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ABSTRACT
In order to comprehend the pattern of urban commuter flows, one has to understand the urban spatial structure and vice versa. Firstly, a concise overview is provided of the way in which economists and geographers theoretically deal with the commuting issues. Subsequently, the focus is shifted to the classical spatial-economic urban models and in particular to the explanatory role of commuter movements. A number of cluster analyses provide a synthesis containing a typology of areas within the city regions having a specific “commuting profile”. The conclusion indicates that distance, also comprising duration and access to traffic infrastructure, the characteristics of housing and housing environment, and the level of income play a key role in the establishment of commuting patterns in the metropolitan areas. 
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1 CommutER movements: an economic and spatial perspective
Since the earliest times movements have been necessary for the functioning of economic and social life. The spatial separation between the locations of human activities creates traffic and transportation. 
Economists, and therefore also traffic economists, like to use utility functions to explain behaviour. Traffic economists refer to the ‘utilities of place’: depending on the place where it is located or done, a product or an activity can have a different utility degree. In this way via the transportation sector value is added to commodities and services. In this economic perspective commuter movements are to be explained by the fact that, on the one hand, the movement towards a job that is located elsewhere than the place of residence brings greater benefit to the employee, on the other hand, the employee does not change his address of residence because his current residence and housing environment is of higher value to him. (Blauwens et al., 2006)
For the study of commuter movements, spatial scientists, among whom geographers and spatial planners, often opt - apart from utility theories - for the time-space perspective. Hägerstrand (1970) laid the foundations for this approach that focuses on a number of restrictions that determine the participation in activities and movements. In the first place everybody needs to take time to sleep, eat and drink to survive. This leaves only limited time and space to other activities such as movement. The availability and quality of transportation modes also influence the possibilities of movement. Other restrictions to make activities possible are related to the presence and absence of others, or products or services. Agreements with respect to the time and location lead to more or less movements. Thirdly, the desired movements are restricted by the access to activities in time and space, such as driver’s licenses, public transportation timetables, price of tickets, available transportation infrastructure and working hours. 
The literature shows a historical guideline of the subject. First, inspired by the classic economic urban models (city model of Alonso and Muth and the sociological city models) there was a believe in the spatial equilibrium between (central) job location and residential location driven by income restrictions that limit commuting and residential costs (Harvey, 1972). Little empirical evidence was provided, mainly due to a lack of detailed data.  Next, a wide range of models (Hensher et al., 2000), mainly the four-step model, were developed which tried to represent and quantify the commuting patterns. Criticism mainly concerned the oversimplification of human behaviour and decision-making (Dieleman et al., 1999). Subsequently, in the 'activity-based models' (Ben-Akiva et al., 1985; Timmermans et al., 1990) attention focused on the impact of lifestyle and variables, such as individual socio-economic characteristics and preferences for modes (Badoe et al., 2000). More and more complex model building is going on (Bhat et al, 2002), but still empirical research shows again the importance of income level, housing preferences and commuting costs (mainly depending on mode choice and accessibility) (van Ommeren et al., 1999; Van Wee, 2002). And these clear cut explanatory ‘spatial’ (housing environments – accessibility) and ‘economical’ (income level – commuting costs) variables bring us straight back to the explanatory power of the classic spatial economic urban models.
The spatial-economic approach of this contribution therefore entails that we look for an answer to the question: where and when do which commuter movements occur in Belgium and which groups benefit more or less from them? To what extend do we still find evidence for the Alonso-Muth model? We zoom in on the commuter movements around Brussels and the metropolises Antwerp, Liège, Ghent and Charleroi. These metropolitan areas are by far the most important centres of employment and are therefore the destination of most of the commuter movements. The ‘spatial mismatch’ between work and residence can be easily studied here (Riguelle et al., 2007).
In what follows, part 2 will offer a short synthesis of the main theories in connection with urbanization and commuter traffic. Part 3 will briefly deal with the possible sources for the study of commuter movements. The results of a cluster analysis provide us with a typology of commuter areas around the Belgian metropolises (part 4). The last part formulates a number of policy conclusions.
2 the formation of theory on commuting around metropolises
2.1 Spatial-economic urban models
Worldwide research (Schafer, 1998; Zahavi, 1979) demonstrates that on average people spend a fixed share of their income on transportation. For OESO countries the average budget is 10-15% of the income. Also the travelling time budget appears to be relatively constant on the country level. Schafer (1998) concluded that on a worldwide basis the average travelling time budget is 1.1 hour per person per day, regardless of the economic, social and geographical situation, which can greatly vary between the countries. When we combine the theory of the fixed travelling time budget with the theory of the fixed travelling expense budget, then we can conclude that with increasing incomes the demand for transportation, expressed in passenger-kilometres, will increase. These greater distances covered by individuals with higher incomes are to be explained by the fact that activities at a farther distance bring greater benefit. This line of reasoning certainly also applies to commuter movements: for a more attractive job one is prepared to cross greater distances.
Commuter movements are a derivative of the split between the place of residence and the place of work. Residence and work have other spatial spreading patterns, due to different location demands and preferences. The neo-classical spatial-economic urban models explain the different locations of residence and work by means of the varying ground rent that different functions can and want to offer for a specific location. The bid-rate functions in the Alonso-Muth model (figure 1) are the result of the profit-maximizing behaviour of the producers (industrial, commercial and agricultural activities) and the benefit-maximizing behaviour of the consumers. This benefit-maximization is carried out by weighing the benefit of the place of residence against the benefit of other commodities, in which the limitation of the income level and the cost of transportation between the place of work and the place of residence restrict the possibilities. Next to the cost of transportation also the duration of transportation is included as resistance. The appreciation of the distance cost (in time and/or money) and the appreciation of the place of residence lead to a living-environment differentiation with different zones that are inhabited by specific income classes. The income restriction considerably limits the choice of the lowest income classes. The economic capacity of the producers and the high income classes offers them the first choice for localization (Harvey, 1972).
The combination of the various bid-rate functions leads to a spatial structure in which the city’s central area is surrounded by a residential area. An agricultural area is situated around the city. The central area consists of two zones. The most central area is occupied by retail. Next to that there is the rest of trade, and the art-and-craft and industrial companies. The literature usually refers to the whole of this central area, in which all non-agricultural employment is concentrated, as the Central Business District (CBD). In reality the cities will normally not have this simple concentric-zone structure. In many cases the dominant central area (CBD) is complemented with secondary cores. Junctions in the traffic infrastructure increase the accessibility of some parts rather than of other parts, so that it is likely for smaller concentrations of companies to arise outside the CBD. Because of the difference in residential preferences, the available income and the possibilities of transportation, it is also likely that the various income groups will not settle in the same place. The residential area therefore has a diversity of social classes, which can be explained by the bid-rate functions of those classes.
(Figure 1)
The neo-classical models start from the rational-economic acting person, an approach that, as this contribution will show, still explains the overall spatial structures. It met with strong criticisms from the behavioural approach, though, which emphasizes the subjective dimension of the differentiation of the demand. Different individuals, households and also companies have different preferences, and the benefit of a particular location is also determined by the subjective preference for the characteristics of a location. The favourite methodology of the behavioural approach is the use of surveys on residential preferences of households and location preferences of companies. Because of their preference for green and open spaces, comfortable new housing, the proximity of services, the importance of the social environment and the accessibility of traffic, most of the household have a marked preference for the urbanized area (Verhetsel et al., 2003; Thomas et al., 2007). If their income allows it, a peripheral location of residence is the first option for many families. Even though certain service-economic activities follow these residential patterns, and even certain entrepreneurs as well allow subjective elements to come into play for determining the location of their companies, recent research has shown that employment is still concentrated in urban areas. Economic growth is accompanied with a spread to peripheral locations with less congestion, but the concentration of employment remains considerable (Riguelle et al, 2007). For companies, particularly in the tertiary sector, the market’s proximity, accessibility and the available space are still the main location demands. They are prepared to pay fairly high sums for central locations that offer these characteristics.
2.2 City region formation in Belgium and commuter movements
The context in which we situate the spatial spread of residence, work and other functions, is the process of urbanization, and in particular the city region formation around the metropolises (Van der Haegen, 1982). The historically developed spatial structure of the city regions directs the contemporary commuter movements.
In the beginning of the 19th century the great majority of our current cities were characterized by fairly abrupt boundaries, which were often materialized by medieval ramparts, separating the city from the surrounding countryside. This separation was functionally increased by the presence of urban tollages, which were abolished only as late as 1860. The urban growth, a consequence of the development of the secondary and tertiary activities, led to an enormous process of condensation in the inner city. New streets were laid, houses in dead-end alleys for the urban proletariat were built,in inner gardens, whereas in other places the multi-family dwelling became of increasing importance. Slightly beyond the historical heart of the city, the first, often strongly polluting factories mingled with the uniform working-class housing to form a gloomy part of town, which up until today creates important problems because of its limited quality of life and attractiveness. During this ‘urbanization phase’ people lived close to their work. As the overwhelming majority of the employees had neither the time nor the money for commuting, many of them moved from the countryside to the city.
In the second part of the 19th-century, after the abolition of the urban tollage (1860), the urban building started developing far more outside of the inner city than it used to, but with the same density of population. This was the beginning of the ‘suburbanization phase’. This pattern continued up until the First World War and was also characterized by the absence and later on the high prices of common transportation. This means that most of the inhabitants could not allow too big a distance between their work and their residence. The introduction of cheap railway passes in 1870 led to an early start of commuting in Belgium, where the traditionally cheap country life could be combined with work and higher wages in the rising cities. The foundation of the National Society for the Neighbourhood Railways in 1885, with its dense traffic network that practically unlocked the whole countryside, also offered cheap railway passes for workers and thus increased the railway’s impact. As the tram lines began to unlock new areas for more affordable prices, the spatial urban expansion continued. This was mainly done by building joined terrace houses and to a lesser extent garden quarters and the first luxurious villa allotments. In the beginning of the 20th century also the spread of the ‘bicycle’ played an important part, as it increased the accessibility of every station with a couple of kilometres.
But after the First World War the building density decreased, and the building of the one-family dwelling became dominant. The urbanized area not only grew because of the immigration of non-city dwellers, but also of the city-dwellers themselves. In particular those who were well-off left the crowded central city. The urbanized area developed even more by the setting-up of large-scale secondary and tertiary activities there, originally close to the residences in the densely built-up city quarters, to later develop into industrial and harbour areas that were separated from the residential areas. But up until the Second World War one could distinguish a continuous complex of buildings, the morphological agglomeration, in which the essential elements of city life were concentrated. The car was introduced, but due to the relatively restricted car possession, its impact was yet very limited. The continuing development of cheap and frequent public transportation was of much greater influence. On the one hand it created a connection between the suburban zone and the urban agglomeration, and on the other hand commuting over larger distances was made possible by the development of the railway network.

After the Second World War the urbanized area developed as a residential and working area, so much at the expense of the central city that one speaks of ‘deurbanization’. A couple of factors were responsible for this phenomenon. Due to the increase of welfare and the subsequent growing mobility and changing appreciation of residence (living in a green environment) the residential function was mainly determined by the decrease of working hours (‘eight-hour day’ and ‘five-day week’) and the new and strongly improved living conditions outside of the city (cheap connection to all facilities). Other factors that favoured a vast zone around the city as a residential area were in our country e.g. the possibility for many to commute (partly or completely) at the expense of their employer, or to deduce it from their taxes as corporate expenses, and buses that ensured flexible connections. Deurbanization increased because of the large-scale tertiarization that claimed an ever greater part of the urban space, not only for the services as such, but also for access roads and parking facilities, with all due consequences for the social climate. Thus thousands of city-dwellers moved into the ever growing urbanized area, while keeping their jobs in the agglomeration. This gave rise to a large group of commuters. Municipalities that were still population-repellent in the immediate post-war period developed into residential areas and were integrated in a vast urban area, i.e. the city region. The earlier favourable traffic situation of the companies in the agglomeration dropped away by the ever increasing traffic troubles in the continuous building area. Because of this, these companies moved into the new peripheral industrial parks that were more accessible as a consequence of the construction of highways and that offered the possibility of building rational premises. This was also the case for the larger selling surfaces and other services, for which the increasing car possession became an important factor. The growth of urbanization was the strongest in the outer zone of the city regions, the urban fringe. This is now the most important growing zone of the cities.
At this point one is hoping for a ‘reurbanization phase’. For now, we observe that this is happening in a selective way by certain demographical groups, mainly small families or one-person households. Surveys on the residential desires do show a growing group of families who would wish to live in the inner city, mainly to save time through the central location of their residence. For now, the prices for suitable family-dwellings are too high for this reurbanization to really get started.
Cheap public transportation passes and the deductibility of car expenses have been the driving force behind the process of urbanization. Covering a distance between the place of residence and the place of work thus became much cheaper and easier and therefore almost served as an encouragement to separate one’s home from one’s work. In this way the different preferences in connection with living and working could each be optimized: living spread over the urbanized area and working in the agglomerations. 

3.
empirical material: long live the census
The first statistically reliable information on the development of commuting is to be found in the statistical atlas of the 1896 industry census, published in 1903. This atlas shows commuting per branch of industry for a number of important industrial agglomerations, among which also the metropolises and the large centres of the Walloon industrial axis. From then onwards the growth of commuting is spectacular and steady, which is noted with increasing precision in the different censuses (1910, 1930, 1947, 1961, 1970, 1981, 1991, 2001) (Mérenne-Schoumaker et al, 1999).
The figures that are used in this contribution are results of the processing of the 2001 census (or socio-economic census). Firstly we have the data of the National Register at our disposal with October 1 2001 as the reference date. This gives us the information on the municipality and the statistical sector of the place of residence, the year of birth and the place of birth, the number of people in the household and kinship, the sex, the civil status, the family nucleus and the nationality group. Next to that questions related to the person, such as the person category (student, employed, retired, unemployed,...), the level of education, the professional situation (full-time, part-time,...), the professional status (labourer, employee, independent,...) and the working hours are used in this analysis. On top of that there are of course the questions related to commuting traffic, more specifically to the municipality and the statistical sector of the place of work and the place of departure, the distance and frequency of the movements, the means of transportation generally used for commuting, the times of departure and arrival on the outward journey and the return journey and the amount of times per week this is combined with other activities (bringing the children to school, doing groceries, ...). This list is complemented with the number of vehicles (bicycle, moped, motorcycle and car) which the household has at its disposal. Finally also a number of composed variables are used, i.e. the type of household (one-person household, married couple, living together with children...), the position in the household (child, single, parent, resident…) and the composition of the household’s income (replacement income, full-time income, two part-time incomes…). As always when processing the data of a survey, here too a couple of problems emerge. They can be grouped into three categories, i.e. the lacking data (due to forms or questions that were not filled in), errors and inconsistencies in the database and the comparability with previous surveys that have used a divergent questioning. For a critical discussion of the basic material we refer to the monograph on commuting that will be published by the NIS in a series on the 2001 census (Verhetsel et al., 2007).
Recently we have obtained the ‘diagnostic commuting of the Federal Public Service Mobility and Transportation.’ In the context of the programme law of April 8 2003, the legislator obliges all companies and public institutions with more than 100 employees to draw a three-yearly diagnostic of their employees’ commuting. Moreover, the diagnosis has to be handed in for advice with the works councils. This systematically leads to a discussion on the problems of mobility in the large companies and institutions. This is a highly commendable initiative by the government, as here we deal with information of companies with a size to allow the development of a corporate transportation plan. Its effects can therefore be measured. This diagnosis reports on 1 million of the 3.5 million daily commuter movements, useful but insufficient in its geographical details to screen the effects of infrastructure investments and location policy. 
Other available sources are the data from ‘movement journals’ that in Belgium up until now have mainly been collected by the Flemish Mobility Cell (Research Movement Behaviour - OVG 1999-2001) (Zwerts et al., 2001) and to a lesser extent by the federal science policy (MOBEL) (Cirillo and Toint, 2001). Every person of the selected households who is older than five years has to fill in a movement journal for two consecutive days. This results in a very large database for the various city regions that were included in the research: data on every trip (e.g. activity, mode, distance, duration) and socio-demographical information on every individual and the household (e.g. age, profession, civil status). By way of illustration: for the Antwerp region we have information on approximately 30.000 trips by 5613 people, in the Ghent region 6785 individuals filled in the characteristics of approximately 36.000 trips. Such databases meet the often formulated criticism on the census data, i.e. that commuting traffic should not be considered as an isolated phenomenon, but has to be analyzed within the whole of activities and movement chains. A four-year research programme, ‘SAMBA’, financed by the federal science policy, based on these movement journals, teaches us that, despite the very elaborate available information, there are problems with the spatial representativity for different activities and for multiple urban areas. In the Ghent area, trips starting from the agglomerations are underrepresented, whereas for the Antwerp region we have too little trips from the urban fringes (Verhetsel et al., 2002; Hamadou et al., 2003; Tindemans et al., 2005). Also the research of time budgets provides us with interesting results with respect to commuting traffic, but also suffers from a lack of spatial representativity. 
We regularly get to see researches that are based on surveys related to a particular problem, e.g. the use of certain transportation means by certain target groups. Even though the collected data can be of great use in the context of these specific analyses, in which social representativity is often aimed for, there is not a single data collection that for a spatial-economic analysis of commuting traffic comes even close to the quality of the census. Therefore: long live the census.
4.
Commuting Around brussels and the belgian metropolises
The commuter movements are mainly structured around the metropolitan areas where residence and work is concentrated. Therefore we mainly zoom in on commuting traffic around Brussels and the metropolises Antwerp, Liège, Ghent and Charleroi. The urban areas that we study are primordially ‘city regions’, as delineated again by Van Hecke (2006). ‘The city region is the whole of the agglomeration and the urban fringes. It is the entire spatially enlarged structure, in which the ‘laid out’ basic activities of the urban community, i.e. residing, working, raising children, shopping, experiencing culture and relaxing, are predominantly localized. The intense relations between these activities create a functional whole that in an important way remains oriented towards the traditional central city. The agglomeration is the spatial continuous whole that in general is experienced as an urban community. The majority of the urban population and its driving activity are still contained here. In a number of cases we expand the domain of study to the ‘Standard Metropolitan Labour Area’, which together with the city region also contains the commuter area (figure 2). ‘The commuter area is the zone that is connected to the city region by a strong development of the autochthonic commuting traffic. For a significant part of its employment this zone depends on the city region (Van der Haegen, 1982).
(Figure 2)
The spatial analysis of the variables in connection with commuting which is provided by the census, possibly in combination with demographic, social and economic characteristics of the individuals and families, offers a detailed atlas with maps of commuting in Belgium (Verhetsel et al., 2007). In this contribution we present the results of a cluster analysis with ten variables that according to the research of the literature play an important role in the commuting behaviour. The cluster analysis offers a typology of areas within the city regions, each with a combination of specific characteristics of commuting. We will see that these typical areas are not randomly localized, but that they manifest spatial patterns that bring us back to classical urban models.
A cluster analysis enables us to group neighbourhoods with common characteristics with respect to commuting behaviour. The cluster analysis groups statistical sectors with equal scores on the following selected variables: number of employees who work and live in the same statistical sector (% in SS), number of inhabitants who work in the CBD (Central Business District), the commuting distance, the commuting time, the number of commuters per chosen transportation mode (on foot and by bike; by car; by bus, tram and metro; by train), the share of commuting women and the neighbourhood’s median income. The statistical sectors in which less than 30 commuters provide all these variables are excluded from the analysis.
4.1 Typology for commuting of neighbourhoods in the city regions of Brussels, Antwerp, Liège, Ghent and Charleroi


The first cluster analysis analyses all statistical sectors (SS) in the city regions of Brussels, Antwerp, Liège, Ghent and Charleroi together. Ten groups or clusters are formed. Figure 3 shows the build-up of every cluster by means of the z-score. Positive z-scores indicate an overrepresentation of a phenomenon, negative z-scores indicate an underrepresentation. Figure 4 shows the mean values of the used variables regarding all the statistical sectors that were included. The characterization of the clusters gives us an idea for which values in particular the neighbourhoods in the cluster deviate from the average. Figure 5 maps the clusters for the Brussels city region.
(Figure 3)
(Figure 4)
In what follows we will look for a characterization of the various clusters. Please note that the typology emphasizes the most significant deviation of the neighbourhood compared to the mean value regarding all neighbourhoods. When variables are not mentioned, they score average. One should also be careful not to be tempted by the ‘ecological fallacy’fault: not all individuals in the neighbourhood have the same commuter characteristics. There is just mention of an overrepresentation of certain commuter characteristics in the neighbourhood. We discuss the zones starting from the centre towards the periphery.
The statistical sectors that form cluster 3 are characterized by an extremely high share of inhabitants who go to work on foot or by bike. This cluster we typify as a ‘pronounced slow transportation mode’. Obviously this is connected to the fact that there are a great many inhabitants who work in own neighbourhood, very often in the CBD. Also the bus, tram and metro are used. The car on the other hand is only very rarely used for commuting traffic. These are neighbourhoods with a very low family income.
In neighbourhoods that belong to cluster 8 the inhabitants work exceptionally often in their own statistical sector (‘work in their own neighbourhood’). The latter does not, however, belong to the CBD, and the rest of the variables have an average score. Also cluster 4 has a lot of users of ‘slow transportation modes’. For the rest of the variables these neighbourhoods have an average score. Only the scores on the commuting distance and duration are somewhat low, which is a logical consequence of the slow transportation mode.
Cluster 5 is characterized by neighbourhoods with an exceptionally high share of ‘pronounced bus, tram and metro users’. This is coupled with an extremely low use of the car. The share of slow transportation modes is, however, high. Many commuters work in the very near-by located CBD. The neighbourhoods of this cluster have a very low family income and very few women belong to the commuters. In cluster 2 we also find a high share of ‘bus, tram and metro users’ who predominantly work in the CBD, on a very short distance from their place of residence. Also the car is used relatively little, but in this cluster a relatively high amount of commuters are women.

From the most well-off neighbourhoods (cluster 7) a relatively high amount of people go to work by car. The other variables have average scores: ‘well-off car uses’. Also in cluster 9 there is a high share of car users. As the average commuting distance that starts from these neighbourhoods is very long, with subsequent long commuting times, predominantly towards a location outside of the CBD, we call these neighbourhoods the ‘pronounced car users’. The statistical sectors with a lot of car users in cluster 6 start from less well-off neighbourhoods for an average distance in a relatively very short time. On average the commuter movements are not so polarized on the CBD. We call them the ‘low-income car users’.
Cluster 10 groups the statistical sectors with the ‘pronounced train users’. An exceptionally high amount of employees from the neighbourhood take the train. The car and other public transportation modes are used far less to commute than on average. The average distance that is covered is long and this takes a lot of time. These are neighbourhoods with high family incomes and many women are part of the group of commuters. Also in the neighbourhoods that belong to cluster 1 there a lot of ‘train users’, but the movement takes less time and a shorter commuting distance is covered. On the other hand both of these last two variables are still higher than on average.
(Figure 5)
Figure 5 situates these clusters in the Brussels city region. The northeast of the Brussels pentagon is dominated by the group of ‘pronounced slow transportation modes’ (cluster 3). These are less well-off vicinities with a concentration of employees who work there. The neighbourhoods with a lot of bus, tram and metro users (clusters 5 and 2) are found in a concentric zone in and around the CBD. Very high shares of bus, tram and metro use are found in a long-stretched zone on either side of the canal zone. It can be understood that in these less well-off neighbourhoods with on the one hand relatively many older women and on the other hand a lot of migrant families, relatively few women go to work.
Cluster 4 with ‘slow transportation mode’ does not occur much in the Brussels city region. It more or less forms a circle around the bus, tram and metro users. The ‘well-off car users’ (cluster 7) live in a concentric circle at the boundaries of the Brussels city region. The traditional well-off neighbourhoods around the Sonian Forest, the neighbourhoods around Meise and Sterrebeek but also the Payottenland belong to this group. 
Further away, particularly in the south of the Brussels city region, we find the ‘pronounced car users’ neighbourhoods (cluster 9). Cluster 6 is rarely found in the Brussels region. It need not come as a surprise that rail travellers (cluster 10 and 1) are mainly found along the important railway lines, particularly from the south of the city region (railway lines to Halle, Namur, Charleroi), but these commuters also start from the Dender region, that is traditionally known for its train commuting to Brussels, and from Vilvoorde. The concentric pattern of clusters 7 and 9, described above, is crossed along the railway lines. Cluster 8, typified by ‘work in own neighbourhood’, is a rare thing in the Brussels city region. These neighbourhoods are to be found spread all over the cluster 7 zone.
Distance, also differentiated in time distance and accessibility of public transportation and the level of income are of central importance in the creation of this commuting traffic pattern in the Brussels city region. These spatial-economic variables are crucial. This brings us straight back to the Alonso-Muth model, in which these are also the explanatory variables, of course next to the residential preferences. The latter have not been included in the analysis above, but we feel that the hypothesis that it helps to explain localization and benefit maximization, is a very plausible one and attractive for starting up a follow-up research.
Table 1 shows the distribution of the commuters over the various clusters per city region. It is merely a part of the total amount of commuters, i.e. those to have filled in all variables and who could therefore be included in the analysis. Despite this deficiency, it is still a considerable amount which guarantees spatial representativity. These figures are to be read with care: when in sum 8.62% of the commuters live in ‘cluster 1 train users’ this does not mean that 8.62% of the commuter movements are done by train. It means that 8.62% of the commuters live in a neighbourhood that, compared to the average neighbourhood, has a relatively high amount of train users. These neighbourhoods still have a considerable amount of car users. 

(Table 1)
The variation in the figures on the city regions allows us to make a comparison of the general commuting pattern over the city regions, but also incites us to analyze the city regions separately in order to fully highlight the internal variation. Some clusters have a very high amount of commuters in one or a couple of city regions, e.g. the low-income car users in Charlerloi, or the slow transportation mode in Antwerp. It is worthwhile to split these groups in a cluster analysis per city region. We will do this in the next paragraph for the Antwerp SMLA.
4.2 The Flemish SMLA’s and Alonso-Muth
Please note that we study the urban area in a somewhat broader sense, adding the commuter area to the city region. This means that we study the commuting pattern in the SMLA. Moreover, we add three variables that are related to the residential wishes and the characteristics of the residential area: the share of the apartments and the share of detached houses in the housing market, and the share of commuters who are very pleased with the way the buildings look in the neighbourhood. In Verhetsel et al. (2006) the results of the cluster analysis had already been published without these additional variables. The resulting spatial patterns strongly suggest the coherence with the residential environment. As in the Alonso-Muth model considerations with respect to the residential wishes play an important part, it seems meaningful to us to now also include variables that reflect the residential characteristics and preference. 

4.2.1 The Antwerp region
The presented analysis divides the statistical sectors of the Antwerp SMLA over 7 clusters. Figure 6 shows the mean values of the variables that were included in the cluster analysis over all the neighbourhoods that were included. The z-scores in figure 7 show the deviation of these mean values per cluster. The interpretation of this enables us to typify the clusters. The names of the clusters are given mainly on the basis of the most important commuting characteristics, at times complemented with characteristics of the residential area when these are striking. Figure 8 maps the clusters. Just like in the analysis of the Brussels region we get to see a somewhat concentric pattern. We discuss the zones starting from the centre towards the periphery.
Central in the area within the Antwerp Singel cluster 4 is predominant. In analogy with the previous cluster analysis, we typify it as ‘pronounced slow transportation mode plus bus-tram-metro’. These are neighbourhoods with on average a relatively very low family income and with a lot of commuter movements on a short distance in the CBD. The built-up residential environment that consists of relatively many apartment blocks is lowly appreciated. Around it we observe a concentric zone that we typify as ‘slow transportation mode plus bus-tram-metro’ (cluster 1), with approximately the same characteristics, but with slighter deviations from the average.
Contiguous are the neighbourhoods of the cluster type 3. As nearly all characteristics of these statistical sectors are very close to the average, we describe them as an ‘average commuting behaviour’. Next, there are the neighbourhoods, mainly to the north-east of the city region, which we describe as ‘well-off car users from a very pleasant residential area’ (cluster 6). Many commuter movements by car and with a relatively long commuting time start from this relatively well-off neighbourhoods.
In the periphery we observe centres with relatively many active people who work in their own residential area, and for whom it is logical to relatively often use the slow transportation modes (cluster 5). These are peripheral employment concentrations. The often adjoining neighbourhoods of cluster 2 are characterized by a relatively high amount of commuters who are less CBD-oriented. Possibly they work in those near-by secondary employment centres, as indeed their use of the slow transportation modes has a higher score than the average.
In the outer circle of the SMLA cluster 7 is dominant. We typify it as ‘less CBD-oriented – from a pleasant residential area’. A good deal of the commuter zone belongs to this cluster. These neighbourhoods are by definition less oriented towards the CBD and the city region, so it comes as no surprise to find it is a relatively independent zone within the SMLA. These neighbourhoods fill in the area between the secondary, peripheric employment concentrations.
(Figure 6)
(Figure 7)
(Figure 8)
4.2.2 The Ghent SMLA and Alonso-Muth
Also central in Ghent we have neighbourhoods with a relatively great many users of the slow transportation mode for commuting traffic (cluster 7), but this is complemented with an overrepresentation of train users in contrast with bus, tram and metro users in the central Antwerp area (see figures 9, 10 and 11). The proximity of the Ghent stations undoubtedly has a hand in this. Another difference with the Antwerp central neighbourhoods is the fact that, in contrast with the low scores in the Antwerp central neighbourhoods, the income and the appreciation of the residential area have an average score here. These low scores on income and residential appreciation, however, we find in the second Ghent circle, mainly extended north of the first circle, where next to the slow transportation modes also the bus and tram are relatively often used (cluster 2). Also in the cluster 3 neighbourhoods the slow transportation modes are still relatively much in use. The distance between the place of residence and the place of work is relatively short and people start from an environment with residential and income characteristics that are very close to the average for the entire SMLA.
The next zone consists of statistical sectors from cluster 4, which we typify as ‘average commuting behaviour from a very pleasant residential area’. The zone mainly stretches out west of the centre of Ghent in a broad zone on either side of the E40 in the direction of the coast up to Aalter and of the E17 in the direction of Kortrijk up nearly to Deinze. The adjoining broad outer belt we typify almost similarly as ‘average commuting behaviour from a pleasant residential area’. The values of the residential characteristic and the incomes are somewhat closer to the average. However, there is a relatively high amount of detached houses, from which we draw the conclusion that this is a rural environment now involved in a second and further suburbanization wave. 
Spread over this outer belt we find, just like in the Antwerp region, a limited amount of cluster 6 neighbourhoods. In these neighbourhoods a relatively high amount of people work in their own residential area and cover their commuting distance in relatively little time span, relatively very often using a slow transportation mode. Rather a lot of commuters leave their car in the garage. Cluster 5 has the same characteristics as cluster 6, relatively less commuters work in their own residential area and instead of an overrepresentation of public transportation the car is more often used here. Also here we deal with secondary employment centres that attract employees from the vicinity.
This detailed analysis of the commuting pattern in the Antwerp and Ghent SMLA once again shows the important role of the commuting distance, the commuting time and the accessibility of public transportation. Also the role of the characteristics of the residence, the residential area and its appreciation comes into play. The average income level of a neighbourhood reflects the restrictions of residential and movement choice that the average local resident has to take into account. The principles of the Alonso-Muth model also have an important explanatory power for the spatial-economic structure of the Antwerp and Ghent SMLA’s.
(Figure 9)
(Figure 10)
(Figure 11)
5. iMPLICATIONS FOR POLICY
The characteristics of commuter movements are clearly determined by a combination of accessibility, residential preferences and income restrictions. The accessibility is determined both by the distance that has to be crossed between the place of residence and the place of work, and the time distance. The time distance is not always directly correlated to the distance in kilometres, certainly not when the commuting path crosses urban areas with a high degree of congestion. Also the access to public transportation influences the accessibility: the proximity of a railway station or a stop on a tram, bus or metro line brings about a significant increase in use. The maps do show, however, that the range of these stations is limited, the range being the maximum distance someone is willing to cover to use the service of public transportation. The residential preferences are influenced by characteristics of the residence itself, of the residential area and of its subjective interpretation. The choice of transportation means is limited by income, despite the many formulas for cheap or even free public transportation and the deductibility of car expenses for commuting traffic. Far more than on average, commuters with a low income live close to their work, usually in the inner city, so that they can go to work on foot, by bicycle or tram, bus or metro.
The spatial pattern of the commuting traffic in and around the Belgian metropolises is consistent with the principles of the Alonso-Muth model. Deviations of the strict circular pattern are due to spatial variations in the location of employment (also outside the centre there are employment concentrations), variations of accessibility (because of the unequal spatial spread of the supply of public transportation and because of the existence of zones with a concentration of traffic congestion) and variations in the housing and environmental characteristics (because of the housing and environmental planning policy). These spatial deviations do not devalue the principles of the model. On the contrary, we are rather astonished by the power of this model, which was formulated more than fifty years ago in the North American context.
Individual decisions as to the location of residence and the choice of commuting transportation lead to socially undesired spatial patterns, i.e. the ever increasing separation of the place of residence and the place of work. This further separation of residence and work results in longer and an increasing amount of commuting paths, in which the car is increasingly used, which inevitably leads to more congestion, higher environmental cost and more accidents. It is therefore useful for spatial scientists to continue to analyze these processes and provide policy makers with the required arguments for efficiently directing the commuter movements.
In conclusion we can say that, firstly, the spatial patterns of residence and work are very structuring for the characteristics of the commuter movements. The patterns of the location of residence and work are of course very inert. This implies that a (very) long-term sustained location policy is required. This is a task for the environmental planning policy makers. Secondly, the availability and accessibility of the traffic infrastructure has an important influence on the commuting characteristics. Investments in infrastructure can be implemented in the medium term. Extensions of tram lines, the organization of bus lines, the construction of safe bicycles paths and roundabouts, the exploitation of railway stations are possible examples. These are tasks for the infrastructure policy makers. Thirdly, we have clearly shown that income restrictions limit commuting and modal choice. In the short term, regulation and financial measures can influence the role of the income level. Examples of regulation are for instance stimulating the design of corporate transportation plans in larger companies or having the municipalities pursue an innovative parking policy. Financial measures include all initiatives that influence the price of the commuter path, such as cheap or free public transportation and the deductibility of car expenses. For this we need a strong mobility policy. Sadly, when it comes to mobility, jurisdictions in Belgium are far too fragmented. The different governments do not line up, so that the different mobility measures do not really reinforce each other and possible positive effects fail to occur in the short term.
General policy lines need to be worked out in concrete situations. The effectiveness of certain measures for specific locations needs to be investigated beforehand. Since the nineties of the previous century Flanders invested in designing ‘multimodal traffic and transportation models for the evening rush-hour’. These are classical and simple four-step models that are very suitable for modelling commuting traffic. The data collected in the Census are crucial for the effectiveness of these kinds of models. For the time being these models are highly criticized in academic circles for not being able to grasp the complexity of the activity chains and the related movements. In the context of the present ‘commuting problem’ they are, however, very suitable ‘mature’ models that offer very useful information for those who use it correctly. (Verhetsel, 1998, 2001).
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Table 1: distribution of the commuting clusters over the city regions of Brussels, Antwerp, Liège, Ghent and Charleroi (% of the commuters living in the city region)
	 
	Brussels
	Antwerp
	Liège
	Ghent
	Charleroi
	TOTAL

	TOTAL AMOUNT OF COMMUTERS
	366.420
	200.089
	117.990
	107.128
	62.636
	854.263

	
	
	
	
	
	
	

	Cluster 1 train users
	7,57
	3,49
	6,56
	15,80
	22,81
	8,62

	Cluster 2 bus, tram  and metro users
	41,65
	2,34
	6,72
	0,20
	0,58
	19,41

	Cluster 3 pronounced slow transportation mode
	1,63
	28,37
	7,26
	27,93
	2,38
	12,02

	Cluster 4 slow transportation mode
	4,79
	39,66
	2,84
	26,41
	2,35
	15,22

	Cluster 5 pronounced bus, tram and metro users
	10,44
	0,43
	0,16
	0,00
	0,00
	4,60

	Cluster 6 low-(mean) income car users
	1,25
	1,85
	41,59
	1,72
	48,26
	10,47

	Cluster 7 well-off car users
	13,33
	5,04
	12,83
	6,58
	7,34
	10,04

	Cluster 8 work in neighbourhood
	2,00
	7,21
	12,90
	12,68
	5,51
	6,32

	Cluster 9 pronounced car users
	5,25
	10,20
	8,23
	1,84
	10,04
	6,74

	Cluster 10 pronounced train users
	12,10
	1,42
	0,91
	6,85
	0,74
	6,56


30Figure 1: Bid-rate curves and the urban morphology: interpretation of the Alonso-Muth model by Harvey


31Figure 2: Schematic build-up of the Standard Metropolitan Labour Area


32Figure 3: Cluster analysis (z-scores) of statistical sectors within the Belgian city regions of Brussels, Antwerp, Liège, Ghent and Charleroi (% of commuter movements) (2001)


33Figure 4: mean values of the (commuting) variables of all neighbourhoods in the city regions of Brussels, Antwerp, Liège, Ghent and Charleroi


34Figure 5: Clusters for commuting behaviour of inhabitants of the Brussels city region (2001)


35Figure 6: mean values of the (commuting) variables of all neighbourhoods in the Antwerp SMLA


36Figure 7: Cluster analysis (z-scores) of statistical sectors within the Antwerp SMLA


37Figure 8: clusters for commuting behaviour in the Antwerp SMLA (2001)


38Figure 9: mean values of the (commuting) variables of all neighbourhoods in the Ghent SMLA


39Figure 10: cluster analysis (z-scores) of statistical sectors in the Ghent SMLA


40Figure 11: Clusters for commuting behaviour in the Ghent SMLA (2001)




Figure 1: Bid-rate curves and the urban morphology: interpretation of the Alonso-Muth model by Harvey
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Source: Harvey, 1972
Figure 2: Schematic build-up of the Standard Metropolitan Labour Area 


[image: image5]
Source: Van der Haegen ., 1982
For delineating the city centre, the central city, the neighbourhood is used as the basic unit. For delineating the agglomeration, the city region and the SMLA, the municipality is considered as the basic unit.

Figure 3: Cluster analysis (z-scores) of statistical sectors within the Belgian city regions of Brussels, Antwerp, Liège, Ghent and Charleroi (% of commuter movements) (2001)
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Figure 4: mean values of the (commuting) variables of all neighbourhoods in the city regions of Brussels, Antwerp, Liège, Ghent and Charleroi
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Figure 5: Clusters for commuting behaviour of inhabitants of the Brussels city region (2001)
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Figure 6: mean values of the (commuting) variables of all neighbourhoods in the Antwerp SMLA
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Figure 7: Cluster analysis (z-scores) of statistical sectors within the Antwerp SMLA
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Figure 8: clusters for commuting behaviour in the Antwerp SMLA (2001)
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Figure 9: mean values of the (commuting) variables of all neighbourhoods in the Ghent SMLA
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Figure 10: cluster analysis (z-scores) of statistical sectors in the Ghent SMLA
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Figure 11: Clusters for commuting behaviour in the Ghent SMLA (2001)
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