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ABSTRACT

In the context of the immense economic and social challenges urban transport faces in
the near future, the analysis of city-specific differences in supply and usage of urban
transport systems is a promising approach for identifying potential strategies for
establishing more sustainable transport systems and mobility patterns. This study aims
to address such differences by a comparative approach and is, to our best knowledge,
the first one capturing the subjective dimension of urban mobility by integrating
satisfaction and perception-related indicators at a city-level. Drawing on the socio-
technical concept of urban mobility cultures, which combines socio-economic and
urban form characteristics, mode-specific infrastructure supply, as well as the travel
behaviour and underlying attitudes of a city’s inhabitants, we collected a set of 23
indicators from several sources, mainly from the early 2000s. These data have been
applied to a sample of 44 German cities. As a result of a factor and cluster analysis we
identified six groups of cities ranging from relatively mature and homogenous socio-
technical settings, referred to as ‘cycling cities’ or ‘transit metropolises’, to urban
mobility cultures such as “transit cities with multimodal potential’, whose forthcoming
development is not yet directed towards a specific future and, therefore, is open for
political debate. The mismatch between objective and subjective indicators of urban
mobility culture that has been shown for some city groups is another starting-point for
changing urban mobility cultures in terms of taking people’s perceptions and
evaluations of the local transport system more seriously.
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1. Introduction

Climate change, peak oil and unsustainable traffic volumes are serious challenges for
the future development of metropolitan areas worldwide. While the international
debate still discusses the role and contribution of the transport sector in these issues
and, furthermore, appropriate policies for guiding future development in certain
directions, an international comparison of metropolitan areas suggests that even under
the same regulatory framework, cities have options for shaping their own future
developments. For example, some cities like Copenhagen (Denmark), Groningen
(Netherlands) or Minster (Germany) are well-known ‘good practice’ communities
with high shares of bicycling usage, while others are named “transit metropolises”
(Cervero, 1998). To explain these differences in travel patterns at the city-level two
main approaches have been established: Whereas some researchers have highlighted
the impact of objective criteria such as urban form and socio-economics, others focus
more on the subjective dimension represented by individual preferences and attitudes
towards mobility.

To bridge the explanatory gap between these perspectives, the approach presented
here is to test empirically the mobility culture concept, which is a theoretical and
integrated framework including both objective and subjective parameters. The term
urban mobility cultures encompasses both material and symbolic elements of a
transport system as part of a specific socio-cultural setting, which consists of
mobility-related discourses and political strategies on the one hand and
institutionalised travel patterns and the built environment on the other hand (Deffner
et al., 2006, p. 16; Go6tz and Deffner, 2009).

Consequently, we capture the concept of urban mobility cultures by developing a set
of 23 indicators, which reflects particular elements of the concept. Furthermore, we
apply the indicator set to a sample of 44 German cities by undertaking a factor and
cluster analysis and eventually identifying six groups of similar mobility cultures
within our city-sample. This approach is, to our best knowledge, the first one to
quantify subjective parameters such as mobility-related evaluations and perceptions at
a city-level and combine them with rather common objective data, such as land use
and socio-economic characteristics. The categorisation suggested in our analysis
reveals that there are mature mobility cultures such as a group of cycling cities with
all indicators pointing in the direction of a cycling-friendly environment and other
rather heterogeneous clusters indicated by discrepancies, e.g. between objective and
subjective indicators. Moreover, some groups of cities such as the ‘transit cities with
multimodal potential’ do not show a clear orientation towards one mode of transport,
which highlights the important potential influence of planning and political action for
the future of these cities.

The paper is structured as follows. After reflecting on work which has been done on
both the objective as well as the subjective dimensions of mobility (section 2), we
introduce the mobility culture concept in section 3. In section 4 we discuss the
aforementioned set of objective and subjective indicators, which has been used as a
starting point for a factor and cluster analysis resulting in six groups of urban mobility
cultures (section 5). We conclude by discussing the developed typology of German
cities concerning the similarities and dissimilarities of their mobility cultures,



especially with regard to the typology’s policy and planning implications and pointing
out the need for further in-depth-research on urban mobility cultures.

2. Objective and subjective determinants of travel behaviour — a literature
review

2.1. The objective dimension: urban form, transport infrastructure and socio-
economics

It is a prominent debate within transport geography whether and how far spatial and
material characteristics such as urban form or transport infrastructure influence
individual travel behaviour. Early work by Thomson (1977) shows the
interdependence between specific means of transport and their corresponding
infrastructure systems on the one hand and urban form characteristics on the other
hand. His work identified for the first time, different levels of car-dependence and
transit-effectiveness.

Although the debate has been on-going for decades now, no agreement regarding the
impact of urban design on travel behaviour has been reached yet (for an overview
refer to Boarnet and Crane, 2001; Hickman and Banister, 2005; van Wee, 2002). One
group of scholars states that urban form features, often referred to as the 3 D’s
density, diversity and design (Cervero and Kockelman, 1997), do explain travel
behaviour to a considerable extent (Frank and Pivo, 1994; Gordon, 1997; Newman
and Kenworthy, 1989a, 1999; Stead, 2001), whereas other researchers are very
sceptical about such an impact (especially Gordon and Richardson, 1997; Snellen,
2001). Regarding the policy implications, the two parties have been described as
‘interventionists’ and “sceptics’ respectively (Breheny, 1992; Hickman and Banister,
2005, p. 103; Schwanen et al., 2001), since the former argue that planning policies
and urban design measures such as rail-based settlement development are important
tools to change travel behaviour and thus lead to more sustainable mobility patterns,
while the latter doubt the usefulness of such policy strategies and prefer a free-market-
oriented approach. As a starting point we want to summarise the main arguments,
which have been put forward in the context of density, diversity and design.

Density, diversity and design

The indicator probably most often referred to when analysing spatial influence on
mobility is the density of the urban fabric (Banister, 1997; Frank and Pivo, 1994;
Naess, 1993, 1995; Newman and Kenworthy, 1989a, 1999; Stead, 2001). Well-known
are several comparative city studies which have identified relatively high shares of
environmentally friendly modes like walking, cycling and public transport correlating
with low rates of transport-related energy consumption (Apel et al., 1997; Naess,
1993, 1995; Newman and Kenworthy, 1989a, 1999). Urban density has been
quantified in several ways, such as calculating the number of persons per hectare of
urbanised land (Newman and Kenworthy, 1999) or by the share of particular dwelling
types (Ryley, 2006).

A second component of urban form, which is often referred to in the context of
mobility patterns, is the diversity of different land uses, e.g. measured by the average



distances from place of residence to workplace (Fouchier, 1998; Nass and Jensen,
2004; Schipper et al., 1994). It is assumed that a more dispersed distribution of
destinations such as workplaces, schools and shops throughout the area of a city leads
to lower travel distances and thus to higher shares of ‘slow modes’ such as walking
and cycling compared to a more centralised distribution pattern (Banister, 1996; van
Wee, 2002).

On the other hand some authors point out that ‘salt and pepper’ dispersal of jobs
actually increases car dependence, and that it is only ‘decentralised concentration’ of
jobs that shortens trip lengths and causes modal shifts from cars to bicycles, foot and
public transport (Newman and Kenworthy, 1999, 2006). The principles of density and
diversity are core elements of planning strategies such as the ‘compact city’ and
‘decentralised concentration’, which are applied in the context of sustainable urban
planning (Jenks et al., 2000; Williams, 2005).

Design, the third D, although not as well-known as the former two, has also been
analysed regarding its impact on travel behaviour. It refers to the spatial configuration
of street systems or public transport networks (Curry and Loader, 2010). Studies have
addressed its influence, for example, by simulating travel distances in two fictional
neighbourhoods, one with an open grid-like street pattern and one with a rather
inaccessible network of dead ends (Boarnet and Crane, 2001; Handy, 1992; Khattak
and Rodriguez, 2005; Kulash et al., 1990; McNally and Ryan, 1993).

As a factor, which is highly related to density, diversity and design, the population
size of a city has regularly been interpreted as a reason for differentiated mobility
patterns. For example, it has been argued that the implementation of more efficient
infrastructure and transport systems becomes more likely in larger cities, which in
many cases influences travel behaviour as can be seen in relatively high modal shares
of public transport and rather low transport-related energy consumption per capita in
big metropolises (Barrett, 2000; Newman and Kenworthy, 1999). However, Newman
and Kenworthy (1989b) also found that city population size per se was not a
significant correlating factor in explaining aggregate urban travel patterns. For
example, many quite small European cities such as Graz (Austria) and Freiburg
(Germany) have very high rates of green mode usage because they are dense and
planned around these non-auto modes. Conversely, virtually all US cities of similar
population size are mostly totally automobile dependent because they have almost no
public transport systems and are too low density and spread out for walking and
cycling to be viable modes.

Socio-economics

Another group of indicators, relatively easy to quantify and regularly referred to in
analyses of urban mobility and travel behaviour, are socio-economic attributes such as
wealth, age distribution or labour-market characteristics (Newman and Kenworthy,
1999; Pucher and Lefévre, 1996; Ryley, 2006; Schafer and Victor, 2000). These
features are analysed in several ways. For example, it has been suggested by an
international comparison using data from the US and Great Britain, that lower
household income and higher costs of car ownership in Great Britain lead to more
economising behaviour indicated by shorter travel distances and more use of
alternative transport modes (Giuliano and Dargay, 2006). Furthermore, socio-



economic aspects have been described as restrictions on the activities and mobility of
the individual (Chapin, 1974), which refers to the concept of constraints developed by
Hégerstrand (1970). Moreover, socio-economic and demographic characteristics are
often described as structural factors influencing individual lifestyles and attitude
patterns, e.g. by using the notion of the life situation (Scheiner and Holz-Rau, 2007;
Simma and Axhausen, 2001).

2.2. The subjective dimension: lifestyles, attitudes and perception

The emphasis on the discussed spatial characteristics, which has been described as
“urban form euphoria of transportation research” (Scheiner and Holz-Rau, 2007) has
been followed since the 1990ies by a considerable disillusionment. A growing number
of researchers have stated that non-urban form characteristics might be at least as
important to understand travel behaviour, which is said to be strongly influenced by
the attitudes of residents, often in a self-selecting way. These considerations led to the
concept of residential self-selection, which basically assumes that people choose their
residential location as a consequence of their preferences towards features like
residential environment, provision of local services, local accessibility or specific
means of transport (Mokhtarian and Cao, 2008; Scheiner and Holz-Rau, 2007, pp.
491; Schwanen and Mokhtarian, 2005; van Acker et al., 2010, p. 224; Waddell et al.,
2001). In this perspective urban form, means of transport and the related infrastructure
are not anymore exclusive factors to explain travel behaviour, but attitudes and
preferences towards these aspects become the focus of interest.

Consequently, a growing number of authors include preferences towards urban form
and travel characteristics in addition to the rather objective variables such as urban
density or socio-economic data (e.g. Bagley and Mokhtarian, 2002; Collantes and
Mokhtarian, 2007). Other studies have aimed to prove the assumed relevance of
underlying attitudes and lifestyles by analysing travel behaviour before and after a
residential relocation (Handy et al., 2005; Krizek, 2003; Scheiner, 2005). Scheiner, for
example, showed that the motorisation rate of city residents who moved to the
outskirts was already higher than the one of their neighbours who stayed in the inner
city, even before the relocation (Scheiner, 2005, 2009a). This result leads to the
assumption that even among the residents within the same neighbourhood different
mode orientations and consequently different travel behaviours can be found.
Schwanen and Mokhtarian identified some people within their sample of residents of
the San Francisco region, who represent a mismatch between the spatial
characteristics of the neighbourhood they live in and the neighbourhood setting they
actually prefer. Consequently, they achieved a “continuum ranging from well-
matched urbanites through dissonant urban and suburban residents to consonant
suburbanites (Schwanen and Mokhtarian, 2005, p. 96), whereas the modal shares of
public transport and non-motorised modes are declining continuously towards the
latter.

All this acknowledgement of individual preferences and attitudes towards land use
and travel can be referred back to the concept of lifestyles. The notion of lifestyles has
been developed out of a critique of conventional models of social differentiation such
as classes and ranks. The debates of modernisation (Giddens, 1990) and
individualisation (Beck, 1992) raised the consideration of taste, attitudes and values.
Consequently, lifestyles have been analysed as a factor influencing travel behaviour in



several studies (Anable, 2002; Bagley and Mokhtarian, 2002; Collantes and
Mokhtarian, 2007; Lanzendorf, 2002).

Furthermore, research on the subjective dimension of mobility has shown that
attitudes and preferences often significantly influence the perception and evaluation of
transport aspects, such as transport modes or infrastructure supply. For instance,
Schuitema et al. (2013, p. 39) found that people with a pro-environmental self-identity
are more likely to have a positive perception of electric vehicles. This is not to equate
attitudes and perceptions: a person might perceive a city as car-friendly while
preferring to cycle. However, in many cases perceptions are mirroring the underlying
attitudes.

Although we can conclude that our understanding of travel behaviour has benefited
from the notion of relatively autonomous decision-making and individuality as part of
the lifestyle perspective, objective criteria remain an important framework for
individual action. For example, even members of a lifestyle group, which share
positive attitudes towards rail based public transport are not able to use any rail-based
services, if they don’t exist in the city they live in (for more examples Scheiner,
2009b, p. 44). Therefore, for the remainder of this paper we aim to analyse how
objective and subjective indicators interact with each other within an integrated
framework. Consequently, we will introduce the concept of urban mobility cultures
and use it as a starting point for our own empirical research.

3. Integrating objective and subjective components — the concept of urban
mobility cultures

As argued before, the concentration on either objective characteristics such as urban
form in isolation or merely subjective concepts such as attitudes or lifestyles is not
sufficient to understand travel behaviour properly. Focusing only on spatial
characteristics tends to neglect the processes of perception and evaluation, which
might lead to different forms of travel behaviour, although the objective framework is
constant. Contrariwise, an overestimation of individual preferences suggests that the
individual is able to act and travel nearly freely and independent from objective
framings such as urban form and infrastructure supply, overlooking that these
conditions are changeable only in the long term and that their present state limits or
promotes individual preferences.

Therefore, we argue that both lines of reasoning can be understood as embedded in a
broader socio-cultural context of community-based priorities, values and beliefs.
Consequently, we refer to a concept of culture, defined as commonly shared
knowledge which facilitates the organisation of day-to-day life by suggesting
particular practices as feasible and signifying others as not feasible (Horning, 1999, p.
99; Janowicz, 2006, pp. 5-7).

This integrative view is also promoted by the mobility turn in Anglo-American social
research. Besides arguing for the growing importance of mobile forms of social
organisation in general, authors representing the “new mobilities paradigm” (Sheller
and Urry, 2006) also discuss cultural differentiation of mobility. This is addressed, for
example, as ‘flows of meanings‘ and “cultures of movements’ (Jensen, 2009), as well



as ‘constellations of mobility as historically and geographically specific formations of
movements, narratives about mobility and mobile practices’ (Cresswell, 2010, p. 17).

This international debate is mirrored by German research, such as the promising and
newly developed concept of urban mobility cultures (Deffner et al., 2006; Go6tz and
Deffner, 2009). This concept serves as a theoretical framework for our analysis,
because it integrates objective and subjective elements on a city-level. In this
perspective, urban form and transport infrastructure are conceptualised as the
materialised extension of cultural priorities. This cultural setting can be interpreted as
a complex configuration of different preferences and lifestyles represented by a city’s
population, which even might develop common conventions and habits. This
illustrates that objective and subjective components of urban mobility are highly
connected and dependent on each other.

Hence, the concept of urban mobility cultures can be understood as an integrative
approach incorporating both habitual practices, including underlying preferences and
lifestyles, as well as rather objective and structural components such as infrastructure
and spatial characteristics. Moreover, city-specific discourses and transport policy are
added to the concept of urban mobility cultures. These two components can be best
considered as hybrid forms combining objective and subjective elements. We cannot
discuss them in detail here and refer to Bratzel (1999), Haefeli (2008) and Stone
(2009) for analyses of urban transport policy as well as to Cresswell (2010) and Vigar
(2002) for mobility-related discourses (Fig. 1).

The idea of the city-specific socio-material formations presented here, is partly
mirroring recent approaches in urban sociology, as the following quote illustrates:
“Each city develops along its own unique lines of historically motivated narrative, or
the interpretation of various forms of materiality, as well as political and economic
figurations — with each unique city logic rooted in early-defined practices, and yet not
limited to them.” (Léw, 2008, p. 285). In this context it has to be mentioned that the
city-specific patterns are embedded in and connected to various other socio-spatial
configurations such as national frameworks on the one hand and neighbourhood and
milieu characteristics on the other. Even though it is also worthwhile to apply the
concept to these spatial scales, we concentrate here on the city-level since most
measures such as infrastructure provision or political strategies are related to this
framework.
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Fig. 1. Concept of urban mobility cultures (Source: Deffner et al., 2006, p. 16. Own translation and modification)

It is important to note that the concept is neither fixed nor homogenous, but is a model
which includes dynamic processes, competing interests and conflicts and is able to be
modified over time and space. Similarly, mobility cultures are not consistent and
uniform but highly differentiated configurations of dominant cultural patterns and
various sub- and countercultures. Metaphorically, this specific mixture of routes more
and “routes less travelled” (Vannini, 2009) is a crucial indicator of any urban mobility
culture.

In sum, although urban mobility cultures are not fixed but contingent, they are
regarded as rather inertial structures which show a high level of path dependence.
This is mainly because two of the core elements of mobility culture, urban form and
lifestyle patterns, are also rather long-lasting constructs, which are far from being
significantly changed in a short period.

It is crucial to analyse the configuration and interdependencies of the particular
components of the concept in order to understand how specific types of mobility
culture emerge and become persistent. Moreover, in a policy perspective the
understanding of mobility cultures may help to identify key factors for influencing the
cultural setting in a certain way, whereas this should not be understood as a direct
determination, but rather as a creative and flexible governance process. Deffner et al.
suggest doing so by either a historical reconstruction of the development of specific
mobility cultures or by the comparison of different cultural settings. Our research is
inspired by the latter and aims to generate a comparative data set, which is presented
in the next section.

4. Indicators of urban mobility cultures

In the following section we aim to increase the understanding of urban mobility
cultures by quantifying them with an adequate set of indicators, which include



objective and subjective variables. Such a specific quantification has, to our best
knowledge, not been published elsewhere. The integration of subjective indicators is
especially a rather new approach, given that most other transport- and mobility-related
comparisons of urban areas concentrate more on objective indicators (Cervero, 1998;
Newman and Kenworthy, 1999; Pucher and Buehler, 2006). To sum up, we included
urban form, socio-economics, transport infrastructure, travel behaviour and transport-
related attitudes in our analysis.

On the contrary, in this explorative study, we excluded further elements of the
mobility cultures concept such as discourses and transport policy. This is for
pragmatic reasons since these features are difficult to quantify, meaning that a
qualitative policy analysis might be more appropriate here. Moreover, policy and
discourse aspects are excluded because they are not clearly related to either the
objective or the subjective dimension of mobility, a differentiation which is central to
this study. However, some of the variables used, such as infrastructural or modal
choice indicators, are highly reflective of political priorities and discourse formations.

Furthermore, we are aware that this indicator-based approach leads to mean values
which fall short of the complex reality of diverse sub- and counter-cultures within an
urban community. However, we believe that some mainly socio-economic variables
point to the importance of particular mainstream or sub-cultural patterns within a
specific city, even if only in a very general way.

Additionally, our study would clearly benefit from a more comprehensive and more
detailed assessment of subjective data. However, already four variables are explicitly
representing the subjective dimension of urban mobility, this low number being due to
a very limited availability of subjective data on a city-level. Altogether, we drew on
23 variables (Table 1), which we then used as a starting point for a principal
component analysis in order to reveal the underlying dimensions of urban mobility
cultures in Germany (see section 5.1).

Table 1
Applied indicators - overview

Indicator Description Source Year

Urban form indicators
(representing ““historically produced space” and “ urban planning” in the mobility culture concept, see fig. 1)

1. Population size No. of inhabitants Federal Statistical Office 2008
BBSR (Federal Institute for
Research on Building, Urban

No. of people living per sq.km. of urbanised Affairs and Spatial

2. Settlement density  land (settlement and transport-related land S 2000
Development, division ‘spatial
uses) Lo
monitoring’) / Federal
Statistical Office
3. One_- and two- Sh_are_ of one- and two- family houses in the BBSR, *spatial monitoring’ 2007
family houses building stock of a city
Socio-economic characteristics
(representing ““socio-economic situation in the city” in the mobility culture concept, see fig. 1)
4. Share of elderly CF:Iedrgfntage of people, aged 65 years and Ditto 2007
. Average net monthly income of all
5. Household income 1 \coholds divided by number of Ditto 2006
per capita - .
inhabitants

6. Share of single- Percentage of single households Ditto 2006



households
Percentage of unemployed people

7. Unemployment rate (‘Erwerbspersonen”) Ditto 2007
Transport infrastructure and supply
(representing “infrastructure™ in the mobility culture concept, see fig. 1)
8. Bike related No. of entries for cycle-related businesses
) . Own research 2009
businesses in local yellow pages per 1,000 people
Existence of a tramway system (binary
9. Tramway variable) (criteria: surface-based, no light- Ditto 2010
rail or train-tram system)
10. Othgr than bus EX|§t_ence of a public transport system Ditto 2010
service additional to bus services
11. Price public Stakeholder group ‘INSM” /
transport season Price for a season ticket for public transport  Institut der deutschen 2008
ticket Wirtschaft
12. Car related No. of entries for car-related businesses in
. Own research 2009
businesses local yellow pages

Transport demand indicators / travel behaviour
(representing “travel behaviour™ in the mobility culture concept, see fig. 1)

13. ADFC members

. No. of ADFC members per 1,000 people ADFC 2010
per capita
I . Federal Motor
14. Motorisation rate Registered cars per 1.000 people Transport Authority 2009
15. High powered cars Share of high powered cars Ditto 2009

(>2.000 cc)

National survey ‘Mobility in
Germany’, regional and local
surveys

1997-
2010

Proportion of walking, cycling, public

16.-19. Modal split transport and private car trips

Mobility-related perceptions and evaluations
(representing “mobility orientation” and indirectly “lifestyles, milieus™ in the mobility culture concept, see fig. 1)

20. Cycling climate | - Is cveling fun?. average response ADFC survey 2003,
cycling is fun yeling fun, g p ‘Cycling climate test’ 2005

21. Cycling climate 11 2003
—all population Do all population groups cycle? Ditto 2005‘
groups cycle

22. Perceived quality How big is the demand for improving ‘Perspektive Deutschland’

. - 2005

of public transport  public transport? survey

23. Perceived quality How big is the demand for improving road Ditto 2005
of streets network?

For the quantification of urban mobility cultures, we analysed a set of 44 out of 80
German cities with more than 100,000 inhabitants. The sample includes cities varying
considerably in terms of size, geographical location (Eastern and Western Germany)
and socio-economic structure.

4.1. Spatial indicators

With this group of indicators we focus on spatial characteristics of each city at an
aggregate level. Referring to the discussion in the previous section, we consider
population size as a relevant indicator. Although not a spatial variable on its own, it is
representing the urban form dimension of the mobility culture concept indirectly since
it has various spatial implications such as the extent of the urban area or the average
distance to the city centre. Consequently, we assume a correlation between population
size and mode choice. Nonetheless, a pure focus on population size is still an
insufficient indicator regarding the relative demand for space and mobility. To close



this conceptual gap we have added density-related characteristics to our model of
urban mobility culture. We chose three indicators to characterise urban density as one
component of mobility culture, which is in several ways linked to travel behaviour of
people as well as to transport policies of city governments:

Settlement density, which is calculated as the number of persons per hectare of
urbanised land, is a widely applied and well-accepted indicator to define urban density
(for many Newman and Kenworthy, 1999; Siedentop et al., 2006). In our sample of
German cities, settlement density correlates positively with public transport use and
walking confirming earlier findings (Goetzke, 2008). Therefore, settlement density is
another important indicator representing the urban form dimension of the mobility
culture concept.

The share of one- and two-family-houses can be seen as another indicator of urban
density in that a high percentage of these housing types indicate a rather low-density,
sprawling urban structure. Furthermore, it can be interpreted as either a materialised
result of socio-cultural preferences towards specific types of housing and the
corresponding mobility implications, or a reflection of political and economic factors
that have favoured and subsidised this form of housing (or a combination of both).
Within our sample of German cities the assumed relation between the share of low
density housing types and mobility patterns could be confirmed with reasonably
strong correlations for the modal shares of walking and public transport use (r=-0.45)
and car use (r=0.22), as well as for the level of motorisation (number of cars per 1,000
persons) (r=0.24). Furthermore, the proportion of these housing types might point to
the importance of values such as family-orientation and privacy (Collen and Hoekstra,
2001). These orientations can be either dominant or sub-cultural patterns within an
urban community. Nonetheless, we acknowledge that indicators such as the one used
here capture the complex realities of mainstream and sub-cultural configurations only
in a very general way.

4.2. Socio-economic characteristics

Besides spatial and density-related characteristics, the socio-economic situation of a
city is another element of the urban mobility culture concept (Fig. 1), which we
introduced as an objective condition of travel behaviour in urban regions. Although
our analysis is mainly focusing on urban form and lifestyle configurations, we
included some typical socio-economic variables in our analysis. As already discussed
in section 2.1, the economic situation of a household can be interpreted as restricting
or facilitating for the mobility of each household member. In this view the average
household income per capita has an impact on the use of particular means of transport
and the access to specific destinations.

The share of single households is related to the household income per capita (r=0.20)
and therefore also indicates the wealth of an urban population. Furthermore, it might
point to specific mobility cultures, since this relatively young and well-educated
population group tends to be more active and mobile compared to the majority of
people. Moreover, this group of people is often associated with the notion of the
‘creative class’ (Florida, 2004) as well as specific sub-cultural patterns and values
such as professional orientation, tolerance and environmental awareness. Conversely,
the average unemployment rate in a city indicates relative poverty and economic



weakness. Again, impacts on modal choice and the range of activities are possible and
will be analysed in our case study (see section 5).

The influence of age on the intensity and quality of travelling is well-known and
documented by a lot of studies. For example, results of the German national travel
survey ‘Mobility in Germany’, show that people aged 65 years and older, make less
trips per year (approx. 1,000 compared to approx. 1,500 by middle-aged people) and
are less mobile, both in terms of distance and duration (infas and DIW, 2004, pp. 115-
118). Furthermore, the elderly require particular qualities in a transport system, e.g.
high accessibility and user-friendliness. Therefore we included the share of people
aged 65 years and more in our set of indicators.

4.3. Transport infrastructure and supply

The indicators introduced in this section refer to the design-aspect of urban transport
systems as discussed in section 2.1, as well as to the aspects of urban planning and
infrastructure, which are essential for the mobility cultures approach (Fig. 1). Since
data regarding the extent and layout of infrastructure systems are hard to generate we
decided to focus on mode-specific indicators, which can be interpreted as indicators of
socio-culturally established priorities towards specific means of transport.

As a first approach to capture the quality and standard of public transport systems in
the analysed city sample, we decided to incorporate two binary variables, which are
‘existence of a tramway system’ and ‘existence of another public transport system
except bus service’. We have chosen these indicators because many examples of local
public transport planning illustrate that the existence of rail services and especially of
surface-based tramway systems usually make a big difference in both the capability
and perception of the public transport system, compared to only bus-based public
transport supply. This finding applies to different aspects of public transport systems,
such as maximum number of passengers (e.g. Hesse and Nuhn, 2006, p. 190;
Kenworthy, 2008), average speed (Hass-Klau et al., 2003; Kenworthy, 2008, pp. 22;
Newman and Kenworthy, 1999), image and reputation of particular transport modes
and vehicles (Bratzel, 1999; Haefeli, 2008; Schiefelbusch, 2009) as well as their
impact on the design and quality of public space (Groneck, 2003, 2009), such as the
frequent combination of tramways with attractively designed pedestrianised streets.

Furthermore, we argue that the number of services and shops related to particular
means of transport, function as a reliable indication for the major orientation of people
towards a specific mode of transport. To identify the number of bicycle and car-
oriented services such as dealers, garages and rental firms, we counted the related
entries in the yellow pages of each city. We confirmed through correlation analysis
the expected link between number of services and travel behaviour indicated by
modal share of cycling (r=0.49) as well as motorisation and car ownership (r=0.27).
Naturally, there is something of a ‘chicken and egg’ nature to these variables, which is
typical for the mutual strengthening of demand and supply characteristics.

A further interesting attribute, which either enables or restricts access to transport
supply, is the price of a season ticket for public transport. We took data from a study,
which refers to the absolute price of an annual ticket, which covers the area of approx.
20km around the central railway station of a city (IW Consult, 2008).



4.4, Transport demand indicators / travel behaviour

Measures of travel behaviour such as modal choice are central to each description of
urban mobility. They are highly linked to both objective indicators such as urban form
and socio-economics, as well as subjective indicators such as attitudes and lifestyles.
The behavioural characteristics themselves are best regarded as objective variables,
though they might be biased by respondents’ self-reporting.

The level of motorisation expressed by the number of cars per 1,000 people as well as
the percentage of high powered cars are definitely wealth-related features, but we
argue that they also indicate the socio-cultural value of individual transport in general
and especially well-equipped vehicles, since earlier studies have shown that these
figures clearly differ even within comparable economic circumstances (Lotscher et
al., 2001; Newman and Kenworthy, 1999).

Modal split variables distinguished by the most common modes of transport (walking,
cycling, public transport, car use) are central for analysing urban mobility and travel
behaviour. Several studies illustrate that modal split characteristics differ to a
significant extent, even within the same political and socio-economic framing (e.g.
Lotscher et al., 2001 for German cities and Apel et al.,, 1997 for a sample of
international cities), due to varying planning and policy priorities or differing lifestyle
patterns. This conclusion can be confirmed for our sample of 44 German cities, based
again on data taken from the ‘Mobility in Germany’ survey, as well as several
regional and local surveys. For the cities of Herne and Leverkusen the modal split
variables have been estimated by regression analyses in order to replace missing
values.

It has been argued that a reinforcing positive feedback exists between the modal split
in a city and the individual decision to use a particular mode. In this view, a high
share of a specific transport mode can be interpreted as an indicator of high quality
and reliability, “just as a full restaurant is a sign of good food and satisfied customers”
(Goetzke, 2008, p. 416, see also Goetzke and Rave, 2011), which makes the choice of
this means of transport more likely (see also Sherwin et al., 2012).

The biggest and most influential federation in Germany, which promotes the interests
of cyclists, is called ADFC (“‘Allgemeiner Deutscher Fahrrad Club’ / General German
Cycle Club) and has nationwide approximately 136,000 members. We added the
number of ADFC members per capita in each city to our set of attributes following the
assumption that it could serve as an indicator for the bicycle-orientation of the
particular urban community.

4.5. Mobility-related perceptions and evaluations

It has been argued that preferences and attitudes are crucial to the subjective
dimension of mobility cultures. We aim to capture this dimension by including
perceptions and evaluations, which have been identified by mobility-related surveys.
This is because perceptions are often considered to be an adequate indicator for
underlying attitudes (Schuitema et al., 2013).



The mentioned stakeholder group ADFC has repeatedly conducted surveys among its
members and other cyclists, asking them to evaluate the ‘cycling climate’ in the city
they live in. In sum, more than 20,000 cyclists participated in each of the two surveys
in 2003 and 2005, so that even on a city-level a sufficient number of cases have been
recruited (ADFC, 2003, 2005). Besides infrastructure and security related questions, it
has also been asked how accepted cycling is among the inhabitants of the city.
Explicitly it has been asked if cycling is rather fun or rather stressful and if only
children and tourists or all population groups are cycling. Respondents could choose
from a scale between 1 and 6. Both variables correlate significantly with the modal
share of cycling (r=0.37 and 0.61 respectively). This finding reveals a close link
between attitudes and behaviour.

Also in 2005 McKinsey Germany, together with media partners, conducted a
nationwide online survey regarding perceived quality of life. Within an extensive set
of questions it has also been asked, how people perceive and evaluate the quality of
the road network and the public transport system in their city or region (McKinsey et
al., 2006). Again, the link between attitude and behavioural patterns has been
confirmed in so far that, interestingly, a negative perception of road infrastructure
correlates significantly with a high share of car trips (r=-0.30). The opposite is true for
perception and use of public transport (r=0.52). However, the factor and cluster
analysis presented in section 5 reveals interesting discrepancies between perception-
based indicators and other variable categories for some city groups, which illustrates
how the analysis benefits from integrating subjective indicators.

When interpreting these four perception-related variables, it has to be borne in mind
that the situation has changed since 2003 and 2005 when the data were collected.
Many cities experienced a cycling boom (Lanzendorf and Busch-Geertsema, 2012) as
indicated by an increased modal share of cycling e.g. from 9.7% to 13.4% in
Hamburg and from 17.5% to 20.2% in Bremen between 2002 and 2008 (own analyses
based on infas and DIW, 2004, infas and DLR, 2010).

In this context it is not surprising that in the newest edition of the ADFC cycling
climate index (ADFC, 2012) the agreement with the statement “all population groups
are cycling” has slightly increased within our sample of 44 cities (mean value of 2.97
compared to 3.04 in 2005). On the contrary, respondents reported more often that
cycling is no fun (3.24 compared to 2.93 in 2005). This might reflect the partly critical
media coverage (Der Spiegel, 2011) and the fact that cycling infrastructure is not yet
prepared for the growing demand. Although there are no updated data on the
evaluation of streets and public transport, we assume that these indicators have not
changed to a great extent. This is because the modal shares of driving and public
transport remained rather stable (infas and DLR, 2010) and our data show that modal
choice and perception correlate.

The resulting set of indicators fairly represents the main modes of transport and
includes proxies for planning and policy priorities on the one hand and commonly
shared attitudes and behaviour patterns on the other hand. Clearly these 23 indicators
could have been more detailed in terms of measuring the supply and usage of urban
transport systems. For example, the analysis would benefit from more metric
variables, such as the length of public transport networks or vehicle miles travelled by
mode, as well as additional demand variables like average distance and speed of trips.



Most obviously, there are only four variables to reflect the subjective perception and
evaluation of urban transport. These shortcomings are a consequence of limited data
availability, since especially attitude-based data are difficult to obtain.

5. A Typology of mobility cultures in German cities — Methodology and results

5.1. Factor Analysis — Dimensions of urban mobility cultures

In order to reveal the underlying dimensions of urban mobility cultures, we used the
23 indicators presented previously. This enabled us to apply a principal component
analysis including a varimax rotation in order to group highly related variables and to
identify hidden ‘background factors’ which determine the distribution of the data
(Tabachnick and Fidell, 2009). Following the Kaiser-criterion (eigen-value higher
than 1), we derived seven factors named as follows: wealth, density and general
public transport orientation, cycle-friendliness, metropolitan character, individual and
ecological mobility, walkability and rail transport orientation (Table 2).

The model explains 81.7% of the variance of all variables and the particular factor
loadings are shown in table 2. This overview helps to identify the different parameters
of urban mobility cultures. Firstly, it becomes apparent, that the orientation towards
particular means of transport seems to play a prominent role since five out of seven
factors are mainly determined by mode-specific infrastructure supply, the modal share
of and the commonly shared attitudes towards particular modes. Other aspects
generating different mobility cultures could be identified in the socio-economic
resources available to a city’s population (factor ‘wealth’) as well as in the population
size and the corresponding social and infrastructure characteristics (factor
‘metropolitan character’). To sum up, urban mobility cultures are obviously complex
configurations of material, symbolic and socio-economic elements.

Table 2
Factors of urban mobility cultures in German cities
Factors of urban Indicators Loadings?
mobility cultures (sorted by value)
1 - Wealth high powered cars 915
unemployment rate -.848
household income per capita 784
elderly people -.783
perceived quality of street network 755
number of ADFC members per capita 671
price of public transport season ticket 436
2 — Density and public one and two family houses -.789
transport orientation  settlement density 758
modal share public transport 740
more than bus service .618
motorisation rate -.520
is cycling fun? -.454
3 — Cycle-friendliness do all population groups cycle? .815
car-related businesses -.806

modal share cycling 782



is cycling fun? .659

motorisation rate -.624

4 — Metropolitan perceived quality of public transport 784
character population size 712
single households 517

modal share public transport 449

household income per capita 447

5 — Individual and cycle businesses .654
ecological mobility price public transport season ticket -.649
single households .526

6 - Walkability modal share walking 970
modal share private car -.598

7 — Rail transport Tramway .899
orientation other than bus service .545

% sorted by value, factor loadings below 0.4 were cut off

5.2. Cluster analysis — Which urban mobility cultures exist?

Based on the extracted factors discussed above, we applied a hierarchical cluster
analysis to our sample of 44 German cities for which all data were available. This
city-sample is a selection out of 80 cities with a population of more than 100,000
inhabitants. Big, dense and affluent cities with a rail-based public transport system are
over-represented in our sample. In terms of socio-economics the sample is a fair
representation of all 80 cities (table 3).

Table 3

Selected urban form, transport and socio-economic variables (study sample and all German cities)

Indicator Sample German cities
(year of reference: 2009) (n=44) (> 100,000 people, n = 80)
Location, size and urban form

Located in Eastern Germany (proportion) 11.4% 13.8%
More than 500,000 people (prop.) 25.0% 17.5%

Settlement density

> 4,000 people/km? of urbanised land (prop.) 34,1% 22,5%
Transport

Rail-based public transport system (prop.) 70.5% 58.5%
Socio-economics

Household income per capita

> 1,500€/month (prop.)? 65.0% 56.1%
Unemployment rate (average)® 9.8% 9.8%
Proportion of single households (av.)" 41.0% 40.9%
Proportion of students (av.)?* 7.3% 7.7%
Proportion of elderly (>65 years) (av.) 20.3% 20.5%

# data only available for 66 cities, of which 40 are included in the sample
®year of reference is 2007

We generated six clusters including four with up to ten cities each (Table 4) by using
the Ward method and subsequently the k-means procedure. A high increase of the
error sum of squares suggests a number of six to eight clusters (elbow-criterion)
(Bacher et al., 2010, pp. 305-316; Backhaus et al. 2011, pp. 436). We chose the six



cluster solution, because it is clearly and plausibly structured. In consequence of the
k-means procedure, the city of Aachen was transferred from cluster 1 to cluster 3. Fig.
2 illustrates the deviation between the mean of the cluster elements and the mean of
the entire city-sample for each variable.

Table 4
Cluster-set: cluster names and cities per cluster

Cluster No. of cities Cities

1 - Cycling cities 8 Bremen, Hamm, Leverkusen, Liibeck, Oldenburg,
Osnabriick, Munster, Neuss

2 — Transit metropolises? 4 Cologne, Disseldorf, Hamburg, Munich
3 — Auto-oriented cities 10 Aachen, Duisburg, Essen, Furth, Herne,

Médnchengladbach, Offenbach, Wiesbaden,
Reutlingen, Wuppertal

4 — Transit cities with 8 Bielefeld, Bochum, Heidelberg, Karlsruhe, Krefeld,
multimodal potential® Milheim, Nirnberg, Oberhausen

5 — Walking cities with 7 Bonn, Darmstadt, Frankfurt am Main,
multimodal potential Ludwigshafen, Mainz, Mannheim, Stuttgart

6 — Transit cities® 7 Augsburg, Chemnitz, Dresden, Halle (Saale),

Leipzig, Potsdam, Saarbriicken

% For these cluster names we used American English, since they refer to the term “transit metropolis”
(Cervero, 2008).
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6. Discussion

The multi-faceted approach presented here allows us to obtain a more complex picture
of urban mobility and transport as well as to identify matches and mismatches
between the different dimensions of mode orientation represented by the chosen
indicator-set (infrastructure and service, travel behaviour, perceptions and
evaluations). In this perspective it is, for example, possible to reveal if transport
infrastructure in a city is *high quality’ only in terms of *hard facts’ like extent of
network and service, or if it is at the same time perceived as high quality by its users.
Similarly, the generated dataset helps to analyse interdependencies between travel
behaviour and mobility-related perceptions. For example, the integration of subjective
variables enables us to identify inconsistencies, e.g. between a high modal share of a
specific means of transport and a negative evaluation of this mode. Such
contradictions point to a rather involuntary mode usage, which is more likely to be a
result of socio-economic or infrastructure-related constraints. This could indicate a
high propensity for behaviour change in the event of changed circumstances.

The first city cluster, called cycling cities, shows a strong and consistent propensity
towards cycling among all analysed dimensions of mode orientation (infrastructure,
travel behaviour, perceptions). Moreover, there is a clear trade-off between cycling
and public transport use, since all public transport indicators show under average
values. Interestingly, cycling cities are smaller and less dense than average. This
confirms findings from European and US contexts, although the link between cycling
and density is still highly debated. Whereas the good accessibility of destinations
supports cycling in dense areas, the high volumes of traffic are a possible barrier
(Heinen et al., 2010, Pucher et al., 2011).

Similarly, the second group of cities, named transit metropolises, is characterised by
high and consistent values for all public transport-related indicators in terms of
infrastructure, travel behaviour and perceptions. Remarkably, car use and cycling play
a minor role in this cluster, whereas walking is slightly more popular than in the
whole sample. Most obviously, transit metropolises are bigger, denser and more
affluent than the average. These spatial and socio-economic attributes indicate the
differences between this and the two other public transport-related city-clusters
(transit cities with multimodal potential and transit cities). An interesting detail in this
group is the contrast between low car use and a positive evaluation of the street
network. This shows that perception of a mode does not always lead to its usage,
especially if there are attractive alternative mobility options.

The third city group, labelled auto-oriented cities, shows above average values in
terms of car related supply (car related businesses) and car use (motorisation rate and
modal share car). In contrast to this, the quality of the street network is evaluated
rather negatively. This finding might point towards a well-known vicious circle of car
use leading to congested roads and frustrated drivers who demand construction of new
roads stimulating further car use. For all other modes the corresponding indicators
show below average values in terms of supply, usage and perception. Furthermore,
there are no specificities regarding urban form and socio-economics.

The fourth city cluster is called transit cities with multimodal potential and shows
above average values for all dimensions of public transport orientation. In contrast to



the two other public transport oriented clusters, this group is characterised by a very
low share of walking trips, whereas the proportions of cycling and driving are slightly
above average. This is indicating a potential for combining public transport with bike
use and car use, although mode choice is still dominated by public transport. This
cluster is average in terms of urban form and socio-economics.

The fifth group of cities, named walking cities with multimodal potential, is
characterised by a high share of walking trips as well as a low share of car trips.
However, we believe there is potential for more public transport trips indicated by an
above average supply with high quality rail based public transport service. The same
is true for cycling indicated by a slightly positive evaluation of the “‘cycling climate’
in these cities and an above average number of ADFC members. Similar to the transit
metropolises, this cluster shows a strong discrepancy between a low share of driving
and a positive perception of the street network. In terms of urban form and socio-
economics walking cities with multimodal potential are rather dense and affluent.
Consequently, wealth related transport attributes such as the price of a season ticket or
the share of high powered cars are above average.

The sixth cluster, labelled transit cities, is the third cluster characterised by a public
transport orientation. Differently to cluster 2 and 4, the negative evaluation of the
public transport system contrasts with the positive values for public transport supply
and usage. This result is complemented by socio-economic attributes such as a low
household income per capita and a high unemployment rate. This points towards a
population which is less affluent than the average and leads to the assumption that
many of the public transport users are captive riders who would use other modes if
they could afford them.

Finally, an impact of both urban density and socio-economic features could be
verified for some city groups, whereas in other clusters mobility patterns and mode
orientation seem to be relatively independent of those variables. This is especially true
for the third, fourth and partly for the fifth cluster (auto cities, transit cities with
multimodal potential, walking cities with multimodal potential). The findings lead to
the assumption, that those city types are characterised by urban mobility cultures
which are less dependent on objective constraints and more influenced by policy and
cultural preferences and therefore are easier to change. This assumption certainly
needs to be tested by further in-depth analysis which offers potential for identifying
situations and windows of opportunity for developing mobility patterns in one
direction or another (Bratzel, 1999).

7. Conclusion and prospects

The aim of this paper was to empirically test the theoretical concept of urban mobility
cultures, which is described as a combination of objective and subjective
characteristics such as spatial, socio-economic and political structures on the one
hand, and mobility-related preferences and practices on the other hand. Furthermore,
we intended to identify the underlying dimensions of different mobility cultures.

In order to quantify the described concept we chose a set of 23 indicators which we
applied to a sample of 44 German cities with more than 100,000 inhabitants. Drawing
from elements of the mobility cultures concept such as lifestyles, travel behaviour,



transport policy and infrastructure, we collected or developed our own data from a
wide range of sources. The applied indicators can roughly be divided into urban form
and socio-economic characteristics, transport infrastructure and transport behaviour,
as well as mobility-related perceptions and evaluations. This indicator-based approach
is limited insofar that it produces mean values which cannot reflect the complex
mixture of mainstream, sub- and countercultures existing in an urban community.

Conducting a factor and cluster analysis, we obtained six clusters differing in mode
orientation as well as in socio-economic and spatial characteristics. An analysis of the
mean values for each variable revealed the character and configuration of the
clustered city groups. This approach is at the forefront in the field of analysing urban
mobility patterns, since it is to our best knowledge, the first one capturing subjective
indicators in a study on a city-level.

Nonetheless, the analysis has several shortcomings. Most importantly, the subjective
dimension is represented by only four perception-related variables. This is due to a
limited availability of adequate data, e.g. in national or regional household surveys.
Therefore, we recommend adding perception and attitude-related questions to future
editions of those surveys. Furthermore, future work should find ways to quantify
transport policy and discourses, which are missing in our implementation. In this
regard, a potential indicator is the voting behaviour of a city’s population.

The particular value of our findings is that they describe how and to what extent urban
mobility patterns vary within the same political and national context. A further result
is that cities having the same historical and socio-economic starting position such as
the traditional industrial centres of the Ruhr, nonetheless vary so much that they are
included in different clusters. This finding supports the initial assumption of the
mobility cultures concept that these social structures are not fixed and homogeneous
entities, but dynamic and clearly changeable social fabrics. This argument leads to the
further research question of what determines the significantly different priorities
found in the mobility culture of a wide range of cities.

We believe that this study is relevant for mobility related research, planning practice
and policy formulation. For practitioners in transport, urban planning and policy it
offers an opportunity to identify cities with a similar mobility culture than the one
they are working for. Thus, it can be used as a benchmarking instrument.
Consequently, the results might be used for an exchange of ideas and strategies how
to face common challenges. With regard to mobility research, we hope that our
findings can inspire more in-depth case studies of particular cities or city groups,
which are able to shed light on how specific mobility cultures emerge and change
over time.
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