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1. INTRODUCTION

1.1 Background

Messages such as “Traffic infarct is a fact” or “Even more cars until 2020”
appear on a regular basis in newspapers and magazines, indicating the
everlasting concerns about our daily mobility. These concerns are supported by
figures and statistics indicating the substantial increase in the overall amount of
travel. Like in many countries, car travel in Belgium has more than doubled
between 1970 and 1990, from 40 billion passenger-km’s to 90 billion passenger-
km’s (http://www.mobilit.fgov.be). Nowadays, travel is still rising although at a
decelerating rate, and this increase likely continues. Prognosis studies predict
another 30% increase in passenger-km’s by 2030 (http://www.plan.be).

Various economic, social and spatial aspects contribute to this mobility increase.
Influenced by its housing policy and transportation policy, a commuting
culture has always existed in Belgium. Due to inexpensive public transportation
season tickets and a well-established network of railways and tramways, people
were no longer forced to reside nearby their jobs which were mainly located
within the city. This was encouraged by the housing policy which promoted
inexpensive social house-construction in garden cities, and provided subsidies
and fiscal compensations for individual home-ownership. As a consequence,
some form of suburbanization already existed in Belgium from the second half
of the nineteenth century (Lauwers, 1991; Verhetsel et al., 2007). Due to
technological advances, travel costs for passenger transport considerably
decreased in the first half of the twentieth century (Rietveld and Vickerman,
2004). Combined with rising prosperity in the post World War II period, car
ownership came within reach of many middle-class households. Especially
from the 1950s onwards the automobile became a truly mass consumption
product and the main mode of individual transportation in the Western world
(Schafer, 1998; Kenworthy et al., 1999; Rodrigue et al.,, 2006). Moreover,
commuters in Belgium could benefit from a compensation for their commuting
costs by their employers (Verhetsel et al., 2007; Boussauw et al., 2009). This mass
motorization together with improvements in the road network has strongly
stimulated further suburbanization (Kesteloot, 2003). The private car provided
unprecedented access to formerly unreachable destinations and it enlarged
people’s action space or the area within which persons can undertake activities
(Dijst, 1995; 1999). Combined with a subsidy policy encouraging house
ownership, people were no longer compelled to reside near their workplace
and they moved toward green, safe and quiet residential neighbourhoods
outside the city centre. Despite all kind of subsidies and loans, buying a house
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Chapter 1

and a car remain important investments for most households. It often
necessitates having a double-income. This increases labour participation of
women which partly explains the rising travel figures of the last decades. These
rising figures might also be the result of the absence of an adequate spatial
planning policy for many years. Spatial planning policy in Belgium merely
emerged in the 1960s-1980s with the design of regional zoning plans (Saey,
2005; Leinfelder, 2007; Allaert, 2008). However, functions such as living,
working, shopping and recreating were already spatially separated by then. As
a result, participating in these activities necessitates travel. Furthermore,
activity patterns have also changed. Increased economic productivity enabled
shortening of working time (i.e., more holidays, less working hours a day),
resulting in more free time that could be spend on shopping or leisure activities.
Whereas commuting is often considered as the most important travel motive,
shopping and leisure are nowadays each responsible for almost one third of all
trips (Ministerie van de Vlaamse Gemeenschap, 2005).

Increasing mobility is not necessarily something bad. After all, it offers people
scopes to develop and it encourages social and economic development (e.g.,
Church et al., 2000; Preston and Rajé, 2007; Cebollada, 2009). Nevertheless,
expanding mobility is nowadays perceived as undesirable because of its various
negative externalities. In 2002, 26.2 billion km’s were covered on Belgian
motorways, which is about one third of the total amount of vehicle-km’s
travelled on Belgian roads. Due to congestion, 9 million hours were lost in
traffic and this will increase by 36% until 2020. Since ‘time is money’ these lost
vehicle hours equals to 114 million euros on an annual basis or to 460,000 euros
for each working day (Logghe and Vanhove, 2004; Maerivoet and Yperman,
2008). Another problem relates to environmental damage. Due to strict emission
standards and technological improvements in the construction of combustion
engines, pollution by traffic has considerably decreased. Nevertheless, traffic
remains responsible in Belgium for 59% of the emissions of nitrogen oxides
(NOx) and 23% of the emissions of carbon dioxide (CO:) in 2007. NOx is
associated with the acidification of the environment, whereas CO:is considered
as one of the major causes of global warming. Moreover, despite all efforts, CO:
emissions are still increasing. Although various types of ‘clean’ cars nowadays
exist, its share in the total amount of vehicles remains small. Moreover, each
year the total amount of travelled distance increases. This combination results
in the emission of 12,860 kton CO: in 2007, or an increase by 10% compared to
1990. Transportation in Belgium also produced 18% carbon monoxide (CO),
14% volatile organic compounds (VOC) and 23% total suspend particles (TSP),
all of which cause serious health problems (Vlaamse Milieumaatschappij, 2008).
These statistics can also be expressed in monetary terms. Environmental
damage caused by motorway traffic only is worth 360 million euros of which
80% is due to fine dust (Logghe and Vanhove, 2004). Besides congestion and
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environmental pollution, other well-known examples of negative externalities
of increasing mobility are problems with traffic safety (e.g., Flahaut et al., 2003;
Kopits and Cropper, 2005; Eksler et al., 2008) and the damage to landscapes
caused by transecting transport infrastructure (e.g., Serrano et al., 2002; Antrop,
2005, 2007).

The aforementioned mobility problems urge policymakers to respond by
undertaking appropriate actions and measures. During several decades,
transportation policy in Europe and the USA focused on the supply side of
transportation by extending the road network. Belgian road infrastructure
expanded spectacularly in the 1970s and 1980s, mainly by the construction of
motorways. As a consequence, with 57.76 road km per 1000 sq. km Belgium has
nowadays the most densely built transport infrastructure in Europe
(www.plan.be) and even ranks third place in the world
(http://web.worldbank.org). In the 1990s, the focus of transportation policy
shifted from the supply side toward the demand side of transportation,

introducing shorter-term infrastructure management strategies so that the
existing road network could be used more efficiently. This shift is, without
doubt, inspired by the report Our Common Future of the Brundtland
Commission. That report launched the concept of ‘sustainable development’: a
social and economic development meeting today’s needs but without
compromising the ability of future generations to meet their needs (World
Commission on Environment and Development, 1987). It led to the first Earth
Summit, the UN Conference on Environment and Development, at Rio de
Janeiro in 1992, and the formulation of Agenda 21 (United Nations, 1992). This
conference discussed, among others, the use of sustainable development in
transportation. It states that countries should develop an efficient and
environmentally sound urban transport system that reduces transport demand,
stimulates public transport and encourages walking and cycling. This can be
achieved by, among others, the integration of land use and transportation
planning (Banister, 1999). In correspondence with the Brundtland report and
Agenda 21, Belgium formulates since 2000 each four years a federal plan on
sustainable development. The first federal plan of sustainable development in
Belgium acknowledges the derived nature of travel demand. Although some
people sometimes travel just ‘for fun” (Mokhtarian and Salomon, 2001; Ory and
Mokhtarian, 2005), people mainly travel in order to participate in activities such
as working, shopping and recreating at spatially separated locations. Thus, it
seems logical that controlling mobility might be achieved by a better organized
spatial structure in which people reside nearby their activity locations (FOD
Mobiliteit en Vervoer, 2000). The more precise and practical interpretation of
this is not a federal, but a regional matter. For example, for several decades,
spatial planning was regulated by regional zoning plans that tended to offer
juridical certainty, but land uses were defined without reference to a global

[5]



Chapter 1

vision on Flanders” spatial structure. This changed in 1997 with the approval of
the Spatial Structure Plan for Flanders (Ministerie van de Vlaamse
Gemeenschap, 1998). This plan offers a spatial vision and a framework against
which spatial choices can be balanced. It recognizes the derived nature of travel:
the need to travel is caused by the increasing spatial dispersal of activities such
as living, working, shopping and recreating. As a consequence, travel
behaviour can be influenced by changing the spatial organization of these
activities. Therefore, the plan introduces several spatial principles of which
decentralized bundling might contribute to the achievement of sustainable
mobility. An important step in achieving this so-called decentralized bundling
is the delineation of the urban regions. The renewal of these urban regions must
counter further suburbanization and re-attract people toward the cities. The
Mobility Plan Flanders (Ministerie van de Vlaamse Gemeenschap, 2001)
recognizes that these spatial principles might result in more sustainable travel
behaviour characterized by less (long-distance) trips, less car use, more public
transport and more cycling and walking. These and similar policy initiatives are
not restricted to Belgium or Flanders. For example, such initiatives were already
introduced at the end of the 1980s in the Netherlands, resulting in well-known
spatial policies such as the A-B-C location policy, the compact city policy, and
the VINEX neighbourhoods (Schwanen et al., 2004; Geurs and van Wee, 2006).
The New Urbanism movement in the USA has similar goals: reducing car use
and travel distances through spatial planning (for a review, see, e.g., Ewing and
Cervero, 2001).

The basic idea of all the abovementioned policy initiatives is that sustainable
travel behaviour is associated with residing in high-density and mixed-use
neighbourhoods; hence, indicating a clear existing relationship between land
use and travel behaviour. Numerous academic studies tried to measure and
explain the strength of this relationship, but the results remain equivocal.
Therefore, more research is needed into the extent to which land use patterns
affects people’s daily travel pattern (Verroen et al., 2000).

1.2 Research into the land use-travel behaviour interaction

Studies on the land use-travel behaviour interaction are part of a rather long-
lasting field of research dating back to the 1950s and 1960s. It was first
articulated in 1954 in Mitchell and Rapkin’s Urban Traffic: A Function of Land
Use, but today it remains highly researched. Several complete and detailed
overviews of the literature recently appeared (e.g., Badoe and Miller, 2000;
Crane, 2000; Stead et al., 2000; Ewing and Cervero, 2001; Stead and Marshall,
2001; van Wee, 2002; Handy, 2002, 2005; Van Acker and Witlox, 2005;
Bartholomew and Ewing, 2009). Furthermore, some chapters in this dissertation
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also summarize relevant parts of the existing literature (e.g., the literature
specifically on land use and commuting in Chapter 5). The general literature
review presented in this first chapter, therefore, only focuses on the relevant
topics for this dissertation and the issues that are addressed in the other
chapters of this dissertation. Since this dissertation is about the spatial and
social variations in people’s travel behaviour, this general literature review will
only focus on the results of disaggregate individual-based studies.
Consequently, more aggregated studies such as Kenworthy and Laube (1999)
and Kenworthy et al. (1999), that compared patterns of automobile dependence
among various cities, are no part of this general literature review.

1.2.1 Measuring spatial variations

Empirical studies mix up terms such as ‘land use’, the ‘built environment” and
the ‘physical environment” when referring to the spatial influences of the
residence, the origin of many trips, and important destinations such as the
workplace. ‘Land use’ refers to the spatial distribution of functions such as
living, working, shopping and recreating, and determines the relative proximity
of different types of activities. In Flanders, for example, land use patterns are
represented in regional zoning plans. The ‘built environment’ is a broader
concept than the frequently used term ‘land use’. The term “urban form’ is often
used as a synonym for the ‘built environment’. Both terms combine land use
patterns with characteristics of the transportation system and urban design
features. The transportation system consists of the transport infrastructure and
transport services, and links the different activities or land uses with each other.
Design refers to the aesthetic and visual details of the built environment, and in
particular to the design of buildings and streetscapes. The built environment
combined with the natural landscape and the human use of public spaces
defines the general concept of the ‘physical environment’ (Handy, 1996, 2005).
This dissertation tends to use the term ‘land use’ since spatial databases in
Flanders or Belgium mainly contain information on the spatial distribution of
various activities and land use types, and less on other aspects such as design
features. However, sometimes other terms than ‘land use’ are used, this in
correspondence to the preferences of the journals in which the chapters have
been or will be published.

Land use patterns and the built environment can be characterized by a variety
of variables and dimensions. Important and frequently mentioned spatial
characteristics include density, diversity and design (referring to the 3D’s
according to Cervero and Kockelman, 1997). Density measures such as
residential density and employment density refer to the intensity of land uses
such as living and working. The mix of different types of land uses and the
proximity to each other is captured by various diversity measures, whereas
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design variables refer to the physical layout of different land uses. Another
important spatial characteristic is accessibility, which can be defined as the ease
with which activities or locations can be reached by means of a (combination of)
travel mode(s) (Geurs and van Wee, 2004). All of the aforementioned spatial
characteristics are measured at various geographical scales ranging from the
building, street/block level, the neighbourhood level to the municipality level.
Other spatial characteristics such as wurban size and the division
monocentrism/polycentrism are measured at larger scales such as metropolitan
areas and regional levels such as the Flemish Diamond in Flanders and the
Randstad in the Netherlands (Schwanen, 2003; Handy, 2005). These macro-
scaled zones and the related aggregated spatial variables are less relevant for
the individual-based analyses reported in this dissertation. The empirical
analyses in this dissertation only include spatial variables measured at micro-
scaled zones such as census tracts which approximate to the direct
neighbourhood of important locations such as the residence and the workplace.
The effects of different zonal sizes and the partitioning scheme of these zones,
the so-called modifiable areal unit problem (MAUP) (Openshaw and Taylor,
1979; Unwin, 1996), could affect the empirical results and findings. Although
one should be aware of the possible biases caused by the MAUP, the focus of
this dissertation is on explaining the influences of spatial and social variables to
travel behaviour rather than on examining the influence of various spatial
scales.

The use of different geographical scales is one of the reasons why some
empirical studies agree on the extent of the land use influences on travel
behaviour while other studies do not. Although numerous studies exist, the
literature on the effects of density, diversity, design and accessibility on travel
behaviour remains somewhat ambiguous and inconclusive. Some studies
confirm the importance of land use effects even when accounting for other
influences such as the socio-economic background of the traveller (e.g., Frank
and Pivo, 1994; Kockelman, 1997; Dieleman et al., 2002; Abreu e Silva et al., 2006)
and his or her personality traits (e.g., van Wee et al., 2002; Schwanen and
Mokhtarian, 2005a, b; Scheiner and Holz-Rau, 2007, Chen et al., 2008).
Nevertheless, equally as many studies can be found that state the opposite (e.g.,
Cervero and Kockelman, 1997; Krizek, 2000; Schwanen et al., 2002; Pinjari et al.,
2007). Another reason for these conflicting results is that not all studies use the
same set of spatial variables in relation to the same travel behaviour aspects. For
example, it seems obvious that high densities, more diversity and a pedestrian-
oriented design discourage car use in favour of walking and cycling, and
encourage shorter travel distances (e.g., Handy, 1996; Kockelman, 1997; Meurs
and Haaijer, 2001; Dieleman et al., 2002; Naess, 2005). This is also one of the
reasons why most empirical analyses described in this dissertation focus on
modal choice. However, it is less self-evident that the same land use patterns
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would result in shorter travel times (e.g., Ewing et al., 1994; Schwanen et al.,
2005). If travel times are mainly the result of travel distance, then land use
patterns might have the desired effect on travel times. However, the reverse is
likely to be true when travel times also depend on the velocity of the chosen
travel mode. Moreover, land use influences might depend on travel motives.
Meurs and Haaijer (2001), for example, found that spatial characteristics of the
immediate home environment were more important for shopping trips than for
working trips. This confirms the assumption that land use patterns are of
greater importance for optional or discretionary trips than for routine or
recurrent trips. The conflicting results can also be partly attributed to the use of
different theoretical and conceptual frameworks. For example, using the utility
maximization principle from microeconomics, Crane (1996) and Boarnet and
Crane (2001) argued that daily travel decisions are based on the assessment of
travel costs which are partly influenced by land use patterns. However, other
scholars (e.g., Verplanken et al., 1994, 1998; Gardner, 2009) underline that not all
travel decisions are well-reasoned. Unreasoned travel behaviour due to habits
and impulsive behaviour might occur as well. Moreover, some studies question
the supposed causal relation between land use and travel behaviour (e.g.,
Handy et al., 2005; Chatman, 2009; van Wee, 2009). Households can self-select
themselves into neighbourhoods that support their residential and travel
preferences. The land use variables used in the empirical studies are in that case
merely a proxy for these underlying preferences. Analyzing these issues would
involve other research designs than the one’s that are mostly applied. Most
empirical studies use readily available travel data which are mostly cross-
sectional, and apply basic statistics such as regression and analysis of variance
(ANOVA). However, as mentioned before, the relationship between land use
and travel behaviour is much more complex. Consequently, more complete
datasets (e.g., including longitudinal data or information on travel preferences)
and more advanced statistics such as structural equation models (SEM) are
necessary. For example, studies that perform a regression analysis often find a
significant direct effect of land use on travel behaviour (e.g., Frank and Pivo,
1994; Kockelman, 1997; Dieleman et al., 2002), whereas SEM studies are able to
distinct direct form indirect influences. Several SEM studies (e.g., Bagley and
Mokhtarian, 2002; Naess, 2005; Cao et al., 2007a) point out that land use has a
significant influence on travel behaviour, but mainly indirectly because of
issues such as residential self-selection (e.g., Mokhtarian and Cao, 2008; van
Wee, 2009) and mediating variables such as car ownership (e.g., Schimek, 1996;
Scheiner and Holz-Rau, 2007). Another possible reason for differences in the
conclusions about the relative importance of land use is the fact that studies are
performed in various geographical settings. Most evidence is based on USA
data with well-known study areas such as the San Francisco Bay Area and the
Puget Sound Area. However, the urbanization patterns of these North
American cities significantly differ from European cities (Schwanen, 2002).
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Consequently, the results of these North American studies cannot be
extrapolated without any problem to the European context. European studies
remain scarce, although during the last decennia a lot of research has been done
in countries such as the Netherlands (e.g., Snellen, 2002; Schwanen, 2003; Maat,
2009), Great-Britain (e.g., Stead, 1999) and Switzerland (e.g., Schonfelder, 2006;
Beige, 2008). Nevertheless, results may differ across European countries as well
due to various urbanization patterns, spatial planning systems, and cultural
factors (e.g., Simma and Axhausen, 2001; Martens et al., 2002; Schwanen, 2002).
Therefore, additional research from a European context which considers the
complexity of travel behaviour is deemed important.

1.2.2  Measuring social variations

Most studies control their results for objective or ‘hard” socio-economic and
demographic (SED) characteristics, thereby minimizing the possibility that a
third factor, e.g., income creates an accidental or spurious relationship between
land use and travel behaviour. However, van Wee (2002) points out that
different travel patterns might still exist within socio-economically and
demographically homogenous population groups, indicating that more
subjective or ‘soft’ variables such as personal attitudes, personality traits and
lifestyles are involved as well. Ignoring these subjective variables leaves
unanswered the aforementioned question of causality (Handy et al., 2005; Bhat
and Guo, 2007). Do urban land use patterns characterized by high densities,
more diversity, a pedestrian-oriented design and high accessibility really result
in less car use, more public transport and more non-motorized trips? Or are
underlying characteristics such as personal urban lifestyles, and residential and
travel attitudes more important? Only recently, those type of subjective
variables were introduced in empirical work on the relationship between land
use and travel behaviour (e.g., Kitamura et al., 1997; Bagley and Mokhtarian,
2002; van Wee et al., 2002; Schwanen and Mokhtarian, 2005a, b; Scheiner and
Holz-Rau, 2007). It also indicates that researchers are aware that travel
behaviour is not strictly defined by land use patterns and can deviate from it.
Common land use-travel behaviour interaction studies might come across as
environmentally deterministic, referring to one important theoretical movement
in geography (Holt-Jensen, 1980; Saey, 1990; De Pater and van der Wusten,
1991). However, by accounting for subjective influences such as attitudes,
preferences and lifestyles, more attention is paid to the behavioural
mechanisms, motivations and intentions underlying travel decisions and daily
travel patterns. The significance of these subjective influences is also recognized
by policymakers. For example, the Mobility Plan Flanders (Ministerie van de
Vlaamse Gemeenschap, 2001) emphasizes that influencing attitudes by
information campaigns or by consciousness-raising programmes is one possible
way to change existing travel behaviour and achieve more sustainable travel
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patterns. Nevertheless, land use-travel behaviour interaction studies that also
control their results for subjective influences are mainly based on a North
American context. The fact that empirical evidence from Europe remains
limited calls for additional research. After all, due to the aforementioned
differences in, among others, urbanization patterns but also in culturally
defined norms and values, it remains unclear to which extent conclusions based
on USA evidence are also valid in a European context.

1.2.3  Measuring daily travel behaviour

Most empirical studies analyze the land use effects on one specific aspect of
travel behaviour, of which trip frequency, modal choice and travel distance
received the bulk of attention. However, interrelations might exist between
several travel behaviour aspects and, thus, it might also be useful to consider
several aspects simultaneously. For example, some studies indicated that car
ownership mediates the relationship between land use and modal choice (e.g.,
Schimek, 1996, Simma and Axhausen, 2003; Chen et al., 2008). Others found that
modal choice is influenced by travel distance, and travel time is influenced by
both travel distance and modal choice (e.g., Schwanen et al., 2002; Susilo and
Maat, 2007; Scheiner, 2010). Another example of interrelations among travel
behaviour aspects relates to tour complexity. Tour complexity can be
considered as influenced by car ownership and travel distance, whereas tour
complexity on its turn influences modal choices. Studies suggest that the
tendency to undertake complex or simple tours varies systematically with car
ownership and travel distance (e.g., Krizek, 2003; Maat and Timmermans, 2006)
and that the participation in complex tours increases the propensity to use the
car (e.g., Hensher and Reyes, 2000; Ye et al., 2007; Chen et al., 2008). These
examples indicate that travel behaviour is complex and multidimensional. In
order to obtain a better understanding of how land use influences travel
behaviour, more research is needed on the interrelations among travel
behaviour aspects instead of focussing on one specific aspect. One way to
simultaneously study the aforementioned interrelations is the estimation of a
structural equation model (SEM). Contrary to traditional multivariate statistics
such as regression analysis, SEM can handle and estimate complex models
including mediating variables. Only recently, this method has increasingly been
used in travel behaviour studies (Golob, 2003), but especially in applications of
Ajzen’s theory of planned behaviour (Ajzen, 1991; based on Scheiner and Holz-
Rau, 2007). This dissertation will, therefore, evaluate the practicability of SEM
in land use-travel behaviour interaction research.

Furthermore, many studies measure the aforementioned dimensions of travel

behaviour without reference to a specific travel motive (e.g., daily total travel
distance, daily trip frequency) or, on the other hand, specifically for commuting
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trips (e.g., commuting distance, commuting time). Out of all travel motives,
attention is mainly paid to home-to-work travel. This is no surprise since the
temporal and spatial clustering of commuting is related to congestion, one
major concern about travel and mobility. Moreover, the habitual and regular
character of commuting acts as a peg around which other non-work activities
such as shopping and recreating are scheduled. Consequently, the principle
that the work activity determines the other non-work activities is a basic
principle in many empirical activity-based modelling studies to date (e.g.,
Damm, 1980; Bhat and Koppelman, 1993; Bowman and Ben-Akiva, 2000;
Pendyala and Goulias, 2002; Yeranguntla and Bhat, 2005). However, travel
surveys such as the 2000-2001 Flanders Travel Behaviour Survey (Onderzoek
Verplaatsingsgedrag (OVG) Vlaanderen) indicate that non-work trips are as
important, or even outnumber, commute trips. Moreover, some studies (e.g.,
Meurs and Haaijer, 2001) found that spatial characteristics of the residential
neighbourhood have a larger impact on optional or discretionary trips (such as
shopping) than on routine or recurrent trips (such as commuting).
Consequently, more research is also needed on how land use characteristics
influence travel for non-work purposes.

1.3 Aims and research questions

Although our understanding on the interaction between land use and travel
behaviour has certainly increased, there are still opportunities for further
research. Three major aims can be formulated which are subject of this
dissertation. First, the existing research debate on land use-travel behaviour
interaction will be extended by empirical evidence from a European context,
especially from Flanders where no such long-lasting spatial planning tradition
exists as in other European countries such as the Netherlands. Second, the land
use-travel behaviour interaction analyses will not be limited to one specific
travel behaviour aspect such as modal choice or travel distance, or to one
specific travel motive such as commuting. On the contrary, the
interdependencies among various travel behaviour aspects such as car
ownership, modal choice, tour complexity, travel distance and travel time will
be estimated, and especially travel for non-work purposes will be analyzed.
Third, whereas common studies control their results for SED differences among
individuals, this dissertation will also control for the influence of subjective
characteristics such as attitudes and lifestyles. Or in general, the overall aim of
this dissertation is:
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To ascertain the effects of land use patterns on the complexity of travel
behaviour for Flanders (Belgium) while controlling for the traveller’s
objective and subjective characteristics.

This major aim can be refined into seven more specific research questions.

1. Which theoretical framework justifies a relationship between daily travel behaviour
and land use, while accounting for socio-economic and demographic influences as
well as socio-psychological influences?

Numerous empirical studies exist that try to measure the land use effects on
travel behaviour. However, almost none of them (explicitly) refer to a
theoretical or conceptual framework that justifies why a relationship should
exist after all between land use and travel behaviour. One exception is Crane
and colleagues (Crane, 1996; Boarnet and Crane, 2001) who, inspired by the
maximization principle from microeconomics, argue that travel opportunities
are assessed against its travel costs. However, they tend to neglect other
behavioural processes such as unreasoned behaviour (e.g., habits, impulsive
decisions). Establishing a more comprehensive framework, thus, involves
combining theories from different backgrounds. This research issue is dealt
with in Chapter 2.

2. How is travel behaviour influenced by land use characteristics and objective socio-
economic and demographic characteristics related to social status and responsibility
within the household? And if land use remains important, what is the joint effect of
land use patterns on travel behaviour?

A commonly formulated issue in land use-travel behaviour interaction research
is whether land use characteristics are just as important as, or even more
important than, objective SED characteristics. Several studies measure the
relative importance of spatial characteristics compared to other objective SED
characteristics. Some studies (e.g., Frank and Pivo, 1994; Kockelman, 1997;
Dieleman et al., 2002) found that land use influences remain important even
after controlling for SED characteristics, whereas other studies state the
opposite (e.g., McNally and Kulkarni, 1997; Boarnet and Sarmiento, 1998;
Schwanen et al., 2002). Moreover, most studies analyze the effects of land use
characteristics separately from each other, for example, by including population
density and land use mix as two independent variables in a regression analysis
that explains travel behaviour aspects such as travel distance. Doing so, the
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joint effect of all spatial characteristics together is not considered. One possible
solution is the use of a categorization of neighbourhoods, mostly urban versus
suburban (e.g., Friedman et al., 1994; McNally and Kulkarni, 1997; Dieleman et
al., 2002; Schwanen et al., 2002). However, simplifying complex land use
patterns into a few number of neighbourhood categories is a distortion of
reality (Bagley and Mokhtarian, 2002). Another way to tackle this problem is
the construction of latent variables that also capture the multidimensionality of
land use patterns but which are continuous rather than categorical. These
questions are addressed in Chapter 3, and refer to the spatial and social context
in which travel behaviour occurs.

3. What is the role of car ownership within land use-travel behaviour interaction
research?

Land use-travel behaviour interaction research cannot be reduced to analyses of
a simple and one-way relationship between land use and travel behaviour.
Instead, various kinds of interdependencies should be accounted for (Maat,
2009), of which car ownership as a mediating variable is one example. After all,
car ownership can be considered as a medium-term decision which is
influenced by long-term decisions such as residential and workplace location
choices. The spatial characteristics of these locations, e.g., having access to
public transport, might constrain or facilitate car ownership (e.g., Kockelman,
1997; Abreu e Silva et al., 2006; Maat and Timmermans, 2007; Chen et al., 2008).
On the other hand, car ownership affects the individual’s and household’s daily
decisions on travel behaviour, such as modal choice. However, empirical
studies do not always account for this dual relationship of car ownership. Most
studies regard car ownership as one of the predictors (or explanatory variables)
of travel behaviour (e.g., Dieleman et al., 2002; Schwanen et al., 2002; Krizek,
2003), whereas others only consider car ownership as the outcome variable that
is explained by various spatial and SED variables (e.g., Dargay, 2002; Bhat and
Guo, 2007; Cao et al., 2007b). Chapter 4 combines both research approaches and
discusses the dual relationship of car ownership in land use-travel behaviour
interaction research.

4. Should tour complexity be considered as an endogenous variable to be explained or
not?

Many studies presume the trip as the basic research unit and, therefore,
conceptualize travel behaviour in terms of modal choice or travel distance per
trip (e.g., Rajamani et al., 2004; Guo et al., 2007). Other studies aggregate these
aspects into measures such as total daily travel time (e.g., Ewing et al., 1994;
Schwanen et al., 2002). However, activity-based studies point out that travel
decisions are not made for each single trip, but people rather optimize their
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entire daily activity pattern and consider tours instead of separate trips (Bhat
and Koppelman, 1999; Primerano et al., 2008). Similar to car ownership, tour
characteristics such as tour complexity (i.e., the number of trips per tour)
intervene the relationship between land use and travel behaviour. Tour
characteristics are influenced by land use patterns (e.g., Ewing et al., 1994;
Krizek, 2000; Maat and Timmermans, 2006), and on their turn also influence
other travel behaviour aspects (e.g., Hensher and Reyes, 2000; Ye et al., 2007;
Chen et al., 2008). The dual relationship of tour complexity is, therefore,
questioned in Chapter 5.

5. How to measure lifestyles and how to incorporate lifestyles in land use-travel
behaviour interaction research?

Land use-travel behaviour interaction studies generally control their results for
objective SED characteristics. Nevertheless, different travel patterns might still
occur within socio-economically and demographically homogenous groups
(van Wee, 2002) indicating that more subjective variables are involved as well.
Lifestyles are one example of such subjective variables, but various definitions
of lifestyles exist. Some definitions equal lifestyles to specific patterns of
behaviour by which the individual wants to elucidate his or her social position
(e.g., Driessen and Goossens, 1993), whereas other definitions stress the
underlying opinions and motivations, or orientations mainly toward work,
family and leisure (e.g., Pinkster and van Kempen, 2002). Since this confounds
our understanding of the lifestyle concept, lifestyles as underlying orientations
which are internal to the individual and hard to observe by an outsider should
be distinguished from observable patterns of behaviour reflecting someone’s
lifestyle or lifestyle expressions (Munters, 1992). This distinction justifies the use
of lifestyle expressions as indicators of the underlying lifestyles in empirical
land use-travel behaviour interaction studies. Despite these theoretical
considerations, the term ‘lifestyle’ is frequently used whether it is relevant or
not. Some land use-travel behaviour interaction studies (e.g., Salomon and Ben-
Akiva, 1983; Cooper et al., 2001; Hildebrand, 2003) analyze the effect of so-called
lifestyles, but in fact combine various objective SED characteristics thus
referring to stage of life or household composition rather than to lifestyles. In
order to clarify these issues, Chapter 6 specifically focuses on the measurement
of lifestyles and the interdependencies between long-term lifestyle decisions,
medium-term decisions on residential location and car ownership, and short-
term travel decisions.
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6. How are attitudes related to medium-term decisions on residential location and car
ownership?

Attitudes are another type of subjective influences for which land use-travel
behaviour interaction studies should account. Various definitions exist, but all
refer to attitudes as the evaluative response toward some stimuli which
influences the individual’s behaviour (Garling et al., 1998; Brehn et al., 2005).
Attitudes are thus considered to be reasoned influences underlying, among
others and of particular interest for land use-travel behaviour interaction
research, medium-term decisions on residential location and car ownership
which influence daily travel decisions. The attention for attitudes in travel
behaviour research is not completely new: transport behavioural analysts (e.g.,
Dobson et al., 1978; Garling et al., 1998; Parkany et al., 2004) already discussed
the role of attitudes in travel behaviour but they tend to neglect the spatial
context in which travel occurs. Information on attitudes was only recently
introduced in land use-travel behaviour interaction research (e.g., Kitamura et
al., 1997; van Wee et al., 2002; Schwanen and Mokhtarian, 2005b). Many of these
studies merely analyze the direct effect of all these variables on travel
behaviour, and tend to disregard the complex interdependencies among long-
term lifestyle decisions, medium-term decisions on residential location and car
ownership, and their underlying reasoned influences. Chapter 7, therefore,
introduces travel and residential attitudes into the complex relationships
between lifestyles, residential location decisions and car ownership.

7. Is daily travel behaviour influenced by objective spatial and socio-economic and
demographic characteristics, or just as much by subjective lifestyles, travel attitudes
and residential attitudes?

Although some studies might find that, for example, increasing density is
related to less car use and more non-motorized traffic, this finding might mask
more important underlying processes. After all, it remains possible that people
who prefer to bike or walk self-select themselves in high-density
neighbourhoods that offer many opportunities within walking or biking
distance. These residential neighbourhoods, thus, corresponds with their travel
preferences. Consequently, the formerly specified relationship between density
and modal choice is more likely the result of underlying travel and residential
preferences than the land use characteristics of the residential neighbourhood
on it selves. Moreover, van Wee (2009) points out that people not only self-
select them with respect to residential location choices, but also to other aspects
such as travel behaviour and the exposure to transport externalities. The latter
has, so far, received little attention. For these reasons, Chapter 8 focuses not
only on the influences of residential self-selection but also on the travel
consequences of the attitude-related self-selection with respect to car ownership
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and daily travel behaviour. By assessing the influence of objective and
subjective variables on modal choice against each other, it tries to answer the
question the question whether it is really land use that influences travel
behaviour, or rather underlying processes of self-selection (Handy et al., 2005;
Bhat and Guo, 2007; Mokhtarian and Cao, 2008; van Wee, 2009).

1.4 Organization of the dissertation

This dissertation comprises seven academic papers that have been published in
international peer-reviewed scientific journals, or are forthcoming, or have been
submitted. Each paper discusses one of the seven previously mentioned
research questions. In order to allow someone to read these papers
independently from each other, there is some inevitable overlap in the
individual chapters with regard to the literature reviews, and the descriptions
of the methodology used and the applied research designs. Also please bear in
mind that differences in terminology and spelling reflect the preferences of the
particular journals.

Figure 1.1 Dissertation outline

Chapter 1
Introduction

Y

Chapter 2
Conceptual framework

v v
/ Objective variations\ / Subjective variutions\

Chapter 3 Chapter 6
Land use and Refining lifestyles
travel behaviour y
‘1' Chapter 7
Chapter 4 > Travel and
Car ownership as underlying attitudes
a mediating variable l'
‘l' Chapter 8
Chapter 5 Objective and
\ Trips within tours j \subjective inﬂuencesj
| |
v
Chapter 9

Conclusions and discussion
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The dissertation is organized as follows (see also Figure 1.1).

In Chapter 2, which is forthcoming in Transport Reviews as Van Acker et al.
(2010a), a comprehensive conceptual model of travel behaviour is developed
which specifies why travel behaviour is related to spatial, SED background
characteristics, and socio-psychological variables. Comparable to customary
theories in transport geography, the conceptual model places travel behaviour
within a hierarchy of decision choices. It considers travel behaviour as derived
from activity behaviour (short-term behaviour), location behaviour (medium-
term behaviour) and lifestyle (long-term behaviour). Furthermore, these
behaviours are explained by underlying reasoned influences (i.e., perceptions,
attitudes and preferences) as well as unreasoned influences (i.e., habits and
impulsiveness), and the individual is placed within a social context (e.g., the
household) and a spatial context (e.g., the residential neighbourhood). In the
subsequent chapters, the conceptual model is (partly) estimated by means of
structural equation models which can handle the complexity between various
components of the proposed conceptual model.

A first attempt to explain travel behaviour in relation to activity and location
behaviour is reported in Chapter 3, published as Van Acker et al. (2007) in
Transportation Planning and Technology. Based on data from the 2000-2001 Travel
Behaviour Survey Flanders (Zwerts and Nuyts, 2004), a SEM with latent
variables is developed which not only capture the complexity of the
relationships between land use and travel behaviour, but also the
multidimensionality of land use patterns. The proposed model estimates the
influence of land use patterns on travel behaviour characterized by trip
frequency, travel distance and travel time. Whereas the third Chapter analyzes
the complexity of various travel behaviour aspects, most subsequent chapters
focus on modal choice to some extent. Chapter 4, published as Van Acker and
Witlox (2010a) in Journal of Transport Geography, then discusses the role of car
ownership in land use-travel behaviour interaction research. It first presents a
causal model which underlines the dual role of car ownership by assuming that
car ownership mediates the relationship between the residential environment
and car use. Then, data from the 2000-2001 Ghent Travel Behaviour Survey
(Zwerts and Nuyts, 2001; Witlox, 2007) are used to perform a path analysis of
the proposed causal model. Doing so, the fourth Chapter reports how density,
diversity and accessibility influences car ownership and car use, while
controlling for issues such as residential self-selection and differences in the
individuals” SED background characteristics. Chapter 5, under review in
Transportation, proceeds by extending the causal model of the fourth Chapter
with two aspects (Van Acker and Witlox, 2010b). First, beside the influence on
car ownership and car use, it also analyzes the land use influences on and the
interdependencies between tour complexity, commuting distance and
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commuting time. Moreover, it discusses the results of a multiple group SEM
which highlights the differential influence of land use patterns on commuting
behaviour across simple home-work-home tours and more complex work tours
that combine working with non-working trips.

Whereas Chapters 3 to 5 only use objectively measured variables, the
subsequent three chapters also consider the underlying subjective influences.
Doing so, the interaction between land use and modal choice is explained by
objective as well as subjective variables. Information on these subjective
influences was collected through an Internet survey during the period May-
October 2007. Chapter 6, submitted for publication in Transportation Research A,
focuses on the definition and measurement of lifestyles (Van Acker et al., 2010b)
which refer to the longest-term decisions that influence modal choices. The
Internet survey contained various questions on leisure orientation and the
assessment of the work-family balance, which are believed to be two important
aspects of lifestyle expressions and which can be used as proxies for lifestyles.
These data are then factor analyzed in order to obtain the appropriate lifestyle
factors, and used as input for a path model that explains modal choices (i.e., car
use, public transport, cycling and walking) for various types of leisure trips (i.e.,
fun shopping, family visits, active leisure activities). Chapter 7, submitted for
publication in Transport Policy (Van Acker et al., 2010c), continues and adds
attitudes as another type of subjective influences. It, therefore, introduces travel
and residential attitudes into the formerly mentioned hierarchy of decisions,
and considers the direct as well as indirect effects of attitudes on car ownership.
Chapter 8, based on Van Acker et al. (2010d) and which is submitted to
Environment and Planning A, concludes the empirical analyses by assessing
whether modal choices are as much as influenced by objective as by subjective
variables. It builds on the previous seventh Chapter, and attitudes are this time
related to modal choices for leisure travel. Doing so, this chapter points out
whether land use itself influences modal choices or rather the underlying
processes of self-selection with regard to residential location, car ownership and
travel. Moreover, the discussion is not only limited to the influence of attitudes
on (travel) behaviour, but also on the feedback mechanisms and the opposite
relationship from behaviour to underlying attitudes.

Chapter 9, finally, relates the most important findings of the former chapters to
the seven research questions. Avenues for further research are also pointed out.
The chapter ends with a discussion of the practical implications for spatial
planning policies and transportation planning policies in Flanders, Belgium.
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2. WHEN TRANSPORT GEOGRAPHY

MEETS SOCIAL PSYCHOLOGY
TOWARD A CONCEPTUAL MODEL OF
TRAVEL BEHAVIOUR

Van Acker, V., van Wee, B., Witlox, F. (2010) When transport geography meets social
psychology: Toward a conceptual model of travel behaviour. Transport Reviews, doi:
10.1080/01441640902943456 (forthcoming). Copyright © Taylor & Francis. All rights
reserved.

Abstract Many studies model the effects of the built environment on travel
behaviour. Usually, results are controlled for socio-economic differences and
sometimes socio-psychological differences among respondents. However, these
studies do not mention why after all a relationship should exist between travel
behaviour and spatial, socio-economic and personality characteristics.
Answering this query involves combining and linking theories stemming from
transport geography (e.g., time geography, activity-based approach) and social
psychology (e.g., Theory of Planned Behaviour, Theory of Repeated Behaviour).
Using key-variables from these theories, this paper aims to develop a
conceptual model for travel behaviour. Comparable to customary theories in
transport geography, this conceptual model considers travel behaviour as
derived from locational behaviour and activity behaviour. But the conceptual
model adds concepts such as ‘lifestyle’, ‘perceptions’, ‘attitudes’” and
“preferences’ which indirectly influence travel behaviour.

2.1 Introduction

Living, working, shopping and recreating are spatially separated activities. In
order to participate in these activities, people have to travel. Policymakers try to
control and manage this daily travel behaviour, for instance through urban
planning. In this respect, concepts of the New Urbanism in the USA and the
Compact City Policy in Europe aim at reducing car use and travel distances
because high-density and mixed-use neighbourhoods are believed to be
associated with shorter trips and more non-motorized trips.

Numerous empirical studies try to measure the effects of the built environment
on people’s daily travel behaviour. Literature reviews such as van Wee (2002)
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or Ewing and Cervero (2001) distinguish various built environment
characteristics, ranging from aggregated measures such as density and diversity
calculated within zones such as census tracts, to more disaggregated measures
such as characteristics of the respondent’s dwelling. The results are generally
controlled for socio-economic and demographic differences among individuals
and households. A limited number of studies takes attitudes and preferences
toward urban form and/or travel into account as well (e.g., Handy, 1996;
Kitamura et al., 1997; Bagley and Mokhtarian, 2002; Collantes and Mokhtarian,
2007). Consequently, key-variables in these empirical travel studies refer to: (i)
spatial characteristics, (ii) socio-economic characteristics and (iii) socio-
psychological characteristics.

Nevertheless, almost none of the empirical studies presents a theoretical
framework that justifies the relationships between daily travel behaviour and
spatial, socio-economic and socio-psychological characteristics. One exception is
Boarnet and Crane (2001) and Crane (1996) who developed a simple theoretical
framework in which they argue that the built environment influences travel
behaviour through its influence on travel costs. Based on the utility
maximization principle of microeconomics, they reasoned that travel choices
are based on an assessment of (i) the individual’s preferences for particular trips
or travel modes and (ii) the relative costs of making those trips or choosing
those travel modes. Doing so, they tend to consider travel choices as well-
reasoned choices whereas other studies (e.g., Verplanken et al., 1994, 1998;
Gardner, 2009) stress that unreasoned behaviour appears as well. Moreover,
utility maximization does not totally encompass the motivation of human
behaviour (Talvitie, 1997). Establishing a more comprehensive framework
would, therefore, involve combining and linking theories stemming from not
only microeconomics, but also from transport geography and social
psychology. According to Handy (2005), theories in transport geography refer
to the mechanism determining travel behaviour, whereas theories in social
psychology define specific factors influencing travel behaviour. This paper aims
to develop a conceptual model of travel behaviour by using key-concepts and
variables from these theories. We clearly do not restrict ourselves to one
particular disciplinary perspective. The resulting conceptual model will unravel
the relationships between people’s daily travel behaviour and spatial, socio-
economic and socio-psychological characteristics. Doing so, we try to provide
an authoritative and up-to-date review of theories and research on daily travel
behaviour.

The paper is structured as follows. First, we briefly explore the theoretical
concepts from transport geography in which daily travel behaviour is
considered as part of a decision hierarchy. Because we are interested in a better
understanding of how people travel, we limit our approach to disaggregate
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theories. Theories with an aggregated approach such as gravity models do not
provide enough insights into the mechanisms underlying people’s travel
behaviour (Hanson and Schwab, 1986). Next, we introduce the quintessence of
those theories in social psychology focussing on underlying factors which
influence the previously described decision hierarchy. Then, we consider the
conceptual framework within a social and spatial context. This is followed by a
discussion of the conceptual and modelling implications of our conceptual
model of travel behaviour. Finally, we summarize our main findings and point
to some avenues for further research.

2.2 Why travel behaviour is part of a decision hierarchy

Daily travel patterns are often suggested to be the result of a hierarchical
decision structure (e.g., Ben-Akiva, 1973; Salomon, 1981; Salomon and Ben-
Akiva, 1983). This hierarchy ranges from short-term decisions on daily activities
and travel, to long-term decisions on lifestyle. Our conceptual model of daily
travel behaviour also departs from this notion and, therefore, the decision
hierarchy is at the centre of Figure 2.1. In this section, we provide a theoretical
justification of this decision hierarchy. In addition, some empirical results are
summarized that support the theoretical justification and illustrate some recent
developments.

Figure 2.1 A conceptual model of travel behaviour

REASONED BEHAVIOURS UNREASONED
INFLUENCES INFLUENCES
i —|> Lifestyle |og———— . l i
i Locational perceptions, Locational Spatial habits and E
i attitudes, preferences ; 7| behaviour §< > impulsiveness E
| Activity perceptions, 4l Activity |_] i Activity habits and E
E attitudes, preferences (< 7/,‘ [ behaviour [[-<X[?| impulsiveness '
E Travel perceptions, o Travel N Travel habits and E
' attitudes, preferences  [S]""717| behaviour [1""71%| impulsiveness '

i Social opportunities and constraints i social environment

spatial environment
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22.1  Short-term activity decisions and implications for travel behaviour

Nowadays, travel is generally considered as a derived demand. Although
sometimes people might travel just ‘for fun’ (e.g., Mokhtarian and Salomon,
2001; Mokhtarian et al., 2001), people mainly travel in order to access desired
activities in other places. After all, activities such as living, working, shopping
and recreating are in most cases spatially separated and, thus, encourage the
need to travel. Consequently, activity behaviour which refers to the spatial and
temporal characteristics of the performed activities must be studied first in
order to understand travel behaviour (Pas, 1980; Jones et al., 1990; Axhausen
and Garling, 1992; McNally, 2000). This idea has been further elaborated in the
activity-based approach, which emerged in the 1970s following changes in the
transportation policy environment. This is to say that in transportation policy
the emphasis shifted from long-term infrastructure expansion strategies to
shorter-term infrastructure management strategies such as alternate work
schedules, telecommuting and congestion pricing. Understanding travellers’
responses to such short-term transportation policies needed a more
behavioural-oriented activity-based modelling approach which was lacking in
the previously used trip-based models (Jones et al., 1990; Bhat and Koppelman,
1999a; McNally, 2000).

Seminal theoretical contributions have been made by Hagerstrand (1970),
Chapin (1974) and Cullen and Godson (1975).

Hagerstrand (1970) advanced time-geography in which constraints on activity
participation are highlighted within a spatiotemporal framework. Researchers
should focus on the spatial aspects of the individual’s activity pattern as well as
the temporal aspects of it. Therefore, Hagerstrand (1970) introduced the
concepts of space-time paths and space-time prism. The space-time path traces
the spatiotemporal position of the individual’s activity pattern and travel
behaviour. The path is a three-dimensional representation where a two-
dimensional horizontal plane embodies geographic locations and a vertical axis
embodies time. Contrary to a vertical line, a sloped line of the path symbolizes
movement over space. This path is, however, limited in space and in time. For
example, due to difference in velocity different locations are within reach of the
pedestrian compared to the motorist. Thus, only a particular set of locations in
space and time is available. This set is known as the space-time prism and is
determined by the location and duration of activities, an individual’s time
budget, and the travel velocities allowed by the transportation system. Whereas
the path describes the observed movement throughout space and time of an
individual, the prism indicates what portions of space are accessible for an
individual at each moment in time (Lenntorp, 1976; Miller, 1991; Neutens et al.,
2007a).
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Such a space-time prism is easy to construct for one person. However, it
becomes more difficult when the activity pattern of several persons must be
analyzed. Hagerstrand and most studies in time geography, therefore, focus on
constraints that influence time-space paths and prisms. These constraints are (i)
capability constraints, (ii) coupling constraints, and (iii) authority constraints.
Capability constraints refer to limitations because of physiological necessities
such as sleeping, eating and personal care. Coupling constraints define where,
when and for how long an individual can interact with other individuals.
Authority constraints limit access to either space locations or time locations
(e.g., business hours of a shop).

Whereas Hagerstrand (1970) explained the observed activity patterns within a
spatiotemporal framework, Chapin (1974) described a motivational framework
in which activity patterns result from the interaction between individual
propensities and perceived opportunities to engage in activities. He argued that
individuals perform activities to meet their basic needs, which determines the
propensity to engage in activities. These engagement propensities are not
autonomous; they can be facilitated as well as constrained. Facilitating factors
refer to individuals’ motivations and ways of thinking that predispose
individuals to participate in activities, whereas constraining factors do the
opposite. Examples of constraining factors are role and personal characteristics
such as household responsibilities, gender and age. As a result, Chapin (1974)
suggested that different socio-economic groups adopt different activity
patterns. This fact clearly justifies the incorporation of a socio-economic
component in empirical studies on travel behaviour. In addition to propensity
factors, opportunities are important as well to understand activity patterns.
Doing so, Chapin (1974) considers activity patterns not only as the result of a
‘demand” phenomenon, but also of a ‘supply’ consideration. Opportunities
refer to the availability of facilities and services, as well as the quality of those
facilities and services. By taken opportunities into account, Chapin could assess
the impact of the built environment on activity patterns. However, he never
fully developed this line of thought. Due to data limitations, Chapin’s empirical
research primarily concentrated on the propensity factors (Ettema and
Timmermans, 1997).

The theoretical frameworks of Hagerstrand (1970) and Chapin (1974) seem
complementary: Hagerstrand focussed on spatial and temporal constraints,
whereas Chapin emphasized the influence of opportunities and choices (Ettema
and Timmermans, 1997). Cullen and Godson (1975) attempted to combine both
frameworks. They characterized the spatial and temporal constraints identified
by Hégerstrand by varying degrees of flexibility. Temporal constraints are less
flexible than spatial constraints. Moreover, flexibility is closely related to
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activity type. For example, work-related activities are less flexible than leisure
activities, and routine-like activities tend to be fixed in space and time. Whereas
most other activity-based studies analyze the revealed activity patterns, Cullen
and Godson (1975) also tried to explain the underlying activity scheduling
process. Particular activities, such as working activities, act as “pegs” around
which other activities are arranged according to their flexibility. They also
suggested that activities can be planned consciously or more routine-like
(Ettema and Timmermans, 1997; Bhat and Koppelman, 1999b; Lee and McNally,
2003).

Since the 1970s, considerable progress has been made in activity-based travel
research (for a recent review, see, e.g., Algers et al.,, 2005 Buliung and
Kanarogloy, 2007). One important development is the focus on intra-household
and social interactions. The individual is the primary unit of analysis in most
activity-based travel studies, but attention recently shifted toward the complex
interactions between household members and how this influences activity and
travel behaviour (e.g., Scott and Kanaroglou, 2002; Voysha et al., 2004; Gliebe
and Koppelman, 2005; Srinivasan and Bhat, 2005, Schwanen, 2007, 2008a;
Schwanen et al., 2007). Moreover, the individual also interacts with individuals
outside the household, such as friends and colleagues. It is conceivable that the
use of telecommunication technologies such as cell phones and the Internet
alter joint activities with friends and colleagues and, thus, also influence travel
behaviour. A growing research body exists on the performance of these joint
activities (e.g., Neutens et al., 2007b, 2008; Paez and Scott, 2007; Srinivisan and
Bhat, 2008). Another important development highlights day-to-day variability
in activity and travel behaviour. Since data from long-duration travel diaries
become available (e.g.,, 6-week travel diary Mobidrive in Germany), it is
possible to analyze how activity and travel behaviour varies from day to day.
Research indicates that travel behaviour is neither totally variable nor totally
routine. Activity and travel behaviour of workers is relatively stable on
weekdays, contrary to nonworkers’” weekday activities and travel behaviour
and to all individual’s weekend activities and travel (Schlich and Axhausen,
2003; Susilo and Kitamura, 2005; Kitamura et al., 2006).

222 Medium-term location decisions and implications for travel
behaviour

In the previous section travel behaviour is considered as the result of daily
decisions on activity participation. However, medium-term decisions on
locational behaviour such as more significant location choices such as residence
and workplace also influence daily travel behaviour. Fried et al. (1977) and
Cullen (1978) provided a theoretical justification for this.
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In their synthesized theory on travel behaviour, Fried et al. (1977) related travel
behaviour directly to activity behaviour. The distribution of activity
opportunities is considered an important influence of activity and travel
behaviour. Nevertheless, it is possible that the available activity opportunities
do not match the individual’s current activity needs. In this case, an adaptation
process tries to reduce this imbalance. Adaptations range from short-term travel
and activity adjustments to longer term changes such as residential or
workplace relocation. Such longer term changes only occur if short-term
adjustments do not sufficiently reduce the imbalance between activity
opportunities and needs. Cullen (1978) stressed that longer term changes are
not frequently made, but are well-reasoned and determine the context in which
daily activity behaviour is performed. Consequently, longer term changes have
a considerable influence on everyday activity and travel behaviour. Contrary to
longer term behaviour, Cullen (1978) considered daily activity behaviour as
routinely. Activity patterns can, thus, be studied by focussing on habits or
recurrent routine activities. After all, daily activities are frequently made and,
therefore, are not always consciously well-considered.

Since the 1970s, empirical research continued on the relationship between travel
behaviour and these medium-term location decisions. Particularly, the
influence of residential location choice attained attention. A number of studies
(e.g., Levinson, 1997; Clark et al., 2003; Scheiner, 2006) point out that mode use,
travel distances and activity behaviour all change after a residential relocation.
At the same time, residential relocations can occur because of dissatisfying
routines of mode use, as well as distances and locations of daily activities. The
complex interdependencies of travel and residential location choices challenge
the question whether the characteristics of the residential neighbourhood it
selves influence travel behaviour. Several recent studies (e.g., Schwanen and
Mokhtarian, 2005a, b; Bhat and Guo, 2007; Cao et al., 2007a, b; Pinjari et al., 2007;
Chen et al.,, 2008, Mokhtarian and Cao, 2008) argue that attitudes and
preferences toward travel, activities and residential neighbourhoods are the
true determinants of travel patterns. This refers to the self-selection mechanism:
individuals and households self-select themselves into a residential
neighbourhood that is consistent with their attitudes and preferences.
Consequently, location behaviour is not only influenced by locational
preferences but also by activity and travel preferences. For example, a
household with public transport preferences will likely choose a residential
neighbourhood with good public transport services.

Most empirical studies do not simultaneously consider the residential and
workplace location choice. One choice is assumed exogenous and influences the
other choice dimension. A recent example of integrating both spatial choices is
Waddell et al. (2007). By combining latent market segmentation with discrete
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choice models, they were able to model the interdependencies of residential and
workplace location choices within the context of an integrated activity location
and travel forecasting framework.

Previously mentioned studies are cross-sectional. During the last decades, more
longitudinal data became available, which resulted in the emergence of a new
research field in transportation research namely the analysis of ‘mobility
biographies’. This research field focuses on changes in travel behaviour over the
individual’s life course. Daily travel behaviour is assumed to be relatively
stable, but it changes significantly in the context of key events in the life course,
such as residential or workplace relocation. Mobility biographies are, thus,
embedded in other biographies such as a residential biography, an employment
biography and a household biography (Prillwitz et al., 2007; Scheiner, 2007;
Beige and Axhausen, 2008; Frandberg, 2008).

22.3 Long-term lifestyle decisions and implications for travel behaviour

The longest term decision is the choice of a lifestyle. Short-term activity
decisions and medium-term location decisions are made by the individual to
satisfy his or her lifestyle decision. This way, lifestyle also influences daily
travel behaviour. The concept of lifestyle refers to an individual’s way of living
and is influenced by his or her outlook of life and motivations, including beliefs,
interests and general attitudes. The impact of lifestyle on travel behaviour has
certainly increased. During the last decennia, prosperity increased, resulting in
more available possibilities to choose from. Moreover, the social burden to
behave uniformly disappeared because of increasing individualization and
decreasing social control. These processes allow people to lead a personal
lifestyle (Ferge, 1972; Bootsma et al., 1993). Consequently, taking lifestyles into
account may result in interesting insights in travel behaviour.

Despite its frequent colloquial use, a distinct lifestyle theory is hard to find.
Lifestyle is elaborated pragmatically, rather than theoretically. Especially
marketing studies (e.g., Mitchell, 1983) use the concept of lifestyle in order to
retrieve market sectors. These studies generally analyze numerous data by
explorative statistics, such as cluster analysis. Each cluster is then referred to as
another lifestyle. Because a sound theoretical basis is lacking and results are
data-dependent, each study ‘finds” new lifestyles. This pragmatic approach is
criticized by Sobel (1983) among others. Nevertheless, some theoretical
contributions to the lifestyle concept are made by Weber (1972), Bourdieu (1984)
and Ganzeboom (1988).

Weber (1972) is one of the first sociologists that contributed to the debate on
lifestyles. He criticized Marx’ class theory, in which behaviour is determined by
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the economic position of the individual (i.e., the possession of means of
production). Weber (1972) concluded that behaviour cannot be explained by
social class exclusively. Therefore, he added the concept of status, which refers
to a group of people that shares the same prestige and obtain a similar lifestyle.
Lifestyle is considered as a pattern of observable and expressive behaviours.
Consequently, people with the same status, and thus the same lifestyle, will
tend to behave similarly.

Following Weber (1972), Bourdieu (1984) considered lifestyle as a pattern of
behaviours indicating the social position of the individual. Each individual
occupies a position in a two-dimensional social space which is defined by the
amount and the composition of capital. The amount of capital ranges from no
capital to much capital, the composition of capital ranges from economic capital
to socio-cultural capital. Thus, capital not only refers to economic capital such
as money and real estates, but to cultural capital (i.e., education, knowledge,
skills) and social capital (i.e., relations, networks) as well. Within this two-
dimensional space, traditionally used socio-economic variables define the
‘space of social position’, whereas specific patterns of behaviour define the
‘space of lifestyles’. Based on this, two hierarchies can be distinguished. One
category reaches from the traditional lower status groups to the economic elites.
Another category reaches from the same lower status groups to the cultural
elites. Thus, various lifestyles only appear among social groups with high
capital levels. The economic elites pursue material welfare and obtain rather
traditional aesthetic and moral beliefs. The cultural elites display their
knowledge, for example on contemporary art.

Ganzeboom (1988) elaborates further on the work of Bourdieu (1984) in order to
analyze lifestyles in the Netherlands. Ganzeboom (1988) assumes that people
symbolize and clarify their social position through a pattern of behaviours. This
behaviour is determined by lifestyle. However, lifestyle indirectly influences
behaviour through preferences. Based on their lifestyle, people have
preferences on how to present themselves socially. These preferences are
balanced against available opportunities and constraints, which results in the
actual behaviour. In order to obtain a more precise definition, Ganzeboom
(1988) discusses the origins and function of lifestyles. Lifestyle is related to the
individual’s socio-economic characteristics. However, this relationship is
influenced by intermediate variables which refer to opportunities and
constraints offered by time budget, income, cognitive skills (i.e., knowledge,
skills) and status considerations (i.e., the influence of the social context, the aim
to obtain social appreciation). Time budget and income can be measured
objectively, whereas cognitive skills and status considerations are rather
subjective. These four intermediate variables are internal to the individual. An
additional, but external, intermediate variable consists of institutions (i.e., rules,
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regulations). Lifestyles must not be considered as unambiguous types.
Ganzeboom (1988) stresses the existence of a continuum between lifestyle types
rather than the occurrence of unambiguous lifestyle types. This continuum is
determined by three dimensions: (i) an economic dimension, (ii)