this thesis, is the development of attractive destination
locations, with high workplace density. Other factors that have not been accounted for in this
thesis can argue that this development of destination locations should find place in a
decentralised, polycentric pattern. The city centre of Oslo is already densely populated by
both people and workplaces, while the potential is larger in the regional centres throughout
the region. Although not investigated in this thesis, the development should maybe find place
in the largest regional centres, since the smallest settlements may struggle to maintain a large
enough variation of facilities and services, due to market mechanisms (Næss 2012).

7.3 Future research
Most of the urban structures in this thesis are interrelated (Table 4-1), causing potential issues
of multicollinearity in quantitative models. Two solutions to this in future studies, are to run
factor analyses or to index the urban variables into fewer synthesised variables. This is also an
opportunity to include variables that were omitted entirely from the models in this thesis, such
as public transport frequency and pedestrian-oriented street design (metres of pavements, bike
lanes etc. per metre of (car) road). However, it is not uncommon that studies have an index
variable that merges the influence of proximity to public transport and the frequency of the
public transport services.
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Car ownership is modelled in this thesis as a mediator of the effect of residential urban
structures on transport mode choice. The preliminary results indicated that there is no reason
to assume that car ownership function as a mediator of the effect of destination urban
structures too. It might be, however, that the destination location of routinized trips, such as
commute trips, influences not only how people travel to work, as shown in several studies, but
also whether people choose to own one or more cars. In other words, it could be worthwhile
to study how car ownership mediates the effect of trip destination location on travel behaviour
in the case of commute trips. The reason this was not done in this thesis, was to make all
results as comparable as possible. One should, however, be careful with making hard claims
on the direction of the effect.
The quantitative models in this thesis show only correlations and associations, and no
causality. Næss’ (2006, 2013) work on transport rationales, can hint towards the mechanisms
– that concentrations of facilities matter more than proximity to closest facility – but
additional qualitative studies of possible mechanisms would be preferable. As workplace
density at the trip destination locations has been shown in this thesis to have a major
association with transport mode choice, it is important to unravel the mechanisms that cause
this association. Moreover, studies with similar setup of destination variables in other study
areas need to be undertaken to address whether the importance of trip destination, and
especially workplace density at the destination location, is generalizable or not.
One of the major contributions of this master thesis was to take the location of trip
destinations into consideration. A logical next step would be to take the urban structures along
the entire route of trips, or the most efficient route between origin or residential locations and
destination locations, into consideration. Does it matter that you can use the highway the
entire way from home to work? Is the public transport well-connected between home and
destination, or do you have to make many transfers? Does the bike lane at one person’s home
connect to the bike lane at his work or the local grocery store? The neighbourhoods at the two
end points of a trip can be as pedestrian and bicycle-friendly as possible; people might still
use the car if the two end points are not well connected by bike lanes or pavements.
It was also mentioned several times in the descriptive chapter, while addressing RQ1,
that Nesoddtangen is a special case. The reason to this, most likely, is that the public transport
accessibility to the major concentration of workplaces and facilities in the city centre of Oslo
outcompetes the accessibility by car. While car drivers must drive around the inner part of the
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Oslo fjord, public transport users can take the passenger ferry just across the fjord. This
highlights the importance of the competitiveness between transport modes.
More of a shortcoming in this thesis, rather than a novel suggestion, is to model
residential self-selection in the structural equation models in future studies. Covariance
between residential urban structures and socioeconomic and demographic attributes in the
models indicate that residential self-selection is present and an issue. Although both Næss
(2014) and Holden and Norland (2005) argue that it is enough to control for socioeconomic
and demographic attributes.
The findings in this thesis, most of them summarised in Table 7-1, can guide how the
urban structures of neighbourhoods and city regions should be configured to ensure
sustainable daily mobility. It is however of the utmost importance that these findings, and
any potential policy-making that follows them as guidelines, are viewed in a larger picture.
One thing is the ‘compensatory effects’ (Holden and Norland 2005; Næss 2006), that people
dwelling in the most ‘grey’ and dense areas, are the same people that undertake the longest,
and most polluting (Aamaas and Peters 2017), leisure trips both by car and aeroplane.
Another thing is the social implications. Compact city strategies and transit-oriented
development may reduce the need to own and use a car for people that live in the most
‘sustainable’ neighbourhoods in which it is easier to use any transport mode but the car.
However, as these neighbourhoods become more accessible, they also become more
attractive. Housing prices increase (Bartholomew and Ewing 2011; Duncan 2011), and as
with any development, the question becomes accessible neighbourhoods and sustainable
mobility for whom? Are people that cannot afford sustainable neighbourhoods forced to travel
by car from the exurban outskirts of the regions with nothing but the road within walking
distance?
Increased travel costs among people that initially could not afford accessible
residential locations, may result in increased polarisation between low-income and highincome groups (Martens 2016). That is why Banister (2008, 75) stresses that one should not
only develop places in the city that are not only attractive but also affordable to ensure
mobility that is both socially and environmentally sustainable.
Moreover, with the electrification and automatization of the car fleet, the marginal
effects of urban structures on travel-related emissions will become more marginalised and the
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environmental incentives for transit-oriented development will reduce. Nevertheless, walking,
cycling and (electrified) public transport will still be more environmentally friendly than
electric cars, both when life-cycle emissions and the energy mix are taken into consideration
(Graham and Reedman 2010). Transit-oriented development and a modal shift from car use to
public transport use will regardless address other environmental issues, such as resource
efficiency. It is better to build one electric bus that holds fifty passengers than to build fifty
electric cars to one car driver each. This also showcases the issue of congestion and use of
space in cities. Cars require more space of the city than any other transport mode. If that is the
case, that the environmental impact of car use is reduced by technological fixes – which is
one out of four ways to reduce car use, according to Banister’s (2008) – reducing car use is
still of importance, but due to other reasons. Congestion, local (noise) pollution, public health,
and social differences are still vital issues.
Nevertheless, the findings in this master thesis have shown that urban structures
influence transport mode choice not only directly but also indirectly through car ownership.
Furthermore, different constellations of urban structures can result in different modal shifts
from car use. In other words, there are multiple paths to the end location, the destination, of
sustainable daily mobility patterns. It is up to the policy-makers to choose which ones we are
to travel.
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Table 7-2: Commute flows according to residential municipality and workplace municipality in the
fourth quarter in 2013. Data source: Statistics Norway

Appendix

141

Table 7-3: SEM model used to estimate model fit indices for the GSEM with only control variables in Table 6-2.
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Table 7-4: SEM model used to estimate model fit indices for the GSEM with residential urban structure variables and control
variables in Table 6-2.
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Table 7-5: SEM model used to estimate model fit indices for full model in Table 6-2.
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Table 7-6: SEM model used to estimate model fit indices for commute trip model in Table 6-2.
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Table 7-7 SEM model used to estimate model fit indices for the non-commute trip model in Table 6-2.
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