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1 Introduction

1.1 Background

It is evident in many countries worldwide that both the frequency and the distance of 
personal travel have grown concurrently with the proliferation of telecommunications that 
might substitute for travel (Frandberg and Vilhelmson, 2003; Orfeuil and Soleyret, 2002; 
Urry, 2004). For instance, in 1995 Americans made on average 4 long-distance trips (defined 
as more than 100 miles or 160 kilometres from home) per year, which was almost twice 
as many as the average of 2.4 trips in 1977 (Mallett, 1999a). While the understanding of 
the determinants of long-distance travel is still limited in the literature, flows of people are 
relevant expressions of relations between metropolitan areas (Dieleman and Faludi, 1998) 
that have become more complex and developed at a faster pace than in previous periods. 
It can be said that flows of people play an important part in the evolution of urban systems 
that is argued to be the process of the spatial adaptations of actors (individuals, firms, and 
institutions, for example) in the system to several macro trends (Janelle, 1969) that are 
discussed below.

One important trend is the economic restructuring processes. Faced with intense 
competition from other companies, firms seek to achieve the economies of scale and 
scope by developing their specialisations and operating in an area that gives them a 
comparative advantage relative to other areas. These processes are facilitated by the 
reduction in transport and communication costs resulting from advances in transport 
and information and communication technology. Economic activities have increasingly 
become spatially fragmented and organised on higher spatial scales. On the global scale, 
economic restructuring has operated to forge a new international division of labour, which 
has led to a concentration of certain economic activities such as producer services in a small 
number of large cities around the globe (Friedmann, 1986; Hall, 1997; Sassen, 1990). 
On the metropolitan scale, firms have more flexibility to balance accessibility needs and 
the associated costs, leading to the decentralisation of urban functions (Kloosterman and 
Musterd, 2001). Furthermore, the transformations of urban configurations on the global 
scale are stimulated by widespread bilateral and multilateral agreements between countries 
to achieve, for instance, political and administrative cooperation, trade liberalisation, and 
market deregulation (Oncu and Weyland, 1997). The European Community (EC), World 
Trade Organization (WTO), and North American Free Trade Agreement (NAFTA) are 
familiar examples of these agreements, which in effect have encouraged both intra- and 
international transfers of products, capital, knowledge, technologies, people, and so forth.

As is the case with economic activities, the action radius of individuals and households 
have been extended spatially through reductions in travel costs and time. Inexpensive 
personal travel provides individuals with greater flexibility to choose a residential location 
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further from highly urbanised areas and their workplace, while sociodemographic changes 
such as rising levels of personal affluence, the progressive fall in household size, and the 
changing attitudes and lifestyles of individuals have an important role in fuelling the spatial 
extensions (Champion, 2001; Hall, 1993; Kloosterman and Musterd, 2001; Schafer, 1998). 
Increases in the level of women’s participation in the labour market and in the number 
of two-earner families are other important drivers for the spatial extension of individuals, 
because changing residence in response to a change in employment location is more difficult 
for two partners having to commute to different workplaces (Van Ham et al., 2001). The fact 
that individuals’ residences and activities are more widely distributed spatially means that, 
when people meet face-to-face, travel across longer distances is often involved (Urry, 2003).

All in all, the spatial extension of activities in urban systems contributes to the 
transformations of urban configurations in the direction of polycentric urban systems, in 
which formerly independent cities have become integrated and have started to operate as 
functional units (Dieleman and Faludi, 1998). These transformation processes have been 
taking place on various geographical scales. This issue is discussed below.

The concept of polycentrism is not entirely new (Halbert et al., 2006; Hohenberg and Lees, 
1995). In theory, a fully polycentric system is one that lacks truly dominant nodes, because 
the specialised products and services are evenly distributed across all the nodes in the 
system. Despite its wide usage in both academic discourse and spatial planning policies, the 
concept of polycentrism is subject to multiple interpretations and the meaning ascribed to it 
tends to depend on the spatial scale to which it is applied (Davoudi, 2003; Kloosterman and 
Musterd, 2001). Polycentric systems on different spatial levels are presented schematically in 
Figure 1.1, where triangles, solid- and dash-circles represent core cities and suburban areas, 
metropolitan areas, and Polycentric Urban Region (PUR) respectively. On the metropolitan 
level, where its use was first developed, polycentrism refers to the development of multiple 
sub-centres within one built-up area (Gordon et al., 1986). This spatial configuration is also 
termed a conurbation (Geddes, 1915). On the inter-metropolitan level, polycentrism refers to 
a polycentric urban region characterised by separate and distinct cities that interact with each 
other to a certain extent, such as the Randstad Holland, Rhine-Ruhr area in Germany, and 
the Kansai area in Japan (Batten, 1995; Dieleman and Faludi, 1998). Studies focusing on the 
inter-metropolitan level can be grouped according to the spatial scales investigated: national, 
European, or global (Table 1.1). An example of a polycentric system crossing national borders 
that is claimed to be in the making is the area consisting of Randstad Holland, the Rhine-
Ruhr area, and the Flemish Diamond; together, they are referred to as a polynucleated macro-
region (Dieleman and Faludi, 1998).

However, a theoretical framework and a clear taxonomy of polycentric urban 
configurations is not yet well founded (Kloosterman and Musterd, 2001 p. 623). Research 
activity concerning polycentric urban configurations on the inter-metropolitan scale is 
far more limited than on the metropolitan scale (Davoudi, 2003). One reason for this 
difference might be that the dominant characteristic of spatial transformations has been 
most visible on the metropolitan level throughout the last two centuries (ibid). To gain 
insight into polycentric urban configurations, a framework is needed to characterise and 
identify the configurations of urban systems with the emphasis on the inter-metropolitan 
scale. In Europe, the significance of polycentric systems has been widely acknowledged 
as a policy tool for remedying the inequalities across areas in the European Spatial 
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Development Perspective (ESDP, 1999). The identification of economic core areas within 
western Europe such as the ‘Blue Banana’ (extending from the South of England across 
the Benelux countries and western Germany into northern Italy (RECLUS, 1989)) and the 
‘Pentagon’ (defined by the metropolises of London, Paris, Milan, Munich and Hamburg 
(ESDP, 1999)) has made it clear that economic prosperity is unevenly distributed across 
the European regions. One of the key policy options for a balanced territorial development 
across Europe is the promotion of polycentric development on both the intra- and inter-
metropolitan level through an increase in the levels of interaction and cooperation between 
different areas (Davoudi, 2003). The ESDP’s promotion of polycentric urban development 
has already led to its incorporation in the European structural funds programmes such as 
Interreg IIIB, which aims at enhancing the cooperation between border areas that covers all 
transnational cooperation actions involving the national, regional and local authorities and 
the other socioeconomic players (European Commission, 2002). The policy on polycentric 
development is based on the belief that such development allows urban nodes to benefit 
from economies of scale and to specialise in particular economic activities. These advantages 
can become self-reinforcing over time; they could never be achieved in isolation.

In response to the ESDP, the concept of polycentric development has also been 
incorporated in the regional and/or national spatial policies of many European countries 
including the Netherlands, Belgium, France, Germany, Italy, and the UK (Waterhout et 

Figure 1.1 Schematic representation of polycentric development at different spatial levels
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al., 2005). Reducing urban disparities and enhancing urban competitiveness are two main 
objectives of polycentric development in these countries. However, reference is not always 
made to the term ‘polycentric development’ as such. The concept of an (inter-)urban 
system is commonly employed in the policy documents. In the Netherlands, for example, 
promoting several subsystems each consisting of a group of cities within the country that 
interact intensively with one another, such as the Randstad, are prime policy objectives in the 
Spatial Planning Memorandum (Nota Ruimte) to strengthen the Netherlands’ international 
competitive position (Ministry of Housing Spatial Planning and the Environment, 2004). 
The importance of polycentric development in spatial planning policies on both European 
and national scales calls for better insight into the current state of polycentric configurations; 
this insight is crucial both for the determination of the direction of new spatial policies as 
well as for the evaluation of spatial policies.

For all spatial scales and countries, the various forms of interaction (such as flows of 
information, goods, money, and people) that link different areas together stand to the fore in 
polycentric development policies (Davoudi, 2003). In this thesis only corporeal long-distance 
journeys between FURs have been analysed and based on these flows urban systems at the 
inter-metropolitan levels have been characterised. Although flow of people forms just one 
part of all types of flow, I focus specifically on flows of people or corporeal human interaction 
for two main reasons. First, physical co-presence and face-to-face conversation remain crucial 
for maintaining the business linkages and social networks, which become spatially extended 
(Hall, 2001; Storper and Venables, 2004; Urry, 2003). Second, human corporeal interaction 
encounters a different set of constraints from other types of flow, particularly information 
and money that are now virtually instantaneous (Castells, 1996). Although long-distance 
travel has now become more accessible and affordable, barriers such as national borders, 
physical distance, and time that affect other types of flow only mildly play an important 
part in constraining human corporeal travel. Although other types of material flows such 
as goods tend to be affected by similar types of constraint, the effect is likely to be larger on 
human corporeal interaction. One obvious reason is that non-living entities are not affected 
by such capability constraints as the need for sleep and food at certain time intervals, so that 
they are more flexible and can be transported for longer durations and distances than living 
entities can. Since these constraints may hamper polycentric development, better insight 
into the factors influencing long-distance travel behaviour should provide a good basis for 
overcoming these constraints.

1.2  Research into long-distance travel behaviour and configurations of urban 
systems on the basis of flows

This section provides a brief review of previous research. Since the relevant parts of the 
literature are summarised in the chapters concerned, a detailed description of previous 
research is not repeated here. The purpose of the following brief, general overview is to 
identify the issues addressed. This section first reviews the relevant literature to gain insight 
into the determinants of long-distance travel behaviour, and then proceeds with studies 
focusing on the configurations of urban systems on the basis of flows.



19

1.2.1 Factors influencing long-distance travel behaviour
According to time-geography and activity-based travel-demand-analysis literature, both space 
and time play an important part in determining travel behaviour, because travel is seen as a 
demand derived from an individual’s participation in activities that are separated in space 
and time (Hagerstrand, 1970). While relatively little is known about the determinants of 
long-distance travel behaviour, studies focusing on daily travel have been extensive (Boarnet 
and Crane, 1999; Cervero, 2002; Hanson, 1982; Schwanen et al., 2001, for example). Several 
theoretical and conceptual frameworks have been developed to describe and predict daily 
travel demand with respect to different sets of factors. The socioeconomic characteristics 
of travellers, urban form factors, and the organisation of activities with respect to time 
availability are the main determinants identified in the daily travel demand analysis literature 
(Lu and Pas, 1999). It is hypothesised that the effect of these factors differs for short- and 
long-distance travel owing to the fact that the latter involves larger amounts of time and 
costs. Long-distance travellers are therefore likely to face different sets of constraints, 
which may result in different patterns of travel behaviour. The important factors that are 
hypothesised to influence long-distance travel behaviour are reviewed below.

Numerous studies indicate that a traveller’s socioeconomic attributes (for example, 
gender, age, personal income, and level of education attained) and factors of urban form (for 
example, population density, land-use balance, and proximity to transport infrastructure) 
are among the most important determinants of daily trips (Cervero and Kockelman, 1997; 
Hanson, 1982; Lu and Pas, 1999; Schwanen et al., 2001). With respect to socioeconomic 
characteristics, a survey of the long-distance travel literature reveals that gender, income, age, 
level of education attained, work status, and the possession of a driving licence are important 
personal characteristics determining long-distance travel behaviour (Georggi and Pendyala, 
1999; Mallett, 1999a; Mallett, 1999b; O’Neill and Brown, 1999). However, household 
composition that is shown to influence daily travel behaviour has rarely been taken into 
account for studies on long-distance travel. For daily travel, for instance, household and 
childcare obligations have been shown to tend to reduce the commute distances for women 
in general and for the mothers of young children in particular (Gordon et al., 1989; Turner 
and Niemeier, 1997). On the basis of this evidence, such effects could also be expected to 
be rather strong on long-distance travel, particularly because much longer travel time is 
required than for short-distance travel. This brief review suggests that the aforementioned 
socioeconomic characteristics of travellers should be taken into account when analysing 
long-distance travel behaviour.

With respect to urban form, a review of the literature reveals that the influence of the 
spatial setting on long-distance travel behaviour has not as yet been investigated in detail 
(Algers, 1993; Bricka, 1999). When taken into account, spatial differences have often been 
represented as a dichotomy distinguishing metropolitan from non-metropolitan locations, 
or urban from rural areas (Bricka, 1999). Moreover, when urban form factors have been 
examined, the socioeconomic characteristics have not been adequately controlled for in the 
models. This deficiency may crucially affect the outcome, because the potential contribution 
of urban form to variation in travel behaviour may become smaller when a greater number 
of confounding factors is controlled for (Schwanen, 2003). The factors influencing long-
distance travel behaviour that have been employed in the literature are summarised in 
Chapters 2 and 3.
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Since long-distance travel is time-consuming, individuals engaging in it tend to face 
greater time-budget constraints than in short-distance travel. The question as to how long-
distance travel behaviour is influenced by temporal aspects such as the travel time and 
time availability of the travellers merits further exploration. Moreover, given the fact that 
long-distance travel is also undertaken for reasons other than accessing workplace or work-
related destinations, an analysis of long-distance travel behaviour for non-work purposes is 
also important. In fact, shopping and leisure travel are important types of personal travel, 
for they account for the greater share of long-distance travel in many countries (Bureau of 
Transportation Statistics, 1998; Dateline Consortium, 2002).

Furthermore, the studies on long-distance travel employing US data outnumber those 
from a European context. The country’s very large size may be one reason for long-distance 
travel being undertaken more frequently in the US and receiving more attention than in 
Europe. However, it is unclear whether the conclusions for the US are applicable in European 
countries owing to the differences in urbanisation patterns and in political, cultural, and 
social factors. In Europe, cities came into existence when walking was the dominant mode 
of transport; the density of cities is higher; control on land use is more stringent; public 
transport is better developed; and car ownership rates are lower (Giuliano and Narayan, 
2003; Schwanen et al., 2002). Although eliminating the borders between member countries 
is one important objective of the European Union, political, cultural, and linguistic 
diversities in Europe are still greater than in the US, and might result in different patterns 
of long-distance travel behaviour. On the one hand, these diversities may stimulate long-
distance travel particularly for leisure purposes, while they may also encumber long-distance 
travel for other purposes such as business. Moreover, according to the OECD (Organisation 
for Economic Co-operation and Development, 2004) there are also substantial differences 
in the number of working hours per worker between the US and many western European 
countries (around 1800 annual work hours in the US and 1550 in the fifteen EU members 
(in 2001)). The main reasons are that European workers tend to work shorter hours per 
week and have more paid annual holiday than their US counterparts. More available time 
may lead to more opportunities for European workers to participate in long-distance travel. 
These differences between the US and Europe suggest that better insight into long-distance 
travel behaviour from a European context is required.

1.2.2 Development of urban systems on the basis of flows
In theory, urban configurations can be placed on a continuum ranging from a fully 
monocentric system, in which opportunities are concentrated in one (or a few) dominant 
node(s), to a fully polycentric system, in which there are no truly dominant nodes, because 
specialised opportunities are distributed across urban areas. The presence of multiple centres 
with specialised economic, social, and cultural functions and a high degree of interaction 
between them (Anas et al., 1998; Clark, 2000) makes it clear that the monocentric model is 
no longer appropriate for describing contemporary urban configurations on the metropolitan 
scale. This unsuitability arises because a strict assumption about a single employment centre 
is unlikely to hold true in contemporary urban systems (Clark and Kuijpers-Linde, 1994; 
Kloosterman and Musterd, 2001). However, what these polycentric systems are like and how 
the configurations of such systems can be characterised remains unclear. Such questions 
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justify the need for a theoretical and methodological framework to characterise polycentric 
urban configurations.

In the literature on urban systems, two main approaches for characterising the 
configurations of urban systems can be distinguished by the type of data used in the 
analysis (Smith and Timberlake, 1995b): attributes of nodes and interaction data (Table 
1.1). The most common approach is to measure the importance of nodes in terms of the 
level of concentration of certain functions (for example, the numbers of residents and jobs) 
within nodes (Cheshire, 1990; Shin, 2002). Attributes of nodes have also been employed to 
derive the patterns of interaction between them (Derudder and Taylor, 2005; Meijer, 1993; 
Taylor and Hoyler, 2000); examples include deriving the probabilities of the interactions 
between urban settlements from population size (Du, 2001) and examining functional 
interdependencies between cities from branch-firm distribution (Preston, 1971; Taylor and 

Table 1.1 Studies on configurations of urban system stratified by spatial scale and type of data 
employed

Spatial scale Spatial level Node-attribute Actual flows

Global Chase-Dunn, 1985; Friedmann, 
1986; Sassen, 1995; Taylor, 1997*; 
Beaverstock et al., 1999*; Hill and 
Kim, 2000; Taylor and Walker, 2001*; 
Sassen, 2002; Derudder et al., 2003; 
Alderson and Beckfield, 2004*; Taylor, 
2004*; Derudder and Taylor, 2005*; 
Rossi and Taylor, 2005*; Taylor, 2005*

Snyder and Kick, 1979; Steiber, 
1979; Smith and White, 1992; Smith 
and Timberlake, 1995b; Shin and 
Timberlake, 2000; Kick and Davis, 
2001; Smith and Timberlake, 2001; 
Shin, 2002; Derudder and Witlox, 
2005

European Inter-
metropolitan

Daniels et al., 1992; Bruinsma and 
Rietveld, 1993*; Lever, 1993; Meijer, 
1993; Cheshire, 1995; Hohenberg and 
Lees, 1995; Rubalcaba-Bermejo and 
Cuadrado-Roura, 1995; Dupuy and 
Stransky, 1996*; Taylor and Hoyler, 
2000*

Catten, 1995; Nordic Centre for Spatial 
Development, 2004

National Preston, 1971*; Stephens and Holly, 
1981; Meyer, 1986*; Huff and Lutz, 
1995; Dematteis, 1997*; Gordon et al., 
1998; Du, 2001*; Hall et al., 2001; Lin, 
2002; Meijers et al., 2005*

Nystuen and Dacey, 1961; Reed, 1970; 
Pred, 1980; Fisher and Mitchelson, 
1987; Mitchelson and Wheeler, 1994; 
Van Der Laan, 1998

Metropolitan Intra-
metropolitan

Gordon et al., 1986; McDonald, 1987; 
Heikkila et al., 1989; McDonald and 
Prather, 1994; Fujii and Hartshorn, 
1995; Gordon and Richardson, 1996; 
Forstall and Greene, 1997; Gordon et 
al., 1998; Ingram, 1998; McMillen and 
McDonald, 1998; Wu, 1998; Atzema 
and Lambooy, 1999; Bogart and Ferry, 
1999; Coffey and Shearmur, 2002; 
Shearmur and Coffey, 2002; Lang 
and LeFurgy, 2003; Boiteux-Orain and 
Guillain, 2004

Berry, 1960; Taaffe et al., 1980; Plane, 
1981; Giuliano and Small, 1991; Irwin 
and Hughes, 1992; Clark and Kuijpers-
Linde, 1994; Song, 1994; Brotchie et 
al., 1995; Levinson and Kumar, 1997; 
Cervero and Wu, 1998; Lowe, 1998; 
Van Der Laan, 1998; Morrill et al., 
1999; Rain, 1999; Vandersmissen et 
al., 2003; Nielsen et al., 2005; Sohn, 
2005; Van Nuffel, 2005

* Node-attribute data is used to derived flows
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Walker, 2001) (studies using node-attribute data to derive flows are marked with asterisk 
in Table 1.1). However, the attributes of nodes and the derived flows have been criticised, 
because it is unclear to what extent the attributes of nodes are used by actors (individuals, 
firms, institutions and so forth) residing outside the node. For this reason, the attributes 
of nodes cannot be directly translated into the interaction between nodes (Robinson, 2005; 
Smith and Timberlake, 1995a). This leads to the second approach that concentrates directly 
on the interactions and the degree to which nodes interact with each other in the system of 
flows.

Owing to the lack of a suitable data source, empirical studies based on actual flows are still 
rather few; the use of node characteristics is more common than interactions to examine 
configurations of urban systems (Hall et al., 2001; Hohenberg and Lees, 1995; Kooij, 1988). 
Among studies using interaction data, research activity has tended to concentrate around 
two spatial scales: the world cities system on the global scale (e.g. Smith and White, 1992; 
Smith and Timberlake, 2001) and the daily urban system on the metropolitan scale (Clark 
and Kuijpers-Linde, 1994; Cortie et al., 1992). Less extensive attention has been paid in the 
literature to the formation of inter-metropolitan systems on the European scale (Camagni 
and Salone, 1993; Van Der Laan, 1998). Table 1.1 presents the main studies concerning 
the configurations of urban systems stratified by spatial scale and level and type of data 
employed. These studies are selected from peer-reviewed international journals and some 
seminal books. As shown in Table 1.1, studies on the inter-metropolitan level have been 
conducted on more than one spatial scale: global, European, and national. A distinction 
drawn between studies on the European and national scales has shown that the use of 
flow data to characterise urban configurations on the European scale remains relatively 
infrequent, especially in comparison with other spatial scales.

Recent studies reported in the literature on urban systems draw heavily on the terminology 
of networks to analyse the role of nodes within a system (Stanley, 2005). Spatial entities 
(cities, regions, countries, and so forth) are often conceptualised as nodes in the network that 
connect with one another via various types of flow (Smith and Timberlake, 1995b; Taylor, 
2004). While this approach enables one to gain insight into the importance of nodes in an 
urban system, a framework to characterise polycentric urban configurations on the basis of 
flows is still lacking in the literature. Another aspect that merits further exploration relates to 
the fact that the configurations of urban systems have evolved over time. As yet, few studies 
take a comparison-in-time perspective and focus on the changing spatial organisations of 
the urban systems on the basis of flows (for example, Smith and White, 1992; Smith and 
Timberlake, 2001), particularly on the inter-metropolitan level. Studying the structure of 
these relationships and the way in which they change over time should enable us to learn a 
great deal about the dynamics of urban systems.

In fact, both the attributes of nodes and the interaction between them are two 
important types of element constituting urban systems (Simmons, 1978); they are highly 
interdependent and determine one another (Haggett, 1966; Simmons, 1978). The 
interrelationships between these two elements have been clearly described by many authors 
who maintain that the evolution of an urban system is the slow process that the interaction 
and the attributes of nodes develop concurrently (Hawley, 1950; Hohenberg and Lees, 1995; 
Janelle, 1969). It is however remarkable that the relationships between the attributes of 
nodes and the interactions have rarely been examined empirically (major exceptions are 
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Eberstein and Frisbie, 1982; Taaffe, 1956). To gain better insight into the configurations 
of urban systems, it is pertinent to examine the extent to which the interaction- and node-
attribute data produce different outcomes for determining positions of urban areas in the 
system. The insight obtained thereby may provide useful guidance on data selection for 
studies aiming to characterise the configurations of urban systems.

Finally, as is the case in research on long-distance travel, previous studies of urban 
systems mainly focus on work-related flows such as commuting (e.g. Clark and Kuijpers-
Linde, 1994; Van Der Laan, 1998). However, we argue that other mobility flows such as 
holiday and leisure journeys should be examined in this context, because they also play an 
important part in connecting urban nodes.

1.3 Aims and research questions of the study

Despite the progress that has been made with respect to the understanding of the 
determinants of long-distance travel behaviour and the development of urban systems on the 
basis of flows, some lines for further research could be identified. The main aim of this study 
has been to develop insight into the determinants of long-distance travel behaviour and to 
advance the understanding of the configurations of urban systems on the inter-metropolitan 
level on the basis of flows of people. Note that only long-distance trips have been analysed 
in this study, and not other types of flow. To achieve this aim, four main research questions 
were formulated that guided the empirical analysis presented in the following five chapters:

i. To what extent do participation in long-distance travel and mode choice for long-distance travel 
vary systematically with socioeconomic and urban form factors?

This question is taken up in Chapters 2 and 3. Chapter 2 reports the comparison of how 
socioeconomic characteristics and urban form factors (population density at the origin of 
long-distance trips) influence the participation in long-distance travel of people living 
in the UK and the Netherlands. Chapter 3 concentrates on mode choice for long-distance 
travel in the Netherlands, especially the impact of urban form factors under travel time 
considerations. Some urban form factors at both the origins and the destinations of long-
distance trips are also analysed (that is, population density at the origin and destination, type 
of municipalities by degree of urbanisation, land-use balance, specialisation of land use in 
the municipality, and proximity to transport infrastructure). In addition to commuting, trips 
undertaken for business and non-work related purposes such as shopping and leisure are 
also analysed in these two chapters.

ii. What are the main dimensions of a theoretical and methodological framework for characterising 
configurations of urban system on the basis of flows?

This question is dealt with in Chapter 4. Owing to the important role of polycentric 
development in spatial planning policies, the ability to characterise and identify 
configurations of polycentric system is essential for policy evaluation. How the polycentric 
system can be characterised is, however, still unclear from the literature. Following the 
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most recent literature on urban systems, this chapter proposes a framework and measures 
based on an interaction perspective to characterise the configurations of urban systems. The 
proposed framework is illustrated by empirical flow data, which is the aggregation of long-
distance journeys, to gain insight into the configurations of the German and French urban 
systems. Separate analyses have been carried out for business, holiday, and leisure flows.

iii. To what extent can the development of the configurations of urban systems in the Netherlands 
be characterised on the basis of the interaction perspective during the period 1992-2002?

This question stands central in the fifth chapter. Taking a time-comparison perspective, 
the framework proposed in the previous chapter is employed to examine the development 
of interaction between twenty-three Daily Urban Systems (DUSs) in the Netherlands on 
the basis of flows of people over the ten-year period. Particular attention has been paid to 
the extent to which the interaction between DUSs progresses towards a fully polycentric 
configuration. The analysis focuses specifically on the interaction between DUSs located 
within the Randstad Holland, the backbone of the Dutch urban system. The analyses have 
been conducted separately for commuting and leisure flows.

iv. To what extent do flows of people between urban areas and attributes of urban areas produce 
different outcomes with respect to the position of urban nodes in the larger urban system?

Although many studies employ either interaction- or node-attribute data to study the 
positions of cities in the urban system, relatively little is known about the extent to which 
these two different types of data lead to differences in the position of urban areas in the 
system. In Chapter 6 this relationship is examined and the extent to which the positions 
of urban areas based on these two types of data are correlated is discussed. Thirty-nine 
functional urban areas in Western Europe are ranked and compared according to their 
relative roles in the system and the functions they contain.

This thesis comprises a collection of papers published or submitted to peer-reviewed 
scientific journals. The three main sources of datasets employed are the UK and the 
Netherlands National Travel Surveys (NTSs) (Department of the Environment Transport and 
the Regions, 1998; Statistics Netherlands, 2002), and the European long-distance mobility 
data (DATELINE Consortium, 2003). The latter is the first harmonised long-distance travel 
survey in Europe conducted in the fifteen EU member states (in 2001) and Switzerland. 
These datasets are described in detail in the series of chapters featuring the empirical 
results.

Please note that there are some differences in the concepts employed in these chapters. 
This is mainly because the papers have been written at different stages of the project; 
the differences in concepts used tend to be the result of adaptations to new methods and 
findings that have been arisen during the project. The variety of the databases employed 
and spatial scales investigated also accounts for some of these differences across chapters. 
With regard to the European mobility data, the Functional Urban Region (FUR) is employed 
as the spatial unit in the analysis (Chapters 4 and 6); this concept is comparable with the 
PUR presented in Figure 1.1. Note that, for some countries, the PUR may consist of only 
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one metropolitan area and its hinterland. For the Netherlands NTS, the spatial unit in 
the analysis is the Daily Urban System (DUS) (Chapter 5), which is comparable with the 
metropolitan area presented in Figure 1.1. A criterion for selecting the appropriate spatial 
unit for each analysis is that it should be the lowest spatial unit available in the database 
employed that contains sufficient observations for yielding meaningful results.

Furthermore, two definitions of long-distance travel have been employed in this thesis. 
In the UK and the Netherlands NTSs, the 50-km threshold was chosen, on the basis of 
the average size of the DUSs in both countries, as a minimum distance for a trip to be 
regarded as long-distance travel (Chapters 2 and 3), while the minimum distance of 100-km 
is employed by the European long-distance mobility data (Chapters 4 and 6). Furthermore, 
there is a difference in the definition of trips and journeys employed in the datasets. A one-
way course of travel having a single main purpose is defined as a trip in the UK and the 
Netherlands NTSs, while it is referred to as a journey in the European mobility data. The 
readers will therefore notice differences in these terms across chapters.
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Abstract

Social and economic benefits have accrued from medium- and long-distance travel, but at 
the expense of the environment. Since the travel behaviour literature tends to concentrate 
on short-distance trips or trips within daily urban systems, a better understanding of the 
factors shaping medium- and long-distance travel is needed. Using the 1998 National Travel 
Surveys for the UK and the Netherlands, the study reported here characterises medium- 
and long-distance travellers in terms of socioeconomic attributes, time availability, day of 
travel, and land-use related factors. The results suggest that, in both countries, males and 
individuals with a higher socioeconomic status are more likely to engage in medium- and 
long-distance travel. The analysis further shows that the overall structure of the urban 
system in combination with the size of the country and the local population density affect 
the participation in medium- and long-distance travel. Such factors should be considered 
explicitly in future studies of medium- and long-distance travel.

2.1 Introduction

During the last few decades many countries have experienced a dramatic increase in mobility 
in terms of vehicle-kilometres travelled (see, for example, Bureau of Transportation Statistics, 
1998; Department for Transport Local Government and the Regions, 2001; Swedish Institute 
for Transport and Communications Analysis, 2003). Technological innovations in transport 
and faster travel speeds are the main facilitators of this trend, allowing people to travel 
farther within relatively constant travel time budgets (Schafer, 1998). One consequence of 
these processes is that the number of people travelling greater distances than the average 
size of traditional daily urban systems or metropolitan areas is increasing (Van Der Laan, 
1998). This type of travel is referred to as a medium- and long-distance travel in this study.
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Economic and social benefits can be expected from medium- and long-distance travel, 
along with environmental threats. Economically, this type of travel strengthens the links 
between different regions (Bureau of Transportation Statistics, 1998) and facilitates the 
organisation of production in inter- and intra-company networks. Consequently, regions 
have more opportunities to become involved in networks and to profit from the mutual 
exchange of knowledge and creativity (Batten, 1995). Medium- and long-distance travel is 
thus one of the factors at play in the on-going spatial integration process in Europe and 
elsewhere. Socially, medium- and long-distance travel enhances travellers’ opportunities to 
access a wider range of facilities and specialised services, such as healthcare, retail outlets, 
or social events, particularly in rural areas. Moreover, travel is necessary when going 
away on vacation, or taking a day-trip, and hence functions as a precondition for tourism 
activities (Mallett, 1999a). Medium- and long-distance trips nonetheless cause severe 
damage to the environment, since travel distance is positively related to higher levels of 
energy consumption, the emission of air pollutants, and noise levels (Stead, 1999). While 
their absolute number may be rather low, medium- and long-distance trips are responsible 
for more than one-fifth of all passenger-miles travelled in USA (Bureau of Transportation 
Statistics, 1998). Moreover, trips by private car and air travel collectively dominate the modal 
split for medium- and long-distance travel, contributing further to the negative impacts of 
this type of travel on the environment.

Although the increase in medium- and long-distance travel is widely acknowledged, 
empirical studies of this subject are few. The literature on travel demand analysis 
typically concentrates on trips within daily urban systems. In addition, the fact that this 
study compares medium- and long-distance travel in the UK and the Netherlands can be 
considered a contribution to the existing literature that draws mainly on USA data. The 
value of this contribution derives from the fact that conclusions for the USA cannot be 
transposed directly to European countries where urbanisation patterns are different: cities 
came into existence when walking was the dominant mode of transport; the density of cities 
is higher; public transport is better developed; and car ownership rates are lower (Giuliano 
and Narayan, 2003; Schwanen et al., 2002).

In this article, we therefore examine the extent to which the participation in medium- and 
long-distance travel, compared with participation in short-distance travel, depends on the 
socioeconomic characteristics of travellers, time availability, and day of travel, as well as the 
characteristics of urbanisation patterns. The last set of factors in particular has rarely been 
taken into consideration in previous studies of medium- and long-distance travel. The impact 
of the three sets of determinants on medium- and long-distance travel was investigated 
separately for commute, business, and leisure trips by private car and train, because we 
expected their effects to differ across trip purposes and transport modes. We concentrate on 
travel by private car and train because these are the dominant transport modes for medium- 
and long-distance domestic travel in Europe1.

To gain more insight into the spatial variation in the participation in medium- and long-
distance travel, we have analysed data from the 1998 UK and the Netherlands National 
Travel Surveys. While the two countries are at a similar stage of economic development, 
there are certain other differences that may affect the extent of medium- and long-distance 
travel. The very fact, for instance, that the area size of the UK is some 5.5 times larger than 
that of the Netherlands may result in more domestic medium- and long-distance trips in the 
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former country. The urbanisation pattern is also different. In the UK a small number of large 
metropolitan regions such as Greater London and the Manchester area dominate the urban 
system (Parkinson, 1998). In contrast, the Netherlands is characterised by a relatively large 
number of cities of a moderate population size, located in densely populated areas at short 
distances from each other and linked by extensive road and rail networks. Most of these 
are concentrated in the western part of the country; together they constitute the Randstad 
Holland, which is often referred to as one polycentric urban region (Dieleman and Faludi, 
1998). Differences in local residential density are also rather small in the Netherlands. Taken 
together, these differences imply that employment opportunities and leisure facilities are 
spatially more dispersed in the Netherlands than in the UK; this dispersal may also affect 
the extent of medium- and long-distance travel.

According to the literature, medium- and long-distance trips are usually defined on the 
basis of physical distance. Unfortunately, there is no commonly defined minimum distance, 
as the thresholds used in various national travel surveys make clear: 100 miles (167 km) for 
the USA (Bureau of Transportation Statistics, 1998); 50 miles (83 km) for the UK (Office 
for National Statistics, 1998); and 100 km for Sweden (Swedish Institute for Transport 
and Communications Analysis, 2003), Norway (Denstadli and Hjorthol, 2002), and the 
European long-distance travel mobility survey (Dateline Consortium, 2003). In this study, 
we have arbitrarily defined medium- and long-distance trips as those greater than 50 km 
(one-way, door-to-door distance). This threshold was chosen on the basis of the average size 
of metropolitan areas in both the UK and the Netherlands (see also Rickard, 1988).

The remainder of this paper is organised as follows. The next section consists of a review 
of the existing literature on the determinants of participation in medium- and long- distance 
travel. In Section 2.3 the research methodology and the datasets used are described; section 
2.4 introduces the main characteristics of medium- and long-distance travel engagement in 
the UK and the Netherlands. The results of a series of multivariate analyses are presented in 
section 2.5. The paper ends with some conclusions and implications for policymaking.

2.2 Previous research

In this section, we first review the relevant literature on the determinants of medium- 
and long-distance travel and then discuss the factors that we hypothesise influence the 
participation in this type of travel.

Numerous studies have indicated that travellers’ socioeconomic attributes are among 
the most important determinants of short-distance trips (see, for example, Hanson and 
Hanson, 1981; Lu and Pas, 1999; Stead et al., 2000). These factors also play an important 
part in influencing medium- and long-distance travel behaviour. Drawing on data from the 
American Travel Survey 1995, Mallett (1999b) shows that men engage in trips longer than 
100 miles more frequently than women do, mainly because they take more than twice as 
many business trips. Men also take more trips for outdoor recreation. These differences are 
explained by women’s lower income and employment rates as well as their tendency to be 
mainly responsible for household maintenance and childcare tasks. With respect to mode 
choice, women tend to use public transport for these trips more often than men do (ibid).
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Apart from gender, socioeconomic status is an important determinant of medium- and long-
distance travel. Higher-income, highly-educated, full-time employed travellers as well as 
people in higher-level occupations tend to engage in medium- and long-distance travel more 
often. Participation in these trips is also positively associated with the possession of a valid 
driving licence and car ownership (Annitori et al., 1998).

The literature is more equivocal with respect to the impact of the presence of children on 
the propensity to engage in medium- and long-distance travel. Mallett (1999b) asserts that 
the presence of children reduces the frequency of trips longer than 100 miles to a greater 
extent for women than for men, but O’Neill and Brown (1999) point out that the presence 
of children does not affect the frequency of these trips in married households. Previous 
research also suggests that participation in medium- and long-distance travel increases with 
age, but decreases after the age of 65. However, people aged 65 and older spend more time 
at their destinations than any other age group (Georggi and Pendyala, 1999).

When considering the spatial variation in the participation in medium- and long-distance 
travel, Mallett (1999a) shows that, in USA, inhabitants living in rural areas conduct these 
trips more frequently than the residents of urban areas do. He also finds that people 
from urban areas use rail more often than others because of the greater accessibility 
of rail in urban areas. O’Neill and Brown (1999) estimate the number of trips generated 
per Transportation Analysis Zone (TAZ) in the USA and report that households in non-
metropolitan areas on average generate more medium- and long-distance non-business trips 
per year than their counterparts in metropolitan areas. Another spatial factor mentioned by 
Algers (1993) is that owners of a summerhouse participate in medium- and long-distance 
travel more frequently. He also indicates that the total population, the number of employees, 
and the population density cannot fully differentiate between different destinations for 
private trips, but to a certain extent they can explain the probability of choosing a specific 
destination for business trips.

Although previous work has made a substantial contribution to our understanding 
of factors influencing medium- and long-distance travel participation, at least two gaps 
in the existing literature can be identified. The first of these is that the influence of the 
spatial setting has not been studied in detail. When they are taken into account, spatial 
differences have often been represented as a dichotomy distinguishing metropolitan from 
non-metropolitan locations, or urban from rural areas. In this paper we hypothesise that the 
structure of the national urban system, the size of the country, and local population density 
influence the level of participation in medium- and long-distance travel.

With respect to the structure of the urban system, a distinction can be drawn between 
countries such as the UK (where one or just a few cities or metropolitan areas dominate the 
urban system in terms of population, employment, and the supply of (specialised) facilities) 
and countries such as the Netherlands (where no city or metropolitan area dominates the 
whole system and activities). In the latter type of system, activities and potential destinations 
are more evenly distributed across polycentric urban areas. At the same time, individual 
urban areas may specialise in specific functions. This type of system might induce more 
medium- and long-distance travel, because residents or employees in one urban area may 
have to travel to other urban areas to visit specific destinations that cannot be found in their 
place of origin. Medium- and long-distance trips may constitute a viable alternative to many 
travellers, particularly if distances between urban areas are not too large.
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The size of the country may also be associated with engagement in medium- and long-
distance travel: in larger countries, the number of medium- and long-distance trips 
to domestic destinations may be greater. Because the UK is 5.5 times bigger than the 
Netherlands, this greater size may offset the expected influence of urban structure when the 
two countries are compared. Finally, local population density may act as an indicator of the 
number of opportunities and activity locations locally available. Hence we expect residents 
of high-density areas to participate more frequently in short- distance than in medium- 
and long-distance travel. Because differences in density are greater in the UK than in the 
Netherlands, as we described in the introduction, we expected a greater impact of the local 
residential environment on the participation in medium- and long-distance travel for British 
than for Dutch travellers.

The second contribution this study makes is to assess the influence of time availability 
and day of travel on participation in medium- and long-distance travel. To the best of our 
knowledge, these elements have not previously been taken into consideration by any study 
to date of medium- and long-distance travel. We expected that travellers experiencing fewer 
space-time constraints in a day (as reflected in the engagement in work (-related) activities 
and household chores) might be more likely to engage in medium- and long-distance travel. 
While we recognise that the number of maintenance trips can also be a function of the 
tendency to undertake medium- and long-distance trips, we anticipated that the causal link 
in the opposite direction would be the stronger of the two. Many household maintenance 
trips – especially chauffeuring trips – are fixed in space and time, which tends to reduce 
opportunities for trips over longer distances. There is a vast literature that has shown 
how women’s opportunities for commuting over longer distances and working fulltime 
are reduced through their household and childcare obligations (Kwan, 2000; Turner and 
Niemeier, 1997).

We expected that the impact of travellers’ socioeconomic characteristics, time availability, 
and urbanisation patterns spatial factors on the participation in medium- and long-
distance travel would vary across travel purposes. The impact of time availability is, for 
instance, likely to be greatest for leisure trips, because these are more discretionary than 
commuting or business trips. However, gender differences may be smaller for leisure trips 
than for commuting or business trips, because spouses may be more inclined to engage 
in leisure activities together. These and other expectations are rooted in previous research 
about the determinants of travel behaviour in the Netherlands and the travel demand 
analysis literature in general (see, for example, Dieleman et al., 2002; Schwanen et al., 
2002; Schwanen et al., 2004). We have therefore drawn a distinction between commuting, 
business, and leisure travel in the empirical analysis described in sections 2.4 and 2.5. We 
first turn to a description of the operationalisation of the concepts and data used for the 
empirical analysis.

2.3 Research design

Our empirical analysis has been conducted at the person level; the analysis compares 
medium- and long-distance travellers with short-distance travellers. A medium- and long-
distance traveller is defined as a person making at least one trip of 50 km or more on a given 
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day; a short-distance traveller is someone who engages only in trips shorter than 50 km (self-
reported, door-to-door distances). The participation in medium- and long-distance travel has 
been analysed with the help of cross-tabulations and binary logit modelling.

The analysis is conducted separately per trip purpose and transport mode. Three trip 
purposes are discerned: commuting to work, business travel, and leisure (recreation, sports, 
visiting family and friends). With respect to transport modes, the analysis is restricted to 
travellers using the private car and train; other modes (aeroplane and bus, for example) are 
excluded because they constitute less than 4 percent of the medium- and long-distance trips 
in both the UK and the Netherlands2. Another reason for exclusion is that information on 
air travel is not collected directly in the Netherlands National Travel Survey.

Potential explanatory variables have been selected on the basis of the relationships 
identified in the literature. Nonetheless, the selection of potential determinants is constrained 
by the availability of certain variables in both datasets. In the end, we defined three sets of 
explanatory variables: socioeconomic attributes, day of travel and time availability, and 
urbanisation pattern (Table 2.1). The socioeconomic factors considered are age, gender, 
household income, household composition, and an index for car availability. The categorical 
variable household composition is based on three household characteristics: the size of the 
household, the number of adults in the household participating in the labour market, and 
the presence of children below the age of 12. The following categories are distinguished: 

Table 2.1 Explanatory variables

Category Variable name Description

Socio-economic 
attributes

Age 18-29 years
30-49 years
50-64 years
65 years and over

Gender Male
Female

Household income Low income
Medium income
High income

Household composition Single worker
One-worker family
Two-worker family
Family, more than two workers
Other type of household

Day of travel and 
time availability

Travel day Weekday (Monday through Friday)
Weekend day (Saturday or Sunday)
Commuting day (at least one commuting trip has been made)

Car availability index Ratio of the number of cars to the number of valid driving 
licences in the household; set to zero if person has no driving 
licence

Urbanisation 
pattern
 

Population density Less than 10 persons per hectare
10 to 19.99 persons per hectare
20 to 34.99 persons per hectare

 35 persons per hectare and over
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single person, one-worker couple, two-worker couple, one-worker family, two-worker family, 
family with more than two workers, and other households. The interactions of gender and 
household composition have also been taken into consideration. These have been included 
because the magnitude of gender differences is known to depend on the type of household; 
they are often largest in households in which young children are present (see, for example, 
Mallett, 1999b; Turner and Niemeier, 1997). Car availability is measured as the ratio of the 
number of cars to the number of valid driving licences in the household; car availability is 
set at zero for a person who has no driving licence (Hanson and Hanson, 1981).

To represent the day of travel, we have employed three dummy variables: commuting day, 
weekday, and weekend day. A commuting day is defined as a day on which the person in 
question makes at least one commute trip. Note that this last variable is not included in the 
model for commuting presented in section 2.5. The number of maintenance trips (shopping, 
personal business, dropping off and/or picking up persons/goods) a person makes on the 
day of inquiry is used as an indicator of time availability.

The physical urban structure is encapsulated in the variable local population density (the 
number of persons per hectare) measured at the level of the local authority district (UK) and 
the municipality (NL). This variable is used for two reasons. It is the dimension of urban 
form that has received most attention in the academic literature about the link between land 
use and travel (see, for example, Giuliano and Narayan, 2003; Newman and Kenworthy, 
1989). In addition, while having a significance of its own, local population density can also 
be considered a proxy for other factors that affect travel patterns, but are more difficult to 
measure, such as the level of land-use mixing and availability of public transport (Ewing, 
1995) as well as the level of traffic congestion (Dunphy and Fisher, 1996).

The data for this study are derived from the 1998 national travel surveys from the UK 
and the Netherlands. The UK National Travel Survey (UK NTS) was commissioned by the 
Office for National Statistics (Department of the Environment Transport and the Regions, 
1998). A sample of 5,040 addresses was randomly selected from the postal code address 
file. The resulting database comprises information about 15,000 individuals and 360,000 
trips. The UK NTS employs two methods: face-to-face interviews carried out using computer 
assisted personal interviewing (CAPI) and a seven-day travel diary. The analysis focuses on 
the level of the day, so that a single individual could be represented up to seven times in our 
analysis. Statistics Netherlands collected the data for the Netherlands National Travel Survey 
(abbreviated as OVG in Dutch). The OVG employed two methods (Statistics Netherlands, 
1999): telephone interviews (CATI) and a one-day travel diary. Approximately 70,000 
households participated in this survey, resulting in a database of some 130,000 individuals 
and more than 500,000 trips. The UK and the Netherlands NTSs both contain information 
on the characteristics of trips as well as some details on the personal and household 
characteristics of travellers, and geographical information about the origin and destination 
of individual trips. Travel distances were reported by the respondents in both datasets.

For the analysis, only individuals who undertake at least one trip on the day of inquiry 
have been selected. Although trips abroad are available in both databases, we left them 
out of consideration because the information about distance for such trips is incomplete. 
Travel distances for international trips are only recorded up to the departure point of the 
international leg of the trip in the UK and up to the border of the country in the Netherlands. 
In addition, overnight trips are not considered here because these are not recorded in the 
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Netherlands NTS. We have also excluded trips undertaken by travellers younger than 18 
years old, since we believe that their decisions to engage in medium- and long-distance trips 
are frequently related to their parents’ decisions.

2.4 Descriptive analysis

Comparatively few travellers use the private car or train to engage in medium- or long-
distance travel in either the UK or the Netherlands: 7 percent and 12 percent respectively 
(Figure 2.1). Comparing the proportion of medium- and long-distance travellers for each 
trip purpose, we find that the proportion of medium- and long-distance travellers is highest 
for business purpose. Table 2.2 shows that the number of travellers engaging in this type 
of travel is higher in the Netherlands, irrespective of socioeconomic status and density. 
Although not shown here, additional analysis indicated that British medium- and long-
distance travellers make more of such trips per person than do Dutch medium- and long-
distance travellers.

With respect to age, the results show that travellers in the over-65 category participate in 
medium- and long-distance trips less than any other group. Two explanations can be given. 
The majority of people in this age group are retired, resulting in far less medium- and long-
distance commuting and business travel. Especially for individuals aged 65 years and older, 
the physical limitations that come with age may make travel in general and medium- and 
long-distance travel in particular less convenient. Although they make only a small number 
of medium- and long-distance trips, additional analysis shows that, on average, the elderly in 
both the UK and the Netherlands spend more time at destinations than do other age groups. 
This finding is in line with USA evidence (Georggi and Pendyala, 1999).

Figure 2.1 Percentage of medium- and long-distance travellers stratified by trip purpose and 
country
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As expected, men engage more in medium- and long-distance travel than women do. 
Interestingly, gender differences are larger in the Netherlands than in the UK, which may 
reflect differences in labour participation between the countries: approximately 60 percent 
of British women are active in the labour market work on a full-time basis, against 45 
percent of Dutch women (International Labour Organisation, 2002). Abundant evidence is 
available that part-time jobs tend to result in shorter commutes (see, for example, Madden, 
1981; Schwanen et al., 2004). With respect to income, the results for both the UK and the 
Netherlands show that medium- and long-distance travellers are overrepresented among 
high-income households, which is consistent with previous studies (Georggi and Pendyala, 
1999; Mallett, 1999b).

In the Netherlands, the number of medium- and long-distance travellers varies 
substantially by household type. Dutch singles participate in medium- and long-distance 
trips most frequently, followed by couples and families. The reason for this order is that 
travellers younger than 30 are overrepresented among singles in the Netherlands. Young 

Table 2.2 Percentage of medium- and long-distance travellers stratified by socioeconomic factors 
and population density in the UK and the Netherlands

 UK NL

Age   
18 – 29 years 7.5 12.9
30 – 49 years 8.3 11.5
50 – 64 years 6.9 12.8
65 years or more 3.7 9.7

Gender
Male 9.3 14.7
Female 4.9 8.6
Household income
Low or medium income 4.1 9.9
High income 9.2 13.1

Household composition
Single worker 8.0 15.5
One-worker couple 6.8 13.7
Two-worker couple 9.4 13.6
One-worker family 8.8 11.2
Two-worker family 7.5 11.4
Family, more than two workers 7.8 10.9
Other household types 7.9 10.4

Population density
Less than 10 pers/ha 8.2 11.7
10 – 19.9 pers/ha 5.9 11.8
20 – 34.9 pers/ha 6.8 11.9
35 pers/ha and over 4.7 13.2

Note: A medium- and long-distance traveller is defined as a person who makes at least one trip that is longer 
than 50 km one-way
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adults are known to have the highest job turnover rates, and are hence more likely than 
other households to choose their residential location strategically on the basis of the spatial 
distribution of all potential employers instead of on the basis of a specific job location 
(Giuliano, 1998; Madden, 1981). As a consequence, they may be obliged to commute over 
long distances. In addition, singles depend on persons outside the household for social 
interaction, and this requires travelling. For the UK we find that two-worker couples engage 
in medium- and long-distance travel the most, which might be related to the fact that such 
households are on average more career-oriented than families (Pazy et al., 1996), as well as 
the fact that individuals in households without children tend to have fewer time constraints 
restricting travel opportunities (Dijst, 1999).

As Table 2.2 indicates, the percentage of medium- and long-distance travellers is lower 
in areas of higher population density in the UK. This is in contrast with the situation in 
the Netherlands, where the most densely populated areas generate the highest number of 
medium- and long-distance travellers. We believe that the reason for this contrast lies in the 
differences in urbanisation pattern between the two countries, so that spatial opportunities 
are spatially more concentrated in the UK than in the Netherlands. While persons living in 
lower-density areas in the UK are likely to travel over long distances if they decide to visit a 
destination in a large metropolitan area, the relatively greater dispersion of opportunities in 
the Netherlands implies that even urbanites may have to cover long distances to visit specific 
opportunities located in another urban area. Because urban areas are not only limited in 
size but are also rather close to one another, the Dutch urbanisation pattern thus appears to 
offer ‘stepping stones’ to clusters of opportunities located outside the metropolitan area of 
residence.

2.5 Multivariate analysis

While it is suggested in the previous section that the extent of medium- and long-
distance travel is related to travellers’ socioeconomic attributes and population density, the 
descriptive results should be considered preliminary because no account has been taken 
of the interrelationships among the explanatory variables. Because the impact of potential 
determinants may vary across trip purposes and transport modes, we present here the results 
of a series of binary logit models stratified by country, trip purpose (commuting, business 
and leisure), and transport mode (private car and train). In every model, the short-distance 
traveller is taken as the reference category; the coefficients shown in Tables 2.3 to 2.5 convey 
the influence of each factor on the probability of being a medium- and long-distance traveller 
relative to the likelihood of being a short-distance traveller.

The model fit is indicated by the adjusted likelihood ratio index ρ2 (see Ben-Akiva and 
Lerman, 1985 for further details). This indicator, which always falls in the 0-1 range, is 
corrected for differences in the number of determinants included. It can therefore be 
compared across models. The adjusted likelihood ratios for the models presented in Tables 
2.3 to 2.5 suggest that the independent variables tend to explain a fair share of the variation 
in medium- and long-distance travel participation. Their magnitude is comparable to those 
reported in many studies analysing short-distance trips. Nevertheless, there are differences 
in the explanatory power of the predictor variables in the models presented here; in the UK, 
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the explanatory variables can explain a fair share of the variation in the dependent variable, 
especially for medium- and long-distance commuting and business travel by train.

2.5.1 Medium- and long-distance commuting
In both the UK and the Netherlands, the effects of income and gender on the propensity 
to make at least one medium- and long-distance trip are fairly strong for both the private 
car and public transport (Table 2.3). A higher income results in a greater propensity to 
participate in medium- and long-distance commuting. This tendency might be related to the 
type of occupation; high-income workers tend to hold specialised jobs and higher positions 
and may have paid the price of career advancement in terms of spatial flexibility and longer 
commutes (Van Ham et al., 2001).

Women are in general less likely to engage in medium- and long-distance commuting 
in both countries. Nevertheless, there are differences between women in the various 
households types. Working women without a partner engage in medium- and long-distance 
commuting more frequently than other women. However, women seem to differ between the 
UK and the Netherlands in the mode they use for long-distance commuting: whereas female 
single workers in the UK tend to make more use of the train, their Dutch counterparts rely 
more on the private car. In the UK, the larger number of workers per family also reduces 
the likelihood of women engaging in medium- and long-distance commuting by private 
car. Similarly in the Netherlands, women in families with more than two workers have the 
lowest propensity to commute medium- and long-distance by private car. Three explanations 
for this finding can be given. First, as mentioned earlier, women are more likely to work 
part-time and are therefore less likely to commute over long distances. Second, women are 
still responsible for the majority of household tasks, so women are subject to more time 
pressure than men are (Kwan, 2000). Third, women may have less access to a private car 
and less bargaining power in within-household negotiations about car use. Various studies 
of short-distance travel have indicated that, in situations of competition for car use within 
the household, the vehicle is more often allocated to the male partner (see, for example, Pazy 
et al., 1996; Schwanen and Mokhtarian, 2005).

In both countries, the influence of age is not very clear once other factors have been 
taken into consideration. The results reveal that British commuters in the 30-49 age 
bracket are more likely to engage in medium- and long-distance commuting by private car, 
but the reasons for this finding are unclear. Perhaps it is a generation effect, showing that 
younger generations travel longer distances than preceding ones. As expected, the tendency 
to commute over longer distances decreases as commuters have to make more trips for 
household maintenance.

We also find that car availability is positively associated with the propensity to engage in 
medium- and long-distance commuting both by private car and public transport. While the 
effect for commuting by car is consistent with expectations, the effect for public transport 
is at first sight counterintuitive. Two possible explanations for this finding can, however, be 
given. First, the car availability index employed here is positively correlated with income and 
may take over part of the income effect. The household income variables in the NTSs are 
rather crude. For the Netherlands, for instance, almost 50 percent of the households fall in 
the highest income bracket (Schwanen et al., 2002). The car availability index may therefore 
function as a more refined indicator of income and purchasing power. Second, at least in 
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the Netherlands, many long-distance commutes tend to be oriented towards jobs located in 
city centres or employment concentrations near intercity train stations. Even if people have 
a car available, they may not use it for their long-distance commute trips because public 

Table 2.3 Binary logit models stratified by country and transport mode: medium- and long-
distance commuting

 UK NL

Private car Train Private car Train

 B t-statistic B t-statistic B t-statistic B t-statistic

Age: 30-49 years 0.244 3.6       
Female -1.251 -12.2 -1.349 -7.7 -1.303 -15.5 -0.786 -6.5
High income 0.880 9.1 1.588 6.6 0.336 5.7 0.437 2.9
Single worker       0.581 3.1
One-worker couple   0.740 2.3   0.648 3.0
Two-worker couple   0.628 3.6   0.394 2.9
One-worker family   1.540 6.7     
Two-worker family     -0.241 -2.5   
Family, more than two workers 0.344 2.7       
Other type of household -0.199 -2.5       
Female: single worker   0.897 2.4 0.826 4.4   
Female: one-worker family 0.977 1.9       
Female: two-worker family -0.524 -2.2       
Female: family more than two 
workers

-1.937 -2.7   -2.060 -2.9   

Car availability index   1.597 8.5 0.167 2.4 0.541 3.9
Weekend day -0.336 -2.8       
No. of maintenance trips -0.226 -5.5   -0.312 -8.0   
Less than 10 pers/ha   2.173 8.6     
10 to 19.99 pers/ha -0.274 -2.7 0.881 2.9   0.278 2.2
35 pers/ha and over -0.579 -4.7 -1.142 -3.3     
Constant -3.439 -34.1 -5.747 -16.5 -2.209 -29.2 -2.103 -12.8

No. of observations 25379  4771  18394  2379  
-2 Loglikelihood at constant 8478.9 2007.1 11498.2 2205.4
-2 Loglikelihood at convergence 7920.6 1388.6 10927.9 2114.3
No. of variables 13 11 8 8
Loglikelihood at constant -4239.5 -1003.6 -5749.1 -1102.7
Loglikelihood at convergence -3960.3 -694.3 -5464.0 -1057.2
χ2 558.3 618.6 570.3 91.1
ρ2 (market share base) 0.066 0.308 0.050 0.041
Adjusted ρ2 (market share base) 0.063  0.297  0.048  0.034  
Short-distance traveller (%) 
(coded as reference category) 

90.6 82.5 96.0 94.6

Medium- and long-distance 
traveller (%)

9.4 17.5 4.0 5.4
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transport is a reasonable alternative to the car and is often cheaper (no parking fees, financial 
compensation for train trips by employers, and so forth).

Although population density does not have a statistically significant effect in the 
Netherlands, it is a relevant factor in the UK. The results indicate that British commuters 
residing in densely-populated areas are less likely to undertake medium- and long-distance 
commuting trips. As previously argued, this finding may reflect the concentration of jobs 
and work opportunities within such areas. Furthermore, the model suggests that public 
transport is used more frequently for medium- and long-distance travel in lower-density 
areas in the UK. This finding appears to reflect the relatively poor service level of local public 
transport in such areas (Stead et al., 2000). If residents in low-density areas in the UK decide 
to use public transport, they do so to reach opportunities at a considerable distance.

Note that the explanation offered by the model for medium- and long-distance commuting 
by public transport in the UK is relatively high, as comparison of the adjusted likelihood 
ration indices makes clear. That results almost exclusively from the inclusion of local 
population density in the model. Apparently, density is a very strong predictor of the use of 
public transport for commuting.

2.5.2 Medium- and long-distance business travel
In both the UK and the Netherlands household income, gender, and car availability are 
important determinants of the propensity to engage in medium- and long-distance business 
travel (Table 2.4). As expected, the likelihood of engaging in medium- and long-distance 
business trips is greater for men, high-income households, and travellers with a high level 
of car availability. In contrast, the role of household composition is limited. In the UK, the 
interactions of gender with household composition nonetheless suggest that women in two-
worker families are less inclined to participate in medium- and long-distance business trips 
by private car. This result is not replicated exactly for the Netherlands; there we find a higher 
inclination of conducting medium- and long-distance business trips by public transport 
among women in two-worker couples. In other words, in the Netherlands the propensity to 
engage in medium- and long-distance business travel is also relatively low among working 
mothers (as well as among single women). Overall then, the results for both countries 
suggest that working mothers tend to engage less in medium- and long-distance business 
trips, which may just be the result of time constraints imposed by domestic obligations, or 
may also reflect a different orientation towards the labour career (Kwan, 2000; Pazy et al., 
1996).

In the UK the relationship between the propensity for medium- and long-distance 
business travel and age follows a non-linear pattern: the inclination increases up to the age 
of 30-49 years, but then declines. For the Netherlands, no statistically significant effects 
could be detected. Furthermore, the number of maintenance trips a traveller makes is 
negatively related to the propensity to engage in medium- and long-distance business trips. 
The results also indicate that medium- and long-distance business trips by private car are 
more likely to be made during weekdays than on weekend days. Three of the four models 
also include negative effects for the variable commuting day. This finding indicates that 
travellers engaging in one or more medium- or long-distance business trips do not visit their 
workplace on the same day. Apparently, business trips consume so much time, trips to the 
office are foregone.
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As for commuting, in the Netherlands, the effect of population density is not strong. 
The two models for the Netherlands only include one statistically significant coefficient; 
this shows that travellers residing in the lowest-density areas have the greatest propensity 
to engage in medium- and long-distance business trips by public transport. In the UK, the 
likelihood of business travellers engaging in medium- and long-distance travel is significantly 

Table 2.4 Binary logit models stratified by country and transport mode: medium- and long-
distance business trips

 UK NL

Private car Train Private car Train

 B t-statistic B t-statistic B t-statistic B t-statistic

Age: 30-49 years 0.288 4.2       
Age: 65 years and over -1.063 -3.6       
Female -1.415 -8.6 -0.819 -3.3 -0.901 -7.1 -1.894 -4.0
High income 0.664 7.4 1.023 2.7 0.599 5.5 1.019 2.7
Single worker     0.480 3.0   
One-worker couple 0.427 2.8       
Family, more than two workers     -0.781 -3.5   
Female: single worker 0.751 3.2       
Female: two-worker couple 0.725 3.4     1.491 2.3
Female: two-worker family -0.623 -2.2       
Car availability index 0.606 5.7 1.147 3.7 0.244 2.3   
Weekend day -0.287 -2.4   -0.730 -3.9   
Commuting day -0.870 -13.0   -0.947 -11.3 -0.992 -3.1
No. of maintenance trips -0.383 -10.5   -0.406 -7.2 -0.531 -2.3
Less than 10 pers/ha   2.011 7.4   0.722 2.3
10 to 19.99 pers/ha   1.570 4.1     
35 pers/ha and over -0.369 -3.4       
Constant -1.860 -13.9 -3.879 -8.7 -1.080 -7.7 -0.176 -0.5

No. of observations 7721  642  4053  224  
-2 Loglikelihood at constant 6827.9 594.3 4123.0 307.5
-2 Loglikelihood at convergence 5989.5 458.8 3809.4 253.7
No. of variables 14 6 9 7
Loglikelihood at constant -3413.9 -297.2 -2061.5 -153.8

Loglikelihood at convergence -2994.8 -229.4 -1904.7 -126.8

χ2 838.3 135.5 313.6 53.8

ρ2 (market share base) 0.123 0.228 0.076 0.175

Adjusted ρ2 (market share base) 0.119  0.208  0.072  0.130  

Short-distance traveller (%) 
(coded as reference category) 

79.4 55.8 83.8 82.6

Medium- and long-distance 
traveller (%)

20.6 44.2 16.2 17.4
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lower in higher-density areas, which can be explained by the strong concentration of both 
the population and firms in a small number of metropolitan areas.

Table 2.5 Binary logit models stratified by country and transport mode: medium- and long-
distance leisure trips

 UK NL

Private car Train Private car Train

 B t-statistic B t-statistic B t-statistic B t-statistic

Age: 18-29 years   0.590 4.7 -0.163 -2.6   
Age: 30-49 years     -0.202 -4.2   
Age: 50-64 years -0.189 -3.8       
Age: 65 years and over -0.449 -6.7     -0.337 -2.4
Female -0.188 -4.6   -0.136 -3.2   
High income 0.530 11.3 0.976 8.1 0.327 7.0   
Single worker 0.379 4.8   0.368 3.7   
Two-worker couple 0.215 3.9       
One-worker family     -0.473 -4.3   
Two-worker family -0.277 -4.4   -0.338 -3.5   
Family, more than two workers     -0.346 -3.0   
Other type of household     -0.111 -2.1   
Female: single worker       0.639 3.0
Car availability index 0.153 2.8 1.258 9.3 -0.130 -2.3 0.535 4.0
Weekend day 0.363 8.7 0.360 3.1 0.210 4.7   
Commuting day -1.206 -17.3 -0.759 -3.6 -0.923 -13.5 -0.615 -3.9
No. of maintenance trips -0.296 -13.8 -0.332 -3.1 -0.286 -12.9 -0.333 -4.9
Less than 10 pers/ha 0.410 8.3 0.794 6.1   0.651 5.3
10 to 19.99 pers/ha       0.357 2.5
20 to 34.99 pers/ha 0.268 4.0 0.444 2.9     
Constant -2.902 -37.1 -4.113 -30.9 -1.658 -21.1 -0.977 -9.3

No. of observations 38698  6582  24896  1774  
-2 Loglikelihood at constant 20332.8 2916.2 17882.8 2187.0
-2 Loglikelihood at convergence 19148.5 2578.6 16436.9 2086.7
No. of variables 14 9 14 8
Loglikelihood at constant -10166.4 -1458.1 -8941.4 -1093.5
Loglikelihood at convergence -9574.3 -1289.3 -8218.4 -1043.3
χ2 1184.2 337.6 1445.9 100.3
ρ2 (market share base) 0.058 0.116 0.081 0.046
Adjusted ρ2 (market share base) 0.057  0.110  0.079  0.039  
Short-distance traveller (%) 
(coded as reference category) 

89.2 69.3 92.6 94.2

Medium- and long-distance 
traveller (%)

10.8 30.7 7.4 5.8
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2.5.3 Medium- and long-distance leisure travel
Although the propensity to participate in medium- and long-distance leisure trips is slightly 
greater for men and for travellers from high-income households than for women and lower-
income travellers, the impacts of gender and income are not as strong as for commuting 
and business travel (Table 2.5). The more limited gender differences may reflect the fact 
that male and female spouses frequently engage in medium- and long-distance leisure 
trips jointly. The impact of household composition is similar to that for the mandatory trip 
purposes. Somewhat unexpectedly, in the Netherlands the coefficient for the car availability 
index is negative in the model for the private car. This finding can be explained as follows: 
people with poor or no access to a private car do not travel much by car for short distance 
trips; however, if they need to travel over longer distances for leisure purposes- for instance 
in the case of family obligations -they may take a ride with friends or relatives. They may 
only travel by car on special occasions, in particular on occasions that are far away and poorly 
served by public transport.

The estimated coefficients indicate further that the inclination to engage in medium- and 
long-distance leisure travel tends to fall with age in the UK. This situation contrasts with 
that in the Netherlands, where travellers aged over 50 engage more in this kind of travel in 
particular by private car. Seniors older than 65 tend to engage less in medium- and long-
distance leisure trips by train relative to short-distance train trips for leisure purposes. The 
fact that seniors tend to make relatively many medium- and long-distance leisure trips is 
indicative of the ‘third age’ (Schwanen, 2001): they may have retired from the labour force, 
no longer have children living at home, and are in good physical condition.

The results for the UK again suggest that travellers living in the lowest-density areas 
have the highest propensity to undertake medium- and long-distance trips by both private 
car and public transport. It appears that UK city residents are more frequently attracted 
by leisure facilities within the city or metropolitan region itself, hence medium- and long-
distance travel for them are unnecessary. For the Netherlands, the coefficients indicate that 
the probability of medium- and long-distance travel by public transport is also higher in 
low-density settings. As for commuting in the UK, two explanations can be put forward. 
First, travellers residing in low-density areas frequently have to travel over a long distance 
to reach (high-order) leisure facilities concentrated in high-density areas which are typically 
well-served by public transport. Second, people in more urbanised areas make more short-
distance leisure trips by public transport (Dieleman et al., 2002), thereby lowering the share 
of medium- and long-distance trips in the total number of leisure trips by public transport. 
This implies a lower probability of engaging in a medium- and long-distance trip for an 
individual public transport user residing in an urban area.

2.6 Conclusions and discussion

In this study we have sought to assess the extent to which participation in medium- and long-
distance travel depends on travellers’ socioeconomic situation, day of travel, time availability, 
and the urbanisation pattern. While medium- and long-distance travel can be expected to 
bring several benefits to society, including economic growth and social participation, it is 
also environmentally burdensome. The percentage of medium- and long-distance travellers 
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in the total number of travellers may not be very large, at only 12 percent in the Netherlands 
and 7 percent in the UK, but it should be recognised that the consequences of this relatively 
small percentage of medium- and long-distance travellers are greater than the proportions 
suggest. This is because medium- and long-distance travel is responsible for a much larger 
part of the environmental impacts of the transport sector.
The empirical evidence in this study suggests that gender, role in the household, and income 
are important determinants of participation in medium- and long-distance commute and 
business travel. In both the UK and the Netherlands males, women in households without 
children, full-time workers, and people from high-income households are more likely to 
engage in medium- and long-distance travel for commuting or business. For leisure travel, 
gender and household composition are less relevant, presumably because males and females 
within households frequently undertake such medium- and long-distance trips jointly.

The analysis has also suggested that the overall structure of a country’s urban system 
and size and the local population density play a part in the participation in medium- and 
long-distance travel. Urbanisation patterns dominated by large metropolitan areas and 
characterised by a sharp contrast between high- and low- population densities, as in the UK, 
imply that travellers residing in low-density areas have to travel greater distances to reach 
opportunities concentrated in large metropolitan areas. On the other hand, city dwellers 
tend to participate in short-distance rather than medium- and long-distance travel because 
they can find ample opportunities within a relatively short distance from their homes.

In contrast, a moderate polycentric urbanisation pattern characterised by many medium-
size cities and a relatively balanced distribution of the population, as in the Netherlands, 
seems to stimulate travellers’ participation in medium- and long-distance travel. Since 
opportunities are more dispersed across areas in this type of pattern, Dutch travellers are 
obliged to cover long distances to reach those opportunities while the proximity of urban 
areas to one another makes medium- and long-distance travel more acceptable. In other 
words, the Dutch urbanisation pattern offers ‘stepping stones’ to clusters of opportunities 
outside the area of residence, and thereby enhances the overall frequency of medium- and 
long-distance travel.

We have further found that the determinants of medium- and long-distance travel 
participation do not differ much across transport modes. At least in this study, the decision 
to engage in medium- and long-distance travel by both private car and train is primarily 
dependent on the socioeconomic characteristics of the travellers. The differences between 
medium- and long-distance travel by train and by car are most directly related to household 
composition and interactions of gender and household composition. This finding suggests 
that the division of labour within households and hence car allocation mechanisms play a 
part in mode-choice decisions for medium- and long-distance trips.

Various avenues for future research can be identified on the basis of the results of this 
study as well as its limitations. As emphasised in the introduction, medium- and long-
distance trips account for a sizeable proportion of the adverse impacts transport makes 
on the environment. If policymakers seek to mitigate such effects, it is pertinent to obtain 
further insights into the factors that drive mode choice decisions for such trips. More 
research is warranted about the influence of urban form on medium- and long-distance 
travel, for instance by using more detailed indicators of urban form than the population 
density measure employed here. Furthermore, in the light of the ongoing globalisation 
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trends and the continuing integration process in Europe, it is also important to scrutinise 
in detail the medium- and long-distance journeys within a European context and between 
cities in different countries. Although domestic trips will continue to be important, it is 
international trips that are most likely to increase in number in the near future.

Notes

1. Using data on domestic and international long-distance travel (trips over 100 km one-
way) within and between European countries (Dateline Consortium, 2003), we were 
able to verify that 97 percent and 89 percent of the domestic long-distance trips are 
undertaken by private car and train in the Netherlands and the UK, respectively.

2. These numbers are based on own calculations using the UK and the Netherlands 
National Travel Survey 1998.
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3  The influence of socioeconomic 
characteristics, land use, and travel 
time considerations on mode choice for 
medium- and longer-distance trips

Limtanakool, N., Dijst, M., and Schwanen, T., 2006. The influence of socioeconomic 
characteristics, land use, and travel time considerations on mode choice for medium- and 
longer-distance trips. Journal of Transport Geography, 14, 327-341. Copyright © Elsevier 
Science, Ltd.

Abstract

This paper contributes to the limited number of investigations into the influence of the 
spatial configuration of land use and transport systems on mode choice for medium- 
and longer-distance travel (defined here as home-based trips of 50 km and over) in the 
Netherlands. We have employed data from the 1998 Netherlands National Travel Survey to 
address the question as to how socioeconomic factors, land use attributes, and travel time 
affect mode choice for medium- and longer-distance travel, and how their role varies across 
trip purposes: commuting, business, and leisure. The empirical analysis indicates that land 
use attributes and travel time considerations are important in explaining the variation in 
mode choice for medium- and longer-distance travel when controlling for the socioeconomic 
characteristics of travellers.

3.1 Introduction

The increase in personal mobility plays an important role in the spatial transformation in 
advanced economies, where networks and activity patterns of individuals and organisations 
are increasingly stretched out in geographical terms (Frandberg and Vilhelmson, 2003). This 
increase in mobility has come about through technological innovations in transportation 
and rising levels of affluence, which have allowed people to travel farther within relatively 
constant travel time budgets (e.g. Schafer, 1998).

Economic and social benefits along with environmental threats can be expected from 
increasing mobility. Economically, it strengthens links between different regions and offering 
regions opportunities to profit from the mutual exchange of knowledge and creativity 
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(Batten, 1995). Socially, the increased ability to travel greater distances enhances individuals’ 
possibilities to access a wide range of facilities and specialised services like health care, retail 
outlets or social events, particularly in rural areas. These travels also make it possible to 
maintain social networks that are spatially extended (Urry, 2003). Moreover, it is necessary 
for going on vacation or most day-trips and, therefore, a precondition for tourism activities 
(Mallett, 1999b). Nonetheless, the increase in travel distances poses a major threat to the 
environment, because it involves more energy consumption and emission of pollutants. This 
claim is supported by US evidence showing that long-distance trips are responsible for more 
than 20 percent of all passenger-miles travelled (Bureau of Transportation Statistics, 1998).

Thus far, the importance of medium- and longer-distance travel has not been reflected in 
geographers’ and transport researchers’ efforts to gain insight into the determinants of travel 
demand. Academic research is still heavily concentrated on short-distance travel or trips 
conducting within daily urban systems. It is unclear whether conclusions about mode choice 
for short-distance trips can be transposed easily to medium- and longer-distance trips given 
that the latter involve more time and monetary out-of-pocket costs. A person undertaking a 
medium- or longer-distance trip thus faces a different decision situation than an individual 
making a short-distance trip, and may therefore respond differently.

Insofar as medium- and longer-distance travel has been analysed, the focus has been 
primarily on the impact of socioeconomic factors at the individual and household levels 
(Algers, 1993; Georggi and Pendyala, 1999; Mallett, 1999a; Mallett, 1999b; O’Neill 
and Brown, 1999). The relevance of the spatial configuration of land use and transport 
infrastructure for these trips has rarely been documented. In addition, most previous work 
on the impact of urban form on mode choice decisions in general has frequently neglected 
to account for the influence of travel impedance factors (including travel time), which may 
result in erroneous conclusions about the role of land use factors in such decisions (Cervero, 
2002).

As a consequence, more insight into the determinants of medium- and longer-distance 
travel behaviour is needed. In this study, we have concentrated on mode choice for these 
trips for different purposes and especially the impact of land use and transport infrastructure 
under travel time considerations. For this purpose, we have used the 1998 Netherlands 
National Travel Survey.

According to the literature, what constitutes medium- and longer-distance travel is 
usually defined on the basis of some minimum physical distance threshold. Unfortunately, 
there is no standard definition of such travel as can be seen from the current thresholds 
employed in National Travel Surveys in various countries to delimit long-distance trips: 100 
miles (167 km) for USA (Bureau of Transportation Statistics, 1998); 50 miles (83 km) for 
the UK (Office for National Statistics, 1998); 100 kilometres for Sweden (Swedish Institute 
for Transport and Communications Analysis, 2003), Norway (Denstadli and Hjorthol, 2002) 
and the European long-distance travel mobility survey1. We have arbitrarily defined medium- 
and longer-distance trips as trips that are longer than 50 kilometres (one-way). This 
threshold was determined on the basis of the average extent of the daily urban system in the 
Netherlands permitting the focus on trips that their travelled distance exceeds the average 
size of individuals’ daily action space.

The remainder of the paper starts with a brief review of the literature and existing 
empirical evidence regarding the factors that influence medium- and longer-distance 
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mode choice. In section 2.3, we proceed with a theoretical discussion of the determinants 
of mode choice. The data handling and research methods used for the empirical analysis 
are described in section 2.4. We then present some descriptive results and follow with 
the results of logit models of mode choice in sections 2.5 and 2.6 respectively. The paper 
concludes with a discussion.

3.2 Previous research

Among the most important factors affecting mode choice for short-distance trips, or trips 
conducted within daily urban systems, are travellers’ socioeconomic characteristics. The 
limited number of studies dealing with medium- and longer-distance trips suggest that 
these also play a significant part in the choice of transport mode for this type of trips. 
Analysis of the 1995 American Travel Survey shows that 80% of trips greater than 100 miles 
are undertaken by private car (Georggi and Pendyala, 1999; Mallett, 1999a; Mallett, 1999b). 
These studies also indicate that mode choice for medium- and longer-distance trips does not 
differ much between men and women; however, women tend to travel by bus more often 
and men by airplane. Regarding income, low-income adults in the US are more dependent 
on the private car and inter-city buses and trains than are other income classes. Those in 
higher income classes make more use of faster transport modes – in particular airplanes. 
Age also affects mode choice. As people grow older, they substitute trips by bus and airplane 
for medium- and longer-distance private car journeys. We are not aware of any study that 
has addressed the impact of educational level or household composition on mode choice for 
medium- and longer-distance trips.

It is evidenced in medium- and longer-distance travel studies that mode choice varies 
across types of trip. Georggi and Pendyala (1999) assert that the mode choice varies 
considerably with trip purpose and trip length. Personal vehicle use is higher for personal 
or social trips, while air travel is predominant for business. Using British data, Rickard 
(1988) shows that travelling alone, or owning a rail season ticket, increases the propensity 
to travel over greater distances by rail, since it is more economical. This is particularly 
true for British students for they tend to buy annual Student Railcards, which allow them 
a one-third discount off rail fares. Algers (1993) shows for medium- and longer-distance 
business trips in Sweden that employment status and the level of economic well-being of the 
employing firm increase the probability of choosing a more expensive mode. Car ownership 
also increases the propensity to travel by car for business trips. It appears that the relative 
importance of the factors that are relevant in the decision process seems to depend on the 
purpose of the medium- and longer-distance trip.

Previous studies of mode choice for medium- and longer-distance travel have rarely 
addressed the role of land-use factors, although a few exceptions can be quoted. Estimating a 
combined mode and destination choice model on Swedish data, Algers (1993) takes account 
of the socioeconomic characteristics of travellers, travel cost, travel time (including access 
and egress time) and some elements of land use attributes at the destination. He points 
out that the total number of trips over 100 km is sensitive to the characteristics of the 
destination, including the total population size and number of jobs. However, because the 
main focus of his study was not the influence of land use factors on mode choice, he did not 
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analyse their impact in great detail. Bricka (1999) analysed variations in trips over 100 miles 
at state level using data from three US states: New York, Massachusetts, and Oklahoma. 
In her opinion, the variations between states in mode, trip length, and trip purpose can be 
accounted for by certain differences between rural and urban areas, including dissimilar 
demographic profiles, the availability of modes and urban form. However, her results are 
based only on descriptive cross-tabulation; she has not modelled the influence of these 
factors on mode choice.

Some studies on mode choice for inter-city travel have considered travel time elements 
(e.g. Sethi and Koppelman, 2000). Bel (1997) evaluates the impact of travel time changes in 
road travel time on the demand for inter-city rail. He reports that the addition of travel time 
considerations improves the explanatory power of the model for inter-city mode choice and 
concludes that these factors should be taken into account when studying the demand for 
inter-city travel.

In short, the existing literature has made it clear that mode choice for medium- and 
longer-distance trips depends on a traveller’s socioeconomic position and varies across 
trip purposes, but offers few insights as to how land use factors influence mode choice. 
We conclude that there was a lack of empirical investigations distinguishing between 
trip purposes and using a comprehensive set of land use indicators together with the 
socioeconomic characteristics of travellers and travel time variables to explain variations in 
mode choice for medium- and longer-distance trips.

3.3 Theoretical framework

According to random utility theory (Domencich and McFadden, 1975), travellers choosing 
a transport mode for medium- and longer-distance trips are rational actors seeking to 
maximise the utility (or minimise the disutility) of travelling. In line with the existing 
literature discussed above, we have identified three sets of variables capable of affecting mode 
choice for medium- and longer-distance trips: (i) the travel costs associated with the different 
modes; (ii) the socioeconomic characteristics of travellers;(iii) the spatial configuration of 
land use and transport infrastructure at the origin and destination of medium- and longer-
distance trips.

Travel time is an important constituent of travel costs. Travel time components generally 
consist of in-vehicle time, out-of-vehicle time, walking, and waiting time. Some travellers’ 
socioeconomic characteristics that are expected to influence mode choice for medium- and 
longer-distance travel include gender, age, household structure, income, highest educational 
attainment, and car availability. Although the existing literature does not provide much 
support for any influence of household structure, its interaction with gender, or educational 
attainment on mode choice decision for medium- and longer-distance travel is incorporated 
in the empirical analysis, because they are important determinants of mode choice for daily 
trips in the Netherlands (Schwanen et al., 2004).

With regard to land use, we hypothesised that density, proximity to infrastructure, and 
land use diversity are the three main dimensions of urban form that influence mode choice. 
In both the USA (e.g. Frank and Pivo, 1994; Newman and Kenworthy, 1989) and Europe 
(e.g. Dargay and Hanly, 2004; Schwanen et al., 2004) that higher population densities are 
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associated with smaller shares for the private car and larger proportions of trips by public 
transport and cycling/walking. This is because higher densities (and the associated higher 
demand for transport) facilitate well-developed public transport networks making transit a 
more attractive alternative, and reduce trip lengths, which stimulates cycling/walking. There 
is also an indirect effect of density: when densities are higher and activity locations are closer 
to each other, access and egress times to public transport facilities become shorter, which 
may further enhance the use of these transport modes.

The latter effect is captured directly by indicators of the proximity to infrastructure networks. 
Several studies of commute behaviour have indicated that travellers with good highway 
accessibility and travellers residing close to railway stations are more likely to commute by 
private car and public transport respectively (Cervero, 2002; Kitamura et al., 1997).

A third important urban form dimension is the level of land use diversity, or the 
proximity to each other of different types of land use. Cervero and Kockelman (1997) have 
demonstrated that the use of transport modes other than the private car increases as the 
level of land use mixing rises. It is evidenced in both US and European studies that in mixed 
use environments, the access and egress times from a railway station to a variety of land 
uses are short, making transit more attractive not only for work trips but also for leisure 
trips (Cervero, 1996). Recently, Cervero (2002) showed that land use diversity at the origin 
and destination side tends to reduce driving alone; he found that the relationship is stronger 
at the destination side. Frank and Pivo (1994) present similar results for commuting and 
shopping trips.

Furthermore, we hypothesised that the differences in the decision situations faced by 
medium- and longer-distance travellers and motivations for undertaking this type of travel 
would be important in decisions about mode choice. For instance, medium- and longer-
distance commute trips are (frequently) undertaken on a day-to-day basis and decisions 
about such trips have consequences for other household members. In contrast, medium- 
and longer-distance leisure trips are more infrequent and often undertaken jointly with 
other people. Also, their destinations tend to be spatially more diffuse. In this situation, the 
private car may be the most convenient alternative for medium- and longer-distance leisure 
trips.

3.3.1 Data and definitions
The data used for the empirical analysis was the 1998 Netherlands National Travel Survey 
(NTS). The NTS uses two methods: telephone interviews (CATI) and a one-day travel diary. 
Each year, approximately 70,000 households participate in this survey, resulting in a database 
of some 130,000 individuals and 500,000 trips. The travel data includes information on 
the purpose, self-reported distance and time, and mode (excluding airplanes2), as well as the 
geographical location of origin and destination (measured at the municipal level) of all trips 
for a single day; overnight trips have not been included in the data (Statistics Netherlands, 
1999).

Recall from the introduction that medium- and longer-distance trips are defined as 
trips longer than 50 km one-way. After this threshold had been imposed, about 1.3% of 
the total trips remained for this analysis (n = 6,330). The current analysis focuses on three 
trip purposes: commuting, business, and leisure. The latter consists of trips to visit family 
and friends, outdoor recreation, sport, and entertainment activities. Moreover, only home-
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based trips were selected, because these are most directly affected by the characteristics of a 
traveller’s residential context. Our sample was also restricted to people over 18 years of age. 
Although trips abroad were available from the database, we left them out of consideration, 
because the information on the spatial location of origins and destinations was not detailed 
enough. In the descriptive analysis presented in section 3.5, weight factors provided by 
Statistics Netherlands have been applied to correct for sampling biases in the NTS. The 
weights are based on a number of variables and some of their interactions: the degree of 
urbanisation, age, gender, household size, car ownership, fuel type, and the month in which 
households participated in the survey (more details in Statistics Netherlands, 1999). Bus/
coach is also excluded from the analysis, because the Dutch coach network “Interliner” 
is only very weakly developed. Consequently the share of the bus/coach network in the 
medium- and longer-distance trips constitutes only 1.4%.

3.3.2 Socioeconomic attributes
On the basis of the information on personal and household characteristics, we defined a 
set of potential explanatory factors pertaining to the traveller’s socioeconomic situation. The 
typology of households was based on the combination of three characteristics: the size of the 
household; the number of adults participating in the labour market; the presence of young 
children (less than 12 years old). Seven household types were distinguished: single worker, 
one-worker couple, two-worker couple, one-worker family, two-worker family, family with 
more than two workers, and other household types. The main difference between couple 
and family households is that the latter include children younger than 12 years (although 
their travel behaviour is not considered here). In addition to the household typology, we have 
used other personal and household characteristics: age, gender, education level, the annual 
household income, and a car availability index. The latter is the ratio of the number of cars 
in the household to the number of valid driver’s licences in the household; the ratio is set at 
zero if a person has no driver’s licence (Hanson and Hanson, 1981).

3.3.3 Land use attributes
Six land use variables were employed in the empirical analysis: population density, type 
of municipality, the availability of a railway station, indices of the specialisation of land 
use at the local as well as the national level, and an indicator of land use balance. Since 
various authors have shown these macro level variables at the destination side to be at least 
as important as those on the origin side (Cervero, 2002; Newman and Kenworthy, 1989, 
for example), we included them for both origin and destination. ‘Population density’ is 
defined as the number of persons per square kilometre and is measured at the municipal 
level. The variable ‘type of municipality’ is devised to capture possible synergies among 
these dimensions: settlement size, population density, level of land use diversity, and the 
distribution of employment, services, and population across urban space. The typology 
is based on whether the municipality is located within or outside the Randstad (a large 
polycentric region in the Western part of the Netherlands) and on its urbanisation level 
(Figure 3.1). Municipalities within the Randstad Holland were categorised into three core 
cities (Amsterdam, Rotterdam, The Hague), other core cities (including Utrecht), and 
suburban areas. Municipalities located outside the Randstad were dichotomised into a more 
urbanised and a less urbanised group. The variable ‘availability of a railway station’ indicates 



59

whether a municipality has a railway station and, if so, whether the (main) station is a feeder 
train or an inter-city train station.

The other land use indices were constructed on the basis of data on the distribution of 
five land use types as defined by Harts and colleagues (1999): urban centre, services, 
residential, industrial, and park/recreation. The local specialisation indices are measures of 
the proportion of each land use type within the municipality relative to the total developed 
areas within that municipality (eq. 3.1). We expected higher scores on the indices for the 
urban centre and services categories to be associated with lower shares for the private car. 
The national specialisation indices are determined by the distribution of a single land use 
category across all municipalities in the Netherlands. More specifically, an index measures 
the number of grid cells dominated by a given land use type located in a municipality relative 
to the total number of grid cells belonging to that land use class in the Netherlands (eq. 3.2). 
Our hypothesis was: areas considered highly specialised at the national level attract large 
numbers of visitors, which make them inconvenient for access by private car. This difficulty 
may be particularly true for the land use categories of urban centre and services. Drawing 
on Kockelman (1997), we also utilised a land use balance, or entropy index, to measure the 
extent to which the five land use types were equally important within a municipality. As eq. 
3.3 shows, the land use balance measure is normalised with respect to the natural log of the 
number of distinct uses considered and thus varies between 0 and 1 (with 1 signifying perfect 
balance of the uses considered). More balance is thought to induce public transport use. 
These land use indices were computed for all built-up grid cells within each municipality 
and a buffer of 5 km around each municipality (to reduce the effects of administrative 
boundaries).
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3.3.4 Travel time computation
Travel times by car between all pairs of municipalities were calculated on the highway 
network with the aid of the Flowmap software (De Jong et al., 2003). All trips to and from 
a municipality are assumed to start/end from its centroid. If these centroids are not located 
at the entry or exit of the highway, travel time between these two locations is computed by 
using the network-based travel distance from the centroid to the nearest highway exit divided 
by a travel speed of 20 km/h.

Figure 3.1 Type of municipality in the Netherlands
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A train travel time matrix for the 376 railway stations in the Netherlands was supplied by 
the Dutch National Railway (NS). Train travellers originating from a municipality without 
a railway station were assumed to travel via the nearest municipality with a railway station. 
If that municipality contains several railway stations, travellers were assumed to depart 
from the main station. The original NS data take account of the in-vehicle-time, number 
of transfers, and waiting time, but not the access and egress time. A study by Krygsman 
and colleagues (2004) made clear that the average access and egress time for train trips in 
the Netherlands is around 10 minutes each, and does not depend on the travel time with 
the primary transport mode. We therefore added 20 minutes to the original travel time to 
account for access and egress time.

Four travel time indicators were used in the logit models presented in section 3.6. In 
addition to the absolute travel time and a measure of the absolute difference in travel time 
by rail and car (eq 3.4) that are generally employed in conventional binary mode choice 
models (e.g. Ben-Akiva and Lerman, 1985; Cervero, 2002), we constructed an indicator 
of the relative difference in travel time (eq 3.5). This is because we hypothesise that the 
same magnitude of travel time difference between rail and car might be valued differently 
according to the length of travel time (e.g. the same magnitude of travel time difference is 
valued less when travel time increases). This ratio is transformed into natural logarithmic to 
stabilise the variance and thereby improve the normality of the data.

Absolute travel time differential = Travel time by rail  – Travel time by car (3.4)

The ratio of travel time by rail to car = ln (Travel time by rail) / ln (Travel time by car) (3.5)

Although monetary out-of-pocket costs including rail fares and fuel costs are relevant 
to mode choice decisions, we did not take these into account, because of data limitations. 
Detailed information on the relevant characteristics of the cars driven, such as fuel use 
per kilometre or their weight, is not recorded in the NTS. If a monetary out-of-pocket cost 
variable had been used, it would have been based solely on travel distance and would hence 
be correlated strongly with (but not identical to) the travel time by car. We therefore decided 
only to use travel time measures.

3.4 Descriptive analysis

This section provides a brief overview of some of the factors that are related to mode choice 
for medium- and longer-distance travel, stratified by trip purpose. The results are presented 
in Table 3.1 and Figure 3.2.

3.4.1 Medium- and longer-distance commute trips
The shares of medium- and longer-distance commute trips undertaken by private car and 
train are 78% and 22% respectively. Generally speaking, men depend more heavily on 
the private car, whereas women rely to a greater extent on the train. A higher level of car 
availability is associated with a larger share of private car trips, as Figure 3.2.1 shows. Among 
one-worker and two-worker households, the presence of children increases the probability of 
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using the car for medium- and longer-distance commute trips considerably. The underlying 
reason might be that the flexibility in time and space offered by the private car enables 
household members to cope with time pressure more efficiently. Similar results have been 
obtained for daily trips (Dieleman et al., 2002).

Furthermore, single workers and more highly educated people travel by train more often. 
One reason for this may be that they are over-represented among the employees of financial 
services and business firms, which in the Netherlands are frequently located in high-density 
business parks near inter-city railway stations (Schwanen et al., 2002). This seems to lend 
credence to the A-B-C location policy that aims to channel new employment into nodes 
that are well served by public transport to restrain the use of private car (Dijst, 1997). This 
tendency is one indication in our data that commuters travel more frequently by train if the 
origins or destinations of medium- and longer-distance commute trips are situated near 
an intercity railway station. This conjecture is further substantiated by the results for the 
urban form indicators. As Table 3.1 indicates, travellers residing in high-density areas tend to 
use the car less frequently. The local specialisation index for an urban centre (Figure 3.2.2) 
and the national specialisation index for services (Figure 3.2.3) variables point in the same 

Table 3.1 Modal split for medium- and longer-distance travel, by trip purpose, socioeconomic 
factor, and land use factors

Commute Business Leisure

Car Train Car Train Car Train

Gender
Female 62.0 38.0 79.1 20.9 79.9 20.1
Male 81.6 18.4 91.8 8.2 84.4 15.6
Household type
Single worker 68.1 31.9 90.0 10.0 73.1 26.9
Couple one worker 74.0 26.0 90.3 9.7 86.6 13.4
Couple two workers 75.0 25.0 87.1 12.9 87.8 12.2
Family one worker 84.8 15.2 91.9 8.1 78.5 21.5
Family two workers 80.5 19.5 84.5 15.5 74.5 25.5
Family more than two workers 76.8 23.2 92.1 8.0 84.9 15.1
Other type of household 84.6 15.4 93.6 6.4 83.1 16.9
Level of education
High education 69.3 30.7 86.5 13.5 82.2 17.8
Medium education 82.8 17.2 94.6 5.4 77.6 22.4
Low education 93.5 6.5 95.1 4.9 87.2 12.8
Household income
High income 78.7 21.3 90.1 9.9 87.9 12.1
Medium income 76.9 23.1 91.6 8.4 81.9 18.1
Low income 0.0 0.0 0.0 0.0 56.4 43.6
Population density (origin)
Less than 15 persons/ha 84.6 15.4 92.7 7.3 87.6 12.4
15 to less than 30 persons/ha 77.6 22.4 89.8 10.2 76.4 23.6
30 to less than 45 persons/ha 61.0 39.0 83.9 16.1 70.8 29.2
More than 45 persons/ha 51.3 48.7 78.7 21.3 73.2 26.8
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direction: the share of train travel becomes larger as the scores for these indices increase. 
These variations are also reflected in the results for the spatial environment variable. As 
reported in Table 3.1, the largest differences in modal spilt are those between the core cities 
inside Randstad Holland (where densities are higher and public transport networks better 
developed) and the rest of the Netherlands. The train is used most frequently when medium- 
and longer-distance commute trips start or end within these core cities in the Randstad, but 
the train’s role is negligible in the less urbanised areas.

Furthermore, single workers and more highly educated people travel by train more often. 
One reason for this may be that they are over-represented among the employees of financial 
services and business firms, which in the Netherlands are frequently located in high-density 
business parks near inter-city railway stations (Schwanen et al., 2002). This seems to lend 
credence to the A-B-C location policy that aims to channel new employment into nodes 
that are well served by public transport to restrain the use of private car (Dijst, 1997). This 
tendency is one indication in our data that commuters travel more frequently by train if the 
origins or destinations of medium- and longer-distance commute trips are situated near 
an intercity railway station. This conjecture is further substantiated by the results for the 
urban form indicators. As Table 3.1 indicates, travellers residing in high-density areas tend to 
use the car less frequently. The local specialisation index for an urban centre (Figure 3.2.2) 
and the national specialisation index for services (Figure 3.2.3) variables point in the same 

Commute Business Leisure

Car Train Car Train Car Train

Type of municipality (origin)
The Randstad, Three core cities 56.6 43.4 82.3 17.7 68.5 31.5
The Randstad, Other core cities 59.0 41.0 79.5 20.5 78.8 21.2
The Randstad, Surburban 85.5 14.5 93.1 6.9 86.3 13.7
Rest of the Netherlands, More urbanised 76.6 23.5 88.3 11.7 81.0 19.0
Rest of the Netherlands, Less urbanised 90.5 9.5 96.1 3.9 86.9 13.1
Type of municipality (destination)
The Randstad, Three core cities 60.5 39.5 76.8 23.2 69.6 30.5
The Randstad, Other core cities 62.1 38.0 79.7 20.3 62.6 37.4
The Randstad, Surburban 84.9 15.1 93.8 6.2 87.1 12.9
Rest of the Netherlands, More urbanised 84.3 15.7 92.1 7.9 79.9 20.1
Rest of the Netherlands, Less urbanised 95.5 4.5 99.3 0.7 91.6 8.4
Availability of train station (origin)
No train station 91.8 8.2 95.9 4.1 88.5 11.5
Feeder train station 81.1 18.9 92.9 7.1 85.6 14.4
Inter-city train station 65.1 34.9 82.9 17.1 74.6 25.4
Availability of train station (destination)
No train station 96.0 4.0 99.1 0.9 92.1 7.9
Feeder train station 84.3 15.7 93.8 6.2 84.6 15.4
Inter-city train station 69.0 31.0 84.7 15.3 72.4 27.6
No. of observations 2326 932 3072

(Table 3.1 continued)
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direction: the share of train travel becomes larger as the scores for these indices increase. 
These variations are also reflected in the results for the spatial environment variable. As 
reported in Table 3.1, the largest differences in modal spilt are those between the core cities 
inside Randstad Holland (where densities are higher and public transport networks better 
developed) and the rest of the Netherlands. The train is used most frequently when medium- 
and longer-distance commute trips start or end within these core cities in the Randstad, but 
the train’s role is negligible in the less urbanised areas.

3.4.2 Medium- and longer-business trips
Private car use is very prominent for business trips: as many as 90.5% of medium- and 
longer-distance business trips are undertaken with this mode. As expected, men and 
travellers from households with a high level of car availability use the car more often than 

Figure 3.2 Modal split for medium- and longer-distance trips, by purpose, car availability index, 
and land use factors
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their respective counterparts (Table 3.1 and Figure 3.2.1). As far as household types are 
concerned, two-worker households use the train more often than any other household type; 
however, the presence of children does not appear to increase car dependency for business 
travel. Household income does not seem to affect the shares of the different modes.

Despite the fact that there is less use of public transport for business trips in comparison 
with commute trips, the relationship between mode choice and land use attributes is much 
the same for both trip purposes. Living in a municipality with a high population density and 
good access to an inter-city railway station is associated with more trips by train. Car use is 
most common in the suburban municipalities of the Randstad and the less urbanised parts 
outside the Randstad, where population densities and the provision of public transport tend 
to be lower.

3.4.3 Medium- and longer-distance leisure trips
For leisure trips, the share of train travel is larger than for business trips; almost 20% of 
medium- and longer-distance leisure trips are undertaken by train. Table 3.1 demonstrates 
that single workers, two-worker families, and travellers with a low income and/or poor 
access to a private car use the train more frequently. In other cases, travel by private car is 
very prominent. This preference seems to result from the flexibility the private car offers 
in comparison with public transport, since attractive destinations of medium- and longer-
distance leisure trips are more frequently located in areas with poor train accessibility, such 
as residential neighbourhoods and (outdoor) recreational areas. Moreover, leisure trips are 
more often undertaken with other people, which may make travelling by private car cheaper 
and also more convenient, for instance when luggage has to be carried.

Again, we see variations in modal split for the urban form factors on both the origin and 
destination sides. The train is used more frequently in municipalities characterised by high 
population densities (Table 3.1) and high scores on the local and national specialisation 
indices for urban centre and services (Figure 3.2.2 and 3.2.3). The private car is very 
dominant in both the suburban and less urbanised areas; the use of the train is extensive in 
the three core cities, other core cities, and the more urbanised areas. However, the presence 
of a railway station does not appear to affect train use as much as it does for other trip 
purposes. This difference might derive from the fact that leisure trips are not subjected to 
time constraints to the same degree as mandatory trips.

3.5 Multivariate analysis

In this section, we consider the associations between mode choice and land use attributes 
at the origin and destination sides on medium- and longer-distance trips, while controlling 
for the influence of socioeconomic characteristics of persons and households and travel 
time. We have estimated a series of binary logit models distinguishing between private car 
and train (Table 3.2) by using SPSS 12.0, in which the former is treated as the reference 
category. Decisions about the inclusion of variables in the final models presented here 
were made on the basis of log likelihood tests and conceptual plausibility. For each of the 
three trip purposes, two final models are presented. One specification corresponds to 
the models specified in much of the urban planning and transport geography literature 
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(Cervero, 2002) and is called the base model; it contains only land use variables at origin 
and destination together with the socioeconomic characteristics of individual travellers. The 
other specification – called the expanded model – also includes travel time indicators to 
account for the influence of travel time. One might argue that travel costs should always be 
included in a mode choice model. These elements are, however, often omitted for the studies 
on land use and transport linkages. We have chosen to include models without travel time 
variables to illustrate the implications of not considering such important and well-known 
determinants of mode choice.

3.5.1 Medium- and longer-distance commute trips
Among the personal and household attributes, car availability, gender, and level of education 
are most strongly related to mode choice for medium- and longer-distance commuting. Car 
availability has a strong negative influence on the likelihood of using the train. Although 
it has been recognised that women’s travel patterns are changing and are becoming more 

Table 3.2 Binary logit model for mode choice for medium- and longer-distance travel stratified by 
trip purpose

UK NL

Age
18-29 years 7.5 12.9
30-49 years 8.3 11.5
50-64 years 6.9 12.8
65 years or more 3.7 9.7

Gender
Male 9.3 14.7
Female 4.9 8.6

Household income
Low or medium income 4.1 9.9
High income 9.2 13.1

Household composition
Single worker 8.0 15.5
One-worker couple 6.8 13.7
Two-worker couple 9.4 13.7
One-worker family 8.8 11.2
Two-worker family 7.5 11.4
Family, more than two workers 7.8 10.9
Other household types 7.9 10.4

Population density
Less than 10 pers/ha 8.2 11.7
10-19.9 pers/ha 5.9 11.8
20-34.9 pers/ha 6.8 11.9
35 pers/ha and over 4.7 13.2

Note: A long-distance traveller is defined as a person who makes at least one trip that is longer than 50 km one-way
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similar to those of men (Pazy et al., 1996), our result shows that women are still less 
dependent on a private car than men are. There are several factors capable of explaining this 
gender difference, including inequality in monetary rewards from working and the spatial 
distribution of jobs and household task allocation (Hanson and Pratt, 1995; Macdonald, 
1999). These gender differences have also been attributed to differential access to the private 
car and women’s weaker bargaining power for car use; in one-car households the car was, 
and perhaps still is, commonly allocated to the male partner to commute to his work location 
(Pazy et al., 1996; Pickup, 1984).

The level of education is also an important determinant of mode choice. Highly educated 
commuters show the highest propensity to travel by train. As argued in the previous section, 
this tendency may reflect the fact that many jobs for the highly educated are concentrated in 
the centres of urbanised areas, which are readily accessible by train. In addition, travellers 
aged 18-29 years travel most by private car. Somewhat unexpectedly, both household type 
itself and its interactions with gender are not very relevant to mode choice for medium- and 
longer-distance commuting. According to the model, only people from the ‘other’ household 
category are more inclined to travel by car. This finding is not in line with the many studies 
that showing the presence of children, the number of adults in the household, and their 
work status are important determinants of mode choice for short-distance trips (Turner and 
Niemeier, 1997). It might be the case that conventional household task allocation and hence 
car allocation are not applicable to medium- and longer-distance commute trips. Because 
these trips are time-consuming, the overriding concern for households of every stature and 
composition will probably be to maximise efficiency and minimise the loss of time by giving 
the medium- and longer-distance commuter access to the fastest mode of transport as often 
as possible.

A number of land use variables, including population density and the provision of 
transport services, have a statistically significant effect on mode choice. The results 
suggest that the absence of a convenient railway station reduces train usage considerably, 
especially in the less urbanised areas. The train is more attractive when heading for jobs in 
high-density areas, other core cities, and municipalities with a high score on the national 
specialisation index for services. Destinations with such characteristics are often associated 
with congestion and parking problems (Schwanen et al., 2002).

The addition of the travel time variables to the base model results in a statistically 
significant improvement of the model fit. Because the base model is not nested in the 
expanded model, a test was conducted to assess whether the difference between the models 
in adjusted ρ2s was statistically significant3 (details are given in Ben-Akiva and Lerman, 
1985). Since the difference was statistically significant, we can conclude that the expanded 
model is superior to the base model. Table 3.2 shows that, for medium- and longer-distance 
commuting, the variables measuring differences in travel time between train and car are 
more important for mode choice than the absolute travel time. As expected, the results 
suggest positive cross-elasticities: the car becomes more attractive as the difference between 
travel time by train and car increases. We find that the ratio of the total travel time for rail 
and car can better explain mode choice than the absolute difference in travel times, which 
suggests that the valuation of the difference in travel times per mode depends on the total 
travel time.
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Owing to the inclusion of the travel time variable, some variables from the base model have 
been dropped from the expanded specification. Nevertheless, the signs for the socioeconomic 
and land use attributes retained in the expanded model are identical to those in the base 
model. A new variable is the land use balance index, which is positively associated with 
the probability of choosing the train alternative. In line with Cervero (2002), we find that 
commuters are more likely to travel by train when travelling to a workplace with consumer 
services, urban facilities, and other activities nearby. Similar conclusions can be drawn for 
the national specialisation index for services. The fact that proximity to a railway station 
affects mode choice for medium- and longer-distance commuting is reflected in the finding 
that commuters residing in the more or less urbanised municipalities outside the Randstad 
with access to a feeder railway station are more likely to travel by train. On the destination 
side, the influence of the presence of a railway station also prevails. For the more urbanised 
municipalities outside the Randstad, the probability of commuting by train is significantly 
higher when an inter-city railway station is available.

3.5.2 Medium- and longer-distance business trips
Of the personal and household attributes, the car availability index has the strongest 
relationship with mode choice. If a car is available; it is likely to be used for medium- and 
longer-distance business trips. The main effect of gender is not statistically significant, 
but the results demonstrate that women in two-worker couples are more inclined to travel 
by train. Furthermore, the estimated coefficients show that highly educated business 
travellers and those from two-worker families are more likely to use the train. The lack of 
a significant difference between household types suggests that other factors pertaining to 
the occupation type and employing firms are probably more relevant determinants for mode 
choice for medium- and longer-distance business trips. Furthermore, the model does not 
show evidence of a statistically significant impact of household income on mode choice 
for business trips. This may, however, stem from the fact that income brackets are not well 
defined in the NTS. Because 49.1% of the respondents in the household for which the 
income is known fall in the high-income category, this variable mainly captures differences 
between low- and (lower) middle-income households.

When the influence of the socioeconomic attributes is taken into account, land use factors 
still affect mode choice. For the more urbanised municipalities the presence of an inter-city 
railway station on either the origin or destination side increases the probability of travelling 
by train. Similarly, the probability of a traveller choosing to travel by train is much higher 
when departing from a municipality with a high score on the national specialisation index 
for services and heading towards a higher-density municipality.

As for commuting, the adjusted ρ2 test indicates that the inclusion of travel time in the 
expanded model results in a statistically significant increase of the model fit. The results 
show that the propensity to travel by train rises as the absolute travel time by car increases. 
Note, however, that the opposite does not occur. At least for our data, an increase in the 
travel time by train does not lead to a statistically significantly lower probability of choosing 
the train. In other words, travel time appears to have little impact on the attractiveness of 
the train alternative for medium- and longer-distance business trips. Several reasons may 
be put forward to account for this rather counter-intuitive finding. First, many business 
travellers in the Netherlands are provided with employer-sponsored train tickets or passes, 
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which are more generous than the cost compensation for private car use. Second, the train 
offers travellers the opportunity to use their time more productively than when driving a car, 
hence lowering the disutility associated with travel time (Mokhtarian and Salomon, 2001). 
Third, our travel time estimates may be subject to measurement error, resulting among 
other things from the fact that the NTS data are measured at the municipal level, which is 
aggregated spatially.

When the travel time variable is included, the model indicates that train use is significantly 
lower in less urbanised areas outside the Randstad. In addition, the variable indicating the 
presence of an inter-city railway station in more urbanised areas became insignificant and 
was dropped from the specification. For those variables that have been included in both 
specifications, the estimated coefficients have identical signs.

3.5.3 Medium- and longer-distance leisure trips
As for commuting and business trips, car availability is an important determinant of mode 
choice for medium- and longer-distance leisure trips. A higher level of car availability 
reduces the probability of choosing the train alternative. Again, the main effect of gender 
is not statistically significant, although some of the interactions with household type are. 
While one-worker couples are in general more inclined to travel by private car, women in 
this household type are more likely to travel by train for medium- and longer-distance leisure 
trips. The same is true for females in one-worker families. Furthermore, train use is higher 
among two-worker families.

As was the case with the results for commuting, the more highly educated travellers and 
those on low incomes are more likely to travel by train. The latter result may reflect the fact 
that travel by train tends to be cheaper, especially in the off-peak period when it is possible 
to get a 40% fare reduction with a railway pass in the Netherlands. With respect to age, 
the model shows that young and elderly travellers are most likely to travel by train. Both 
students and elderly enjoy reduced travel fares because of transit passes available to them 
specifically. Almost all students can travel free of charge on the train, bus, tram, and metro 
for at least three days per week in the Netherlands.

Land use attributes at destinations are far more important than at the origin side. Only 
two indicators for the origin side are included in the base model. The national specialisation 
index for services is positively correlated with train use; the propensity to travel by train 
is lowest when departing from a suburban municipality without a train station. On the 
destination side population density, land use balance, and the national specialisation indices 
for the urban centre and service are all positively associated with train use. The model also 
shows that, when all else is equal, the probability of choosing the train is higher when the 
trip originates from a core city other than Amsterdam, Rotterdam, or The Hague but with 
access to a feeder train station. The reverse is true for trips to less urbanised municipalities 
without a train station.

For leisure trips, the statistical test on adjusted ρ2 also suggests that the inclusion of 
travel time improves the goodness of fit of the model. Table 3.2 shows that an increase in 
the absolute travel time by private car increases the propensity to travel by train. In contrast 
with business trips, however, travellers seem to be more sensitive to the travel time by train, 
as the results for the ratio of travel times by rail and car suggest. Again, the result reveals 
positive cross-elasticities, but the relationship is weaker than for commuting trips.
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When travel time costs are taken into account, the population density, the local 
specialisation index for urban centre, the land use balance, and the national specialisation 
index for services are negatively correlated with car use. For the origin side, the local 
specialisation for services is positively associated with transit use. When a municipality does 
not have a train station, the propensity to travel by train is reduced, but not to the same 
degree as for commuting. This finding concurs with those in section 2.5.

3.6 Conclusion and discussion

In this paper we have employed data from the 1998 Netherlands National Travel Survey 
to investigate the question as to how socioeconomic characteristics, land use attributes, 
and travel time affect mode choice for medium- and longer-distance travel and how their 
role varies across trip purposes: commute, business, and leisure trips. We have tested the 
impact of several land use variables that have not been used extensively in the literature on 
medium- and longer-distance travel, including indicators of land use density and diversity 
and specialisation indices at the local and national geographical scale as well as proximity to 
transport infrastructure.

The analysis has confirmed that the spatial configuration of land use and transport 
infrastructure has a significant impact on mode choice processes for medium- and longer-
distance trips, even when the impact of travellers’ socioeconomic characteristics and travel 
time are taken into account. Land use factors should therefore be included as potential 
determinants of mode choices and related decisions in future studies of medium- and 
longer-distance travel. In addition, socioeconomic factors in general and car availability in 
particular have a strong influence on mode choice for every trip purpose.

Our results also demonstrate that the weights associated with the land use variables vary 
across trip purposes, indicating that the variables are not equally important for all types of 
trips. Furthermore, we find that most of the land use variables included in the expanded 
models that include travel time have stronger effects than in the base models. This finding 
suggests that the impacts of land use may be underestimated if travel time elements are not 
taken into account.

These results could have important implications for planning. In the near future, we 
expect an increase in the share of medium- and longer-distance trips in Europe (e.g. Orfeuil 
and Soleyret, 2002). There are two arguments for this. First, there have been large-scale 
investments in Trans-European Networks of high-speed railways, and the integration of the 
European Community. Second, research (Mulder, 1993; Van Ham, 2002) shows that the 
migration tolerance (people’s willingness to migrate) is decreasing, so that (two-worker) 
households are particularly less inclined to move and are more willing to accept medium- 
and longer-distance commuting trips.

Although this increase in long-distance travel may not translate into a dramatic growth 
of the share of medium- and longer-distance trips in the total number of trips, it should 
be recognised that the consequence of this growth are larger in terms of total kilometres 
travelled and therefore also in terms of environmental impacts. A key challenge facing 
policymakers is how these medium- and longer-distance trips can be made more sustainable. 
Our results suggest that physical planning may assist in reducing private car use and the 
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associated negative external effects. We believe that building in higher-densities and the 
development of national and local specialisation for urban activities and services can play an 
important role in promoting the use of public transport. We hypothesise that in the future 
the train will be a more attractive transport mode for leisure and business trips, especially 
when the degree of land use mixing around railway stations will be increased. Moreover, 
the fact that leisure trips are less sensitive to travel time considerations may suggest that 
individuals can be enticed to shift to train use especially when they are travelling to a leisure 
activity. On the other hand, the prospects for making commuters switch from the car to the 
train appear not so bright given the attracting high positive cross-elasticities in travel time 
for commute trips. In this case, employer-based initiatives like financial discentives for car 
use and restricted parking supply may be instrumental in discouraging car use for medium- 
and longer-distance trips.

Nevertheless, as with any cross-sectional statistical analysis and in light of the 
methodological limitations inherent in this line of research, the results must be interpreted 
carefully for they provide limited insights into causality. One notable limitation is that it is 
not a priori clear that residential location choice is exogenous to the relationship between 
land use configuration and mode choice. Households with a predisposition toward a certain 
type of travel may choose to locate in a neighbourhood enabling the pursuit of the preferred 
type of travel. This phenomenon is referred to as residential self-selection in the literature on 
travel behaviour and urban form (Steiner, 1994). Since land use variables may act as proxies 
for attitudinal and life-style predisposition to using particular travel modes (Kitamura et al., 
1997), it would be interesting to include such variables in future studies about mode choice 
for medium- and longer-distance trips.

Notes

1. This survey was carried out in the 15 Member States of the European Union in 2001 
and Switzerland. It is part of the Fifth Framework Programme of the Competitive and 
Sustainable Growth Programme funded by the European Commission (EC) (DATELINE 
Consortium, 2003).

2. The use of airplane for long-distance domestic travel in the Netherlands is only 0.1% 
(own calculation using DATELINE dataset (DATELINE Consortium, 2003)).

3. Calculated in spreadsheet by the authors
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4  A theoretical framework and methodology 
for characterising national urban systems 
on the basis of flows of people: empirical 
evidence for France and Germany

Limtanakool, N., Dijst, M., and Schwanen, T., 2006. A theoretical framework and 
methodology for characterising national urban systems on the basis of flows of people: 
empirical evidence for France and Germany. Accpepted for publication in Urban Studies. 
Copyright © Routledge, Ltd.

Abstract

In advanced economies, flows play an important part in connecting urban nodes. This paper 
sets up a framework for identifying and classifying the pattern of the urban systems from 
an interaction perspective. We propose 3 S-dimensions (that is, the strength of interaction, 
the symmetry of interaction, and the structure of the network) and a set of indices that are 
important for characterising network configurations. Using the European long-distance 
mobility database (DATELINE), we apply the framework to examine the pattern of interaction 
between Functional Urban Areas (FURs) in France and Germany. The analysis is carried 
out separately for three journey purposes: business, holiday, and leisure. The results reveal 
that national urban systems embrace a wide variety of constellations, and that considerable 
variation in these constellations can be observed across journey purposes and countries. 
Overall, we are confident that the proposed framework provides a useful analytical tool for 
characterising the configurations of urban systems.

4.1 Introduction

Driven by innovations in transport and communication technologies and economic 
prosperity, the spatial organisation of the economic activities of firms and the social activities 
of individuals and their households has extended spatially. A transition in urban spatial 
structure has occurred and been observed at various geographical scales in the last few 
decades. The presence of multiple centres with specialised economic, social, and cultural 
functions and a high degree of interaction between them makes a monocentric model no 
longer suitable to describe the contemporary urban configurations at the metropolitan level 
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(Clark and Kuijpers-Linde, 1994; Kloosterman and Musterd, 2001). The same transition 
is also evident at the higher spatial scales (Dieleman and Faludi, 1998). The individual 
metropolitan areas increasingly function as nodes that connect to one another via various 
types of flows in the wider urban systems such as the national urban systems and the world 
cities system (Beaverstock et al., 2000; Taylor, 2004). However, relatively little is known as 
to how the structural configurations of systems at the national or international level can be 
characterised.

Nowadays, the properties of urban nodes are frequently determined by relations and flows 
within networks; these properties are more a function of what flows through cities than 
what is fixed within them (Smith, 2003). We therefore believe that a theoretical framework 
for characterising the structural configurations of urban networks should be premised 
on interaction within networks. Although research concentrating on interaction is quite 
common at the metropolitan level (Clark and Kuijpers-Linde, 1994; Van Der Laan, 1998) 
and the global level (e.g. Beaverstock et al., 2000; Taylor, 2004), there are few studies at 
the inter-metropolitan level that employ relational data and put flows at the heart of their 
empirical analysis (e.g. Van Der Laan, 1998). This study therefore focuses explicitly on this 
spatial scale. The fact that so few studies have explicitly employed an interaction perspective 
is to a large extent the result of the lack of suitable data sources.

This study therefore seeks to contribute to the scientific literature by proposing a 
framework to classify and characterise the configurations of urban systems from an 
interaction perspective, a framework which can be used at different spatial scales, 
including the inter-metropolitan level. In this study, we draw on concepts of monocentric 
and polycentric systems from studies on the metropolitan level to describe configurations 
of urban systems at the inter-metropolitan level. In so doing, we first address the 3 S-
dimensions of spatial interaction that can be used to characterise urban systems, namely 
the strength of interaction, the level of symmetry, and the structure of the system. Second, 
a set of indicators for describing the patterns of spatial interaction according to the three 
important dimensions is proposed. Third, we illustrate the proposed framework by empirical 
data from the European long-distance travel mobility database (Dateline Consortium, 2003) 
to characterise the French and German national urban networks, which include several 
Functional Urban Areas (FURs). These two countries have been chosen because their 
contrasting urban constellations – a centralised system in France with the primacy of Paris 
and a rather well-balanced system with multiple centres in Germany – enables us to assess 
the utility of our approach in both sets of circumstances.

Although the interaction among spatial units takes multiple forms such as flows of people, 
goods, information, and money (Pred, 1977), we focus on corporeal human interactions, 
because face-to-face relationships continue to be important in the development of urban 
networks, despite the telecommunication revolution (Smith and Timberlake, 2001). More 
specifically, in this study we focus on the flow of people travelling between distinct Functional 
Urban Regions (FURs) because it is the less frequent journeys undertaken over greater 
spatial distances than daily (commuting) journeys that are pertinent to the development of 
urban systems at higher spatial scales (Dieleman and Faludi, 1998). The fact that the impact 
of physical distance is likely to be much smaller for other types of flow such as information 
and money (Camagni and Salone, 1993) than for human corporeal interaction also motivated 
our decision to concentrate specifically on human corporeal interaction. One may expect the 
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urban systems constituted by flows of people to vary substantially from those constituted by 
other types of flow.

Although previous studies mainly focus on work-related aspects, we argue that non-
work-related mobility flows should also be examined. Since spatial entities, such as FURs, 
encompass multiple functions and the interactions between them are also driven by non-
work-related aspects, one may obtain very partial knowledge if one focuses exclusively on 
work-related aspects. The current has therefore been conducted separately for business, 
holiday, and leisure flows. The remainder of this paper is organised as follows. The 
theoretical framework for analysing spatial interaction is discussed in section 4.2. An 
overview of the data, the delimitation of the FURs employed, and the data operationalisation 
are presented in section 4.3. The configurations of the French and German urban systems 
are described in section 4.4. The paper concludes with a discussion of the issues raised.

4.2 Dimensions of interaction

The functional concept ‘urban system’ was introduced by Berry (1964). Pred (1977, page 13) 
uses the corresponding concept ‘system of cities’, which he defines as “a national or regional 
set of cities which are interdependent.” In theory, the configurations of urban systems can 
be placed on a continuum ranging from fully monocentric to fully polycentric systems (Batten, 
1995). The former term refers to a situation when only one (or a few nodes) dominate(s) the 
system as a result of the concentration of the specialised functions. The fully polycentric 
system refers to the situation where the system lacks truly dominant nodes because 
specialised opportunities are distributed across urban areas (Kloosterman and Musterd, 
2001). Although the concepts of monocentrism and polycentrism are often used at the 
metropolitan level, they are applied to describe the configurations of urban system at the 
inter-metropolitan level in this study.

Flows in urban systems can be characterised by 3 S-dimensions (Dijst and Cortie, 1988). 
The first dimension is the strength of the interactions. According to Simmons (1986, page 
26), the level of integration in a system is a function of “the sum of all flows of some types 
within the system as a whole.” When nodes are intensively related to one another, changes, 
new ideas, innovations, and so forth can be transmitted from one node to the other more 
readily (Simmons, 1986; Smith, 2003). The presence of strong interactions between 
such elements as cities and regions is thus an important building block of urban systems 
(Bourne and Simmons, 1978; Friedmann, 1978). From the work of Sinclair (1983), and 
Smith and Timberlake (1995a), for example, the symmetry dimension can be distilled. The 
interactions between cities can range from completely asymmetrical (that is, a unidirectional 
relationship) to fully symmetrical (that is, a bidirectional relationship with the flows in both 
directions equally large). Asymmetrical interactions are characteristic of interactions in a 
fully monocentric system; the most important city (or cities) containing the most and the 
more specialised functions receive flows from less important cities, but do not send flows in 
return. In this case, the asymmetrical interaction indicates a dependent relationship between 
the two nodes. In contrast, the symmetrical interactions are characteristic of interactions in 
a fully polycentric system, where nodes function as complements to other nodes to which 
they are connected. The third dimension refers to the structure of the system. The structures 
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Figure 4.1 Archetypal networks: Directional and non-directional interaction
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of urban systems can range from a hierarchical structure, as in a fully monocentric system, 
to a non-hierarchical structure, as in a fully polycentric system. Non-hierarchical structures 
are characterised by the “diffusion of impulses through the system in horizontal, diagonal, 
reciprocal and other directions, rather than downward in a hierarchical manner” (Sinclair, 
1983, p. 108).

Related to the structure dimension is the dominance of a node in an urban system. The 
dominant node concept has received considerable attention across many research traditions: 
centrality and prestige in social network analysis (e.g. Freeman, 1979; Wasserman and Faust, 
1994), and urban primacy in geographical studies (Sassen, 1995; Smith and Timberlake, 
1995b). Depending on the nature of the interaction, the dominance of a node could be 
determined by taking or not taking the directionality of flows into account. Mitchell (1969) 
states that, in employer-employee or patron-client relationships, the influence of one person 
on another will differ according to the direction of the interaction. However, for reciprocal 
personal relationships such as friendship, the direction of the flows is not important. This 
relevance of the directionality of flows also applies to interactions in urban systems, which 
are in essence relationships between actors. If the flows considered are determined by 
the use of facilities, products, or services tied to geographical locations at nodes of arrival, 
it is important to take the directionality of flows into account. Incoming flows (aimed at a 
specific location) are then more relevant in defining a city’s dominance. Our reasoning here 
is similar to that of Alderson and Beckfield (2004) who see incoming flows as an indication 
of the prestige of a city; the dominant nodes contain opportunities that are sought by other 
cities in the wider system. However, for certain types of flow the importance of node and the 
directionality of flow are less clear and need not necessarily be taken into account. Examples 
of such flows are journeys undertaken to visit family and friends or journeys that can be 
undertaken for both acquiring and offering products and/or services.

In this paper, the three S-dimensions and the level of dominancy are used to determine 
various forms of interactions among FURs in the national urban systems (see Figure 4.1). 
Figure 4.1 shows various ideal types of urban system for four-node networks, ranging from 
a fully monocentric network, characterised by fully asymmetrical interactions between 
the dominant and non-dominant nodes, to a fully polycentric network, in which there is 
no dominance but rather equally strong symmetrical relations between nodes. We draw 
a distinction between directional and non-directional urban systems on the basis of the 
relevance of the directionality of flows. In principle, each urban node belongs to both types 
of system.

As can be seen from Figure 4.1, the networks are to some extent snapshots on a 
continuum. In theory, in the fully monocentric system, all interaction involves one node, 
which is the absolute heart or hub of the network (A1/B1). For the directional networks 
(when only incoming interaction is considered), the degree of symmetry increases from 
left to right along the horizontal axis, while the extent of hierarchy or the central function 
of the dominant node becomes gradually weaker along the vertical axis. First, interaction 
between non-dominant nodes becomes possible, although the magnitude of these flows 
is much smaller than flows in which the dominant node is involved (Network A2). Then, 
flows between the dominant and non-dominant nodes become more symmetrical (Network 
A3), and the difference in the strength of flow between dominant and non-dominant nodes 
and among non-dominant nodes becomes less pronounced (Network A4), indicating 
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that the hierarchical structure is weakened. Finally, all flows are equally large and fully 
symmetrical, resulting in a ‘flat’ network, without any node being more important than the 
others (Network A5). This is referred to as a fully polycentric network. Four non-directional 
networks equivalent to A1, A3, A4, and A5 can be distinguished; they are numbered 
B1-B4 and differ from one another in terms of the level of hierarchy in the system. It is 
anticipated that, in real-life situations, networks tend to fall between the extremes of the fully 
monocentric and fully polycentric networks; few, if any, urban systems will look like A1/B1 
or A5/B4.

It should be remembered that the networks in Figure 4.1 are ideal types, built on very 
specific premises: there are only four nodes; the nodes are either dominant (or central) 
or they are not; and flows on links are either fully asymmetrical or fully symmetrical. Of 
course, in real-world situations many variations on these premises are possible. We did not 
address these in our enumeration of archetypal networks, because we felt they would distract 
attention from our key interest – the 3 S-dimensions. In the Research Design section, we 
describe a set of five indicators for operationalising and distinguishing between archetypal 
networks. The reason for which we propose a set of indicators rather than one measure 
is that, to the best of our knowledge, no single indicator capturing the 3 S-dimensions is 
available.

4.3 Research design

4.3.1 Data
In the current study, data on long-distance personal travel has been employed for examining 
the pattern of interaction between FURs in the French and German urban systems. This 
data was chosen because it enables us to concentrate on human corporeal interaction over 
long distances, which is increasingly important for the development of urban systems at the 
inter-metropolitan level (Frandberg and Vilhelmson, 2003; Urry, 2003). This information is 
rather difficult to extract from general travel surveys in which information for a single day or 
at most a week is collected, because most travellers do not undertake long-distance trips on 
a daily or weekly basis (Dateline Consortium, 2002). Furthermore, the data covers various 
types of travel and thereby various kinds of corporeal interaction. Rather than limiting 
ourselves to firm-related business journeys, we have also been able to investigate holiday 
travel and journeys undertaken for leisure purposes. A drawback of the data is that only 
flows of persons can be considered; the exchange of information, money, and goods remains 
unexamined. Although we acknowledge that other types of flows such as information, 
money, and especially goods should be considered for acquiring a full view of the urban 
systems in France and Germany, data on flows-of-persons also offer important insights in 
these systems and suffice for illustrating the properties of the theoretical and methodological 
framework proposed here.

DATELINE (Design and Application of a Travel Survey for European Long-distance 
Trips Based on an International Network of Expertise) is concerned with European long-
distance travel mobility. The survey was carried out in the 15 Member States of the European 
Union (in 2001) and Switzerland, starting in June 2001 and covering a period of twelve 
consecutive months. In this survey, a long-distance journey was defined as a journey that 
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includes a destination more than 100 kilometres away (as the crow flies); only journeys 
originating from the respondent’s home base are analysed in this study. For each journey a 
main destination is identified, and it is this information that has been used for the current 
study. Although the 100-km threshold used in the survey enables us to focus specifically on 
interaction at the inter-metropolitan level, one might argue that this definition could lead 
to an underestimation of the interaction between contiguous areas. This effect is expected, 
however, to be relatively small in this study, because the physical distances between the 
centres of FURs in most cases tend to exceed 100 km.

The national samples of individuals were randomly selected at the NUTS-11 level. 
Respondents who both do and do not undertake long-distance journeys are recorded in the 
database. The total net response for the sixteen countries was around 80,000 individuals 
(over the age of fifteen) and 101,000 long-distance journeys in total. Weight factors are 
provided in the DATELINE data to make the information representative of long-distance 
travel behaviour of the whole population, and these weightings have been applied in this 
study. The data contains some household, personal, and travel information including journey 
purpose, transport mode, and geographical information on the origins and destinations 
of long-distance journeys at the NUTS-3 level. Because it incurs considerable time and 
costs, long-distance travel tend to be more prevalent among people with more resources, 
particularly those on higher incomes, those with higher levels of education attainment and 
men (Limtanakool et al., 2006). This pattern should not therefore be seen as representative 
of travel behaviour of population in general. Rather, this dataset represents specifically the 
long-distance travel behaviour of population and hence the pattern of interaction over long 
distances.

Three journey purposes are analysed in this study, namely business, holiday, and leisure. 
By definition, a business journey is a journey made for business purposes. Professional 
travel by truck drivers, pilots, and the like is excluded. Journeys made for holiday purposes 
constitute the second category. The third journey purpose is leisure and comprises journeys 
made for general recreational activities, culture, sports, and shopping. In general, holiday 
journeys are less frequent and involve longer travel distances and time spent at destinations 
than leisure journeys. For these reasons, we believe that the holiday and leisure journeys are 
qualitatively different from one another. We therefore decided to analyse them separately. 
Commuting was excluded from this analysis, because the number of observations per spatial 
unit was too low for analysis results to be meaningful. For the present study, around 4,847 
long-distance domestic journeys between FURs were selected for France (n = 2,637) and 
Germany (n = 2,210). International journeys were not analysed because in most cases they 
accounts for less than 20% of the total long-distance journeys per journey purpose in both 
countries. The small number of international journeys and the dispersion of international 
long-distance destinations result in a small number of observations per origin-destination 
(OD) pair, which is frequently insufficient for yielding meaningful results.

4.3.2 Delimitation of FURs
Although geographical information on the origin and destination of long-distance journeys 
was recorded in the DATELINE data at the NUTS-3 level, it is preferable to use spatial units 
that are functionally interrelated in economic terms, because these can be compared with 
one another more easily (Cheshire and Hay, 1989). For this reason, we employ the FURs 
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concept, which refers to contiguous NUTS-3 regions grouped together according to their 
functional orientations. This delimitation is inspired by the second report of the GEMACA 
project (IAURIF, 2002), in which FURs were considered the most desirable spatial units for 
comparative socioeconomic analysis across European Metropolitan Areas.

Central to our method of delimitation is the identification of significant employment 
concentrations and the areas over which these economic centres extend their influence. 
Ideally, economically functional interdependencies between areas should be derived 
from relational data such as daily commuter flows. However, as we do not have access to 
comparable short-distance commuting data for our study areas (that is, for Germany or 
France), we have defined FURs on the basis of five variables measured at NUTS-3 level: the 
ratio of jobs to the size of the active population; the number of jobs; job density; the number 
of inhabitants; population density. The data used to define the FURs was obtained from the 
1997 regional statistics collected by EUROSTAT. On the basis of these criteria, six FURs 
were identified and defined in France and eight in Germany (Figure 4.2).

4.3.3 Spatial interaction indices
Five indices were devised to measure the 3 S-dimensions of spatial interaction: the Entropy 
Index (EI); Dominance Index (DII

i
 and DIT

i
); Node Symmetry Index (NSI

i
); Relative Strength 

Index (RSI
ij
), and the Link Symmetry Index (LSI

ij
). The descriptions and formulas of these 

spatial interaction indices together with their relationships with the three dimensions are 
presented in Table 4.1.

These indices can be categorised in three groups according to their measurement level, 
namely network, node, and link. The EI is an index at the network level. It measures the 
extent to which the total interaction is distributed evenly across all links in the network. The 
EI can therefore be considered a measure of the structure dimension, with a value of one 
indicating a fully polycentric network.

The NSI
i
 and the dominance index (DII

i
 and DIT

i
) are measured at the node level. NSI

i
 

is related to the dimensions of symmetry. It measures the difference between the incoming 
and outgoing interactions for every node i. A positive net interaction suggests that the 
node is primarily a receiver; a negative value suggests that it is more important as a sender. 
When the NSI

i
 values for all nodes in the network are examined, the index also provides 

information about the structure dimension. If all nodes have a value of zero, the network 
can be classified as fully polycentric (A5/B4 in Figure 4.1).

The dominance index indicates the degree of involvement of a node in the network. 
Depending on the type of flow, the direction of flows is considered or not in the calculation 
of this index. If direction is not taken into account, incoming and outgoing flows are 
summed for each node, resulting in what further is called the non-directional interaction. 
In this study, the directionality of flow is taken into account in the identification of dominant 
nodes in the holiday and leisure networks, but not for business flows. In addition to the 
theoretical issue discussed previously, in our case we decided not to take the direction of 
flow into account for business journeys, because the data employed did not allow a detailed 
distinction to be drawn between the types of activities pursued during business journeys. 
Consequently, the importance of the node and the directionality of flows would be less clear-
cut for business flows.
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The non-directional dominance index (DIT
i
) is defined as the ratio between the sum of the 

interactions associated with node i and the average size of the interactions associated with 
other nodes in the network. If the directionality is taken into account, the focus is only on 
incoming interactions The directional dominance index (DII

i
) is defined as the ratio of 

the interactions received by node i to the average size of the interactions received by other 
nodes in the network. It can be said that the network is dominated by node(s) with a high 
score for the dominance index. For both indices, we consider a node with a dominance 
index value that exceeds the value of one to be a dominant node, because its role is more 
important than the average role of other nodes in the network. The network structure could 
also be examined by scrutinising differences in dominance index values among nodes in the 
network: large differences would imply the presence of a hierarchical structure.

Furthermore, the RSI
ij
 and LSI

ij
 are two indices measured at the link level between nodes 

i and j. The former indicator is related to the strength dimension and RSI
ij
 measures the 

Figure 4.2 Functional Urban Regions in France and Germany
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proportion of interaction on a given link between two nodes relative to the total interaction 
in the network. The RSI

ij
 values for all links in the network thus sum to unity. As with the 

dominance index, the directionality is taken into account for holiday and leisure flows, but 
not for business flows. LSI

ij
 measures per link to what extent the one-way interaction equals 

the interaction in the other direction; a value of one shows that the amount of interaction 
from node i to j is exactly the same as from j to i. In this study, link symmetry is analysed not 
only at the link level, but also at the node level. LSI

ij
 values on links attached to node i are 

averaged to give the node-level indicator LSI
i
. Two versions of the average link symmetry are 

employed in this study. The first is the unweighted mean of LSI
ij
 values: the LSI

ij
 values of all 

links connected to node i are summed and divided by the number of links. The disadvantage 
of this method of calculating the mean is that all links are deemed equally important in 
determining the LSI

i
 value, regardless of their role in the network. A weighted average is 

therefore also computed of link symmetry, in which the strength of a link is utilised as a 
weight factor. That is, the extent to which LSI

ij
 values are taken into account is proportional 

to the weight attached to it. If the weighted average LSI
ij
 value is higher than the non-

weighted average, this suggests that the stronger links attached to the node in question are 
more symmetrical than the weaker links. Each index gives information about the structure 
in the network when values on all links or nodes are examined together: large differences in 
index values would imply the presence of a hierarchical structure (see Table 4.1).

4.3.4 Characterisation of interaction patterns
The characterisation of spatial interaction patterns was carried out as follows. We started 
with the EI to describe the evenness of the distribution of interaction across all the links 
in the network. We then proceeded with the results of the other indices to make qualitative 
judgements about the state of the complete network. Our approach comprised two stages. 
First, we identified a set of dominant nodes with the help of the dominance index. As 
described above, nodes whose dominance index value amounts to one or more qualify as 
dominant nodes. The directional dominance index using incoming interaction (DII

i
) is 

employed for holiday and leisure journeys, while the non-directional dominance index for 
business journeys (DIT

i
).

After examining the dominance index, we concentrated on the node symmetry value(s) for 
the dominant node(s) to gain further insight into the role of nodes in the network. A positive 
NSI

i
 value corresponds with a surplus in net flow and a negative value a deficit in net flow; a 

node is considered balanced if its NSI
i
 value is close to zero. Because node symmetry is the 

result of the exchanges between a node and other nodes in the network, we can understand 
the value of the NSI

i
 for a node by scrutinising the relative strength values of the links 

connected to it. In the discussion of the results for RSI
ij
, we have paid most attention to the 

results for the links involving at least one dominant node.
We then assessed the average level of symmetry of the links connected to a node 

(LSI
i
), concentrating particularly on the dominant node(s). If the weighted average link 

symmetry value for a dominant node is closer to one than to zero, this suggests that the 
node in question holds reciprocal relationships with other nodes in the network based 
on complementarity. In that case, the position in the network would resemble that of the 
dominant node in situation A3/A4 in Figure 4.1. If, on the other hand, the (weighted) 
average LSI

ij
 value for a dominant node is close to zero, situation A1/A2 in Figure 4.1 is 
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suggested. The (weighted) average LSI
ij
 value thus provides important insights into the 

structure in the system.
Collectively, from the results for EI and all other indices (that for the most part are) 

presented per dominant node, we are able to describe the state of the complete network. 
The reader should remember that the archetypal networks in Figure 4.1 are ideal types, 
comprising only a few nodes only one of which is dominant. In reality, however, patterns 
are more complex, messy, and ambiguous. While this complexity makes mapping real-world 
networks neatly onto the ideal-type states in Figure 4.1 difficult, we can describe the essential 
properties of real-world networks using the indicators presented to identify the various ideal-
type networks. Thus, the networks in Figure 4.1 should be seen as heuristic devices guiding 
the empirical analysis rather than as mutually-exclusive categories to be used for classifying 
complete networks. Real-world networks, especially larger ones, will most likely contain 
several of the ideal-type states; these may, or may not, partially overlap. The archetypal 
states in Figure 4.1 are nevertheless useful in facilitating the understanding of real-world 
networks, as the application of the framework to characterise interaction patterns in France 
and Germany makes clear.

4.4 Application of the framework

In this section, the proposed theoretical framework is illustrated by empirical data. The 
pattern of spatial interaction between FURs as constituted by long-distance personal travel is 
characterised for two national networks, namely France and Germany. Besides the fact that 
France and Germany are important European countries, they have been chosen because of 
their contrasting urban constellations. France has a centralised national urban system and is 
known for its strong urban hierarchy and the primacy of Paris. Germany, however, is known 
for its decentralised system, with large cities spatially distributed over the country. Carrying 
out the analysis for these two countries enables us to assess whether our approach yields 
acceptable results in both sets of circumstances. In this study, the French urban networks 
comprise six FURs and the German eight (Figure 4.2).

4.4.1 France

Business journeys
In France, long-distance business journeys between FURs account for 33 percent of all 
domestic long-distance journeys. The interaction is fairly evenly distributed across links in 
this network, as indicated by the EI value of 0.81. Some key results for the other indices 
are presented in Figure 4.3.1, which shows all the nodes in the network and a selection of 
the links between them. The area representing a node is proportional to the value of the 
dominance index: the larger it is, the more dominant is the node. Note also that dominant 
nodes are represented by squares and non-dominant nodes by circles. To ensure that the 
stylised map remains readable, only links connected to dominant nodes or those with 
the sum of RSI

ij
 exceeding the value of 0.04 are depicted in the figure. Although this 

threshold was chosen arbitrarily, it allows us to focus on links that have an important role 
in the network. The thickness of the lines is indicative of their relative strength. For ease of 
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Figure 4.3 Relationships among main Functional Urban Regions in France, by type of long 
distance travel

Remarks
• The number printed along each link represents the LSI

ij
 value

• Net direction of flow is not indicated if link is perfectly symmetrical (i.e. LSI
ij
 = 1.0)

• Area of a node is a function of dominance index value
• Thickness of the line is a function of the summed up RSIij values
• Only links connected to dominant node or those with summed up RSI

ij
> 0.04 are depicted in the figures 

Net direction of flow

Dominant node

Non-dominant node

a For total travel used for business travel the dominance index is calculated over all trips; for leisure and 
holiday travel the index is calculated over incoming journeys only (see section 3.1 for more explanation)

I. Business travel  Interaction indices
 Dominancea Node  Link symmetry Link symmetry
  symmetry (average) (weighted average)
Paris 2.83 0.03 0.78 0.97
Lyon 1.04 0.20 0.72 0.92
Lille 0.78 0.05 0.79 1.00
Marseille-Nice 0.74 -0.35 0.72 0.86
Toulouse-Bordeaux 0.73 -0.07 0.71 0.79
Strasbourg 0.41 0.00 0.83 0.99

III. Leisure travel  Interaction indices
 Dominance Node  Link symmetry  Link symmetry 
  symmetry (average) (weighted average)
Paris 1.98 -0.03 0.70 0.94
Toulouse-Bordeaux 1.34 0.41 0.66 0.87
Lille 1.22 0.28 0.73 0.94
Marseille-Nice 1.07 -0.05 0.39 0.69
Lyon 0.55 -0.38 0.71 0.61
Strasbourg 0.17 -0.44 0.47 0.50

II. Holiday travel  Interaction indices
 Dominance Node  Link symmetry  Link symmetry
  symmetry (average) (weighted average)
Marseille-Nice 2.01 0.40 0.67 0.88
Toulouse-Bordeaux 1.80 0.55 0.58 0.80
Lyon 1.37 0.09 0.69 0.86
Paris 0.51 -0.63 0.58 0.67
Lille 0.45 -0.15 0.58 0.67
Strasbourg 0.31 -0.23 0.68 0.77

Abbreviation
T-B = Toulouse-Bordeaux
S = Strasbourg
P = Paris
M-N = Marseille-Nice
Ly= Lyon
Li= Lille

67
37

P

T-B

P S P

0.65

0.91

Li

T-B M-N

0.99

0.
72

1.00

1.000.98

Ly

0.
71

1.0
0

1.
0

0

S

Li Li

0
.53

0.
55

0.61

0.90

0.81

0.63

0.
61 0.79

0.51

1.00
M-N

0.
92

0.79

Ly

0.
680.

98

0
.9

3

1.00

S0.33
1.00

0.99

1.0
0

0.
98

0.96

Ly

0.
30

0.97

0.67T-B
M-N

I. Business travel II. Holiday travel III. Leisure travel



89

presentation, RSI
ij
 values calculated for both directions on a link have been aggregated into 

one value. The numbers printed along the links represent their LSI
ij
 values.

Figure 4.3.1 shows clearly that Paris dominates the business travel network with its DIT
i
 

value of 2.83. This value implies that the size of the interaction associated with Paris is 
2.83 times larger than that associated with the average of the other nodes in the network. 
Although Lyon also qualifies as a dominant node, it is clearly overshadowed by Paris, 
suggesting that this network has a strongly hierarchical structure. The examination of 
NSI

i
 values suggests that Paris is well-balanced in terms of net interactions, since its NSI

i
 

value approaches zero. Other nodes in the network can also be considered relatively well-
balanced, with the exception of Marseille-Nice, which is more of a sender than a receiver. 
The deficit in net flow of Marseille-Nice can be explained by the fact that it sends a large 
number of business journeys to the nearby nodes of Toulouse-Bordeaux (RSI

ij
=0.08) and 

Lyon (RSI
ij
=0.06). The fact that Marseille-Nice sends more business journeys to these two 

nodes than to Paris indicates the existence of a subsystem in southern France embedded 
within the larger national system dominated by Paris. Detecting a clear hierarchy among the 
three nodes within this subsystem is difficult.

Furthermore, with respect to the strength of interaction we find that the interaction 
between Paris and Lyon is very strong; this link accounts for around a quarter of the total 
interaction within the network. However, Paris and Lyon have different roles in the network: 
while Paris interacts with various nodes in the network, Lyon has only weak relations with 
nodes other than Paris. A similar situation can be observed for Lille. Although not shown in 
the Figure, we find that Lille is not as isolated as Figure 4.3.1 may suggest, however, because 
Lille also interacts with the Brussels-Antwerp area in Belgium.

Looking at the network as a whole, we see that, except for the link between Marseille-
Nice and Toulouse-Bordeaux, the interaction between non-dominant nodes is only weakly 
developed. With respect to link symmetry, we see that links attached to Paris tend to be 
relatively symmetrical. This finding is also borne out by the average LSI

ij
 value of 0.78 for 

Paris. Links involving Lyon tend to be less symmetrical.
On the basis of the above results, we can say that the structure of the network for long-

distance business travel exhibits a clear hierarchy with Paris functioning as the overall 
dominant node. Although only weakly developed, interaction can be observed between 
all non-dominant nodes, and this finding implies that the overall network can best be 
compared to B2 (Figure 4.1). However, given that Lyon acts as a secondary dominant node 
and interrelations between the southern nodes are more balanced, the network also exhibits 
elements of network B3. Nevertheless, for the network as a whole, the strong level of 
hierarchy and centralisation around Paris are the most defining characteristics.

Holiday journeys
Holiday journeys account for 55 percent of all domestic long-distance journeys in France. 
The distribution of flow across links in this network is more balanced than that found in the 
business travel network (EI = 0.89). As explained above, the directional interaction based 
on incoming flows is more appropriate for computing the dominance index for holiday 
journeys. However, to enhance the readability of the Figure, the two arrows between each 
FUR pair (as in Figure 4.1) are collapsed here into a single arrow indicating the net direction 
of flow. Strikingly, Figure 4.3.2 shows that Paris does not constitute a dominant node (DII

i
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= 0.51). The results demonstrate that Marseille-Nice, Toulouse-Bordeaux, and Lyon are 
the most important destinations for domestic holiday journeys in France. This finding is 
related to the concentration of specialised functions and natural amenities attracting holiday 
journeys to the southern parts of the country. The fact that the DII

i
 values among these three 

nodes do not differ much, particularly those between Marseille-Nice and Toulouse-Bordeaux, 
suggests that this network is not dominated by one, but rather by a group of nodes; a 
situation that is clearly different from the primacy of Paris in the business travel network.

The NSI
i
 values also reveal the prominent role of these three nodes as destinations for 

holiday journeys, because they are the only nodes with a positive NSI
i
 value in the network. 

Toulouse-Bordeaux gains the largest surplus in terms of net flow, followed by Marseille-Nice, 
while the gain for Lyon is rather small. All non-dominant nodes function as senders. This is 
particularly true for Paris, as indicated by its substantial deficit in net flow (NSI

i
 = -0.63). The 

distinction between the dominant nodes functioning as receivers and non-dominant nodes 
functioning as senders again makes it clear that it is the natural amenities and tourism 
industry in southern France that are important in structuring the holiday travel network. At 
the same time, the interactions reproduce the tourism industry in that part of the country.

To the extent that the attractiveness of a node is reflected by the magnitude of incoming 
interaction, Marseille-Nice and Toulouse-Bordeaux equal one another, given that the LSI

ij
 

value for the link between them amounts to one. On the basis of the holiday journeys 
sent from non-dominant nodes, it can be said that the three dominant nodes are equally 
attractive, because the shares of interaction sent from the same origin to these destinations 
are almost identical.

Overall, the level of link symmetry is lower for long-distance holiday travel than for 
business travel (Figures 4.3.1- 4.3.2). Figure 4.3.2 also shows that link asymmetries exhibit a 
clear pattern; most of the arrowheads point toward the three FURs in southern France, thus 
confirming their role as centres in the network. The (weighted) LSI

i
 values for Toulouse-

Bordeaux, Lyon, and Marseille suggest that the network is weakly centralised around these 
dominant nodes. Note, however, that the unweighted and weighted averages for these three 
nodes differ from one another considerably. This difference results mainly from the highly 
symmetrical interaction between Lyon and Marseille-Nice and Toulouse-Bordeaux and 
Marseille-Nice.

On the basis of these findings, this network can be described as having a polycentric 
structure in which the interaction is clearly biased towards three centres in the south. This 
network is a combination of archetypes A2 and A3 (Figure 4.1) with the difference that it has 
not one, but three dominant nodes. The central roles of Marseille-Nice, Toulouse-Bordeaux, 
and Lyon are in line with expectations, given the concentration of natural amenities and 
tourism services in these areas. The relatively low level of link symmetry shows that there is 
a clear distinction between a node functioning as a sender, like Paris, and as a receiver.

Leisure journeys
Travelling for leisure constitutes 13 percent of all long-distance domestic journeys between 
FURs in France. The distribution of flow across links in this network is rather uneven 
(EI = 0.77). As with the holiday journeys, the directional interaction based on incoming 
interactions is used for leisure journeys, and only the net direction of flow is indicated in 
Figure 4.3.3. The dominance index values for incoming interaction show that Paris is 
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the most important destination for leisure journeys, followed after a considerable gap 
by Toulouse-Bordeaux, Lille, and Marseille-Nice (Figure 4.3.3). The fact that four nodes 
emerge as dominant nodes is to some extent the result of Lyon and Strasbourg in particular 
playing a limited part in the network. If they had a larger role, Marseille-Nice would not 
be considered dominant. The position of Paris as the most important node is, however, 
unambiguous. In fact, the FURs could be grouped into three classes: the most important 
node, Paris; the secondary nodes, Lille, Toulouse-Bordeaux and Marseille-Nice; the tertiary 
nodes, Lyon and Strasbourg. In terms of node symmetry, we see that Paris and Marseille-
Nice are approximately balanced in terms of net interaction, while Lille and Toulouse-
Bordeaux function primarily as receivers. However, the Lille FUR is not very influential in 
the wider network considered here, because in fact Paris is Lille’s only important partner. 
Figure 4.3.3 suggests that the large surplus in net interaction for Toulouse-Bordeaux is the 
combined result of the many journeys it receives from Marseille-Nice and the small number 
of journeys it sends to other nodes in the network.

Although it cannot be discerned from Figure 4.3.3, we find that, on seven unidirectional 
links, no interaction could be observed in the data; that is to say, for instance, that no person 
included in the database travelled for leisure purposes from Lille to Toulouse-Bordeaux. This 
lack of interaction is one of the reasons underlying the relatively low value of EI reported 
earlier. It is worth noting that no interaction was observed in either direction between 
three pairs of nodes: Lille and Toulouse-Bordeaux; Lille and Marseille-Nice; Strasbourg and 
Toulouse-Bordeaux. These results reflect the relevance of the geographical proximity of 
nodes given that, typically, interaction between distant nodes located in the north and the 
south of the country is lacking.

The weighted average link symmetry values show values close to the maximum value of 
one for the three most important nodes in the network: Paris, Lille, and Toulouse-Bordeaux.2 
This proximity to the maximum value suggests that archetype A3 (Figure 4.1) typifies the 
network as a whole, although it deviates from that ideal type in at least two respects. First, 
rather than a binary distinction between dominant and non-dominant nodes, the nodes in 
the network can be grouped into three classes: more dominant (Paris); less dominant (Lille, 
Toulouse-Bordeaux and Marseille-Nice); and non-dominant (Lyon and Strasbourg). Second, 
no journeys are observed for a considerable number of (unidirectional) links. The fact that 
no interactions between distant nodes are more frequently observed for leisure than for 
business or holiday travel suggests that leisure journeys are more localised than business 
or holiday journeys. Travellers are probably able to find a leisure destination fulfilling their 
needs on smaller geographical scales than they can for holiday and business journeys. In 
addition, because they trade travel time and activity duration against each other (Dijst and 
Vidakovic, 2000; Schwanen and Dijst, 2002) and leisure activities tend to last shorter than 
business and certainly holiday journeys, travellers may be reluctant to travel long distances 
for these activities.

Summary
The results have shown that network constellations vary considerably across journey 
purposes. With respect to the business travel network, we see that Lyon is a secondary 
dominant node after Paris. In overall terms, this network is clearly hierarchical and fairly 
centralised, meaning that it is most similar to network B2. For holiday travel, we see a 
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polycentric network falling between A2 and A3, in which three nodes are equally dominant: 
Toulouse-Bordeaux, Marseille-Nice, and Lyon, all functioning as important destinations. 
When compared with the business network, this network is less hierarchical and closer to 
the fully polycentric state A5 (Figure 4.1): there are more dominant nodes and differences 
in relative strength across links are smaller. Finally, the leisure network resembles network 
A3 in many respects. Here Paris clearly dominates the network, as was the case for the 
business network. In contrast with that network, we observe here a group of three secondary 
dominant nodes that does not include Lyon. Another important characteristic is that no 
interaction was observed for many north-south links, including the various links between 
secondary dominant nodes.

The position of FURs thus varies considerably between the networks. As expected, Paris 
plays an important part in every journey purpose either as a sender or origin of a journey, 
which reflects (among other things) the concentration of population in this area. Paris 
dominates, however, in only two of the three networks; it attracts relatively few domestic 
holiday journeys. Lyon is dominant when it comes to holiday travel, and also for business, 
but not for leisure. On the other hand, the position of Strasbourg is fairly constant in all 
three networks. It plays a minor part in all of them since it is mainly oriented towards Paris. 
Strasbourg is therefore the most isolated node of all the FURs considered here.

4.4.2 Germany

Business journeys
Long-distance business journeys account for 58 percent of all long-distance domestic 
journeys between FURs in Germany. The total interaction is evenly distributed across the 
links in the network, as indicated by the EI value of 0.91. The Rhine-Mainz, Hamburg-
Hannover-Bremen, and Rhine-Ruhr areas are dominant in this network (Figure 4.4.1). The 
finding that the variation of the DIT

i
 values of these three nodes is only 0.1 suggests that 

the three nodes are equally important. Given that the dominance index values are lower and 
the number of nodes identified as dominant is larger than for France, the German business 
network can be considered less hierarchical than its French counterpart. When the symmetry 
of the nodes is examined, we see that they have different roles in the network. The Rhine-
Ruhr area is the only dominant node that functions as a receiver (NSI

i 
= 0.32); the Hamburg-

Hannover-Bremen and Rhine-Mainz areas and also Berlin have a deficit in net flow.
Figure 4.4.1 shows that the Rhine-Mainz and Hamburg-Hannover-Bremen areas both 

send a large number of business journeys to the Rhine-Ruhr area, but the magnitude of 
flow they receive in return is rather small (the RSI

ij
 values from the Rhine-Ruhr to the 

Rhine-Mainz and Hamburg-Hannover-Bremen regions are both 0.02). There are few strong 
relationships among the non-dominant nodes. The only exceptions are the relations between 
Berlin and Anhalt and between Stuttgart and Munich. Both links are between nodes in 
geographical proximity of one another, which suggests that network patterns are partly 
shaped by distance in physical space. The results for link symmetry reveal that the weighted 
average level of link symmetry in this network is not very high; the values for the weighted 
average link symmetry per node are all below 0.9 and lower than for the business journey 
network in France.
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Figure 4.4 Relationships among main Functional Urban Regions in Germany, by type of long 
distance travel

M

B

S

A

N

Abbreviation
A = Anhalt
B = Berlin
H-B = Hannover-Bremen
M = Munich
N = Nuremberg
R-M = Rhine-Mainz
R-R = Rhine-Ruhr
S = Stuttgart

Remarks
• The number printed along each link represents the LSI

ij
 value

• Net direction of flow is not indicated if link is perfectly symmetrical (i.e. LSI
ij
 = 1.0)

• Area of a node is a function of dominance index value
• Thickness of the line is a function of the summed up RSIij values
• Only links connected to dominant node or those with summed up RSI

ij
> 0.04 are depicted in the figures 

Net direction of flow

Dominant node

Non-dominant node

a For total travel used for business travel the dominance index is calculated over all trips; for leisure and 
holiday travel the index is calculated over incoming journeys only (see section 3.1 for more explanation)
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III. Leisure travel  Interaction indices
 Dominance Node  Link symmetry Link symmetry
  symmetry (average) (weighted average)
Stuttgart 1.69 0.60 0.33 0.74
Berlin 1.32 0.26 0.55 0.89
Rhine-Ruhr 1.19 -0.05 0.55 0.72
Hannover-Bremen 1.09 0.00 0.48 0.94
Nuremberg 0.91 0.18 0.42 0.63
Munich 0.91 0.28 0.21 0.59
Anhalt 0.53 -0.13 0.12 0.42
Rhine-Mainz 0.49 -0.67 0.34 0.37

II. Holiday travel  Interaction indices
 Dominance Node  Link symmetry  Link symmetry 
  symmetry (average) (weighted average)
Stuttgart 2.46 0.50 0.58 0.81
Berlin 1.30 0.01 0.76 0.89
Munich 1.19 0.43 0.69 0.88
Hannover-Bremen 1.16 -0.04 0.69 0.81
Rhine-Mainz 0.91 -0.35 0.69 0.74
Rhine-Ruhr 0.60 -0.43 0.68 0.74
Nuremberg 0.43 0.15 0.56 0.78
Anhalt 0.32 -0.17 0.52 0.76

I. Business travel  Interaction indices
 Dominancea Node  Link symmetry  Link symmetry
  symmetry (average) (weighted average)
Rhine-Mainz 1.60 -0.22 0.76 0.83
Hannover-Bremen 1.55 -0.43 0.66 0.75
Rhine-Ruhr 1.50 0.32 0.73 0.83
Munich 0.92 0.49 0.62 0.87
Berlin 0.89 -0.25 0.70 0.81
Stuttgart 0.76 0.07 0.66 0.89
Anhalt 0.66 0.21 0.58 0.75
Nuremberg 0.32 0.24 0.68 0.81
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Overall, the network can be classified as a variant of ideal type B3 (Figure 4.1), with multiple 
dominant nodes: the Rhine-Mainz, Hamburg-Hannover-Bremen, and Rhine-Ruhr FURs. 
Geographically, a difference in the concentration of interaction can be observed between 
the northwest and the rest of the country: in the north-western part flows are strong and in 
the south and east the interaction is weaker. However, the relations between Munich and 
Stuttgart and between Berlin and Anhalt suggest that there are subsystems in the south and 
east embedded in the national network. Nuremberg seems to form no part of these systems 
and to be only weakly to the dominant nodes, which suggests that it is relatively isolated 
within this network.

Holiday journeys
Holiday journeys account for 30 percent of all long-distance domestic journeys between 
FURs in Germany. The distribution of interaction across links is similar to that found in the 
business network (EI=0.90). The DII

i
 values indicate that Stuttgart is the main attractor in 

this network, followed after a considerable gap by Berlin, Munich, and Hamburg-Hannover-
Bremen (Figure 4.4.2). On the basis of the dominance index values, the German FURs 
could be classified in three groups: the primary dominant node of Stuttgart; the secondary 
nodes of Berlin, Munich, Hamburg-Hannover-Bremen, and the Rhine-Mainz area; and 
the non-dominant nodes of the Rhine-Ruhr area, Nuremberg and Anhalt. The NSI

i
 values 

show that Stuttgart and Munich acquire a large net flow (NSI
i
 = 0.50 and 0.43, respectively). 

The substantial surplus in net interaction for Stuttgart can be understood by examining 
the strength of links connected to it. While Stuttgart only sends a small fraction of holiday 
journeys to other nodes, it receives a large amount of holiday journeys from various 
destinations, particularly from Rhine-Mainz (RSI

ij
 = 0.12), which constitutes the strongest 

unidirectional link in the complete network.
With respect to the relations between the dominant nodes, we see that the interaction 

between Berlin and Hamburg-Hannover-Bremen is strongest (RSI
ij
 = 0.07), followed by 

that between Berlin and Stuttgart (RSI
ij
 = 0.06). The unweighted and weighted LSI

i
 values 

of 0.58 and 0.81 respectively for Stuttgart suggest that the stronger links associated with 
Stuttgart are more symmetrical than the weaker links.

On the basis of these results, we can say that the overall network for long-distance 
domestic holiday travel in Germany falls somewhere between A2 and A3. The degree of 
centralisation is smaller than in A2, because the interaction between Stuttgart and other 
nodes is not as asymmetrical as in that archetype. In addition, there is a range of second-tier 
dominant nodes and for two of them – Berlin and Munich – interaction with other nodes 
is more symmetrical than for Stuttgart. Compared with the business network, interaction 
is less concentrated in the north-western part of Germany. Again, the roles in the national 
network performed by Anhalt and Nuremberg are relatively small.

Leisure journeys
This journey purpose accounts for 12 percent of all long-distance domestic journeys between 
FURs in Germany, the lowest share. The interaction is less evenly distributed across links 
in this network than in the case of business or holiday journeys (EI = 0.84). An important 
reason for this difference lies in the fact that no interactions were observed for about a 
quarter of all possible unidirectional links in the network. The finding that the network for 
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leisure journeys is less integrated than are the business and holiday travel networks is in 
line with the findings for France and may result from the same factors: individuals able to 
fulfil their needs at shorter distances from their home base and/or more unwilling to travel 
longer distances for leisure purposes.

Examining the dominance index values in Figure 4.4.3, we see that Stuttgart is the most 
important destination in this network (DII

i
 = 1.70), followed by Berlin (DII

i
 = 1.32), the 

Rhine-Ruhr area (DII
i
 = 1.19), and Hamburg-Hannover-Bremen (DII

i
 = 1.09). The presence 

of four dominant nodes suggests that the network structure is less hierarchical than that 
for long-distance holiday journeys; the extent of the hierarchy is more or less comparable to 
that in the business network. The node symmetry values make it clear that Stuttgart has a 
substantial surplus in net interaction, followed at some distance by Berlin, while the Rhine-
Mainz FUR functions as a major sender in the network.

With regard to the strength of the links, we have not found any interactions between the 
two most dominant nodes in this network: Stuttgart and Berlin. These two nodes differ in 
terms of the nodes from which they receive journeys. While Berlin receives journeys from 
various sources in similar shares, Stuttgart mainly receives flow from Rhine-Mainz (RSI

ij
 = 

0.12). Berlin’s influence in the network would seem to be less concentrated and more evenly 
distributed than Stuttgart’s. The role of Rhine-Mainz as a major sender is illustrated by the 
fact that the amount of interaction it generates accounts for 33 percent of all domestic leisure 
journeys in Germany. Interestingly, Nuremberg also plays a part in this network since it 
attracts a substantial number of journeys from Rhine-Mainz and Berlin.

As Figure 4.4.3 shows, the unweighted LSI
i
 values in the leisure network are very low; 

that is because of the large number of links for which no journeys were observed. It is 
therefore more appropriate to look at the weighted average LSI

ij
 values. The value for 

Stuttgart suggests that its pattern of interaction with other nodes tends to be moderately 
centralised, lying midway between the dominant nodes in A2 and A3 (Figure 4.1). A similar 
picture emerges for Rhine-Ruhr. Berlin and Hamburg-Hannover-Bremen, however, seem to 
be closer to A3.

In short, it can be concluded that this network is less integrated than are the other 
networks, and that Stuttgart is the most dominant node, followed by Berlin, the Rhine-Ruhr 
area, and Hamburg-Hannover-Bremen. All in all, this network can be considered a mixture 
of A2 and A4 networks, because interaction on the links involving dominant nodes is not 
fully symmetrical and the level of hierarchy is less than in the network for holiday journeys. 
Another important difference from the German networks previously discussed is that a 
considerable number of links between dominant and non-dominant nodes has not been 
observed.

Summary
Our findings for Germany show again that the pattern of flows between FURs and dominant 
nodes varies according to journey purpose. The structure of the German business network 
is clearly less hierarchical than its French counterpart, with Rhine-Ruhr, Rhine-Mainz, and 
Hamburg-Hannover-Bremen having comparable roles as dominant nodes. The results reveal 
a different pattern of interaction for the holiday network. This is dominated by Stuttgart; 
a large difference in the DII

i
 values between Stuttgart and the other nodes suggests the 

presence of a clearer hierarchical structure in the network. Two of the dominant nodes in the 
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business network, the Rhine-Ruhr and Rhine-Mainz areas, are found to have an important 
function as a sender in the holiday network; this function is related to the concentration 
of the population in these areas. For leisure journeys, the pattern of interaction is less 
integrated than for the other networks, given that no journeys were observed for a significant 
share of the links. Although this network is still dominated by Stuttgart, the network of 
leisure journeys is less hierarchical than that for holidays, because of the lower dominance 
index value for the primary dominant node, Stuttgart, and the smaller difference in values 
from the runner-up, Berlin. The analysis also makes it clear that not all nodes are involved 
to the same extent in each of the networks. Anhalt, and to a lesser degree Nuremberg, 
have only limited roles. Anhalt’s isolated position is to some extent comparable to that of 
Strasbourg in France.

4.5 Conclusion

The concept of polycentrism has been used extensively in the literature on urban 
development to describe urban system configurations in advanced economies. In this paper, 
we have proposed the 3 S-dimensions of interaction (that is, the strength of interaction, 
the symmetry of interaction, and the structure of the network) and a set of indicators 
to characterise the system configurations. To assess the general utility of our approach, 
we employed data from the European long-distance travel mobility database (Dateline 
Consortium, 2003) to examine the pattern of interaction between FURs in the French and 
German urban systems. The analysis was carried out separately for long-distance business, 
holiday, and leisure travel.

The empirical analysis confirms the existence of various configurations of urban systems 
and the complex nature of interaction patterns, even in networks with only a limited number 
of urban nodes. On the basis of our findings, the proposed framework yields satisfactory 
results in characterising the two national urban systems (that is, France and Germany) with 
contrasting constellations. Concerning business travel, the French urban system has a fairly 
strong hierarchical structure with Paris as a primary dominant node, while the German 
urban system is less hierarchical because it is led by a group of nodes (that is, the Rhine-
Ruhr, Rhine-Mainz, and Hamburg-Hannover-Bremen areas). In both countries, we see that 
the regions with the greatest concentrations of population hold a dominant position in the 
network of business journeys.

With respect to holiday travel, the French network has a polycentric structure with the 
three nodes located in the southern part of the country (Marseille-Nice, Toulouse-Bordeaux, 
Lyon) as the major attractors. The network is slightly more hierarchical for the German 
case. Although several nodes in the German holiday network are identified as dominant, 
Stuttgart stands out among these. In both countries, we observe a north-south movement 
of flows that is related to the concentration of natural amenities and tourism facilities in the 
southern urban areas in both countries. Furthermore, the leisure journeys are observed to 
have the least integrated networks. In France, Paris is the only node that interacts with all 
the other nodes in the network. Although the structure of the German system is somewhat 
less hierarchical than its French counterpart, the system is dominated by Stuttgart. In both 
countries, the strength of interaction is related to geographical proximity.
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All in all, the results show that characterising the urban systems through three important 
dimensions of spatial interaction makes the complexities of networks easier to comprehend. 
Furthermore, the framework is applicable at various geographical scales. It has been 
employed here to investigate flows at the inter-metropolitan level, but it could also be used 
to analyse interaction patterns between settlements within FURs, neighbourhoods within 
settlements, blocks within neighbourhoods, and so forth.

While the framework offers useful insights into configurations of urban systems, there are 
at least four issues that merit attention in future research. First, on the basis of our results, 
one important direction for further work is the combination of the interaction approach 
put forward here and approaches based on place attributes. This direction is important 
given that the empirical analysis in this paper suggests a close relationship between the 
interaction between nodes and the characteristics of a node, such as the number of related 
opportunities or attractions. The proposed framework does not address the characteristics 
of nodes directly and cannot be used to reveal the relationship between, for instance, the 
configuration of urban systems and the economic prosperity of urban systems/urban 
nodes. However, the possibility of classifying and identifying the configurations of urban 
systems offered by the proposed framework is a precondition for obtaining insights into this 
relationship. More specifically, the proposed interaction indices can be used as independent 
variables in the multivariate statistic analysis to examine the extent to which the economic 
prosperity of urban nodes (GDP per capita, for example) can be explained by their role and 
participation within the wider network of exchanges. The dominance index, for instance, is a 
direct measure of the importance of a node in the network in relation to other nodes and can 
easily be utilised for this purpose.

Second, the proposed framework can be applied to other types of flow data: flows of daily 
commuters, goods, money, information, and so forth. Since we observe a considerable 
variation in the configurations of urban systems across journey purposes and countries 
based on human corporeal interaction, different patterns of urban systems are likely to 
emerge if other types of flow such as information and money are analysed. Nevertheless, 
depending on the type of flow considered, some modifications of the interaction indices 
may be necessary, especially whether or not the directionality of flows needs to be taken into 
account.

Third, to the extent that different configurations of urban systems evolve over time, the 
application of this approach can be used to monitor the developments of urban systems in, 
for instance, the dimensions of symmetry and the strength of interaction at multiple time 
points; these would yield insights into the dynamics of urban systems. Finally, we believe 
that an important challenge lies ahead in the application of the framework to networks with 
a large number of nodes. These and other challenges will be taken up in the next steps of 
this research endeavour.
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Notes

1. The Nomenclature of Territorial Units for Statistics (NUTS) is a hierarchical 
classification, which was set up to provide a single uniform breakdown of territorial units 
for the production of regional statistics for the European Union. The NUTS-1 level size, 
as defined in terms of the number of inhabitants, is between 3 and 7 million inhabitants, 
whereas NUTS-3 level size is between 150,000 and 800,000 inhabitants.

2. Because the LSI
ij
 for links for which no interaction has been observed has been set at 

zero, the unweighted LSI
i
 values are considerably lower than the weighted values. 

Because this network contains many links without any interaction, we decided to give 
more emphasis to the weighted LSI

i 
when characterising the network, taking into 

account the fact that the network is not fully connected.
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5  Developments in the Dutch urban 
system on the basis of flows

Limtanakool, N., Schwanen, T., and Dijst, M., 2006. Developments in the Dutch urban 
system on the basis of flows. Manuscript submitted for publication.

Abstract

According to the scientific literature, urban systems tend to evolve towards polycentric 
configurations. In this study, the 1992, 1995, 1999, and 2002 Netherlands National Travel 
Surveys are employed to examine the change in the configuration of the urban system on 
the basis of commute and leisure flows between twenty-three Daily Urban Systems (DUSs). 
The configuration of the system has been analysed through the three S-dimensions of 
spatial interaction: strength, symmetry, and structure. The results for commuting flows 
provide some evidence of smaller differences in the importance of DUSs in the system over 
the ten-year period in the Dutch urban system; the interaction became more intensive and 
symmetrical. Leisure flows, however, do not reveal clear evidence of such development. We 
find that the development process occurs very slowly and the developments between DUSs 
in close proximity to one another take place at a faster pace than between those located 
further away. This finding suggests that physical distance still plays an important part in the 
urban development process.

5.1 Introduction

Spatial integration processes play an important part in the evolution of contemporary urban 
systems. The literature on urban development suggests that spatial integration is a process 
of change in the relationships among spatial units: the interaction among areas becomes 
more intense and relationships change from dependent to reciprocal (Davoudi, 2003). 
One consequence of the spatial integration process is the change in urban constellations 
from monocentric to polycentric urban systems (Kloosterman and Musterd, 2001). This 
transformation has led the differences in the importance of nodes in the urban systems to 
become smaller.

The configurations of the urban systems have been examined on a variety of geographical 
scales, ranging from the global level (Derudder et al., 2003), to the European level (Bruinsma 
and Rietveld, 1993), the national level (Dematteis, 1997), and the metropolitan level (Clark 
and Kuijpers-Linde, 1994). Although it is evident that the configurations of urban systems 
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have evolved over time, few studies take a comparison-in-time perspective and scrutinise 
the configuration of urban systems at multiple points in time (Hall et al., 2001; Huff and 
Lutz, 1995). In advanced economies, the properties of cities are increasingly determined 
by flows within systems (Derudder and Witlox, 2005). As yet, the importance of flows has 
received limited attention in empirical studies: the use of node characteristics (number of 
inhabitants, for example) to examine changes in the configurations of urban systems (Hall 

Figure 5.1 Twenty-three DUSs in the Netherlands
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et al., 2001; Kooij, 1988) is more common than the use of interaction data (e.g. Smith and 
White, 1992; Smith and Timberlake, 2001).

The aim of this study was to examine the development of the configuration of the 
Dutch urban system from 1992 to 2002 based on flows of people between twenty-three 
Daily Urban Systems (DUSs) (Figure 5.1). We draw on the concept of polycentrism that 
has been used in many studies addressing urban systems at the metropolitan level to 
describe urban configurations at the inter-metropolitan level. Although there are several 
types of flow (information, money, people, for example) that can be used for studying the 
interaction between spatial units, we concentrate on human corporeal interaction, because 
face-to-face relationships continue to be important for the development of urban systems 
despite the telecommunication revolution (Smith and Timberlake, 2001). Furthermore, 
the fact that human corporeal interaction faces rather different set of constraints (physical 
distance, for example) compared to other types of flows such as information and money 
that are increasingly considered instantaneous (Castells, 1996) also influenced our choice to 
concentrate specifically on human corporeal flows.

In this study, we have analysed commuting and leisure trips separately. Previous studies 
of urban system development focus mainly on work-related flows such as commuting 
(e.g. Clark and Kuijpers-Linde, 1994; Van Der Laan, 1998); we argue, however, that other 
mobility flows such as leisure trips should also be examined in this context. Since spatial 
entities (DUSs, for example) contain and perform multiple functions, partial knowledge may 
be obtained when considering only work-related aspects of interaction. In fact, it is leisure 
trips that constitute the greater share in terms of the total number of trips and total distance 
travelled (Schwanen et al., 2001). Furthermore, commuting and leisure travel deserve special 
attention, because the spatial distribution of employment and leisure opportunities across 
and within DUSs differ from one another.

The remainder of the paper starts with a discussion of the theoretical framework 
underlying the study. Following this, we describe the methodology and the research design. 
The empirical results are then presented and the paper concludes with a discussion of the 
results.

5.2 Theoretical framework

In this study, an urban system refers to a set of interdependent DUSs connected to one 
another via flows of people. In theory, configurations of urban systems may range from a 
fully monocentric constellation (in which specialised opportunities are concentrated in only 
one or at most just a few nodes) to a fully polycentric system that lacks truly dominant nodes, 
because the opportunities are evenly distributed across nodes in the system. We are confident 
that an assessment of the role and dominance of individual nodes within the system can 
contribute to our understanding of the configurations of an urban system. To examine the 
development of an urban system, we have employed and extended a framework previously 
proposed by Limtanakool and colleagues (2006a) and examined the pattern of interaction 
at different points in time (cf. Smith and Timberlake, 2001). Taking a relational perspective, 
we have studied the configurations of the urban system through the 3 S-dimensions, namely 
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strength, symmetry, and structure. These three dimensions are presented schematically in 
Figure 5.2.

The dimension strength of interaction concerns the intensity of interaction between 
areas; it is one of the defining characteristics of urban systems (Bourne and Simmons, 
1978). When nodes are intensely interrelated, changes, new ideas, innovations, and so 
forth can be transmitted from one node to another more readily (Smith, 2003). Nodes 
that interact intensively with other nodes in the wider system are considered dominant, 
because the strength of interaction also indicates a node’s ability to control or influence 
activities throughout the system. In this study, we extend the dimension of strength from 
the employed framework by taking into account the differences in the level of intensity 
across different links. The reason for this extension is the fact that the dominance of a 
node depends on the extent of the power it wields in controlling or dominating activities in 
multiple nodes in the system (Irwin and Hughes, 1992). In a fully polycentric system, we 
expect intense interaction between all DUSs and even distribution of the level of interaction 

Figure 5.2 Three dimensions of spatial interaction
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across all links, because this case refers to the situation in which all nodes in the system are 
equally important.

In real-life situations, the interaction between DUSs can range from completely 
asymmetrical (that is, a unidirectional relationship) to fully symmetrical (that is, a 
bidirectional relationship with equally large flows in both directions). For flows of people, 
the interaction from A to B does not necessarily have the same meaning as the interaction 
from B to A (Van Der Laan, 1998), because many trips are undertaken for acquiring goods 
and services that are tied to specific geographical locations. In such cases, it is important to 
take into account the direction of flows; DUSs receiving many trips are considered dominant 
in the system, because they contain opportunities sought by people residing in other DUSs 
in the system (Alderson and Beckfield, 2004). In this study, the directionality of flows is 
captured through the dimension of the symmetry of interaction. In a fully polycentric system, 
where urban nodes tend to be equally important, reciprocal or fully symmetrical rather than 
dependent relationships between DUSs are expected (Van Der Laan, 1998).

With the first two S-dimensions having been assessed, insight can be gained into the third 
dimension, the structure of the urban system; this can range from a hierarchical structure 
(as in a fully monocentric system) to a non-hierarchical structure (as in a fully polycentric 
system) (Figure 5.2). The former is characterised by the presence of (a) node(s) that strongly 
dominate(s) the system by attracting considerable flow from other nodes. In the extreme 
case, this pattern corresponds to a set of asymmetrical flows from other nodes in the system 
towards the dominant node(s) (system A from Figure 5.2). A considerable gap between 
the importance of the dominant and non-dominant nodes suggests a strong hierarchical 
structure of the monocentric system. In contrast, every node in a fully polycentric or non-
hierarchical system is equally important when every link is equally strong and the interaction 
fully symmetrical, indicating a reciprocal relationship (system C from Figure 5.2). We can say 
that the hierarchical structure in the urban system decreases as the urban system develops 
towards a fully polycentric system. In fact, a fully polycentric system is the constellation 
favoured by policymakers, particularly in Europe. They believe that polycentric development 
will help strengthen the position of Europe in the world economy, since this configuration 
allows urban nodes to benefit from economies of scale and specialise in particular economic 
activities (Davoudi, 2003).

5.3 Spatial interaction indices

In this section, we introduce a set of interaction indices to measure the 3 S-dimensions of 
spatial interaction. A set of indices rather than a single index was used, since to the best of 
our knowledge the latter does not exist (Table 5.1).

The strength of interaction was measured through the Relative Strength Index (RSI
ij
) 

and the Dominance Index (DII
i
). Both indices are relative measures, but the former 

is operationalised at the link level and the latter at the node level. The RSI
ij
 concerns 

the magnitude of unidirectional interaction between nodes as a proportion of the total 
interaction within the system. The RSI

ij
 values for all links in the system thus sum to unity. 

The DII
i
 indicates the importance of a node in terms of the magnitude of flow it receives 

in relation to the average size of flow received by other nodes in the system. The higher 
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the dominance index value, the more dominant is the node. In a fully polycentric system in 
which every node is equally important, every node has a DII

i
 value of one and every link has 

the same RSI
ij
 value. For both indices, the smaller the differences in the values across nodes 

and links, the closer is the system to a fully polycentric configuration.
The differentiation in the intensity of interaction is measured by two indices, namely the 

Entropy Index of the system (EI) and the Entropy Index of the node (EI
i
). The EI measures 

intensity differences within the system, or the degree to which the magnitude of interaction 
on each link is equal across all links in the system. This index varies from zero to one: a 
value of zero indicates that the interaction in the system concentrates on only one link, given 
that there is more than one possible link in the system, while a value of one indicates that 
the distribution of interaction across all links in the system is even. Thus, a fully polycentric 
system possesses an EI value of one. The differentiation in the intensity is also analysed at 
the node level. The EI

i
 measures the evenness of the distribution of the incoming interaction 

across all links associated with a node. The EI
i
 also varies from zero to one, with a value of 

one indicating that the interaction on all links associated with a node is equally strong. It 
therefore follows that, in a fully polycentric system, every node has an EI

i
 value of one.

The Node Symmetry (NSI
i
) and the Link Symmetry (LSI

ij
) indices involve the dimension 

of symmetry. At the node level, the NSI
i
 measures the difference between the incoming 

and the outgoing flow to and from the node in question. A node that has a surplus net 
flow is more important as a receiver than as a sender. The surplus indicates that a node 
contains opportunities sought by people residing in other nodes in the system, while its own 
residents are less likely to reciprocate in other nodes, possibly because they can find ample 
opportunities in the DUS where they reside. At the link level, the LSI

ij
 describes the extent 

to which the unidirectional interaction equals the interaction in the other direction between 
pairs of nodes. This index varies from zero to one: a value of one shows that the interaction 
is fully symmetrical (the amount of interaction from node i to j is exactly the same as that 
from j to i), while zero indicates completely asymmetrical interaction. In sum, with respect 
to the symmetry dimension, the system is fully polycentric when all nodes and links are 
fully symmetrical.

Taking all dimensions into account, the system is deemed fully polycentric if the indices 
listed here have the following values:

• The value of the Relative Strength Index for every link is equal
• The value of the Dominance Index for every node is one
• The value of the Entropy Index for the system is one
• The value of the Entropy Index for every node is one
• The value of the Node Symmetry Index for every node is zero
• The value of the Link Symmetry for every link is one.

A fully polycentric system is of course an ideal-type configuration. The extent to which 
actually occurring interaction patterns approximate to this ideal type can be assessed from 
the means, medians, and standard deviations, as well as the complete distributions of 
index values, for configurations actually observed. We would expect an urban configuration 
developing into a fully polycentric system to have values for interaction patterns that become 
more similar to this ideal configuration over time.
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5.4 Research design

5.4.1 Data description
The data used for the empirical analysis are taken from the 1992, 1995, 1999, and 2002 
Netherlands National Travel Surveys (NTSs). This survey was started in 1979 and has been 
conducted annually ever since. The travel data includes information on the purpose, self-
reported distance and time, mode (excluding airplanes), and the geographical location 
of origin and destination (measured at the municipal level) of all trips for a single day; 
overnight trips have not been included in the data. Statistics Netherlands have calculated 
weight factors for all the years to make the data representative of the whole population 
of the Netherlands. The weights are based on a number of variables and some of their 
interactions: the degree of urbanisation, age, gender, household size, car ownership, 
fuel type, and the month in which households participated in the survey (more details in 
Statistics Netherlands, 2002). The sample size was increased between 1993 and 1995 and 
in 1999 a new data collection method was implemented (the use of the municipality as a 
sampling unit and telephone calls to encourage respondents, for example). To make the data 
from all years comparable, Statistics Netherlands provided correction factors to correct for 
the differences in data sampling and data collection methods. In 1992, around (unweighted) 
77,000 trips were recorded in the database. The number of (unweighted) trips increased to 
about 610,000 in 1995. However, owing to a drop in response rates, the number of trips 
recorded in comparison with 1995 fell by 30 percent and 50 percent in 1999 and 2002 
respectively. To make the data comparable across all years, we applied the weight and the 
correction factors provided by Statistics Netherlands.

The current analysis concentrates on commuting and leisure trips between DUSs. Leisure 
trips are undertaken for shopping, sports, and other such activities. Trips undertaken for 
visiting family and friends are not included, because these are not directly associated with 
the use of facilities located in the DUSs. Although a distinction cannot be drawn between 
non-daily shopping trips and grocery shopping trips in the NTS, we believe that, since 
we have only analysed trips between DUSs, most grocery shopping trips are filtered out, 
because they tend to be taken over short distances within a DUS.

General information about the commuting and leisure trips is presented in Table 5.2. 
Each year, around 9-11 percent and 18-20 percent of the total trips recorded in the database 

Table 5.2 Summary statistics of distance travelled for commute and leisure trips, 1992-2002

 Commute Leisure

 1992 1995 1999 2002 1992 1995 1999 2002

Total number of trips 8,209 51,039 41,228 27,543 5,206 36,641 82,641 54,613
Trips between DUS
Number of trips 582 3811 3551 2518 171 802 2161 1459
As percentage of the total trips 7.1 7.5 8.6 9.1 3.3 2.2 2.6 2.7
Mean trips length (km) 35 42 43 42 32 39 35 34
Percentile 25 12 20 21.1 21 12 15 10 12.5
Percentile 50 25 31 33 32 25 25 24 25
Percentile 75 48 53 56 52.6 45 52 40 41
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are commuting and leisure trips respectively. The share of commuting trips between 
DUSs in relation to the total commuting trips increased during the period investigated 
(from 7 percent to around 9 percent). In contrast, the number of leisure trips between 
DUSs in relation to the total leisure trips decreased between 1992 and 1995. Although the 
corresponding share increased from 1995 onwards, it was still lower in 2002 than in 1992. 
There are also differences between the two trip purposes with respect to distance travelled: 
it increased over time in commuting between DUSs, while for leisure purposes it increased 
from 1992 to 1995 and then declined to about the same level as in 1992. Comparing the 
two trip purposes, leisure trips were conducted over shorter distances than commuting, 
particularly after 1992. The urban configuration for leisure flows is therefore likely to be 
more fragmented than for commuting flows. The differences between the trip purposes 
confirm that commuting and leisure trips should be analysed separately.

5.4.2 Delimitation of DUSs and description of study area
With respect to the delimitation of DUSs, we follow the work by Vliegen (2004) who has 
identified twenty-two DUSs in the Netherlands. A DUS is defined as a group of contiguous 
municipalities with functional interdependencies; they constitute (more or less) regional 
labour and housing markets. The boundaries of DUSs have been identified on the basis of 
the size of the contiguous built-up area, population density, and the number of inhabitants 
(Vliegen, 2004). In this study, we have employed the most recent boundaries of DUSs and 
applied these also to the earlier years to control for the possible outward extension of DUSs 
over time. We added the DUS of Hilversum, because it has an important role in the northern 
part of the Randstad (Van Der Laan, 1998). There were thus twenty-three DUSs in total.

Regarding our study area, four regions can be identified in the Dutch urban system, 
namely Randstad Holland, the Intermediate Zone, the north and the east region, and the 
south region (Figure 5.1). First, the Randstad is the urbanised area in the western part of 
the Netherlands and comprises four major DUSs; they are densely populated and have 
economic specialisations (Table 5.3): financial and business services and cultural activities 
in Amsterdam; financial and business services, health care, and logistics in Utrecht; 
petrochemical, port activities, and logistics in Rotterdam; and governmental functions in The 
Hague (Van Der Laan, 1998). Another difference between these four major DUSs is that the 
economic functions in Amsterdam are more internationally oriented than in the other three 
DUSs (Atzema and Lambooy, 1999). Based on economic orientation, two sub-regions of 
DUSs within the Randstad can be identified, namely the North Wing and the South Wing of 
the Randstad. Amsterdam and Utrecht are the major DUSs in the former, while The Hague 
and Rotterdam dominate the latter (Figure 5.1). Previous research has found that the North 
Wing of the Randstad is more polycentric than its South Wing counterpart (Van Der Laan, 
1998).

The Intermediate Zone constitutes the second region; this consists of two parts. One is the 
Brabantse Stedenrij, a group of DUSs in the southern part of the Intermediate Zone (Figure 
5.1). The short physical distances could have led to the expectation that the interaction 
between the Brabantse Stedenrij and The Randstad would become more intense over time, 
as the former may have profited from the decentralisation of economic functions from the 
Randstad. The other Intermediate Zone region comprises Zwolle, Apeldoorn, Arnhem, 
and Nijmegen. The latter two DUSs are closely related and together form the KAN region 
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(Knooppunt Arnhem Nijmegen). In fact, Arnhem is one of the most densely populated 
DUSs outside the Randstad; Arnhem is economically specialised in financial business and 
services (Table 5.3). The third region is a group of DUSs in the south of the Netherlands, 
including Maastricht, a provincial capital that is specialised in tourism-oriented functions. 
The fourth region is located in the north and east of the Netherlands; it seems to lag behind 
other DUSs in an economic sense.

5.5 Developments in hierarchy on the basis of commuting flows

5.5.1 General trend at the national level
Summary statistics for the values of interaction indices are presented in Table 5.4. When 
the Netherlands is treated as one urban system, our results are indicative of an incremental 
development towards a fully polycentric system from 1992 onwards. However, the 

Table 5.3 Total population and composition of employment in the tertiary sector for individual 
DUSs in 2001 (Shares in percentages of total employment per DUS)

DUSs Total population 
(1000s)

Hotels and 
Restaurants

Financial and 
business services

Government and 
public services

Amsterdam 1394 5.0 27.9 26.1
Rotterdam 1224 3.2 20.7 27.4
The Hague 755 3.4 23.4 40.5
Utrecht 542 3.1 30.2 31.9
Eindhoven 386 3.6 24.2 22.8
Haarlem 369 4.4 15.8 33.5
Arnhem 345 3.8 21.5 33.1
Groningen 335 4.1 18.7 39.3
Leiden 329 4.5 14.7 38.3
Enschede 305 3.4 14.1 31.8
Breda 300 4.7 16.4 28.6
Tilburg 283 4.3 14.2 31.1
Nijmegen 271 4.6 14.2 39.1
Heerlen 267 3.9 14.3 33.3
Amersfoort 257 3.2 22.5 27.6
Hilversum 253 3.0 22.0 33.3
Dordrecht 240 2.2 13.4 26.9
Apeldoorn 211 4.0 19.1 33.3
Zwolle 199 3.8 15.7 33.5
Maastricht 186 7.6 16.1 33.9
Den Bosch 184 3.6 22.4 29.7
Leeuwarden 156 3.1 19.4 38.5
Geleen/Sittard 155 3.4 10.7 21.9
Total population in NL 15827 - - -
Percentage of employment in NL* - 4.2 18.3 29.3

*Share in percentage of total employment in the Netherlands as a whole, not only in the Daily Urban Systems
Own calculation based on LISA and CBS data obtained from Milieu en Natuur Planbureau, the Netherlands
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development is not uniform and its extent varies across the spatial interaction dimensions 
and indices.

Regarding the strength dimension, the average dominance index values stabilised over the 
years concerned, which does not suggest a clear reduction in the differences among nodes 
in the urban system with respect to their importance (Table 5.4). The average strength of 
interaction per unidirectional link decreased from 1992 and then increased slightly between 
1999 and 2002, as the RSI

ij
 values for these four years indicate. The results suggest that the 

differences among unidirectional links in terms of the strength of the interaction became 
slightly smaller over the years concerned. As with the dominance index, the differences in 
strength throughout the system (EI) have steadied over time. The EI values between 0.68-
0.71 suggest that the distribution of the total interaction across links in the system is only 
moderate. At the node level, the distribution of intensity became on average more even 
until 1999 and declined slightly afterwards, as the EI

i
 values suggest. However, the EI and 

EI
i
 results do not provide clear evidence of a reduction in the hierarchical structure and 

development towards a fully polycentric system.
For the symmetry dimension, a decline in the hierarchical structure is more readily 

apparent than for the strength dimension. At the node level, the NSI
i
 values varied within 

a smaller range after 1992, as the standard deviations indicate, thereby implying that the 

Table 5.4 Means, medians, and standard deviations of interaction indices for commuting flows

 Commuting

1992 1995 1999 2002

RSI
i

Mean 0.007 0.004 0.003 0.004
Median 0.004 0.001 0.001 0.001
Standard deviation 0.010 0.008 0.007 0.008

DII
i

Mean 1.05 1.06 1.06 1.05
Median 0.74 0.58 0.57 0.61
Standard deviation 1.13 1.26 1.27 1.19

EI
i

Mean 0.43 0.52 0.54 0.48
Median 0.44 0.55 0.59 0.49
Standard deviation 0.17 0.16 0.14 0.16

EI 0.68 0.69 0.71 0.69

NSI
i

Mean -0.04 -0.06 -0.07 -0.06
Median -0.10 -0.06 -0.08 -0.06
Standard deviation 0.26 0.15 0.18 0.17

LSI
i

Mean 0.44 0.59 0.61 0.54
Median 0.00 0.88 0.88 0.78
Standard deviation 0.46 0.45 0.44 0.45
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differences between nodes decreased slightly. Further examination of the distribution of the 
NSI

i
 values reveals that the proportion of nodes with a net surplus remained the same for 

all years: about 30 percent. This finding suggests that this system can be characterised as a 
weakly centralised system, where six DUSs attracted more flows than they sent out over the 
period investigated. At the link level, the average level of link symmetry increased after 1992, 
although we see a moderate decline from 1999 to 2002. The distribution of LSI

ij
 values 

shows that the proportion of unidirectional links observed in the system was as high as 50 
percent in 1992, but declined to around 30 percent after that. An increase in the number 
of bidirectional links implies that the interaction between DUSs became more reciprocal, 
which suggests a development towards a fully polycentric system.

5.5.2 Pattern of interaction at the node and link levels
In Figure 5.3 we present some key results that contribute to further insights based on 
commuting flows into the development of the urban system. The figure shows all the nodes 
in the system and a selection of the links between them. In the interests of readability, we 
have only depicted unidirectional links for which the RSI

ij
 values exceed a threshold of 

0.05 percent of the total interaction in the system for a given year. The area of a node is 
proportional to the value of the dominance index: the larger the value, the more dominant 
is the node. From Figure 5.3, four subsystems can be identified within the national system: 
the Randstad; the south region; and two groups of DUSs in the southern and the northern 
part of the Intermediate Zone, or the Brabantse Stedenrij and the KAN region respectively. 
Since the Randstad remains the backbone of the national system and the interactions within 
the Randstad are more intensive than in other regions (Figure 5.3), we discuss below the 
changing pattern of interaction within the Randstad during the ten-year period in somewhat 
greater detail.

The DII
i
 values show that the urban system is dominated by the four major DUSs within 

the Randstad: Amsterdam, The Hague, Rotterdam, and Utrecht (Figure 5.3). This finding 
suggests a positive relationship between the concentration of population and number of 
specialised opportunities (see Table 5.3). We find that the number of commutes received by 
Amsterdam is five times larger than the average received by other nodes in the system and 
the dominant position of Amsterdam increased slightly throughout the period concerned. 
Utrecht also became more dominant in the course of time. In 2002, the position of Utrecht 
was comparable with that of The Hague and Rotterdam; the changes in the degree of 
dominance of a node result in a sizeable gap between these three DUSs and Amsterdam 
in terms of the ability to attract workers from distant areas. The stronger positions of 
Amsterdam and Utrecht can be explained by the fact that these two DUSs are specialised in 
the financial and business services sector, which has experienced a dramatic growth in the 
Netherlands in the last decade owing to a change in the economic structure from traditional 
capital-intensive towards more advanced knowledge-intensive sectors (Atzema and Lambooy, 
1999).

In contrast, we did not observe a more important role for The Hague or Rotterdam. The 
dominance of The Hague has even declined. Rotterdam is still specialised in goods-related 
services; it has the lowest percentage of employment in business and financial services of the 
four major DUSs (Table 5.3). Since the workers with higher income and education levels are 
the most likely to commute over long distances (Limtanakool et al., 2006b), this economic 
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Figure 5.3 Commuting flows between DUSs in the Netherlands, 1992-2002
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structure tends to attract fewer commutes from other DUSs. On the basis of the RSI
ij
, we 

found that the interaction between DUSs in the North Wing became more complex over 
time than in its South Wing counterpart. As a consequence we see that, within the North 
Wing, Hilversum, Haarlem, Leiden and Amersfoort attracted more commutes from other 
DUSs in the years in question. Furthermore, we see an increase in absolute terms in the 
interaction between the North Wing and the South Wing of the Randstad, but the extent of 
this increase was much smaller than the growth of the interaction within the North Wing.

Within the Randstad, we can draw a clear distinction between the four major DUSs and 
the rest in terms of the node symmetry. The Hague and Amsterdam function as major 
receivers in the system, although the surplus in net interaction gained by these two DUSs 
decreased in the course of the years concerned. The role of Utrecht as a receiver became 
more apparent; in 2002, it stood at the same level as Amsterdam and The Hague. Rotterdam 
was found to be the only major DUS of the four functioning as a sender, although it was 
rather neutral in terms of net interaction in 2002. Leiden, Haarlem, Amersfoort, and 
Dordrecht are Randstad DUSs that function as major senders feeding commutes to the 
major DUSs; their role has remained the same over the years. This finding suggests that 
the type of employment (that is, highly-skilled) that can attract commutes from other DUSs 
is more concentrated in the four major DUSs in the Randstad than in the other DUSs (cf. 
Table 5.3). Outside the Randstad, Eindhoven is the only DUS functioning as a major receiver 
from 1995 onwards, presumably because of the concentration of high-tech firms and the 
technical university there.

With respect to the LSI
ij
, every link between all four major DUSs within the Randstad 

became more symmetrical from 1992 onwards. The greatest improvement was found in 
the links between Amsterdam and Utrecht and between Amsterdam and The Hague. More 
generally, the average level of link symmetry between DUSs within the Randstad increased 
from 0.62 in 1992 to 0.79 in 2002. The reduction in the number of unidirectional links 
observed in the system (that is, LSI

ij
 =0) is one explanation of this. These figures are 

indicative of the increasing reciprocal relationships between nodes with in the system.
Outside the Randstad, the DUSs of Geleen/Sittard, Maastricht, and Heerlen form a very 

stable subsystem in the south, because every DUS is fully connected to the other two and 
the interaction between them stabilised during the period investigated. The configuration 
of this subsystem is very close to the ideal type of the fully polycentric system. Nevertheless, 
this subsystem remains rather isolated, since no strong relationships were found between 
this subsystem and other DUSs in the national system during the period concerned. With 
respect to the Intermediate zone, the RSI

ij
 values do not suggest any increase in interaction 

between Brabantse Stedenrij and the Randstad within the period studied. However, 
further investigation has suggested that, in absolute terms, the interaction between the 
Randstad and the Intermediate Zone became stronger over the years concerned, but that 
the strength of the interaction between the DUSs within the Randstad increased at a faster 
rate. We therefore see fewer connections between the Brabantse Stedenrij and the Randstad 
from 1995 onwards in Figure 5.3, which is based on relative numbers. Furthermore, the 
interaction within the KAN region is rather intense and became stronger over the years 
concerned. We did not, however, observe any development of a strong interaction between 
the KAN region and other DUSs in the larger system. Although not reported in the Table, 
we found an increase in the absolute amount of commutes sent from the KAN region to the 
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North Wing of the Randstad, but the flows in the opposite direction did not increase. This 
contrast suggests a dependent relationship between the KAN region and the North Wing of 
the Randstad. The role of the DUSs that have not been discussed is only small; they remain 
rather isolated, at least according to the current data.

5.5.3 Summary of results
With respect to commute flows, the dominant position of the Randstad is clearly pronounced 
in the Dutch urban system. Amsterdam is the most dominant and it became more dominant 
during the period concerned, followed by The Hague, Rotterdam, and Utrecht. In general, 
the interaction between the DUSs became stronger, more symmetrical, and more evenly 
distributed in the course of time; but these developments were largely limited to DUSs 
within regions, suggesting that physical distances play an important part in the urban 
development process.

The results provide little evidence that, during the period investigated, the Brabantse 
Stedenrij, the KAN region, and the South region became integrated with the Randstad in 
relative terms. Taking all the findings into consideration, we can say that there is some 
evidence for a development towards a fully polycentric system in the Netherlands. However, 
this process takes place only very slowly, and the pace of the process at the national level 
is not as fast as at the regional level. This assertion is in line with the finding that urban 
systems exhibit a degree of persistence and continuity that is difficult to break (Batty, 1998).

5.6 Developments in hierarchy on the basis of leisure flows

5.6.1 General trend at the national level
To gain insight into the development of the urban system on the basis of leisure flows, we 
examined the distribution of the interaction indices values presented in Table 5.5. We find 
that the average DII

i
 values stabilised over the years concerned. At the link level, the strength 

of interaction per unidirectional link decreased between 1992 and 1995 and remained 
about the same thereafter. The EI values show that the total interaction between DUSs was 
fairly evenly distributed (EI = 0.66) across all links in the system in 1992 before becoming 
slightly more even and then declining from 1999 to 2002. The same trend was found for 
the individual nodes; the average value of EI

i
 increased from 1992 until 1999 and declined 

slightly thereafter. The results based on the strength dimension do not provide clear evidence 
of changes in the urban configuration towards a fully polycentric system.

With regard to the symmetry dimension, the range of the NSI
i
 values narrowed after 

1992, but widened again from 1999 to 2002, so that the data do not provide unambiguous 
evidence for a development towards a fully polycentric system (Table 5.5). Further 
examination revealed that the proportion of nodes with a surplus in net flow and of those 
with a deficit in net flow remained about the same throughout the period investigated, 
suggesting that this system can be characterised as a more decentralised system than that 
for commuting. Perhaps the opportunities and facilities attracting leisure trips over longer 
distances are more evenly distributed across DUSs than employment opportunities. This 
would not be surprising, since DUSs can offer a wide range of leisure activities ranging 
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from historical and cultural amenities and entertainment facilities to nature areas such as 
the coastal and nature parks.

At the link level, the average LSI
ij
 values increased after 1992, but decreased again from 

1999 to 2002. The median and the distribution of the LSI
ij
 values suggest that this result 

was brought about by the large number of unidirectional links in the system. We can assert 
that the result does not provide strong evidence suggesting a development towards a fully 
polycentric system on the basis of this index. This assertion is supported by the standard 
deviation, which shows that the variation in LSI

ij
 values remained the same during the 

period investigated.

5.6.2 Pattern of interaction at the node and link levels
Figure 5.4 shows that, as with the commuting system, the leisure system was dominated 
by the Randstad throughout the period investigated; the interaction between DUSs located 
within the Randstad was more intensive than elsewhere. The DII

i
 values show that the 

dominant nodes (those with DII
i
 values greater than one) are all located in the Randstad. 

This dominance might relate to the larger concentration of urban facilities and population 
in this part of the country. Within the Randstad, the role of Amsterdam and Utrecht in 
attracting leisure trips improved the most: their DII

i
 values in 2002 were double those of 

Table 5.5 Means, medians, and standard deviations of interaction indices for leisure flows

 Leisure travel

 1992 1995 1999 2002

RSI
i

Mean 0.010 0.004 0.004 0.005
Median 0.005 0.001 0.001 0.002
Standard deviation 0.011 0.008 0.008 0.009

DII
i

Mean 1.025 1.035 1.033 1.040
Median 0.839 0.696 0.686 0.679
Standard deviation 0.794 0.945 0.913 1.013

EI
i

Mean 0.34 0.53 0.54 0.46
Median 0.41 0.54 0.54 0.49
Standard deviation 0.18 0.15 0.16 0.15

EI 0.66 0.70 0.70 0.68

NSI
i

Mean 0.02 -0.02 -0.02 -0.04
Median 0.00 -0.01 0.00 0.06
Standard deviation 0.37 0.15 0.13 0.26

LSI
i

Mean 0.38 0.54 0.51 0.41
Median 0.00 0.78 0.80 0.00
Standard deviation 0.45 0.45 0.46 0.45
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1992. The important role of Amsterdam and Utrecht as leisure destinations can be explained 
by the fact that they are historical cities with a unique ambience; they accommodate many 
cultural activities and also major shopping centres. The economic prosperity of these 
DUSs may also encourage the growth of urban leisure facilities within them. The way in 
which groups of museum and historical sites in Amsterdam and Utrecht have marketed 
themselves jointly could explain the strengthening of the position of these cities as main 
leisure destinations. Furthermore, their central location in the motorway and train networks 
makes them even more attractive as leisure destinations. Haarlem and Hilversum also play 
an important part as major destinations for leisure trips in the system. These two DUSs 
contain large recreational areas and offer a wide range of outdoor activities. The coastal areas 
in the western part of Haarlem also attract many visitors from other DUSs.

Figure 5.4 suggests that the DUSs within the urban system were reasonably well 
connected in 1992, particularly within the Randstad and between the Randstad and the 
Intermediate Zone. However, considering the relative number of leisure trips, the divisions 
between regions became sharper during the ten-year period. Further investigation suggests 
that the strength of interaction between DUSs within the North Wing of the Randstad grew 
faster than interactions between other DUSs. The DUSs located in different regions were 
therefore less strongly related to one another in relative terms, as Figure 5.4 shows. Further 
analysis has shown that there was also a reduction in the absolute number of trips from the 
Randstad to the Intermediate zone, suggesting that the Randstad and the Intermediate Zone 
became less firmly connected during the time period investigated. The growing importance 
of interaction within regions might result from individuals increasingly fulfilling their needs 
at shorter distances from their home base and becoming more reluctant to travel longer 
distances for leisure purposes. There are at least two possible explanations for this tendency.

First, people tend to work longer hours (Breedveld and van den Broek, 2003), reducing 
the time available for leisure activities, particularly for sports, shopping, and so forth at 
long distances from home. There may also be an indirect effect; even people working the 
same number of hours as they did ten years ago may be less willing to engage in leisure 
activities at a great distance from home if their partner works longer hours; leisure trips over 
long distances are usually undertaken jointly with other people (Limtanakool et al., 2006c). 
Second, the opportunities and facilities for leisure activities available in DUSs may have 
become more equally distributed over the years. People who used to travel may become able 
to visit similar facilities and services not too far from where they reside.

Of the four major DUSs, the NSI
i
 suggests that Utrecht functions mainly as a receiver, 

since it has gained a larger surplus of net flow over the years. Despite the finding that the 
role of Rotterdam fluctuates from year to year, in 2002 it had a major role as a receiver, 
together with The Hague. Amsterdam is the only major DUS of the four that functions as a 
sender. The large outgoing flow reflects the large concentration of population in Amsterdam. 
We find that the Haarlem area is the major destination for travellers residing in Amsterdam, 
presumably because Haarlem contains the largest recreational area in the North Wing of 
the Randstad (Spaarnwoude); visitors are offered coastal areas and a wide range of outdoors 
activities.

Outside the Randstad, we find that the importance of (most) DUSs in the Intermediate 
Zone and the north and east region declined over the years in question in both relative 
and absolute terms. The three DUSs in the south of the country interact with one another 
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Figure 5.4 Leisure flows between DUSs in the Netherlands, 1992-2002
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intensively and constitute a subsystem. We did not, however, observe any strong interaction 
between regions for the period investigated. Furthermore, we found that symmetrical 
interaction is largely confined to the links within the region. For every region, the average 
level of link symmetry within it increased from 1992 and declined from 1999 to 2002.

5.6.3 Summary of results
Our results provide little evidence of any development towards a fully polycentric system 
between 1992 and 2002 with respect to leisure flows as far as the national level is concerned. 
Physical distances still play an important part, since intense interaction continues to be 
confined largely to DUSs in close proximity of each other. As with commuting, there are 
four subsystems within the national system: the Randstad, the Brabantse Stedenrij, the 
KAN region, and the southern region. We found that Amsterdam continued to dominate the 
system, but less markedly so than in the commuting system. The pattern of interaction was 
also different; the interaction was more concentrated within the region, particularly in the 
North Wing of the Randstad, and the interaction between regions became less important in 
relative terms, suggesting that the urban system had become more fragmented. Outside the 
Randstad, Maastricht, Geleen/Sittard, and Heerlen constituted a stable subsystem during 
the whole study period, but remained rather isolated from other DUSs. Other DUSs in the 
north and east region were also isolated during that time.

5.7 Conclusions and Discussion

Using the 1992, 1995, 1999, and 2002 Netherlands National Travel Surveys, we examined 
the developments in the Dutch urban system on the basis of commute and leisure flows 
between twenty-three DUSs. We took a comparison-in-time perspective and monitored the 
pattern of interaction via the 3 S-dimensions over a ten-year period: strength, symmetry, and 
structure.

For commute flows, we saw some development towards a fully polycentric system, but 
the developments within regions took place at a faster pace than between regions. Although 
we observed an increase in the level of interaction in absolute terms during the years in 
question, in a relative sense this development was more apparent for the symmetry than 
the strength dimension. The Randstad was identified as the most important subsystem; it 
dominated the national system. The subsystem in the south of the country was found to be 
fairly stable and its configuration similar to that of the ideal polycentric system. The other 
subsystems that were identified were the Brabantse Stedenrij and the KAN region. However, 
the relationship between the subsystems was poorly developed and failed to become stronger 
in relative terms.

Unlike the commute flows, the results for leisure flows provided little evidence that the 
urban system had developed towards a fully polycentric system at the national level. In 
fact, the results suggested that the divisions among regions became sharper. Certain links 
became stronger and more symmetrical, but these were between DUSs in close proximity 
of one another. The Randstad also dominated the national system for this trip purpose for 
the period investigated. The other subsystems are the south region, the Brabantse Stedenrij, 
and the KAN region. In most of these cases, commute and leisure flows did not produce the 
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same pattern of change; the leisure system was more decentralised and fragmented than the 
commuting system, which underlines the advisability of analysing leisure trips as a separate 
category.

Taken together, the results provide some evidence that the configuration of the Dutch 
urban system has evolved in the direction of a fully polycentric system. The development 
is more apparent at the regional level, particularly within the Randstad, than at the inter-
regional level. We should, however, bear in mind that these findings are based only on flows 
of people. Different types of flow may produce different patterns of interaction between 
DUSs.

Three main reasons underlying the limited development towards a fully polycentric 
system can be put forward. First, our time-scale of a ten-year period in this study is rather 
short; changes in urban configurations are often incremental and take a very long time span 
before they can be clearly recognised (Batty, 1998). Second, the physical distance still plays 
an important part in determining human corporeal interaction. The distance travelled for 
the trips analysed, particularly commuting, is inherently coupled to the fact that individuals 
have to make a return trip to the origin, which is usually their home base. This situation is 
referred to as the principle of return (Ellegard and Vilhelmson, 2004). Furthermore, dramatic 
growth in road congestion and delays in the public transport networks in the last decade 
(Ministerie van Verkeer en Waterstaat, 2004) may have discouraged (the growth of) human 
corporeal interaction over long distances in the Netherlands (see Jarvis (2005) for similar 
arguments based on an in-depth study of two-earner families in Greater London).

Third, the limited development might have resulted from a change in the travellers’ time 
allocation. In the period investigated, the share and distance travelled of commuting trips 
between DUSs increased, while the opposite was observed for leisure trips. There seems 
to be a tradeoff between travelling longer distances for employment and shorter distances 
for leisure activities. This finding requires further verification, however, since the tradeoff 
pattern may be brought about by the change in profile observed over time of travellers 
(higher-income travellers may experience more time pressure and hence spend less time 
on leisure activities over long spatial distance, for example) and/or types of leisure activities 
(visiting urban amenities which can be found in the vicinity of where they reside rather than 
travelling further away to the natural areas, for example). The data currently used, however, 
did not allow for this type of analysis.

Our results, and the potential reasons underlying the limited urban development, 
suggest some policy implications. First, promoting functional specialisation such as 
economic or tourism in urban nodes is important to stimulate polycentric development. The 
specialisation of urban nodes appears to be associated with their ability to attract trips from 
other areas, as observed in the four major DUSs in the Randstad. Second, good transport 
connections between distinct areas are necessary but may not be sufficient to encourage 
the human corporeal interaction over long spatial distances. What ties people to particular 
places today is not so much insurmountable travel costs or the lack of means of transport, 
but social and interpersonal relationships (Ellegard and Vilhelmson, 2004). Better insight is 
therefore required into the activity patterns of individuals at the micro level to obtain further 
knowledge of polycentric developments at the macro level.
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Abstract

Although many studies employ either interaction- or node-attribute data to study the 
positions of cities in the urban system, relatively little is known about the relationships 
between these two different types of data. This study explores this relationship by ranking 
and comparing thirty-nine metropolitan areas in Western Europe according to their relative 
role in the system of flows and their concentration of functions. The former is measured 
via the intensity of interaction, and the connectivity or distribution of interaction across 
links associated with nodes. The latter is measured via four dimensions: its demographic, 
economic, transport accessibility, and tourism characteristics. The results show that the 
relationships between interaction and node attributes differ for types of flow. Compared with 
business flows, holiday flows and node-attributes are less strongly correlated. We also find 
that the differences between the two rankings can be explained to some extent by the fact 
that corporeal interaction is influenced by the physical barriers imposed by sea.

6.1 Introduction

The positions of cities within an urban system have been studied on a variety of geographical 
scales ranging from the metropolitan and regional level (Van Der Laan, 1998), to the 
national level (Chapple et al., 2004), the European level (Wall and van der Knaap, 2005), and 
the global level (Taylor, 2004). Two main approaches of studying the positions of cities can 
be distinguished by the type of data used in the analysis. First, one can characterise cities’ 
importance by using data on the attributes of nodes such as the population size, economic 
profiles, and the presence of transport and communication functions in cities (Taylor and 
Hoyler, 2000). Second, one could rank cities from an interaction perspective by using flow 
data (Smith and Timberlake, 2001). This approach concentrates on the degree to which 
nodes interact with each other in the system of flows.

Although the fundamentals of both approaches are well documented, the nature of the 
relationship between these two approaches has remained hitherto largely unexplored. One 
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might expect them to overlap considerably, because flows of people, goods, information, 
and money produce and are produced by the functions present within cities (Hohenberg 
and Lees, 1995). Many studies are based on the assumption that the two types of data are 
very strongly correlated (Derudder and Taylor, 2005; Taylor, 2001). This assumption may 
be questioned, however. Short (2004), for instance, argues that there are numerous city 
nodes one might expect to have an important role in the global network on the basis of their 
internal characteristics, but which do not in fact have such a role.

Our study aims to examine the extent to which the positions of cities using the interaction- 
and node-attribute data correlate with each other, and how possible (dis)similarities between 
the two can be explained. The insights thereby obtained could provide a better basis for the 
data selection for studies on urban systems. These include studies of urban networks and 
spatial integration processes, which have received considerable attention in the European 
literature (NORDREGIO, 2004).

Although there are several types of flow that could be used for studying interaction, we 
have concentrated on flows of people travelling between distinct metropolitan areas for two 
reasons. First, face-to-face relationships continue to be important for the development of 
urban systems (Smith and Timberlake, 2001). Personal mobility over longer distances has 
increased in terms of both the frequency of trips and also of the distance travelled, despite 
the telecommunication revolution that may substitute for travel (Urry, 2003). Second, 
it is the less frequent journeys undertaken over greater spatial distances rather than daily 
(commuting) journeys that are pertinent to the development of urban systems on the higher 
spatial scale (Dieleman and Faludi, 1998). The analysis has been conducted separately for 
business and holiday journeys. Although the literature on urban systems concentrates 
mainly on economic relations (that is, linkages between and within firms located in different 
urban nodes (Taylor, 2004)), we argue that other mobility flows, such as holiday journeys, 
should also be examined. This is because in many countries non-work-related journeys 
account for the greater proportion of personal journeys, particularly over long distances 
(Dateline Consortium, 2002), and play an important part in influencing interactions 
between urban areas.

In the next section, we present a theoretical framework and review the factors that have 
been employed to rank urban areas in studies using interaction- and node-attribute data. 
Our data and methodology are then briefly described. Subsequently, we present and discuss 
the empirical results. The final section concludes the paper with recommendations for 
further research.

6.2 Theoretical framework

The classic literature on urban system analysis perceives an urban system as consisting of 
two main types of element: nodes and linkages between them (Simmons, 1978). These two 
types of element are highly interdependent; the attributes of nodes (both tangible attributes 
such as offices and amenities; and intangible attributes such as culture and identity (Wong, 
1998)) and interaction (for example, flows of information, money, and people) mutually 
influence and determine one another (Simmons, 1978). This reciprocal process of the 
determination of the characteristics of nodes and flows is clearly described by Janelle (1969). 
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He asserts that the reduction in travelling costs resulting from technological innovations in 
transport has facilitated the centralisation of various activities in particular places and the 
specialisation of other places in specific activities at the expense of others. These spatial 
reconfigurations may lead to an increased interaction and trigger new demands for increased 
accessibility. Spatial deconcentration may occur when reduced accessibility is traded off for 
lower locational costs such as land rent and lower levels of congestion.

Four qualifications of this conceptual model of spatial reconfigurations seem appropriate. 
First, although Janelle’s model is mainly applied to spatial developments at regional level, 
the conceptual relationships among accessibility, interaction, centralisation/specialisation, 
and locational costs are also applicable to reorganisation processes at higher spatial 
scales. Second, in the information age innovations in information and communication 
technologies can be important drivers of the reconfiguration processes described in 
addition to those in transport. Third, in Janelle’s model the chain of cause and effect is 
unidirectional; centralisation and specialisation precede increased interaction. However, in 
reality an expansion of flows caused by, for example, changes in the migration of households 
or firms or commuting flows could also lead to the development and reconfiguration of 
activities. Lastly, the process model is highly mechanistic and deterministic. Innovations in 
technological systems are not the only drivers of spatial configurations. These processes are 
mediated by the main agents of change: business organisations, planning authorities, and 
households.

While it can be criticised, Janelle’s model does make it clear that both attributes of 
nodes and interactions are interrelated and that both should be considered to gain better 
understanding of urban systems. Previous studies have tended to examine the rankings 
of cities from either a node-attribute or an interaction perspective and have (implicitly) 
assumed that these two elements resemble one another. We have investigated whether this 
hypothesis is true and how possible similarities and deviations can be explained. The two 
approaches are discussed in more detail below.

The node-attribute approach focuses on the concentration of activities or functions in a 
node. A general assumption is that the most important nodes in the system have the largest 
concentration of such functions as products, facilities, and services. In the literature, at 
least three sets of node attributes to measure these functions can be identified. First, the 
sociodemographic profile of a node is often measured by the population size and the level of 
education of the inhabitants (Atzema and Lambooy, 1999; Hohenberg and Lees, 1995). Both 
of these are believed to correlate positively with the importance of a node in the system: 
large population size is a surrogate measure for a wide range of specialised products and 
services available in a node; the supply of highly-educated labour is a precondition for the 
economic success of a node in advanced economies. Second, a node’s economic profile has 
been measured in several ways, but GDP per capita is used most frequently, partly because of 
the ease of obtaining this data (Atzema and Lambooy, 1999). The percentage of employment 
in knowledge-intensive activities and scientific research is also used as a surrogate for the 
importance of a node in advanced economies (Chapple et al., 2004). Third, the importance 
of a node in terms of its tourism profile is determined on the basis of the number of facilities 
and factors determining the attractiveness of a node as a tourist destination: the number of 
hotels and cultural sites, the length of the seashore, and the climate (Enright and Newton, 
2004 for example). These tourism attributes are similar to the concept of the ‘consumer 
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city’ coined by Glaeser and colleagues (2001). They maintain that the role of the city as a 
consumption centre is becoming increasingly important, since urban amenities play a part 
in determining the economic and population growth of cities. Nevertheless, tourism is only 
one of many functions of the consumer city.

As explained above, the attributes of nodes and their interaction are highly related. In 
many cases, the use of the node-attribute approach tends to reflect the paucity of suitable 
interaction data (Short et al., 1996). To overcome data deficiency, some sophisticated 
methods have been applied to derive the interaction from the internal characteristics of 
nodes. Researchers affiliated to the Globalization and World Cities Centres and Network, 
for instance, have constructed relational data based on the number of major global service 
firms in a city (Derudder and Taylor, 2005; Taylor, 2001). Others use the capacity of transport 
networks or the accessibility by transport mode measuring the number of opportunities 
that can be reached within a certain time limit via motorway, high-speed rail, and airline 
networks to infer the interconnection between nodes (Bruinsma and Rietveld, 1993). Nodes 
with high levels of accessibility to other nodes are ranked at the top, because networks of 
transport services facilitate and strengthen their competitive position with respect to certain 
activities for which (international) interaction is essential.

However, the use of the node-attribute and the derived interaction data have both been 
criticised, because the extent to which the internal characteristics of nodes can be translated 
into the interaction is unclear (Taylor, 2004). What is present in a node can also have a 
purely local function, catering for the nodes’ inhabitants, firms, and institutions, and need 
not be targeted towards other nodes of the system (Robinson, 2005). These considerations 
imply that the use of actual interaction data may, in same cases at least, be preferred.

The interaction approach focuses on actual interaction that links different nodes 
together, such as flows of people (Smith and Timberlake, 2001), capital (Meyer, 1986), 
and information (Mitchelson and Wheeler, 1994). This approach has been employed since 
the 1960s in the geographic literature (Nystuen and Dacey, 1961) and has become more 
widespread since, particularly in ‘world cities’ research (Taylor, 2004). The importance of a 
node from an interaction perspective is often measured in two ways: the strength of interaction 
and the connectivity of a node. Concerning the former, the more intensively one node interacts 
with others, the more dominant it becomes, because it illustrates the ability of activities in 
one node to control or dominate activities throughout the system (Alderson and Beckfield, 
2004). With regard to the connectivity, a node is more dominant when it interacts with many 
nodes in the system (ibid) and ideally the strength of interaction should be equally strong 
across all links associated with a given node. This is because this situation indicates the great 
extent of the power a node wields in controlling or dominating activities in multiple nodes 
in the system (Eberstein and Frisbie, 1982).

A review of previous studies suggests that the geographies of various types of flow are not 
the same. West European cities, for instance, are overrepresented when the global service 
firms’ network is concerned (Robinson, 2005), while the air passenger network reveals more 
diverse types of cities, because it does not differentiate between specific types of activity 
(Derudder et al., 2005). The difference in the geography of flows implies that it is important 
to consider different types of flow when studying the interaction between metropolitan 
areas.
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As with the node-attribute approach, the interaction approach has also been criticised for 
giving a one-sided account by disregarding the functions that make up the actual economies 
of cities (Robinson, 2005). The drawbacks of node-attribute and interaction approaches 
suggest that both types of element should be considered to attain a better understanding 
of the positions of cities within an urban system. Furthermore, some work has been done 
to understand the relationships between interaction and node-attributes (e.g. Taaffe, 1956; 
Taylor et al., 2006). While these studies suggest a positive relationship between the two 
types of data, although to a varying degree, we argue that, for three main reasons, better 
insight into the corresponding relationship is required. First, previous studies rely heavily on 
air passenger flows, which differ from flows of people by other transport modes in that they 
mainly capture the interaction over very long distances. It is therefore important to extend 
air passenger flows to cover flows of people by other transport modes. Second, previous 
studies often employ only one category of node-attribute such as demographic or economic 
characteristics. We believe that other important characteristics of nodes, including their 
demographic, economic, transport accessibility, and tourism profiles, should be examined 
simultaneously to take account of the fact that urban nodes have multiple functions. Finally, 
in addition to examining the relationships, it is important to explain possible differences 
between the two different types of data.

From the literature, various sets of potential factors that may explain the discrepancies 
between node-attributes and actual interaction can be identified. First, physical barriers such 
as water and sea (Camagni and Salone, 1993) and non-physical barriers such as language 
differences (Rietveld and Janssen, 1990) still play an important part in constraining 
human corporeal interaction; the presence of such barriers tends to result in lower levels of 
interaction associated with a node than would be predicted from its attributes. The second 
factor concerns the traffic shadow, referring to the situation in which the role of small nodes 
is overshadowed by a very large node when located in its proximity owing, for instance, to the 
wider range of specialised services that a large node offers (Taaffe, 1956). Third, nodes with 
functional specialisation, particularly in financial services and tourism activities, tend to attract 
more interaction than other nodes in the system (ibid). One possible reason is that there are 
often very few or even no alternative destinations for highly specialised functions. These sets 
of potential factors are employed in the empirical analysis to explain possible discrepancies 
between the positions of nodes using node-attribute and interaction data. In the next section, 
the datasets are described and some information about the operationalisation of the data is 
presented.

6.3 Research design

6.3.1 Data description
In this study, we have employed data on European long-distance mobility (Dateline 
Consortium, 2003). The survey was carried out in the 15 Member States of the European 
Union (in 2001) and Switzerland, starting in June 2001 and covering a period of twelve 
consecutive months. In this survey, a long-distance journey was defined as a journey to a 
destination more than 100 kilometres away (as the crow flies); only journeys originating 
from the respondent’s home base have been analysed in this study. Although one may 
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argue that the definition of long-distance travel employed in this database may lead to an 
underestimation of the interactions between contiguous urban areas, we believe that such 
effects will be rather small because the distance between most pairs of urban areas in the 
current study exceeds the minimum distance of 100 km. We chose to use the Dateline 
data for two main reasons. First, it enables us to concentrate on the inter-metropolitan 
journeys undertaken both within and between many European countries, because the data 
was collected in much the same manner in all countries. Second, this dataset enables us 
to compare firm-related business journeys and holiday journeys. By definition, a business 
journey is a journey made for business purposes. Professional travel by truck drivers, pilots 
and the like is excluded. A holiday journey is made for holiday purposes, generally longer 
than three nights away from home.

For the present study, long-distance journeys for business (n=2,525) and holiday journeys 
(n=17,143) between thirty-nine metropolitan areas in eleven countries were selected: Austria, 
Belgium, Denmark, France, Germany, Ireland, Italy, the Netherlands, Portugal, Spain, and 

Table 6.1 Node-attribute variables per category

Node attributes Descriptions

Socio-demographic
Population size No. of inhabitants in a given metropolitan area
Active population and education attainment Active population (age between 24-65) with tertiary education 

as a percentage of the total population residing in a given 
metropolitan area

Accessibility
Accessibility by highway network No. of population residing in the thirty-nine metropolitan 

areas that can be reached within four hours (the average 100 
km/hour) via the highway network

Accessibility by high-speed rail network No. of stations located in the thirty-nine metropolitan areas 
that can be reached within four hours (the average speed of 150 
km/hour) via the high-speed rail network; set to zero if a given 
metropolitan area has no access to the network

Accessibility by air No. of airports located in the thirty-nine metropolitan areas 
that can be reached from the airport(s) located in a given 
metropolitan area

Economic
GDP GDP per capita of a given metropolitan area
Employment in knowledge intensive service 
sector

Employment in knowledge intensive service sector as a 
percentage of the total employment within a given metropolitan 
area

Tourism
Number of accommodations No. of hotels and similar establishments in a given 

metropolitan area
Number of registered cultural sites No. of registered cultural sites within a given metropolitan area
Length of seashore The length of seashore in kilometre within a given metropolitan 

area
Annual sunshine radiation The average annual sunshine radiation within a given 

metropolitan area (kWh/m2)
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the UK. Although the European core economic zone, which is roughly located between 
London and Milan, has been the main focus of previous studies (NORDREGIO, 2004), this 
set of countries was chosen, because we can then have a complete picture of the current 
pattern of interaction in the European urban system, since countries within and outside the 
core economic zone of Europe are included.

Figure 6.1 Thirty-nine metropolitan areas in the study area
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With respect to node attributes, information on sociodemographic, economic, and part of 
the tourism characteristics (number of accommodations) was obtained from the REGIO 
data collected by EUROSTAT (2004). The accessibility measures were computed with 
GISCO data (European Commission, 2000), which contains both statistical information and 
geographical information on administrative boundaries and transport infrastructure by road, 
rail, air, and waterways. The rest of the information on tourism (Table 6.1) was obtained 
from the Study Programme on European Spatial Planning (SPESPN) (Fuerst et al., 2000). 
With respect to the time-period of data collection, the datasets employed are considered 
highly comparable, because most of the data was collected in 2001. Although the tourism 
information from SPESPN dates from 1996, these tourism characteristics are unlikely to 
have changed substantially over such a short time-period.

6.3.2 Delimitation of metropolitan areas
In this study, the metropolitan areas were operationalised via the concept of Functional 
Urban Regions (FURs) to represent the spatial units that are functionally interrelated 
in economic terms, because these can be compared with one another more easily 
(NORDREGIO, 2004). However, the delimitation of such areas is constrained by the 
availability of data in at least two respects. First, the functional interdependencies should 
ideally be derived from interaction data such as daily commuter flows. For many countries 
in the study area we do not have access to such data, so we have defined the metropolitan 
areas on the basis of five variables from EUROSTAT (REGIO) measured at the NUTS-31 
level for Belgium, France, the Netherlands, Germany, and the UK: the ratio of jobs to the 
size of the active population; the number of jobs; job density; the number of inhabitants; 
population density (see Limtanakool et al., 2006 for more details). Second, because the 
REGIO data is not fully complete at the NUTS-3 level for Austria, Denmark, Ireland, Italy, 
Portugal and Spain, we have had to rely on information at NUTS-2 level for these countries. 
The demarcation of metropolitan areas was carried out by first identifying densely populated 
cities in each country and then selecting the NUTS level-2 region(s) to which these major 
cities belong. Finally, the boundaries of metropolitan areas defined at the NUTS-3 level 
were adjusted to match those of NUTS-2 level areas to make them comparable with Austria, 
Denmark, and so forth. In total, thirty-nine metropolitan areas in eleven European countries 
were identified for this analysis (Figure 6.1).

6.3.3 Data operationalisation
As far as the interaction approach is concerned, we conceptualise metropolitan areas as nodes 
in the network connected to one another via flows of people. In section 6.2, we noted that 
the strength and connectivity are relevant for the position of a node in the urban system. 
Accordingly, the Dominance index has been devised to measure the strength of interaction 
associated with a node, and the Entropy index to measure the connectivity of a node (Table 
6.2). The dominance index is defined as the ratio between the (total or incoming) interaction 
associated with the node i and the average size of its (total or incoming) interaction associated 
with other nodes in the network. The Entropy index measures the extent to which the 
interaction is distributed evenly across the links associated with node i. This index varies from 
0 to 1, with 1 indicating that the interaction on all links associated with node i is equally strong. 
A node at the top of an urban hierarchy is expected to possess a high score on both indices.
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For both indicators we take into account the directionality of flow for holiday flows, because 
it is clear that the holiday journeys were undertaken for acquiring products or services tied 
to specific destinations. However, since the data employed do not allow a detailed distinction 
to be drawn in the types of activity pursued during business journeys, the importance of the 
node and the directionality of flows are less clear-cut for business flows; such journeys can 
be undertaken not only for acquiring products and services, but also for offering services. 
We have therefore employed the dominance and the entropy indices on total interaction 
(DIT

i
 and EIT

i
) for business (the total interaction is defined as the sum of the incoming and 

outgoing flows to and from a given node), and on incoming interaction (DII
i
 and EII

i
) for 

holiday purposes.
With respect to the node-attribute data, four categories of variables are employed to 

represent the characteristics of metropolitan areas: sociodemographic, transport accessibility, 
economic, and tourism indicators. Table 6.1 reveals how these variables are measured. 
The sociodemographic factors and accessibility measures are used for both business and 
holiday journeys. The economic dimension is only employed for business flows; the tourism 
variables are only employed for holiday flows. Although some variables such as the number 
of hotels and similar establishments may be associated with both business and holiday 
journeys, the variables are only employed for holiday journeys, because their relationship 
with the holiday journeys is likely to be considerably stronger.

6.3.4 Deriving the ranking of the metropolitan areas
To rank metropolitan areas, we used the Borda ranking, which is a composite index that 
requires the aggregation of the rank orders of objects (metropolitan areas for example) and 
individual attributes (number of inhabitants for example) (Satya, 1997). The Borda ranking 
was preferred, because it always gives a definite ranking, and uses ranking information fully 

Table 6.2 Description of the interaction indices

Dominance 
(DIT

i
 and DII

i
)

Entropy 
(EIT

i
 and EII

i
)

Equation

for x = 0 holds that (x)Ln(x) = 0
for y = 0 holds that (y)Ln(y) = 0

Min/Max value 0 ≤ DIT
i
 and DII

i
 ≤ ∞ 0 ≤ EIT

i
 and EII

i
 ≤ 1

Denotation
DIT

i
, DII

i
 Dominance index on total and incoming interaction

EIT
i
, EII

i
 Entropy index on total and incoming interaction

T
i
,T

j
 The total number of journeys associated with node i and j

I
i
,I

j
 The number of inward journeys to node i and j

l Link associated with node i (l = 1,2,3,…,L)
x

l
 Proportion of total journeys on link l in relation to the total number of journeys associated with node i

y
l
 Proportion of incoming journeys on link l in relation to the total number of incoming journeys associated with node i

i, j i = 1, 2, 3,…, I; j = 1, 2, 3, …, J; for i ≠ j
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and systematically. Another justification is that the Borda ranking possesses the property of 
Pareto optimality, which means that if metropolitan area i performs better than metropolitan 
area j in terms of all the attributes, metropolitan area j will not be ranked above i (Satya, 
1997). The Borda score is calculated as follows: if n is the number of metropolitan areas and 
m the number of attributes of the urban ranking, then the Borda score of metropolitan area 
i is given by

 (6.1)B i = Σ (n – a
k
i)

k=1

m

where a
k
i is the rank order of metropolitan area i with respect to attribute k; with Bi = 1,2,3,…, 

n. The metropolitan area performing best with respect to k scores n – 1; that performing 
second best n – 2, and so on, until the metropolitan area with the worst performance 
acquires a score of zero. Summing over all the attributes gives the total Borda score for 
metropolitan area i, the metropolitan area with the highest score ranks first and so on in 
downward order. In this way, Borda ranking allows a good performance for one attribute 
to compensate for poor performance with respect to another attribute, since it is the total 
Borda score that counts (Satya, 1997). The outcomes of the ranking exercise are influenced 
by the choice of variables when the number of variable is small, as is the case in our study. 
During the analysis, we explored many different rankings and used two main criteria for 
determining the set of outcomes presented in this paper: the choice of variables should be 
theory-driven and the resultant Borda ranking should be intuitively plausible.

In this study, metropolitan areas are ranked at two different levels according to their Borda 
scores. At the lower level, metropolitan areas are ranked according to the (sum of) the Borda 
scores of individual members of each category. After we obtain six sets of Borda rankings 
(i.e. two for interaction data and the rest for the node characteristics data), the Borda score 
for each metropolitan area are summed and ranked per type of data. This yields at the end 
two sets of rankings: the overall interaction and the overall attribute rankings. Furthermore, 
the Spearman rank correlation coefficient is employed to measure the strength of the 
associations between the ranks of the metropolitan areas, because this statistic is robust 
to outliers and does not require normally-distributed observations. The coefficient ranges 
from -1 to +1; the closer the correlation is to either -1 or +1, the stronger is the relationship. 
Generally speaking, a correlation above 0.60 indicates a relationship between two sets of 
data.

6.3.5 Least squares regression analysis
In the theoretical section, we noted that barriers, traffic shadow, and the specialisation of 
places were expected to explain the differences between interaction- and node-attribute 
rankings. Three regression models were estimated per journey purpose (that is, models B1-
B3 and H1-H3 for business and holiday journeys respectively (Table 6.3)). The three models 
differ from one another with respect to the dependent variable employed. The first model 
takes the difference in rank order (that is, the rank derived from the interaction data minus 
that from the node-attribute data) as the dependent variable. The second (third) model uses 
the node-attribute (interaction) rank as the dependent variable, and the interaction (node-
attribute) rank as independent variable. We included node-attribute (or interaction) rank as 
one of the independent variables in order to examine the influence of other factors after 



135

Ta
bl

e 
6

.3
 S

pe
ci

fic
at

io
ns

 a
nd

 r
es

ul
ts

 o
f r

eg
re

ss
io

n 
m

od
el

s 
fo

r 
bu

si
ne

ss
 a

nd
 h

ol
id

ay
 fl

ow
s

D
ep

en
de

nt
 v

ar
ia

bl
es

B
us

in
es

s
H

ol
id

ay

B
1

B
2

B
3

H
1

H
2

H
3

In
de

pe
nd

en
t v

ar
ia

bl
es

D
iff

er
en

ce
 

in
 r

an
ks

R
an

k:
 n

od
e 

at
tr

ib
ut

e
R

an
k:

 
in

te
ra

ch
tio

n
D

iff
er

ne
ce

 
in

 r
an

ks
R

an
k:

 n
od

e 
at

tr
ib

ut
e

R
an

k:
 

in
te

ra
ct

io
n

1.
 B

ar
rie

rs
Ph

ys
ic

al
: a

 m
et

ro
po

lit
an

 a
re

a 
is

 lo
ca

te
d 

on
 th

e 
m

ai
nl

an
d 

Eu
ro

pe
 o

r 
no

t
(0

.4
1)

**
(-

0.
23

)*
*

(0
.2

3)
**

(0
.5

3)
**

X
(0

.4
4)

**
La

ng
ua

ge
: l

an
gu

ag
e 

sp
ea

ki
ng

 b
y 

in
ha

bi
ta

nt
s 

of
 a

 m
et

ro
po

lit
an

 a
re

a 
is

 in
 th

e 
R

om
an

ic
 o

r 
G

er
m

an
ic

 fa
m

ily
X

X
X

2.
 T

ra
ffi

c 
sh

ad
ow

A
ve

ra
ge

 d
is

ta
nc

e 
fr

om
 a

 m
et

ro
po

lit
an

 a
re

a 
to

 L
on

do
n 

an
d 

Pa
ri

s
X

X
X

X
(0

.3
4)

**
X

3.
 S

pe
ci

al
is

at
io

n 
of

 p
la

ce
s

In
 fi

na
nc

ia
l s

er
vi

ce
s:

 p
er

ce
nt

ag
e 

of
 e

m
pl

oy
m

en
t i

n 
fin

an
ci

al
 s

er
vi

ce
 in

 r
el

at
io

n 
to

 
th

e 
to

ta
l e

m
pl

oy
m

en
t w

ith
in

 a
 m

et
ro

po
lit

an
 a

re
a

X
X

X

In
 to

ur
is

m
 a

ct
iv

iti
es

: a
 m

et
ro

po
lit

an
 a

re
a 

lo
ca

te
d 

be
lo

w
 th

e 
la

tit
ud

e 
45

 n
or

th
 is

 
co

ns
id

er
ed

 to
 h

av
e 

a 
M

ed
ite

rr
an

ea
n 

cl
im

at
e

X
X

X

In
 to

ur
is

m
 a

ct
iv

iti
es

: a
 m

et
ro

po
lit

an
 a

re
a 

is
 c

ha
ra

ct
er

is
ed

 a
s 

a 
m

ou
nt

ai
no

us
 a

re
a

X
X

X
In

 to
ur

is
m

 a
ct

iv
iti

es
: a

 m
et

ro
po

lit
an

 a
re

a 
is

 c
ha

ra
ct

er
is

ed
 a

s 
a 

co
as

ta
l a

re
a

(-
0.

29
)*

*
X

(-
0.

21
)*

4.
 E

ffe
ct

 o
f t

he
 d

el
im

ita
tio

n 
of

 t
he

 s
tu

dy
 a

re
a

D
is

ta
nc

e 
fr

om
 a

 m
et

ro
po

lit
an

 to
 th

e 
ce

nt
re

 o
f t

he
 s

tu
dy

 a
re

a
X

X
X

X
X

X

5.
 R

an
k 

of
 m

et
ro

po
lit

an
s

U
si

ng
 n

od
e-

at
tr

ib
ut

e 
da

ta
(0

.8
4)

**
(0

.6
3)

**
U

si
ng

 in
te

ra
ct

io
n 

da
ta

(0
.8

5)
**

(0
.5

4)
**

N
ot

e:
 N

um
be

rs
 b

et
w

ee
n 

br
ac

ke
ts

 a
re

 th
e 

st
an

da
rd

is
ed

 c
oe

ffi
ci

en
t o

f v
ar

ia
bl

es
 in

cl
ud

ed
 in

 th
e 

fin
al

 s
te

pw
is

e 
re

gr
es

si
on

 m
od

el
s.

X
 r

ep
re

se
nt

s 
th

e 
in

de
pe

nd
en

t v
ar

ia
bl

es
 e

m
pl

oy
ed

 in
 th

e 
st

ep
w

is
e 

m
od

el
 b

ut
 w

as
 n

ot
 s

ta
tis

tic
al

ly
 s

ig
ni

fic
an

t i
n 

th
e 

fin
al

 s
te

pw
is

e 
m

od
el

.
**

 R
es

ul
ts

 a
re

 s
ig

ni
fic

an
t a

t 9
5%

 c
on

fid
en

ce
 in

te
rv

al
; *

R
es

ul
ts

 a
re

 s
ig

ni
fic

an
t a

t 8
5%

 c
on

fid
en

ce
 in

te
rv

al
.



136

controlling for its relationship with the interaction (or node-attribute) rank. The stepwise 
method was employed to allow only the variables that were statistically significant at the 95% 
confidence interval to enter the final models; this method was used to maximise the degrees 
of freedom, which is important for the reliability of the models, particularly with a small 
number of observations.

In addition to barriers, traffic shadow, and the specialisation of places, we hypothesised 
that the delimitation of the study area might affect the level of interaction associated with 
a node (Table 6.3). For instance, the interaction associated with a node located at the fringe 
of the study area might be lower than the actual level, because the important partners of the 
node might be excluded from the study area. It is therefore important to examine whether 
the discrepancies between two different types of data are the artefact of the delimitation of 
the study area. While physical barriers, the traffic shadow – as measured by the average 
distance to London and Paris, the two main European metropolitan areas – and the effect 
of the delimitation of the study area were included as independent variables in every 
model, some additional variables were also suitable for either business or holiday journeys. 
Language barriers and specialisation in financial services were

employed only for business journeys, while climate and types of scenery were used for 
holiday journeys. The variable of language barrier was not used for holiday journeys because 
it is highly correlated with the climate variable (r =0.81).

6.4  A comparison of ranks of metropolitan areas using interaction- and node-
attribute data

In this section, we describe how the rankings of the metropolitan areas using interaction 
and node-attribute data relate to each other, and how the differences between the two can be 
explained. We do so separately for business and holiday interaction data and node attributes. 
Since both the overall interaction and the overall node-attribute rankings are made up of 
several elements (the dominance and entropy indices) and dimensions (demographic, 
accessibility, economic, and tourism node characteristics) respectively, the information for 
each of these rankings is a stepping-stone to the understanding of the relationship between 
the two overall rankings. For this reason, we start the discussion by examining each of these 
individual rankings and how they are related to one another. More detailed information 
on the ranks of individual metropolitan areas per element/dimension is given where 
appropriate. Finally, we discuss the correlation between the overall interaction and overall 
node-attribute rankings.

6.4.1 Business interaction data and node attributes
With respect to the relationship between the interaction indices rankings, Table 6.4 shows 
that the dominance and entropy rankings are moderately related to one another, as the 
correlation coefficient of 0.45 indicates. We find that eight of the ten best performers appear 
on the rankings of both the dominance and entropy indices: Paris, Hannover-Bremen, 
Rhine-Mainz, and Stuttgart for example (see Table 6.5). However, we may also observe 
differences between the two rankings for the metropolitan areas of London, the Midlands, 
and Milan. This division indicates that nodes do not necessarily hold an important position 
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on both aspects simultaneously. These differences justify a more thorough discussion of the 
rankings of individual metropolitan areas.

On examining the ranks of individual metropolitan areas per interaction index, we see 
that the top ranking metropolitan areas on the dominance index tend to be large urbanised 
areas such as London, Paris, the Midlands, Hannover-Bremen, and Rhine-Mainz (see Table 
6.5). These metropolitan areas in countries such as France, Germany and the UK have a 
prominent role in the world economy as well as in Europe. In contrast, metropolitan areas 
located on the fringe of our study area such as Copenhagen, Dublin and Southern Ireland, 
Lisbon, and Porto have little interaction with other metropolitan areas. Unfortunately, we 
were not able to conduct a full test to see whether this result was an artefact of the chosen 
delimitation of the study area. This constraint stems from the lack of information on the 
journeys originated from countries other than the sixteen countries in which the surveys 
were conducted. We have, however, investigated the magnitude of the flows sent from the 
three metropolitan areas (Berlin, Vienna, and Copenhagen) located furthermost to the east 
of the study area and found that less than 20 percent of the outgoing flows from these 
metropolitan areas were to countries outside the study area. This finding suggests that 
the positions of these metropolitan areas would have been unlikely to change much had 
countries in Eastern Europe been explicitly incorporated in the study area. Collectively, the 
results suggest that the ranking of metropolitan areas using the dominance index tends to 
be influenced by the size of the metropolitan area and its location within the study area. For 
the entropy index ranking, the top ranking metropolitan areas are those located centrally in 
our study area, such as the Randstad, and the Rhine-Ruhr area.

Turning to the relationships among node-attribute rankings, the estimated correlation 
coefficients show that the demographic, accessibility, and economic attributes are clearly related 
to each other (Table 6.4). The demographic-attributes ranking shows that the metropolitan 
areas in which capital cities are located appear at the top of the ranking, such as London, 
Paris, and Berlin (Table 6.5). Metropolitan areas located centrally in Europe, such as the 
Rhine-Ruhr area and the Randstad, appear at the top of the accessibility ranking. This 
finding suggests that metropolitan areas benefit from a central location within transport 

Table 6.4 Correlation between rankings of metropolitan areas: Business flows

 Interaction index Node attributes

 Dominance Entropy Overall: 
interaction 

indices

Demo-
graphic

Accessibil-
ity

Economic Overall: 
node 

attributes

Interaction index        
Dominance        
Entropy 0.45       
Overall: interaction indices - -      
Node attributes
Demographic 0.67 0.52 0.70     
Accessibility 0.79 0.64 0.85 0.62    
Economic 0.55 0.53 0.62 0.63 0.57   
Overall: node attributes 0.75 0.66 0.81 - - -  
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infrastructure networks, which clearly gives them the locational advantage over other 
metropolitan areas. The level of accessibility seems to decrease as we move southwards, 
although Milan is an exception in this respect. The relatively low positions of Copenhagen, 
Dublin and Southern Ireland, and the UK areas may reflect physical barriers imposed 
by sea. It should, however, be noted that the results reported here are based solely on the 
level of accessibility among metropolitan areas within the study area. The metropolitan 
areas located on the fringe, such as Berlin or Vienna, may possibly have a higher level of 
accessibility if their neighbouring metropolitan areas are included in the study area. This 
issue cannot, however, be resolved here, because we do not have access to the same sets of 
transport networks for countries in Eastern Europe. For economic attributes, Paris, London, 
Copenhagen, Rhine-Mainz, and the Randstad are the top-ranking metropolitan areas, 
since they are associated with high GDP per capita and a concentration of employment in 
knowledge-intensive services. Again, the ranking of a metropolitan area tends to decline as 
we move to the southern part of Europe.

Before turning to the relationship between the overall interaction and the overall node-
attribute rankings, we first consider the degree to which the various rankings of the 
interaction and node attribute data correlate with one another to shed light on the elements 
that make up the two overall rankings (Table 6.4). We find that the dominance and entropy 
indices are the most strongly correlated with accessibility (0.79 and 0.64, respectively); the 
overall interaction ranking also has the strongest correlation with accessibility attributes 
(0.85). The strong correlation between the interaction indices and the level of transport 
accessibility is not surprising, because human corporeal interaction is facilitated, and 
sometimes determined, by the quality of the transport infrastructure available. Moreover, 
the fact that the level of accessibility is a derived flow (it is neither pure node-attribute nor 
actual interaction data) also explains this strong correlation. This finding suggests that 
accessibility indicators can be a relatively good alternative for ranking metropolitan areas 
if human corporeal interaction data is not available. However, since different types of flow 
tend to have different characteristics, this finding cannot be directly transposed to other 
types of interaction data. A relatively high correlation is also found between the dominance 
index and the demographic attributes (0.67). If one wishes to focus purely on the volume of 
interaction, the demographic attributes of metropolitan areas can be considered a reasonably 
good alternative for deriving rankings. Although one might expect a strong correlation 
between the business interaction data and economic attribute rankings, our results show that 
the relationship is not as strong as that between the interaction and accessibility rankings. 
This weaker relationship suggests that the economic attributes alone would not have been a 
good proxy for deriving the metropolitan areas’ ranking from an interaction perspective, at 
least for the current study.

Having considered each of the individual rankings that constitute the overall interaction 
and overall node-attribute rankings, we now turn to the correlation coefficients between the 
two overall rankings (Table 6.4). Interestingly, we find a rather high correlation for these two 
overall rankings (0.81), suggesting that they are good proxies for one another. The rankings 
using these two types of data are plotted against each other in Figure 6.2. Metropolitan areas 
above (or below) the diagonal line have their positions underestimated (or overestimated) 
by the interaction data in relation to node attributes. Since the metropolitan areas located 
within the same country share many similarities, we discuss the results by country. We 
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find that most German metropolitan areas hold rather high positions on both rankings, 
as they are concentrated on the bottom-left of the Figure. Nevertheless, we find that the 
positions of metropolitan areas in Germany tend to be underestimated by node attributes. 
One underlying reason appears to be the well-balanced system of medium-sized and large 
metropolitan areas with markedly specialised economic functions (Bremm and Ache, 
1993). Since the interaction between metropolitan areas is primarily structured by their 
functional differentiations, the specialisations of the German metropolitan areas may lead 
to intense exchanges between them (Janelle, 1969). For France, the primacy of Paris in 
the urban system is clearly shown on both rankings. We may observe a large gap between 
Paris and other French metropolitan areas, which tend to occupy positions in the lower 
echelons. Similar gaps are found for Italy and Spain, where Milan and Madrid are the only 
metropolitan areas appearing in the higher echelons (Table 6.5).

Figures 6.2 shows that node attributes tend to overestimate the importance of 
metropolitan areas that are not situated on mainland Europe, namely London, the Midlands, 
Glasgow-Edinburgh, and Dublin and Southern Ireland (Figure 6.2). These metropolitan 
areas function as central nodes in their national economies and hold high positions on the 
economic attributes, but have weaker relationships with metropolitan areas on mainland 
Europe. This contrast suggests that the physical barriers imposed by sea play a part in 
limiting the interaction between metropolitan areas as far as corporeal travel is concerned.

Figure 6.2 Correlation between overall interaction- and node-attribute rankings: Business flows
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The effect of physical barriers is confirmed by all three regression models (Table 6.2). 
The results show that physical barriers increase the discrepancies between the two overall 
rankings by lowering the levels of interaction associated with nodes. Models B2 and B3 
also confirm the strong relationships between the interaction- and node-attribute rankings. 
Furthermore, neither language barriers, traffic shadow, specialisation in financial service, 
nor the delimitation of the study area are statistically significant in explaining the ranks of 
metropolitan areas after controlling for the effect of interaction rankings in model B2 and 
node-attribute rankings in model B3. While the lack of significance of the delimitation of the 
study area confirms our preliminary investigation reported earlier, the lack of significance 
of the specialisation in financial service of metropolitan areas in all models is not in line 
with our expectations. This result may suggest that employment in the financial service 
sector alone is not sufficient to explain the positions of metropolitan areas on the two overall 
rankings, at least for the current data. In addition, further analysis has suggested that the 
variables ‘language’ and ‘traffic shadow’ affect the positions of nodes on both rankings in 
much the same manner. It can therefore be concluded that these variables do not affect the 
differences between the two rankings.

6.4.2 Holiday flows and node attributes
The discussion of the results for the holiday interaction and node-attributes data follows the 
same structure as that of the business results. Between interaction indices, we find that the 
correlation between the dominance and entropy indices rankings is very low (0.12), much 
lower than that found in the case of business travel (Table 6.6). This lower correlation is 
clearly borne out when we examine the ranks of individual metropolitan areas by interaction 
index (see Table 6.5). Metropolitan areas such as Salzburg-Innsbruck, London, and Seville 
receive many holiday journeys, but the flows are concentrated on just a few links, typically 
those with the capital of the country in which they are located. This pattern may point at 
the important role of culture and language in structuring holiday flows. Furthermore, 
major holiday destinations based on the dominance index tend to be the metropolitan areas 
situated in the southern part of Europe such as Salzburg-Innsbruck, Seville, and Marseille-

Table 6.6 Correlation between rankings of metropolitan areas: Holiday flows

 Interaction index Node attributes

 Dominance Entropy Overall: 
interaction 

indices

Demo-
graphic

Accessibil-
ity

Tourism Overall: 
node 

attributes

Interaction index
Dominance        
Entropy 0.12       
Overall: interaction indices - -      

Node attributes
Demographic 0.34 0.23 0.35     
Accessibility 0.33 0.38 0.47 0.62    
Tourism 0.48 0.27 0.47 0.27 0.22   
Overall: node attributes 0.49 0.41 0.58 - - -  
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Nice (Table 6.5). For the entropy index, we find that all six of the metropolitan areas in Italy 
are in the top fifteen. This ranking suggests that these metropolitan areas attract holiday 
flows from many directions, and the distribution of flow across links attached to them is 
fairly even. Nevertheless, the total amount of journeys received by these metropolitan areas 
is not very large. With respect to the relationships among node-attribute rankings, Table 6.6 
shows that the correlation coefficients between the tourism and the demographic rankings 
(0.27) and the tourism and the accessibility rankings (0.22) are rather low. This suggests 
that the widely-used demographic and accessibility attributes are not good proxies for 
representing the attractiveness of areas as tourism destinations, at least for the set of tourism 
attributes employed in this study. It is therefore important to draw a distinction between the 
tourism-attribute ranking and the overall holiday ranking.

With respect to individual node-attribute rankings, we only discuss the tourism ranking 
here, since the demographic- and accessibility-attributes rankings have been previously 
discussed. We find that London, Seville, Turin, and Florence rank highest on the basis of 
tourism attributes. Generally speaking, metropolitan areas holding high positions on 
tourism ranking tend to be located in the southern part of Europe (see Table 6.5). This 
finding is similar to that reported earlier on the dominance index ranking.

We now turn to the relationships among the rankings based on interaction- and node-
attribute data. In contrast with business journeys, the demographic and accessibility 
attributes do not show a strong relationship with the holiday flows (the correlation 

Figure 6.3 Correlation between overall interaction- and node-attribute rankings: Holiday flows
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coefficients are below 0.50). These attributes would therefore not be a good proxy for 
deriving the ranking from an interaction perspective and vice versa. The strong correlation 
between accessibility attributes and interaction data reported previously seems to be specific 
to the business flows. On the basis of our results, we report that we have not found a set of 
node attributes that could be generalised to both business- and holiday-interaction data.

The rankings of metropolitan areas derived from the overall interaction and overall 
attribute data are plotted against each other in Figure 6.3. The correlation coefficient of 0.58 
indicates a moderate relationship (Table 6.6). In contrast with business journeys, we have 
not detected a pattern of variation by country, but rather by the location of metropolitan 
areas within Europe. Figure 6.3 shows that most metropolitan areas in southern Europe are 
below the diagonal line, suggesting that their positions on the rankings by interaction tend 
to be overestimated. This finding might partially reflect the relationships of complementarity 
between metropolitan areas located in Southern Europe with respect to their tourism 
functions. The attractiveness of these destinations may be enhanced when they are located 
in proximity to many attractions (Fik et al., 1992; Fotheringham, 1984).

Furthermore, we find that the role of the Rhine-Ruhr area is overestimated by the overall 
node-attribute data. The fact that we have only examined inter-urban, but not intra-urban, 
holiday flows might be the reason for this overestimation. Metropolitan areas such as Rhine-
Ruhr might contain many resources that are mainly used by their inhabitants. As a result, 
there could be a large discrepancy between the rankings of metropolitan areas when using 
two different types of data. Above the diagonal line, the importance of the metropolitan 
areas detached from mainland Europe (e.g. Glasgow-Edinburgh, and Dublin and Southern 
Ireland) appears to be overestimated by node attributes from an interaction perspective.

As with the business flows, model H1 confirms the effect of physical barriers on the 
discrepancies between the overall node-attributes and overall interaction rankings for 
holiday flows (Table 6.2). Furthermore, the negative coefficient of the variable ‘coastal area’ 
in model H1 suggests that differences between the two overall rankings tend to be larger 
when metropolitan areas are characterised as coastal areas; metropolitan areas characterised 
as coastal areas tend to receive more holiday flows than would be predicted on the basis of 
their internal characteristics (model H3). The variable ‘coastal area’ in model H3 is, however, 
only significant at the 85% confidence interval.

Models H2 and H3 also confirm the relationships between the two overall rankings, 
although the relationships are not as strong as that reported for business flows. Furthermore, 
model H2 shows that the ‘traffic shadow’ variable is positively related to the overall node-
attributes ranking, suggesting that the overall node-attribute ranking increases when the 
location of a metropolitan area is further away from London and Paris. This result tends to 
reflect the concentration of the demographic- and high levels of accessibility in the central of 
Western Europe.

6.5 Conclusion

In this study, we have considered to what extent the rankings of metropolitan areas 
using interaction- and node-attribute data are correlated. Data on European long-distance 
passenger mobility (Dateline Consortium, 2003) and the attributes of the metropolitan areas 
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(EUROSTAT, 2004) has been used to generate the rankings of thirty-nine metropolitan areas 
in eleven countries in Europe.

The results confirm the relationships between the interaction- and node-attribute data. 
The physical barriers imposed by sea were an important factor underlying the differences 
between rankings derived from human corporeal interaction and node-attribute data, as the 
regression results indicated. Differences can, however, be observed between business and 
holiday flows. In comparison with holiday flows, business flows show stronger correlations 
with node-attribute data. Accessibility attributes were found to correlate with business 
flows, while tourism attributes correlate with holiday flows. Furthermore, we found that the 
difference between the node-attribute and interaction rankings can be explained not only 
by physical barriers for holiday flows, but also by specialisation in the tourism function in 
coastal areas. Other sets of factors -specialisation in financial services, language barriers, 
and traffic shadow- that were expected to be capable of explaining the difference between 
the rankings did not emerge as statistically significant in any of the regression analysis 
conducted.

There may be some other reasons underlying the differences between interaction and 
node-attribute rankings. First, the relationships between the interaction and attributes of 
nodes may occur with a lag rather than contemporaneously. For instance, the adaptations 
in the levels of human corporeal interaction between areas to changes in the attributes of 
nodes could be more immediate, especially for holiday flows, than for the reverse direction, 
because node attributes tend to exhibit a strong degree of persistence and continuity 
(Batty, 1998). Second, some interventions by, for instance, public authorities at various 
administrative levels may, through rules and regulations in market processes, distort the 
spatial reconfigurations of node attributes and flows. These issues await further study to 
advance our understanding of the relationships between interaction and node-attribute data.

Furthermore, additional research using different types of interaction and node-attribute 
data is required, because only corporeal long-distance journeys between metropolitan 
areas have been analysed in this study. Different conclusions might have been drawn if 
different sets of interaction- and node-attributes data had been employed. In particular, 
more intangible node-attributes such as the quality of life and a city’s image are important 
for determining economic growth (Wong, 1998) and deserve special attention in further 
research. They may be capable of explaining part of the remaining variations that cannot 
be captured by the standard set of node-attributes. In addition, using more than one type 
of flow data, such as human corporeal interaction and flow of information, may allow us to 
explain more fully the variations between interaction and attributes of nodes. For instance, if 
flows of information and people can be substituted for one another, the levels of interaction 
associated with nodes may be lower than would be predicted by their internal characteristics 
had only flows of people been analysed. Furthermore, further research should focus on the 
actors, because individuals, firms, and planning authorities mediate the interaction and 
node-attribute. Changes in their actions would result in the reconfigurations of flows and 
node attributes within the urban system.
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Note

1. The Nomenclature of the Territorial Units for Statistics (NUTS) is a hierarchical 
classification, which was set up to provide a single uniform breakdown of territorial 
units for the production of regional statistics for the European Union. The size of NUTS-
1 level, as defined in terms of the number of inhabitants, is between 3 and 7 million 
inhabitants, whereas that of NUTS-3 level is between 150,000 and 800,000 inhabitants.
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7 Conclusions and discussion

7.1 Introduction

Spatial configurations of the urban systems in advanced economies have evolved into 
polycentric systems. This configuration refers to a situation in which a system is dominated 
by multiple centres that interact intensively with one another; the specialised opportunities 
are distributed across these centres. The main mechanisms underlying this spatial 
development are the spatial adaptations of individuals, firms, institutions, and other actors 
within the system to several macro trends. Advances in transport and telecommunication 
technology that reduce costs in transport and communication, the global competitions 
between firms, and the opening up of tourism destinations resulting from developments in 
the travel industry are among the trends that extend economic and social relations spatially; 
these trends contribute towards the developments of polycentric urban systems at high 
spatial levels.

The configurations of urban systems have been studied at two main spatial levels: 
metropolitan and inter-metropolitan (Van Der Laan, 1998). Studies concentrating on 
the latter can be grouped according to the spatial scales investigated such as the national 
(Dematteis, 1997), the European (Hohenberg and Lees, 1995), and the global scale (Chase-
Dunn, 1985). However, research activity concerning polycentric development tends to 
concentrate at the metropolitan level mainly because the polycentric development has 
been most visible at this level in the last few decades (Davoudi, 2003). Compared with 
the metropolitan level, the conceptualisation of polycentric development at the inter-
metropolitan level is still at an early stage; the theoretical framework to examine polycentric 
urban configurations at the inter-metropolitan level has not yet been firmly established 
(Kloosterman and Musterd, 2001).

As a result of the proliferation of flows in an urban system, the properties of nodes are 
believed to be increasingly determined by their position within the system of exchanges 
(Derudder and Witlox, 2005). However, how the configuration of an urban system can be 
characterised on the basis of flows has not as yet been documented systematically in the 
scientific literature. This deficiency has to some extent been the result of the interest in 
previous studies analysing the interaction in the importance of individual nodes within 
the systems rather than the configuration of the system as a whole (e.g. Beaverstock et al., 
1999). Nevertheless, those aspects of urban configurations that relate to issues of social and 
economic development are more difficult to grasp without a suitable framework in which to 
identify and characterise different configurations of urban systems. One aim of the thesis 
has therefore been to develop a framework in which to characterise urban configurations on 
the basis of flows.
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Although various types of flow can be used to characterise an urban system, this thesis 
has focused specifically on flows of people, because physical co-presence and face-to-face 
relationships remain central to the coordination of business and social networks, despite 
the telecommunication revolution (Storper and Venables, 2004; Urry, 2003). An increase in 
personal trips over longer distances ensures that flows of people continue to be an important 
connection between distant areas and thereby important for the development of urban 
systems at the inter-metropolitan level. Moreover, although transport and technological 
innovations have made travel over long distances more comfortable and affordable, human 
corporeal interaction is still constrained by factors such as physical barriers and distance that 
hardly affect other types of flow such as information and money, which can be transported 
almost instantaneously. Better insight into the configurations of urban systems on the basis 
of flows of people was thought to be capable of shedding light on how to overcome these 
constraints. Although other material flows, such as goods, are likely to be constrained by a 
similar set of factors, the effect of the aforementioned barriers tends to be greater on human 
corporeal interaction. One obvious reason is that non-living entities are not affected by such 
capability constraints as the need for food and sleep, so they can be transported over longer 
times and distances than can living entities.

Since flows of people between distant areas are aggregates of trips over long distances, 
the understanding of long-distance travel behaviour is an important step towards the 
understanding of the configurations of urban systems on the basis of flows. Nevertheless, 
little is known about the determinants of long-distance travel behaviour; the literature of 
travel demand analysis tends to concentrate on short-distance or daily travel. While similar 
factors can be expected to influence both short- and long-distance travel behaviour, the 
importance of each factor is not necessarily the same in each case. Long-distance travel 
requires a substantial amount of time and money, which may lead long- and short-distance 
travellers to experience different sets of opportunities and constraints. For this reason, the 
understanding of long-distance travel behaviour is of central importance in this thesis.

In addition to their scientific relevance, the issues of long-distance travel and polycentric 
development are both of considerable interest to policymakers who espouse polycentric 
development as a promising spatial planning tool to reduce spatial disparities across urban 
areas in Europe and enhance the competitiveness of European cities in the world economy 
(ESDP, 1999). Polycentric development features centrally in the spatial planning policies 
in many European countries (Waterhout et al., 2005), because polycentric development is 
believed to bring about several benefits. These include economies of scale and economic 
specialisation through increasing levels of interaction and changing relationships 
between urban nodes from dependent to reciprocal. These benefits are unlikely to 
transpire if urban nodes operate independently of each other (Davoudi, 2003). Insight 
into the current state of urban configurations is crucial for the evaluation of polycentric 
development policies. Moreover, an understanding of the determinants of long-distance 
travel behaviour may enable policymakers to control long-distance travel more effectively. 
This is important, because long-distance travel is associated with adverse environmental 
impacts, notwithstanding its contribution to economic growth and polycentric development. 
Knowledge of long-distance behaviour is by no means the least important input to the 
forecasting of long-distance travel demand and informing of large-scale investment projects 
such as Trans-European transport infrastructure. This thesis has sought to enhance insight 
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into the determinants of long-distance travel behaviour and to advance the understanding of 
the configurations of urban systems at the inter-metropolitan level on the basis of flows of 
people, which is particularly pertinent to the development of the European urban system. To 
achieve this aim, the following four research questions were addressed:

i. To what extent do participation in long-distance travel and mode choice for long-distance travel 
vary systematically with socioeconomic and urban form factors?

ii. What are the main dimensions of a theoretical and methodological framework for characterising 
configurations of urban system on the basis of flows?

iii. To what extent can the development of the configurations of urban systems in the Netherlands 
be characterised on the basis of the interaction perspective during the period 1992-2002?

iv. To what extent do flows of people between urban areas and attributes of urban areas produce 
different outcomes with respect to the position of urban nodes in the larger urban system?

The preceding five chapters are independent academic papers that address the four 
questions above. In this chapter, the main empirical results are summarised and followed 
by some reflections on the findings, theoretical considerations, and the operationalisation 
of spatial interaction indices. The chapter concludes with a discussion of the implications of 
the results for spatial planning policies.

7.2 Main findings

7.2.1 Long-distance travel behaviour
To understand the configurations of urban systems on the basis of flows of people, made up 
of the aggregate of trips over long distances, knowledge of long-distance travel behaviour is 
essential. There were two other important reasons for examining the determinants of long-
distance travel behaviour. First, almost all the empirical research draws on US data, and the 
findings and conclusions based on US data may not be easily transposed to the situation 
in Europe. Second, previous work on long-distance travel has not examined the influence 
of urban form factors in great detail; the temporal aspects such as the time availability of 
travellers and travel time by transport mode have not been examined. These factors, which 
have been shown in the literature to be important determinants of short-distance travel 
behaviour (for example, Cervero, 2002), were hypothesised to play an important part in 
determining long-distance travel behaviour. The analyses of the systematic variation in 
long-distance travel participation and mode choice with respect to the socioeconomic 
characteristics of travellers and urban form factors using the 1998 UK and the Netherlands 
National Travel Surveys (NTSs), are reported in Chapters 2 and 3 (Research question 1). 
In these two chapters, a long-distance trip is defined as a trip to a destination more than 50 
km (one-way) from the origin (see Chapter 2 for more detail). This threshold is determined 
by the average size of daily urban systems in the countries investigated: the UK and the 
Netherlands. The results reported in this subsection are discussed with regard to the type of 
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explanatory variable: first, the effect of socioeconomic characteristics of travellers; second, 
the effect of urban form factors on long-distance travel participation and mode choice.

With respect to participation in long-distance travel, Chapter 2 shows that males, full-time 
workers, people from high-income households, and people with fewer time constraints on 
the day of travel – as reflected in the engagement in work (-related) activities and household 
tasks – are more likely to participate in long-distance travel in both the UK and the 
Netherlands. Types of job might be one reason for the differences between socioeconomic 
groups. Individuals with the characteristics mentioned above usually have highly specialised 
jobs and positions; they are often willing to accept jobs that are far from home as spatial 
flexibility is necessary for their career advancement (Van Ham et al., 2001). The effect of time 
constraints is as expected. Since long-distance travel is time-consuming, travellers do not 
have enough time to engage, for instance, in other maintenance tasks and the responsibility 
for these may shift to other household members.

As with the findings on short-distance travel (Dijst, 1999; Turner and Niemeier, 1997), the 
results support the household responsibility thesis by showing that household maintenance 
tasks and childcare reduce the probability of commuting long distances to a stronger 
degree for women than for men. The same effect is found on women’s participation in 
long-distance business trips. Furthermore, the gender disparity among travellers is more 
pronounced for long-distance than short-distance travel. In both the UK and the Netherlands, 
women account for around 35-40 percent of the total short-distance trips for business and 
commuting, but only around 13-15 percent when long-distance trips for the same motives 
are involved. The allocation of household tasks discussed earlier; the inequality in monetary 
rewards from working; the spatial distribution of jobs (Hanson and Pratt, 1995; Macdonald, 
1999); and the fact that many women work part-time, which makes them less willing to 
commute long distances for participating in relatively short work duration (Dijst and 
Vidakovic, 2000; Schwanen and Dijst, 2002) are factors capable of explaining the gender 
disparity. Women’s lower participation in long-distance travel suggests that their chance of 
finding an attractive set of opportunities, such as employment, that are spatially distributed, 
tends to be smaller than for men. However, the gender disparity is less relevant for leisure 
travel; women account for around 48-52 percent of the total short- and long-distance trips in 
both the UK and the Netherlands. The reasons may be that leisure trips over long-distances 
are often undertaken jointly and that leisure trips are not subjected to time constraints to 
the same degree as mandatory trips. The effects of gender on participation in long-distance 
travel for different motives are consistent with the US evidence (Bureau of Transportation 
Statistics, 2005).

With regard to the mode choice of long-distance travel in the Netherlands, Chapter 3 shows 
that women, highly educated travellers, and households with limited access to a private car 
are more likely to travel long distances by train. No statistically significant differences were 
found among women living in different types of household, which suggests that differences 
in household task allocation did not affect women’s mode choices. Presumably, since long-
distance travel is time-consuming, access to the fastest transport mode may be given to the 
long-distance travellers to minimise time loss. The positive effect of level of education and 
train usage is not consistent with the US evidence. This finding seems to be a special case 
for the Netherlands, and perhaps other densely populated areas in Europe, in which many 
jobs for highly educated travellers are concentrated in urbanised areas where the train is 
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readily accessible and, at the same time, use of the private car is less convenient owing to 
the congestion and parking problems in these areas. Similar effects of the socioeconomic 
characteristics of travellers on mode choice were found for business and leisure trips.

The effect of urban form is shown to be significant in determining long-distance travel 
participation even after controlling for travellers’ socioeconomic characteristics. The 
differences in the countries’ urbanisation patterns, size, and local population density appear 
to influence long-distance travel participation in the UK and the Netherlands. The results 
reveal that, other things being equal, Dutch travellers tend to participate in long-distance 
trips more frequently than British travellers do. A large country size and urbanisation 
patterns dominated by large metropolitan areas as is the case in the UK appear to encourage 
people residing in low-density areas to travel greater distances to reach opportunities that 
are concentrated in large metropolitan areas, while the residents of high-density areas 
tend to travel short distances, presumably because they are able find ample opportunities 
in proximity to their homes. In contrast, in the Netherlands, a moderately polycentric 
urbanisation pattern characterised by multiple medium-sized cities that are located at 
relatively short distances from each other and a balanced population distribution appear 
to offer stepping stones to opportunities outside the metropolitan areas of residence. This 
urbanisation pattern tends to make long-distance travel more acceptable to Dutch travellers. 
In the longer term, it is hypothesised that recurring long-distance travel may become a habit, 
which would make long-distance travel even more acceptable to Dutch travellers. Despite 
some variations in its effect on long-distance travel participation, the main effects of urban 
form hold true for all trip purposes.

Concerning mode choice for long-distance travel, six urban form factors were employed 
to describe the spatial characteristics of both the origins and destinations of long-distance 
trips: population density, type of municipality by the degree of urbanisation, the proximity to 
a railway station, an indicator of land-use balance, and indices of the specialisation of land 
use at the local1 and the national2 level. Chapter 3 shows that municipalities that are densely 
populated, have good access to frequent rail services, and have a high degree of national 
specialisation in services and built-up urban centres appear to favour train usage more 
than other types of municipalities do. In fact, these three factors are closely interrelated 
and reinforce one another. For instance, a high population density often indicates a high 
demand for travel, which makes it possible to provide frequent service for public transport. 
In general, urban form factors at the destinations appear to influence mode choice for long-
distance travel to a larger extent than they do at the origins (Cervero, 2002). The results 
show that if travel time by transport mode is not controlled for, the effects of urban form on 
mode choice are likely to be overestimated.

Overall, the effects of the socioeconomic characteristics of travellers on long-distance 
travel behaviour largely confirm the literature on short-distance travel, but the disparity, 
particularly between genders, appears to be more pronounced for long-distance travel. 
Urban form factors also affect long-distance travel behaviour, but to a lesser extent than do 
socioeconomic characteristics. Nevertheless, the fact that there are still some variations that 
could not be accounted for by these two sets of explanatory factors suggests that some other 
factors may have a profound effect on long-distance travel behaviour and should be further 
investigated.
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7.2.2 Configurations of urban system on the basis of flows
Having gained some insight into the determinants of long-distance travel behaviour at the 
micro level, long-distance trips undertaken between distinct places were aggregated into 
flows of people to represent the spatial interaction at the macro level. Despite the progress 
reported in the literature in the understanding of urban systems, how the configurations of 
an urban system can be characterised on the basis of flows remains unclear.

In Chapter 4, the main characteristics were identified of a theoretical and methodological 
framework for characterising the configurations of urban systems on the basis of flows 
(Research question 2). The framework consists of the 3 S-dimensions of spatial interaction, 
namely the Strength of interaction, the Symmetry of interaction, and the Structure of the 
system. The 3 S-dimensions are important, because they are present in all types of urban 
system, although to a varying degree ranging from the fully monocentric system to the fully 
polycentric system. The former refers to a system that is dominated by one or at most a few 
nodes through the concentration of opportunities, as opposed to the fully polycentric system 
that refers to a situation in which a system lacks truly dominant nodes, because of the even 
distribution of specialised opportunities across nodes in the system.

Following the classic literature that nodes and linkages are two important types of 
element that constitute an urban system (Simmons, 1978), a set of indices to measure 
each of the 3 S-dimensions was operationalised at the node, the link, and the system level 
to allow a comprehensive characterisation of urban configurations. The characterisation of 
the urban configurations consists of three steps: first, the construction of a set of archetypal 
systems; second, the computation of a set of interaction index values for every archetypal 
system and the system to be characterised at the node, the link, and the system level; third, 
the comparison of the values of every index for the system in question with those of the 
archetypal systems. These three steps are discussed in greater detail below.

First, based on the 3 S-dimensions, a set of four-node archetypal systems was built to 
depict the main characteristics of urban systems, from the fully monocentric to the fully 
polycentric. On the basis of the 3 S-dimensions, a fully monocentric system is characterised 
by a strong interaction between the dominant node and every other node in the system; 
a completely asymmetrical interaction (that is, unidirectional relationship) indicating 
a dependent relationship towards the dominant node; and considerable differences in 
importance between the dominant and other nodes in the system, indicating a hierarchical 
structure. In contrast, a fully polycentric system is characterised by equally strong 
interactions between all nodes in the system; completely symmetrical interaction (that is, a 
bidirectional relationship with equally large flows in both directions) indicating a reciprocal 
relationship between nodes; and a lack of truly dominant nodes in the system indicating 
a non-hierarchical structure. Second, using the set of indices previously proposed, each 
member of every archetypal system has a unique combination of different index values, 
which makes it possible to identify different configurations of the archetypal systems 
on the basis of these indices. The interaction indices were also computed for the system 
in question. Finally, the values of every index computed for the system in question were 
compared against those of the archetypal systems to typify the polycentric configuration of 
an urban system.

Using the European long-distance mobility data3 (Dateline Consortium, 2003), the French 
and the German urban systems, consisting of several Functional Urban Regions (FURs), 
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were chosen to illustrate the proposed framework because of their contrasting urbanisation 
patterns (that is, the rather centralised urban system of France and the more decentralised 
urban system of Germany). As a result, it was possible to assess the general utility of the 
proposed framework in both circumstances. On the basis of flows of people, the results 
are consistent with a priori knowledge in showing that the French urban system is highly 
centralised around Paris, while the configuration of the German urban system was more 
decentralised than its French counterpart, since several FURs such as Rhine-Mainz, Rhine-
Ruhr, and Hamburg-Hannover-Bremen had comparable roles as important nodes in the 
system. Despite some variations in the configurations of urban systems based on business, 
holiday, and leisure flows, the results consistently show the contrasting configurations of the 
two national urban systems.

The illustration of the framework with the empirical data suggests that the 3 S-dimensions 
and the spatial interaction indices presented facilitate a better comprehension of the pattern 
of interactions, which appears to be very complex even within a system with a small number 
of nodes. By measuring the interaction at the node, the link, and the system level the aspects 
underlying the position of nodes in the urban system becomes more readily apparent, as do 
the configurations of the urban system. It is thus advisable to include the 3 S-dimensions 
for further study on urban systems. Moreover, the framework presented can also be used to 
monitor how the configurations of urban systems evolve over time to enhance insight into 
the dynamics of urban systems. This scientific endeavour is reported in Chapter 5.

Chapter 5 dealt with the third research question: To what extent can the development of the 
configurations of urban system in the Netherlands be characterised on the basis of the interaction 
perspective during the period 1992-2002? Using the 1992, 1995, 1999, and 2002 Netherlands 
NTSs, the framework proposed in the previous chapter was employed to monitor changes 
in urban configurations in the Dutch urban system at multiple time points. Drawing on the 
3 S-dimensions, the developments in the pattern of interaction between twenty-three Daily 
Urban Systems (DUSs) are examined.

Over the period investigated, the Dutch urban system can be characterised as an 
archipelago consisting of four more or less separate major subsystems, namely the Randstad, 
the Brabanste Stedenrij, the KAN region (Knooppunt Arnhem Nijmegen), and the southern 
region of the country; and some DUSs in the north and the east region that did not appear to 
evolve into a subsystem. However, the strong interaction between the subsystems was poorly 
developed over the period concerned. Within the Randstad, the results are in line with the 
literature in showing that the interaction between the DUSs was already quite complex in 
1992 and then developed in the direction of a fully polycentric system, particularly the North 
Wing of the Randstad, (Cortie et al., 1992; Van Der Laan, 1998). The interaction between 
the Randstad’s DUSs became more intensive and symmetrical and the differences in the 
importance of nodes in the system became smaller over the period investigated. The fact that 
the four DUSs with functional specialisation, namely Amsterdam, The Hague, Rotterdam, 
and Utrecht, dominated the Randstad throughout the period investigated suggests a positive 
relationship between the functional specialisation and the magnitude of interaction received 
by DUSs within the system of flows. Coupled with the results of Chapter 2, this positive 
relationship may be supported by the urbanisation pattern of the Randstad, in which 
the DUSs are located at a relatively short distance from one another, which encourages 
interaction between DUSs.
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Overall, the results provide more evidence about the development towards a fully polycentric 
configuration between DUSs located in proximity to one another than between those 
located further away. The effect of physical distance is in line with the results reported in 
Chapter 2, which suggested that the large physical distance between metropolitan areas 
tends to discourage long-distance travel. The deterrent effect of physical distance suggests 
that the spatial scale is important for polycentric development, and the national scale may 
not be the most appropriate with respect to flows of people. However, the commuting and 
leisure flows did not produce the same pattern of development; the leisure flows indicate 
fewer interactions between the DUSs located further away. Several reasons can be put 
forward to explain this tendency. The opportunities and facilities for leisure activities have 
become more equally distributed across DUSs over the years, so travellers may be able to 
obtain similar facilities and services closer to home. Furthermore, the fact that people tend 
to work longer hours might reduce the availability of time for leisure activities, particularly 
at long distances. There could also be an indirect effect of time pressure on a person whose 
partner has started to work longer hours and is therefore less willing to travel long distances 
for leisure activities; long-distance leisure trips are often undertaken jointly, as reported in 
Chapter 2.

On the basis of flows, one can understand not only the configurations of the urban 
systems, but also the positions of nodes within the system. In fact, the interaction between 
nodes has been of interest in the geographic literature since the 1960s (Nystuen and Dacey, 
1961), but the lack of a suitable interaction data source has so far limited the number of 
studies using this approach (Short et al., 1996). To overcome the paucity of data, the internal 
characteristics of nodes are often used to study the positions of nodes within the urban 
system (Dematteis, 1997; Derudder and Taylor, 2005); the importance of nodes is measured 
in terms of the concentration of functions such as the associated numbers of inhabitants 
and jobs. This approach is referred to as a node-attribute approach. In fact, the nodes and 
the linkages (or the interaction between nodes) are highly interdependent and determine 
one another (Haggett, 1966; Simmons, 1978). This reciprocal process of the attributes of 
nodes and interaction is clearly described by Janelle (1969) and others who contend that the 
evolution of an urban system is a slow process that the interaction and attributes of nodes 
such as social, economic, and political activities develop concurrently (Hohenberg and Lees, 
1995; Pred, 1977). However, it is unclear from the literature to what extent flows between 
urban areas and the attributes of nodes produce different outcomes with respect to the 
position of urban nodes in the urban system (Research question 4). This fourth research 
question is dealt with in Chapter 6.

The data on European long-distance mobility was employed to represent the interaction 
between FURs, while the information on sociodemographic, economic, level of accessibility 
by different transport mode, and tourism characteristics obtained from various sources was 
employed to represent the attributes of nodes. These two different types of data were used to 
generate the rankings of thirty-nine FURs in eleven countries in Western Europe.

The results showed that actual flows and node-attribute data correlated positively, but 
were not identical. Moreover, the relationship between actual flows and node-attributes also 
differed between types of flow; the correlations between the two types of data were stronger 
for business flows than for holiday flows. The results suggested that the level of accessibility 
by transport mode was the node attribute that could be considered a good proxy for deriving 
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the ranking of FURs when business flow data is unavailable for some reason. However, the 
type of flow considered might provide one reason for the close relationship; flows of people 
between distant areas depend heavily on the current capacity of transport infrastructure. 
The results revealed that, of the node attributes employed, the tourism attributes showed 
the highest association with the holiday flow data, although the resemblance was not close. 
Overall, the results did not show any attributes of node that would relate strongly with all 
types of flow.

The observed differences between the two rankings derived from interaction- and node-
attribute data may have several causes. Concerning node-attribute data, it is unclear to what 
extent the facilities and opportunities available in a node are used by other individuals, 
firms, or institutions outside a node. If these opportunities are largely utilised by individuals 
residing in that node, the level of interaction predicted from its attribute will exceed the 
actual flows observed. For the interaction data, three main factors that directly encourage 
or discourage the interaction between areas can be put forward. First, physical barriers 
such as water and sea play an important part in hampering the interaction between areas. 
The second factor concerns the role of FURs in the transport networks; a node functioning 
as a hub in the transport networks may involve a higher level of interaction than would 
be predicted from its attributes. Third is the functional specialisation of a node relative to 
other nodes. A node that is highly specialised in a specific function that cannot be found 
in other nodes in the system tends to be associated with a higher level of interaction than 
would be predicted by its attributes. This is because there is no substitute (or only a few) 
for nodes with specific specialisations in the system. Although the results confirmed the 
interdependency between attributes of nodes and linkages between them, the differences 
between the two types of data suggest that both elements should be taken into account to 
enhance understanding of the position of nodes in the urban systems.

7.3 Reflections

The series of academic papers making up this thesis has aimed to develop insight into the 
determinants of long-distance travel behaviour and to advance the understanding of the 
configurations of urban systems at the inter-metropolitan level on the basis of flows of 
people. The insight obtained has raised new questions and opened new avenues for further 
research for the better understanding of the configurations of urban systems. These issues 
are addressed in this section together with some recommendations for improving the 
framework to characterise urban configurations proposed in the thesis.

7.3.1 Theoretical considerations
The proposed theoretical framework and the empirical results reported in this thesis have 
enhanced insight into the two main areas: the characterisation of the urban systems on the 
basis of flows at the macro level and the determinants of long-distance travel behaviour at 
the micro level. One issue that remains to be ascertained concerns the causes underlying 
the patterns of human corporeal interaction in urban systems. The answer to these 
questions requires a better understanding of the actors, because it is they who actually use 
the functions within a node and decide to (or not to) travel to other nodes in the system. 
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Changes in their activity patterns would also result in changes in the pattern of interaction 
between urban nodes and hence the configurations of urban systems.

On the basis of the results and the literature review, factors such as the personal and 
household characteristics of travellers, urban form factors, and psychological aspects such 
as attitudes (for example, liking travel), personality (for example, adventure seeking or 
organiser), and the lifestyle of travellers (for example, family oriented or status seeking) 
(Ory and Mokhtarian, 2005) are important determinants of long-distance travel behaviour. 
As an example, an individual who seeks status and career advancement opportunities may 
accept long-distance travel as an integral part of the route towards these goals. Furthermore, 
the spatial extensions of the action radius of individuals and firms over the last few decades 
are attributable to several macro trends such as the transport and technological innovations 
that have facilitated the dispersion of activities, the developments of service economies that 
have resulted in increasing demands for face-to-face contact, and the growth of the tourism 
industry that has resulted in more demand for recreational travel. In this respect, attention 
should also be paid to these developments if the behaviour of long-distance travellers is to be 
fully comprehended.

However, to gain a better understanding of how individuals schedule their activities in 
time and space, it is important to extend the standard set of factors to include the decision-
making context of individuals. In particular, the time allocation of individuals is expected to 
have a prominent role in the decision-making context of long-distance travellers, because 
long-distance travel is a time-consuming task that results in a situation in which long-
distance travellers experience more time-budget constraints than those who do not. This line 
of reasoning supports the use of a context-based approach concerning how actors schedule 
their activities with respect to their space-time constraints to bridge the knowledge gap 
mentioned at the beginning of this section. In addition, the understanding of how travellers 
schedule their activities facilitates a better understanding of how to reduce some of their 
space-time constraints. For instance, based on the finding that household allocation tasks 
and childcare tend to reduce the probability of women’s participation in long-distance travel 
for business activities and to reach their workplace, providing safe and affordable workplace 
childcare facilities may be seen as a strategy to relieve some of the constraints and encourage 
women to participate in the labour market. However, the consequences of such a measure 
may not be as direct as are often assumed, since a mother’s responsibility for childcare 
does not simply stem from the inadequacy of childcare facilities. Dealing with the space-
time constraints of travellers becomes rather difficult without a real insight into the decision 
context of women.

Furthermore, to gain better insight into the configurations of urban systems on the basis 
of flows of people, the empirical analysis has led to some suggestions for further research. 
First, the finding that physical distance is still important for determining the level of human 
corporeal interaction suggests that the selection of spatial scale is essential to the practicality 
of polycentric development. One reason is that the chosen spatial scale for polycentric 
development tends to influence other policies such as large-scale investment in transport 
infrastructure and strategies to distribute jobs, functions, and other opportunities across 
areas. Thus far, knowledge of the appropriate spatial scale for polycentric development is still 
limited and additional research is required. Although the analysis conducted in this thesis 
was not aimed at finding the most suitable spatial scale for polycentric development, the 
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results suggest that the national scale is too expansive, at least on the basis of commuting 
and leisure flows, as the interaction between distant areas was hardly developed over the 
period investigated (Chapter 5). Nevertheless, the appropriate spatial scale may differ when 
other types of flow such as business and holiday are concerned.

Second, and related to the first point, the results on the development of interaction within 
the Randstad suggest that this spatial scale is considered suitable for polycentric development 
on the basis of flows of people. Note, however, that an appropriate spatial scale for other types 
of flow may be considerably larger than for flows of people. This finding may be attributable 
to the unique urbanisation pattern of the Randstad, where the distances from one another 
in the group of medium-size metropolitan areas dominating the system are relatively short, 
which tends to encourage interaction between them. Although the comparative analysis 
of the UK and the Netherlands supports this conjecture, additional research is required 
to examine in more detail the relationships between different dimensions of urbanisation 
patterns such as the size and the spatial proximity of metropolitan areas on the one hand 
and the level of interaction between metropolitan areas on the other. This insight would 
shed light on the pattern of urbanisation that should be pursued to promote polycentric 
development on the basis of human corporeal interaction. Moreover, the analysis should be 
conducted separately by type of corporeal flow, since the effect of the pattern of urbanisation 
may also differ across types of flow. For instance, when business travels are concerned, a trip 
between Amsterdam and Paris or London and Frankfurt is considered acceptable as long as 
fast and frequent air or high-speed train services between these cities are available, while 
this situation is unlikely to hold true for commuting.

Third, since it is not the level of interaction per se, but the development of functional 
specialisation within metropolitan areas that is central to the polycentric development, the 
study could be extended to examine to what extent the spatial proximity of metropolitan 
areas contributes to the development of functional specialisation within them. In fact, the 
relationships between spatial proximity and development of functional specialisation have 
been examined extensively at the intra-metropolitan level, particularly in the economic 
geography literature (Coffey and Shearmur, 2002; Gordon and McCann, 2000, for example). 
The results show that firms located in proximity can benefit from the economies of scale, 
such as access to a specialised labour force and the sharing of infrastructure and capital 
investment, that allow firms to specialise in specific activities (Coffey and Shearmur, 2002). 
Although functional specialisation development within metropolitan areas is one of the 
benefits believed to be brought about by polycentric development, little has been done as yet 
to understand the extent to which spatial proximity contributes to these benefits at the inter-
metropolitan level.

Furthermore, developments at the intra- and inter-metropolitan level tend to be highly 
interdependent; for instance, changes in the level of economic specialisation within the 
metropolitan areas are likely to alter their role and relationships with other metropolitan 
areas within the inter-metropolitan system. However, relatively little is known about the 
interrelationship between these two spatial levels. Further research should investigate the 
relationships between the development of functional specialisation within the metropolitan 
areas and the changes in their importance within the system of flows. This type of research 
would provide better insight into the interrelationships between the two important types 
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of element that constitute an urban system: attributes of nodes (for example, functional 
specialisation) and the interaction between them.

7.3.2 Analytical framework and spatial interaction indices
A wide range of methods and different types of data has been employed in the academic 
literature to identify and characterise the polycentric configurations of an urban system 
at different spatial levels (Chapter 1). According to the increasing importance of flows in 
advanced economies, this thesis has proposed a framework and a set of spatial interaction 
indices to characterise the configurations of urban systems on the basis of flows of people. 
This subsection puts forward some suggestions that arose after the completion of the 
analyses for the methodological improvement of the framework proposed in this thesis.

The proposed framework consists of the 3 S-dimensions of spatial interaction, namely 
the strength of interaction, the symmetry of interaction, and the structure of the system. In 
Chapter 4, the configurations of urban systems were characterised by several indices and 
compared with a set of archetypal systems that depicts the main characteristics of urban 
systems, ranging from the fully monocentric to the fully polycentric. One of the limitations 
associated with the archetypal systems is that they were built from a small number of 
nodes. The reason underlying this decision is that a large number of nodes creates many 
possible system configurations and thwarts the focus on the 3 S-dimensions. This is 
because one additional node in the system increases the number of potential links in the 
network exponentially (n nodes in the network create n(n-1)/2 possible links). However, the 
archetypal systems built from a small number of nodes only appear to capture partially the 
important characteristics of urban systems in reality; the systems in the real-life situation 
appear to encompass important features of several archetypal systems. The limitation of this 
application can to some extent be transcended with the aid of computer programming to 
generate and compare different types of archetypal system and to handle systems with larger 
numbers of nodes. Unfortunately, this task could not be undertaken owing to the limitation 
of time and resources available in this project.

In addition to the possible technical improvement of handling systems with a larger 
number of nodes, some improvements are also possible concerning the operationalisation 
level of the interaction indices. In Chapters 4 to 6, the proposed interaction indices were 
operationalised at three different levels, namely the node, the link, and the system. As shown 
in the empirical results, a larger system often comprises one or more subsystems consisting 
of a group of nodes that interact intensively with one another. The existence of subsystems 
suggests that another important level lies between the level of individual nodes and links 
and the system level. Based on the network analysis, one way to gain better understanding 
of the formation of subsystems at this intermediate level would be to identify a clique, which 
is defined as a maximal set of nodes in which every node is connected to every other node. Clique 
analysis has been widely used in social network analysis to determine the structure of a 
group (for example, Frank, 1995; Freeman, 1996). This method has also been used recently 
in the world cities literature to identify sub-systems, thereby in effect making it possible to 
identify nodes with comparable roles in the system (Derudder and Taylor, 2005; Shin and 
Timberlake, 2000; Taylor, 2004). Clique analysis is likely to be a useful tool with which to 
characterise urban configurations at the inter-metropolitan level.
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Another point of concern is the association between the type of interaction (asymmetrical 
or symmetrical) and type of relationship (dependent or reciprocal). In this thesis, fully 
symmetrical interaction or bidirectional interaction between pairs of nodes with equally 
large flows in both directions is considered indicative of a reciprocal relationship. 
This categorisation is based on the belief that the interaction ensues from functional 
differentiation or economic specialisation between areas. However, one may argue that 
the connection between a fully symmetrical interaction and a reciprocal relationship is not 
always clear-cut. For example, the interaction may be driven by multiple motives; individuals 
may travel to other urban areas for facilities that can also be found in proximity to where 
they reside, but they engage in such long-distance trips to combine the visit with some other 
activities (Ritsema van Eck and Daalhuizen, 2005). To a large extent, the ambiguity between 
type of interaction and type of relationship stems from the paucity of detailed information 
on, for instance, motives for travelling and the types of activity that travellers pursue at 
the destinations. This ambiguity suggests that some refinement of the data collection is 
required.

7.4 Implications for spatial planning policies

A rapid growth in personal mobility has been evident in the last few decades in many parts 
of the world, including the US and Europe. In 1995, Americans made on average 4 long-
distance trips (more than 100 miles or 160 kilometres from home) per year, which was 
almost twice the average of 2.4 trips in 1977 (Mallett, 1999). Owing to the lack of appropriate 
data, the development of long-distance travel by land transport modes in Europe is rather 
difficult to assess. An increase in the number of air passengers by 65 percent between 1993 
and 2000 for the fifteen member states of the European Union does however indicate the 
growth of long-distance travel in Europe (European Communities, 2003). The growth makes 
it clear that long-distance personal mobility will continue to be important in connecting 
distant urban areas and contributing to polycentric development at the inter-metropolitan 
level.

In Europe, polycentric development is advocated as a guiding principle for strategic 
planning at both the European and the national level (Waterhout et al., 2005). The main 
purposes of polycentric development are to strengthen the competitive position of European 
cities internationally and enhance regionally balanced development and environmental 
sustainability (Davoudi, 2003). Promoting human corporeal interaction as well as other 
types of interaction between urban areas is seen as an important element in polycentric 
development, partly because interaction enables the efficient use of resources, enhances 
economic innovation, and creates functional synergies among urban nodes (Albrechts, 
1998; Batten, 1995).

Three main applications for achieving a more polycentric Europe can be distilled from 
the European Spatial Development Perspective (ESDP) (1999), namely cooperation in 
regional and spatial planning, the promotion of the economic specialisation of urban areas, 
and large-scale investment in trans-European transport and communication infrastructure 
(Nordic Centre for Spatial Development, 2004). This section focuses specifically on the 
latter two applications, as they are the most relevant to the scope of this thesis. To stimulate 
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the interaction between nodes, the analysis of polycentric development on the basis of flows 
of people supports both the development of economic specialisation in an urban node and 
an investment in transport networks; these two applications are mutually interdependent 
and reinforce each other (Janelle, 1969). A node with a specific specialisation was found to 
correlate positively with a higher role of a node in the system of flows, while good transport 
connections are a prerequisite for the facilitation of human corporeal interaction.

The development of economic specialisation and investment in transport infrastructure 
tends to relate more directly to the competitive position of a city in an economic sense, 
although areas that become overspecialised in specific activities may be prone to economic 
instability when, for instance, there is an economic downturn in the sector of their 
specialisation (Chapple et al., 2004). As a safeguard, some diversity in the economic 
activities should be preserved. However, how the two applications contribute to regionally 
balanced and sustainable development is not readily apparent. This is because an economic 
specialisation often develops in an area that already has an economic specialisation as 
a result of its associated benefits of economies of scale and scope (Cortright and Mayer, 
2004). Without any policy intervention, the development of an economic specialisation may 
exacerbate the spatial disparities rather than contribute to regionally balanced development. 
Similar consequences may occur with investment in transport infrastructure. Since human 
corporeal interaction over long distances incurs considerable costs, a specific group of 
travellers (those with a high income or a highly mobile elite) tends to benefit most from 
better access to the wider range of products and services made accessible through large-scale 
investment in transport infrastructure (Frandberg and Vilhelmson, 2003).

Although long-distance travel by air has not been empirically examined in this thesis 
because we did not have access to the appropriate data sources, it can be said that air travel 
in general and low-cost carriers in particular can be expected to have an important role in 
long-distance travel. Deregulation of the European aviation market from 1995, population 
growth, and economic prosperity have led to the proliferation of low-cost air services. The 
very low fares being offered tend to make the more sustainable forms of land transport less 
attractive (Francis et al., 2006). Based on the results reported in Chapter 3, the use of more 
environmentally-friendly transport modes such as the train can be promoted through the 
development of areas with high population densities, mixed land use, and good transport 
connections. Promoting the concentration of company and institutional headquarters, which 
are usually internationally oriented and associated with high demand for international travel, 
in proximity to high-speed railway stations is one example of how to promote the use of 
more environmentally-friendly transport modes.

However, the promotion of the use of high-speed trains as an alternative to air travel is 
unlikely to succeed without well-developed networks of access and egress transport modes 
(for example, bus, tram, and metro) at the high-speed train stations (cf. Krygsman, 2004). 
The inconvenience and high travel time associated with the access/egress modes when 
boarding/alighting from high-speed trains may reduce their attractiveness through the 
relatively high door-to-door travel time. This frequently encountered deterrent suggests that 
spatial planning policies at the inter- and intra-metropolitan are mutually interdependent. 
Emphasis should therefore be given not only to large-scale investment in transport 
infrastructure at the inter-metropolitan level such as the Trans-European Networks (TENs), 
but also to the urban form factors and infrastructure at the intra-metropolitan level. The 
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strategy to encourage modal shift is particularly suitable to the urbanisation pattern in 
western Europe, in which the major urban centres are located not so far apart; high-
speed trains can compete effectively with air travel up to a travel distance of around 750 
km (Vickerman, 1997). The issue of making long-distance travel more sustainable is even 
more urgent considering the fact that it is likely to increase in terms of both frequency 
and distance travelled (Frandberg and Vilhelmson, 2003; Orfeuil and Soleyret, 2002). This 
trend is expected as a result of the reduction in the time and costs of travel enabled by the 
investment in TENs and the spatial extension of social networks (Urry, 2003).

In addition to the European level, polycentric development plays an important part in 
Dutch spatial planning policies. In the Netherlands, regional labour market characteristics 
vary considerably in many aspects including job growth, the share of highly educated 
labour, and the average wage (Broersma and van Dijk, 2005). The unemployment rate in 
the northern province of Groningen is known to be consistently higher than the national 
average, while the central province of Utrecht lies consistently below this level (Broersma 
and van Dijk, 2002). Since these variations may harm the Dutch economy, according to 
the Spatial Planning Memorandum (Nota Ruimte), the Dutch government aims to promote 
polycentric development to resolve the spatial disparities. One important strategy is the 
stimulation of the interaction between distant areas in various forms, including human 
corporeal interaction, to facilitate the development of national subsystems, consisting of 
cities such as those of the Randstad that complement and reinforce each other. This policy 
aims to increase the support base for public facilities and services, stimulate economic 
growth, and open up opportunities for the optimal use of scarce space (Ministry of Housing 
Spatial Planning and the Environment, 2004).

Two main recommendations, similar to those discussed previously, can be put forward 
for the attention of policymakers wishing to promote polycentric development within the 
country by stimulating human corporeal interaction between distant areas: promoting the 
development of specialisation and reducing the interaction constraints associated with 
urban form and infrastructure. The former is supported by the finding that the importance 
of DUSs in the system of flows is associated with their functional specialisation, as seen 
in the four major DUSs in the Randstad. Concerning the urban form, the results reported 
in Chapter 2 suggest that high-density developments and relatively short distances between 
urban centres is the urbanisation pattern that policymakers may promote in stimulating 
long-distance travel. Furthermore, the transport connections should be expanded and 
improved to reduce the significance of physical distance and facilitate interaction over long 
distances. From the results, the rapid growth in road congestion, the increasing delays in 
public transport networks (Ministry of Transport Public Works and Water Management, 
2004a), and the fact that there were hardly any extensions of main transport connection 
routes in the 1990s (Ministry of Transport Public Works and Water Management, 2004b) 
are likely to be the major factors underlying the finding that interaction tended to develop 
at a faster pace between DUSs located in proximity to each other than between those located 
further away.

However, because an investment in transport infrastructure requires considerable time 
and money, it is necessary to prioritise the investment in different projects. One important 
investment in transport infrastructure in the Netherlands is the €2.6 billion Zuider Zee 
Railway. This project was initiated in 1996 to improve access between the North and the 
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Randstad and strengthen the regional economy of the North, but its social and economic 
justifications are still under debate (Priemus and Leijten, 2005). Based on the empirical 
analysis, the results of Chapter 5 however do not fully support the large-scale investment 
in Zuider Zee Railway project as the most suitable approach for the pattern of interaction 
observed. Considering the finding that the interaction between DUSs in the north and east 
regions was hardly developed over the ten-year period investigated, the level of infrastructure 
usage, if it had been constructed, might have been rather low. This is because transport 
infrastructure is a necessary, but not sufficient condition for enhancing the level of the 
interaction between areas. In this case, some other measures may be required to increase 
demand for interaction between the North and the Randstad before the construction of 
transport infrastructure takes place. Promoting polycentric development at the lower 
spatial scales, such as by encouraging the development of a subsystem consisting of several 
DUSs located in proximity in the same way as that of the south region, the KAN region, 
and Brabanste Stedenrij, is likely to be a useful primary step. In so doing, the competitive 
positions of the DUSs in the north and east regions can be strengthened, which in effect 
may enhance the efficiency of the investment in transport infrastructure when it is in place. 
From another viewpoint, an investment in transport infrastructure linking the Randstad with 
the KAN or the Brabanste Stedenrij may seem to deserve higher priority than the project 
linking the Randstad with the north for promoting polycentric development owing to the 
growing levels of interaction between the Randstad and these areas.

Notwithstanding the benefits associated with long-distance travel, one should not overlook 
its associated disadvantages such as high levels of vehicle energy consumption, which are 
central to the sustainable development. To mitigate the environmental impact, it is important 
to encourage the use of environmentally friendly modes such as the train for long-distance 
travel. The results support the development of an area that is densely populated with good 
access to frequent rail services. Fortunately, the development found to stimulate long-
distance travel participation in general also appears to encourage the use of environmentally 
friendly transport modes for long-distance travel. Nevertheless, the effectiveness of such 
measures also depends largely on the extent to which individuals respond. In this respect, an 
understanding of how individuals live, interact, and use their time and space holds the key 
not only to the effectiveness of the spatial planning policies, but also to the understanding of 
the complexities of urban systems that they create.

Notes

1. The proportion of each land use type within the municipality relative to the total 
developed areas within that municipality.

2. The proportion of a given land use type located in a municipality relative to the total area 
of land use class in the whole country

3. A long-distance journey is defined as a journey with a length of at least 100 km as the 
crow-flies from the origin of the journey
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Nederlands samenvatting

Bestaande observaties lijken te bevestigen dat zich in veel landen een polycentrisch stedelijk 
systeem aan het ontwikkelen is. Deze configuratie verwijst naar een systeem waarin geen 
echte dominante knooppunten bestaan doordat specialisaties en de mogelijkheden die 
deze bieden verspreid zijn over de centra. Voorbeelden van macro-trends die de ruimtelijke 
uitbreiding van economische en sociale activiteiten stimuleren zijn kostenbesparende 
ontwikkelingen op het gebied van transport and telecommunicatie-technologie, wereldwijde 
concurrentie tussen bedrijven en het ontsluiten van vele toeristische bestemmingen als 
gevolg van ontwikkelingen in de reis-sector. De interactie die hiervan het gevolg is, zoals de 
informatie-, kapitaal-, goederen- en mensenstromen die veruiteengelegen regio’s met elkaar 
verbinden, is van groot belang. Zulke interactie maakt de ontwikkeling van polycentrische 
stedelijke systemen mogelijk, zowel binnen stedelijke gebieden (zoals het stadsgewest) als 
tussen stedelijke gebieden. Studies die zich concentreren op relaties tussen steden niveau 
kunnen worden gegroepeerd naar gelang hun ruimtelijke schaal, zoals nationaal (Dematteis, 
1997), Europees (Hohenberg en Lees, 1995) en wereldwijd (Chase-Dunn, 1985). Vergeleken 
met het stedelijk niveau staan de conceptualisering van de ontwikkeling van polycentrische 
systemen en het theoretisch raamwerk voor de bestudering van polycentrische configuraties 
op inter-stedelijk nog in de kinderschoenen (Kloosterman en Musterd, 2001). Eén van de 
redenen hiervoor is dat de ontwikkeling van polycentrische systemen de afgelopen decennia 
het meest zichtbaar was op het stedelijk niveau (Davoudi, 2003). Desalniettemin vraagt 
het feit dat economische en sociale activiteiten in toenemende mate op hogere ruimtelijke 
schalen georganiseerd worden om groter inzicht (zowel theoretisch als empirisch) in 
polycentrische stedelijke configuraties.

Van de verschillende typen stromen concentreert deze studie zich specifiek op 
mensenstromen, en wel om twee redenen. Ten eerste staan fysieke nabijheid en face-to-face-
relaties centraal in de coördinatie van het bedrijfsleven en sociale netwerken, ondanks de 
revolutionaire ontwikkelingen in de telecommunicatie die vaak ter vervanging van reizen 
kunnen dienen (Urry, 2003; Storper en Venables, 2004). Ten tweede wordt face-to-face 
menselijke interactie nog altijd begrensd door factoren als fysieke barrières en afstand 
– factoren die andere soorten stromen, zoals informatie of geld, niet wezenlijk in de weg 
staan. De gedachtegang is dat een beter begrip van de configuraties van stedelijke systemen 
op basis van mensenstromen kan leiden tot inzicht in hoe deze beperkingen overwonnen 
kunnen worden. Zulk inzicht is niet alleen in wetenschappelijk opzicht relevant; voor 
beleidsmakers, vooral in Europa, is de ontwikkeling van polycentrische systemen een 
veelbelovend instrument voor ruimtelijke ordening, met name voor het terugdringen van 
ruimtelijke ongelijkheden in de stedelijke gebieden van Europa en voor het verbeteren van 
de concurrentiepositie van Europese steden binnen de mondiale economie (ESDP, 1999). 
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De verkregen inzichten kunnen als basis dienen voor zowel beleidsevaluatie als voor 
richtlijnen aangaande polycentrische ontwikkeling.

Aangezien mensenstromen tussen veruiteengelegen gebieden gevormd worden door 
samenvoegingen van lange-afstandsreizen is inzicht in lange-afstandsreizen een belangrijke 
stap in de richting van inzicht in de configuraties van stedelijke systemen op basis van 
stromen. Desondanks is nog altijd weinig bekend over welke factoren lange-afstandsreizen 
beïnvloeden; onderzoek naar verplaatsingsgedrag concentreert zich doorgaans op korte-
afstands- of dagelijkse reizen. Bovendien is de bestaande literatuur over lange-afstandsreizen 
grotendeels gebaseerd op Amerikaanse gegevens. Het is onduidelijk in hoeverre conclusies 
gebaseerd op Amerikaanse gegevens van toepassing zijn op Europa, gezien de verschillen 
in stedelijke patronen, politieke, culturele en sociale factoren. Een beter inzicht in lange-
afstandsreizen binnen een Europese context is derhalve noodzakelijk.

Dit proefschrift heeft tot deel inzicht te verweven in de factoren die lange-
afstandsreisgedrag bepalen en beter begrip van hoe een stedelijk systeem geconfigureerd 
is op inter-stedelijk niveau, op basis van mensenstromen. De vier onderstaande 
onderzoeksvragen dienden in deze als leidraad:

i. In hoeverrre variëren de participatie in lange-afstandsreizen en de vervoerskeuze systematisch 
naar gelang de socio-economische achtergrond van reizigers en kenmerken van de fysieke 
inrichting van steden?

ii. Wat zijn de voornaamste dimensies van een theoretisch en methodologisch raamwerk voor het 
karakteriseren van configuraties van stedelijke systemen op basis van stromen?

iii. In hoeverrre is het mogelijk om de ontwikkeling van configuraties van stedelijke systemen in 
Nederland te karakteriseren, uitgaande van het perspectief van interactie tijdens de periode 
1992-2002?

iv. In hoeverrre leiden mensenstromen tussen stedelijke gebieden en de kenmerken van zulke 
gebieden tot verschillende uitkomsten met betrekking tot de positie van stedelijke knooppunten 
binnen het bredere stedelijke systeem?

Dit proefschrift bestaat uit een serie artikelen, gepubliceerd in peer reviewed 
wetenschappelijke tijdschriften. De drie voornaamste gegevensbronnen zijn de Britse 
National Travel Survey (NTS) (Department of the Environment, Transport and the Regions, 
1998), het Nederlandse Onderzoek Verplaatsingsgedraf (OVG) (Centraal Bureau voor de 
Statistiek, 2002) en Europese lange-afstandsmobiliteitsgegevens (Dateline Consortium, 
2003). De laatstgenoemde is het eerste geharmoniseerde onderzoek naar lange-
afstandsverplaatsingen in Europa en beslaat de vijftien EU-lidstaten (in 2001) alsmede 
Zwitserland.

In de loop van de afgelopen decennia is in een groot deel van de wereld, waaronder de 
VS en Europa, een snelle groei waar te nemen in persoonlijke mobiliteit. Factoren die in 
belangrijke mate bepalend zijn voor lange-afstandsreisgedrag zijn socio-economische 
kenmerken en, in mindere mate, de fysieke inrichting van stedelijke gebieden 
(Hoofdstukken 2 en 3). Een vergelijking tussen het Verenigd Koninkrijk en Nederland 
toont aan dat in beide landen mannen, mensen die full-time werken, mensen die deel 
uitmaken van huishoudens met een hoog inkomen en mensen die weinig temporele 
beperkingen hebben op de verplaatsingsdag – gereflecteerd in hun deelname aan arbeid 
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of arbeidsgerelateerde activiteiten en huishoudelijke taken – de meest waarschijnlijke 
kandidaten zijn voor lange-afstandsverplaatsingen (Hoofdstuk 2). Vergeleken met korte-
afstandsverplaatsingen is een duidelijk verschil zichtbaar tussen mannen en vrouwen in 
het geval van lange-afstandsverplaatsingen naar het werk of werkgerelateerde activiteiten; 
deze ongelijkheid tussen de sexen is minder zichtbaar bij vrijetijdsverplaatsingen. Wat 
ten aanzien van de vervoerwijzekeuze voor lange-afstandsverplaatsingen toont: Hoofdstuk 
3 aan dat vrouwen, hoog opgeleide reizigers en huishoudens die beperkt toegang hebben 
tot een auto meer geneigd zijn lange afstanden per trein af te leggen. Deze link tussen 
opleidingsniveau en treingebruik strookt niet met gegevens uit de VS; het lijkt specifiek te 
zijn voor Nederland en wellicht voor andere dichtbevolkte gebieden in Europa, waar veel 
werkgelegenheid voor hoogopgeleiden geconcentreerd is in stedelijke gebieden met goed 
ontsloten zijn voor treinvervoer.

Verder is het effect van de fysieke inrichting van steden op de participatie in lange-
afstandsverplaatsingen en op vervoerwijzekeuze bestudeerd. Uit de vergelijking tussen 
het Verenigd Koninkrijk en Nederland blijkt dat verschillen in stedelijke patronen, 
lokale bevolkingsdichtheid en de grootte van het land van invloed lijken te zijn op lange-
afstandsreizen. Nederlandse reizigers leggen vaker lange afstanden af dan Britse. Het 
Verenigd Koninkrijk is een groot land, met grote, dominante metropolitane gebieden, en 
mensen woonachtig in dunner bevolkte gebieden leggen flinke afstanden af te om gebruik 
te kunnen maken van de faciliteiten, die geconcentreerd zijn in de grote metropolitane 
gebieden. Nederland biedt een contrasterend beeld: een gematigd polycentrisch stedelijk 
patroon, gekenmerkt door meerdere middelgrote steden die op relatief korte afstand van 
elkaar liggen en die aldus het maken van lange-afstandsverplaatsingen stimuleert. Wat 
betreft vervoerwijzekeuze brengt Hoofdstuk 3 aan het licht dat, vergeleken met andere 
gemeenten, dichtbevolkte gemeenten goede toegang bieden tot frequent treinvervoer, dat 
hun diensten een hoge specialisatiegraad hebben en dat in dichtbebouwde stedelijke centra 
de voorkeur uit lijkt te gaan naar treingebruik.

Nadat inzicht was verworven in welke factoren lange-afstandsverplaatsingsgedraag 
bepalen, werden de lange-afstandsreizen samengevoegd zodat zij de interactie tussen 
stedenparen in een stedelijk systeem vertegenwoordigden. Om inzicht te verkrijgen in de 
configuratie van een stedelijk systeem, werden in Hoofdstuk 4 de voornaamste kenmerken 
van een theoretisch en methodologisch raamwerk geïdentificeerd, bestaande uit drie 
dimensies van ruimtelijke interactie: sterkte, symmetrie en structuur. Om elke dimensie 
meetbaar te maken werd een reeks indicatoren. Deze maakten het mogelijk om verschillen 
tussen configuraties van stedelijke systemen te identificeren, variërend van een volledig 
monocentrisch systeem waarin één knooppunt het systeem domineert tot een volledig 
polycentrisch systeem dat geen dominante knooppunten kent omdat alle knooppunten 
in het interactiesysteem even belangrijk zijn. Om de bruikbaarheid van het voorgestelde 
raamwerk te illustreren, viel de keuze op de Franse en Duitse stedelijke systemen (bestaande 
uit een aantal zogenoemde stedelijke regio’s), vanwege hun contrasterende stedelijke 
patronen (een vrij gecentraliseerd stedelijk systeem in Frankrijk en een gedecentraliseerder 
systeem in Duitsland). Afgaande op de resultaten verliep deze toepassing in beide gevallen 
naar tevredenheid. Het is aan te raden om bij de bestudering van de configuratie van een 
stedelijk systeem op basis van stromen de drie dimensies in acht te nemen.
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Het voorgestelde raamwerk is verder gebruikt om de ontwikkeling van het Nederlandse 
stedelijke systeem te kunnen volgen, om zodoende beter begrip te verwerven van de 
dynamiek van een stedelijk systeem (Hoofdstuk 5). Hiertoe werden de mensenstromen 
tussen 23 stadsgewesten geanalyseerd in de jaren 1992-2002. Tijdens de bestudeerde 
periode is het Nederlandse stedelijke systeem te beschrijven als een archipel bestaande uit 
vier min of meer afzonderlijke subsystemen, te weten de Randstad, de Brabantse Stedenrij, 
de KAN-regio (Knooppunt Arnhem Nijmegen) en Zuid-Limburg. Daarnaast zijn in het 
noorden en oosten enkele stadsgewesten te onderscheiden die zich niet tot subsystemen 
lijken te hebben ontwikkeld. De interactie tussen de stadsgewesten van de Randstad 
werd intensiever en symmetrischer en het verschil in betekenis tussen de knooppunten 
binnen het systeem nam in de loop van de bestudeerde periode af. De interactie tussen de 
stadsgewesten in de Noordvleugel nam meer toe in complexiteit dan die in de Zuidvleugel. 
De ontwikkeling van volledig polycentrische systemen komt in Nederland in geringe mate 
voor en ruimtelijke integratieprocessen (die verschillen in sterkte terugdringen en de 
interactie symmetrischer maken) vinden voornamelijk plaats over korte afstanden zoals 
tussen stadsgewesten in de KAN-regio. Uit de resultaten kan worden opgemaakt dat er 
een positieve relatie is tussen functionele specialisatie en de hoeveelheid interactie die een 
stadsgewesten ‘ontvangt’ binnen een stromensysteem, zoals dit te zien is bij de vier grootste 
stadsgewesten van Nederland: Amsterdam, Den Haag, Rotterdam en Utrecht. De forensen- 
en vrije-tijdsstromen vertoonden echter niet dezelfde ontwikkelingspatronen, voornamelijk 
omdat vrij-tijdsverplaatsingen afstandsgevoeliger zijn er vrijetijdsstromen in sterkere mate 
tot kortere afstanden beperkt zijn (zie Hoofdstuk 5 voor details).

Hoewel stromen duidelijk een belangrijke rol spelen in de reconfiguratieprocessen 
van stedelijke systemen – zoals blijkt uit recent onderzoek, vooral met betrekking tot 
wereldsteden – komt uit dit proefschrift sterk naar voren dat kenmerken van knooppunten 
ook van belang zijn en niet vergeten dienen te worden bij de bestudering van stedelijke 
systemen. De reden hiervoor is dat kenmerken van knooppunten en stromen (oftewel de 
interactie tussen knooppunten) onderling sterk afhankelijk en bepalend zijn (Haggett, 
1966; Simmons, 1978). Eerdere onderzoekers waren geneigd om het stedelijk systeem te 
bestuderen vanuit het perspectief van ofwel de eigenschappen van knooppunten of interactie, 
en de (impliciete) aanname was dat deze twee elementen veel met elkaar gemeen hadden. 
Deze aanname kan evenwel in twijfel worden getrokken. Hoofdstuk 6 gaat in op deze relatie 
door 39 Westeuropese metropolitane regio´s te rangschikken naar gelang hun relatieve rol 
in het stromensysteem en de mate van concentratie van hun functies. Het eerste aspect 
werd gemeten door middel van de sterkte van de interactie van een stedelijk gebied met 
andere gebieden in het systeem en de connectiviteit tussen stedelijke gebieden. Het tweede 
aspect werd gemeten met stedelijke gebieden behulp van vier dimensies: de demografische, 
economische en toeristische kenmerken en hun bereikbaarheid. De resultaten tonen aan 
dat de relaties tussen interactie en knooppunteigenschappen per stroomtype verschillen. 
Vergeleken met stromen van zakelijke verplaatsingen is er een minder sterke correlatie tussen 
vakantiestromen en knooppunteigenschappen. Ook is duidelijk geworden dat de verschillen 
tussen de twee rangordes tot op zekere hoogte verklaard kunnen worden door het feit dat 
face-to-face interactie beïnvloed wordt door fysieke barrières opgelegd door de zee.

Op basis van de uitkomsten van dit proefschrift kunnen twee hoofdaanbevelingen 
worden gedaan, die onder de aandacht kunnen worden gebracht van beleidsmakers 
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die polycentrische ontwikkeling willen bevorderen door face-to-face interactie tussen 
veruiteengelegen gebieden te stimuleren. De eerste aanbeveling is het bevorderen van 
specialisatie: uit het onderzoek kwam naar voren dat knooppunten die een specialisatie 
hadden ontwikkeld een grotere rol bleken te spelen in het stromensysteem. Ten tweede 
dienen transportverbindingen uitgebreid en verbeterd te worden, om de invloed van fysieke 
afstand terug te dringen en interactie over lange afstanden te vergemakkelijken.
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