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Abstract  

  As the fight against segregation is an objective of urban policy, the growth of the social and spatial disparities during the past twenty years leads us to enquire about the underlying reasons, and more particularly, those related to the urban form. This enables us to examine the relationship between segregation and some spatial corrective policies. Urban spread, as well as low density, is often regarded as a segregative process, particularly in the American literature. It is often suggested that denser cities increase the proximity and create social bond between different groups.

  The aim of this empirical paper is to test the effect of population density on segregation in French urban areas in 2001. Analysis of segregation Gini index, which is calculated on tax incomes on an infra-communal scale and on residential density, shows that the density of cities or centers does not necessarily support the social mixture. The results highlight that low peripheral density is not related to segregation.
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1. Introduction

Urban growth in modern cities has been dominated by two trends: concentration and urban spread. The urban life cycle model describes four steps of the urbanisation process in accordance with the scale economies/diseconomies principle (Van Den Berg, 1987; Camagni, 1996). However, urban reality is more complex and many empirical analyses have proved that centralisation and decentralisation coexist in the same city. Furthermore, the metropolisation process reinforces the urban hierarchy on a global scale, particularly around ever spreading but also increasingly segregated spaces. Economic disparities are increasing between rich and poor territories: the former are getting richer while the latter are getting poorer with few exceptions. Metropolisation does not only increase urban spread and economic concentration but does also exaggerate socio-economic segregation (Buisson et Mignot., 2005 ; Sassen, 1996). 

Segregation is synonymous of spatial inequality and interaction deficiency between different groups. Non-market social interactions and externalities in cities are, in various disciplines, considered to be essential for households and for activities in order to execute human and social capital formation (Bourdieu, 1980; Glaeser, 2000). Urban segregation increases human and social capital inequality between the inhabitants of rich neighborhoods, characterised by good schools and strong social networks, and poor neighborhoods (Wilson, 1987; Durlauf, 2003; Goux and Maurin, 2005). These socio-spatial disparities reinforce the decline of social bonds in the city. “spatial disparities increase poverty in the short run and also reduce equality of opportunity and therefore contribute to inequality in the long run” (Jargowsky, 2002, p.2). The sustainability concept has integrated environmental, economic and social questions of urban growth into a normative framework. However, the transmission of human and social capital to future generations is rarely taken into account and is never considered to be on the same level (Atkinson and al., 1997). 

The question of the urban segregation has, in a large part of the American literature, been closely related to the suburbanisation of the population and of activities. The white flight phenomenon has contributed to the formation of the edge cities and has accelerated the decline of the Central Business District (CBD) by concentrating poor households and minorities in some central parts of the city (Mieszkowski and Mills, 1993). From this point of view, cities with low density have been regarded as the most segregated. This argument is used in smart growth policies -along with the environmental argument- to support a higher densification and compactness of cities. This should, according to this theory, lead to an increased proximity between different groups. However, the analysis does not take into account the relationship between density and segregation. More recent works examined the effect of urban form on segregation through the analysis of density and urban spread (Glaeser and Shapiro, 2003; Pendall and Carruthers, 2003; Galster and Cutsinguer, 2005). The results are not very conclusive, and further empirical research in this field would thus be necessary to clarify the nature of these relationships.

In France, urban sprawl is not accompanied by urban decline and residential sprawl generally concerns modest households (Wiel, 2001). Nevertheless, as density and social mix are one of the key principles of urban and housing policy, which on one hand aims at reducing urban spread and on the other hand has for objective to reduce spatial segregation, a joint analysis is required. As a consequence of emergent studies related to gentrification (Pinçon and Pinçon-Charlot, 2004) and the flight of the middle class towards the peripheries of cities (Guilly and Noye, 2004), policies with the objective to increase the densification of central zones also increase the land value and contribute thus to segregation.

Even though an increasing number of studies highlights dysfunctions and negative effects related to segregation or non-integration (Fitoussi and al, 2004), empirical studies in France remain very few. Segregation has increased during the last two decades and it seems necessary to insist on its mechanisms in order to better apprehend the future of the cities (Buisson and Mignot, 2005; Maurin, 2004).

Using tax income data at the neighborhood level in 2001, this empirical study analyses the association between residential density and spatial segregation in the hundred largest French urban areas. Since high density is supposed to facilitate social interactions by bringing together various social groups, the first objective of this paper is to analyse whether low residential density really is responsible for the segregation in urban areas. Secondly, the distinction between the center and the periphery, which is made by using the amended Bussière’s monocentric model (Bonnafous and Tabourin, 1998; Tabourin et al., 1995), makes it possible to test the relationship between, on the one hand central density, its level of expansion, as well as the peripheral density, and on the other hand the segregation level in the urban area. 

2. Segregation, causes and consequences 

2.1. Definition

Segregation is a process, which contains a vast variety of mechanisms, and it leads, at a given moment, to socio-economic disparity (social category, income) between the units (neighborhoods, municipalities) of a space (urban area, Region) and to an homogenization within these units. This definition is similar to the one proposed by Manuel Castells (1972), which describes segregation as "the tendency to the organization of space in zones with high social homogeneity interns and high social disparities between them, this disparity being included/understood not only in term of difference, but of hierarchy". The distinction between "the state" and "the process" in the definition of segregation makes it possible to treat intermediate situations, because social homogeneity of space units is never perfect (Hardmann and Ioannidas, 2004).

Admittedly, our definition can merge with space differentiation, but it has the advantage of taking into account the whole population and does not focus only on the deprived groups. More particularly, as we are interested in the causes of the segregation "the social homogeneity of beautiful neighborhoods rises consciousness of the ambivalence of the segregation: it is never only separation, but also always aggregation and search for its similar. The two processes are dependent" (Pinçon and Pinçon-Charlot, 2004, p.92). According to this definition it is not necessary to distinguish between what is voluntary or intentional and of what is enforced or unintentional, since both may have bad consequences in the long run. Considering segregation as an intentional ghettoïsation process has always represented a constraint for empirical studies in France, because it is closely dependent on racial discrimination. Ethnicity and race are not recognised by the French “modèle républicain d’intégration” and no question is asked about these variables in the national census. Most of the literature lay great stress on the socio-economic dimensions of segregation, using the residence as a reference within a scale of study which structures the daily life. In order to gain better understanding of the segregation process, future studies must take into account various elements on spatial scale, where the proximity is likely to generate interactions and social bonds (residence, schools, place of work, public amenities…). 

2.2. Segregation mechanisms

The complexity of studies that treat segregation is due to the fact that its causes and effects are not necessarily external. The phenomenon is dynamic and self-organised and the mechanisms that explain it are not only economic, but correspond also to individual and collective behaviors, which interact on various spatial scales (Friedrichs et al. 2003).

Segregation process has been studied at the residence, the school and the workplace level (Rhein, 1994; Jargowsky, 2002). Urban economists have, since the time of John Kain’s works, been interested in the negative effects of residential, school and job segregation (Figure 1), which touch the underprivileged populations and in particular the black American population (Glaeser et al.. 2004). Urban form or land use is never taken into account. However this missing element seems to abet segregation (Galster and Cutsinger, 2005).

Figure 1: Some mechanisms of the segregation process
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2.2.1. Land Market and residential segregation

From an economic point of view, residential segregation is explained by land rent and household localization (Alonso, 1964). The household, taking into account its income, chooses its localization by arbitrating between the price of land and the transportation cost to reach the workplace, which is supposed to be located in the center. However, sociologists consider that the land market is rather a consequence of segregation. The value of the land depends on whether the segregation valorizes or devalorizes land use (Grannelle, 2004). The social environment and the quality of the vicinity are factors of valorisation/devalorisation. The land market is thus at the same time the cause and the consequence of the residential segregation.

Consequently, the land value is not only given by the quality of housing and the accessibility of the place of employment, but also by the quality of the vicinity and its equipments. Rich households can choose their residences according to the image of the neighborhood, by seeking a " reassuring proximity " to be “self-segregated in an enclave” (Maurin, 2004). The proximity of influential neighbors can generate benefits and positive externalities. In these cases children can play a part of the self-segregation. Residing in rich enclaves makes it possible to live permanently within an accumulation of, at the same time, material and cultural richness (Pinçon and Pinçon-Charlot, 2005, p.91). Preferences for same-class neighborhoods can lead to socio-economic segregation and Schelling (1978) shows in his micro-economic model how an integrated city can become segregated as a consequence of individual preferences (tipping-process). Many studies, especially in the United States and in Great Britain, have also highlighted the effect that good schools (among the whole of the amenities and the public equipment) have on housing prices in their school districts.

2.2.2. School Segregation and residential segregation

This relation comes, according to Tiebout (1956), from household preferences for local amenities, such as good schools, but also from the existence of externalities. A growing number of studies highlight the impact that school districts, based on neighbourhood zoning (carte scolaire), have on income residential segregation (Benabou, 1993). Schools also play a role in parents decisions about where to live, creating a feedback loop between school quality and neighbourhood quality (Jargowsky, 2002, p.29). This creates a homogenisation of pupils and the school becomes the microcosm of the school district. In France, there are few works on "avoidance strategies", where the school makes certain families avoid certain residential areas. Nevertheless, families are aware of the fact that neighbourhood effects explain a considerable part of the school failure (Goux and Maurin, 2005). On the other hand, it is largely proven in Anglo-Saxon countries that the concentration of the pupils in underprivileged districts influences their results. This concentration can even give rise to negative behaviors among youngsters. This is generally known as the “contagion effect”, and it works according to the principle of the negative externalities (Crane, 1991). The level of education and qualification, or even the reputation of the attended schools, is then essential to reach certain employments. School segregation is thus not only likely to exploit the real estate prices, but it can also be one of the components of the residential segregation.

2.2.3. Job Market and residential segregation

The lack of social networks, which is a central component when it comes to searching for an employment (O' Reagan and Quigley, 1998), and various types of discrimination such as redlining (Zenou and Boccard, 2000), are the strongest determinants of the high unemployment rate of deprived population, independently of the distance and the access to employment opportunities. The spatial mismatch theory, resulting from discrimination at housing markets, creates opportunity constraints (employment) for segregated neighborhoods (Kain, 1968). This assumption is largely tested in the United States, and recently in some French cities. If the effect of physical accessibility is confirmed in Bordeaux (Gaschet and Gaussier, 2005), the neighborhood environment effect seems more relevant in Paris (Gobillon and Selod, 2004). Thus, residential segregation affects access to employments.

2.2.4. Urban and housing policies 

In some French literature, residential segregation is regarded as a consequence of urban policies ("grands ensembles") in the 60s and –70s. This phenomenon was increased by the absence of a spatial approach in the attribution of the social housing (Deschamps, 1998). However, social housing in the form of HLM (moderate rent housing) can, by its concentration in suburbs leads to homogeneous districts and segregation in cities, maintain heterogeneity in some central neighborhoods as in Paris (Pinçon and Pinçon-Charlot, 2004). The presence of this type of residences in certain attractive neighborhoods made it possible to withdraw a part of the housing market from speculation. Social mixture policies must be implemented on  a neighborhood scale and not only on the municipality one. The housing policy forms part of a general segregative process in which the effects are directly perceptible on the neighborhood scale.

2.2.5. Density to recreate social bond?

The preceding mechanisms underline the important role that the proximity between different groups can play in reducing the concentration of negative externalities, to slow down the disparities of human and social capital, and to recreate the social bonds within the city. It remains to know to which extent density supports social mixture. If the density makes it possible, in theory, to bring populations closer to the city and its different opportunities, notably employments, it does not necessarily guarantee a social mixture. The effects of density on income segregation are not very clear, because it can be both the cause and the result of competition between households for the best localizations (Alonso, 1964; Bonnafous and Puel, 1983). It can even contribute to segregation if it generates competition on the land market between the most affluent households, as in several American cities (Glaeser and Shapiro, 2003; Pendall and Carruthers, 2003). 

The density can also affect the level of segregation through individual preferences. According to Galster and Cutsinger (2005, p.12) “The density of development and the intensity at which land uses are mixed will affect segregation to the degree that different racial/ethnic groups differ in their preferences for density and mixture of uses”. Dawkins (2005) finds a positive correlation between population density and White/Black economic segregation. Segregation was calculated with the Gini index on a neighborhood level. Households of different races may live closer to one another in low-density zones even if they have racial prejudices, as social interactions are fewer. This justification is valid as well for social as for racial segregation. So, if the proximity with other groups is not wanted, densification policy, even when they are accompanied by a strong constraint on the land market, is not sufficient to support social mixture and it may reinforce “self-segregation”. 

3. Data and measure

The analyses reported in this paper are based on three data sources. First of all, the neighborhood
 mean income (2001) and the fiscal household income
 distribution (Gini, standard deviation) are used to measure income segregation. This data is produced by the French National Institute of Statistics and Economic Studies and the Internal Revenue (INSEE-DGI, 2004). Secondly, the average net taxable income at the municipal level (1984-2003), which is available at the Internal Revenue (DGI), is used to calculate spatial inequality. Finally, socio-economic data at the neighbourhood level (1999) is available from the previous National Census (INSEE, 1999).

3.1. Income segregation

Concerning the measurement of segregation, many indices have been developed since the times of Duncan and Duncan (1955), for a survey see the articles of Massey and Denton (1988). The definition of retained in this article concerns the spatial aspects of segregation, which can be analysed in terms of social and spatial equity. However, this quantitative measurement is not free from difficulties, because "any measurement of inequality implies value judgments and the indices used are never neutral" (Atkinson et al., 2001, p.17).

Furthermore, within a single inequality dimension (e.g. spatial segregation) many different indexes have been developed to measure the economic segregation. For instance, one of these indices is calculated by measuring the ratio of between-neighborhood variance compared to the total variance (Mayer, 2000, Jargowsky, 1996, 1997). The segregation index used in this paper is not very different from the aforementioned definition. In fact, the only difference is that the Gini index is used instead of the variance (Kim and Jargowsky, 2005). The segregation index (
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) calculated by the French National Institute of Statistics and Economic Studies (INSEE) on the household incomes
 (INSEE-DGI, 2004). This index estimates the share of the spatial income inequality between neighborhoods in the total inequality between the households of the urban area. It allows a better comparison of the segregation level between different urban areas and do not require a cutting by income classes (Jargowsky, 1996). In the absence of segregation, there is nearly not any spatial inequality between neighborhoods (
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3.2. Urban form: density and urban spread

The residential density of the urban area, which is tested in this paper, is calculated from the gross surface. Concerning the central density, the majority of the empirical studies in France use communal administrative division to distinguish between the center and the periphery. In these studies, the center is not the central municipality but an aggregation of neighborhoods. The residential density is maximised around an inner neighborhood, which is defined as the head office of the prefecture (Mignot et al., 2004) or the historical center. The urban spread, which is an index defined as an oil stain and simulated from the amended Bussière model (Frame), allows us to locate the densest perimeter around the core, and thus to calculate the value of the corresponding density. A GIS is used to control the position of the central IRIS in relation to the density and to calculate distances (as the crow flies). 

The expansion level of the central zone in the 100 urban areas analysed in this paper varies from approximately 1 km to more than 4 km in Lille and 7 km in Paris. These calculations were made from the central IRIS. The urban sprawl exceeds thus the administrative limits of the common center. This spread index distinguish the center from the periphery, but it also represents an indicator of urban form.

Frame: the amended Bussière’s model 
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        - r is the distance from the CBD,

        - A is the density extrapolated in the center,

        - b is the exponential decay rate of the density from the center. Its reverse (1/b) represents the inflection point of the cumulated population curve, which corresponds to the radial distance (r=1/b) where the density is maximum.

        - K represents the level of peripheral deconcentration related to the transport infrastructures effects. 

3.3. Selection of explanatory variables in the urban areas scale

The analysis of the density’s effect on segregation at the urban area scale requires a selection of explanatory variables. Former theoretical or empirical works of this type, primarily north American, do not necessary correspond to the context in French cities.

In the United States, the analysis of segregation is mainly based on the distribution of racial and ethnic groups within the cities. In France, the spatial distribution of socio-economic categories is often the most privileged method. Several monographic and comparative studies illustrate the link between executives, workingmen or unemployed persons’ concentration and the degree of segregation in the city (Maurin, 2004; Gaschet and Le Gallo, 2005).

One of the specificities of metropolises is their capacity to offer qualified employment and to polarize managers. If the socio-spatial segregation is one of the characteristics of metropolisation, then the cities offering more employment to firm managers are relatively segregated (Jargowsky, 1996). Employment dynamics in these cities are often accompanied with a residential attractivity and with dynamics of the real estate activities. However, other cities can attract affluent households, which want to benefit from natural amenities. These two phenomena contribute to the characteristics of the land and real estate markets and exacerbate income segregation. However, the absence of data illustrating the disparities of the real market in each urban area deprives our study of a relevant explanatory variable. 

Even if no real theoretical explanation exists, Pendall and Carruthers (2003) show evidences of negative segregation effects for the oldest populations in American metropolitan areas. In French cities, this population is distributed  relatively heterogeneous  because of the ageing on the spot mechanisms (Ghékière, 1998). These pensioners of the glorious thirties make it possible to, on average, smooth out the income differences between neighborhoods (the age groups mixture is also important).

In urgent situation, social policies have certainly reduced unsanitary housing, but the unequal distribution of social housing within cities has also helped to reinforce the segregation. These residences are, in majority, situated in the periphery and accommodate modest households, young people and foreigners. 

Table 1: Explanatory variables used

	
	variable
	definition

	Urban structure
	Urban area’s density
	Ratio of population to the urban area’s gross surface (hab/h)

	
	Central density
	Ratio of central population to the corresponding gross surface (hab/h)

	
	Peripheral density
	Ratio of peripheral population to the corresponding gross surface (hab/h)

	
	Central density expansion
	Distance from the center where density is maximum (Km)

	
	Centralisation
	Ratio of central population to the total population (%)

	Demographic structure
	Population
	Population number in the urban area

	
	Retirees
	Ratio of retirees to the total population (%)

	
	Foreigners
	Ratio of foreigners to the total population (%)

	Economic structure
	Firm manager employments
	Ratio of firm manager employments to the total employment (%)

	
	Rent estate employments
	Ratio of rent estate employments to the total employment (%)

	
	Unemployed persons
	Ratio of unemployed persons to the total population (%)

	City History and housing policy
	Social housing (HLM)
	Ratio of HLM total housing (%)

	
	Residences built during the thirty glorious years
	Ratio of residences built between 1949 and 1974 to total housing (%)


4. Segregation in French urban areas: an analysis of the density effect
4.1.Trends in income segregation

4.1.1. Evolution at the municipality level

Income segregation or at least the inequalities between municipalities have been increasing during the last 20 years in several urban areas, particularly in the largest ones (Graph 1). 

Graph 1: Growth of the between-municipality inequalities (Gk) in the 15 largest French urban areas during the last 20 years
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Source: L.Bouzouina, data: Internal revenue (DGI)

Disparities are increasing because the less rich areas have the lowest progression in terms of average fiscal revenue while municipalities with the highest incomes are characterised by the strongest progression. Moreover, in the majority of underprivileged municipalities income is even decreasing, which reinforces the thesis of dual cities. If the gentrification phenomenon exists then it is only related to some central neighborhoods. The general tendency is however metropolisation.

Whereas the fight against segregation has been a priority of the French urban policies for twenty years, the increased social polarization and social dysfunctions (mass unemployment, school failure, urban violence) makes it imperative to ask questions regarding the origin of this process on a finer scale.

4.1.2. At the 2001 neighborhood level 

By observing the segregation level in the 100 largest urban surfaces (chart 1), it would be difficult to advance explanations of a geographical nature. The only exception is the concentration of relatively segregated urban areas around Paris. This is the most segregated urban area in France (segregation index (
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) of 0.53). Even though many of the most segregated urban areas are large, as Lille, Marseilles, Grenoble, Rouen and Le Havre, other average sized towns, as Creil (border of Paris), are also segregated. The segregation, as well as the metropolisation process, concerns mostly large cities but not exclusively. 

Chart 1: Income segregation on the 100 larger French urban areas
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The complexity of the segregation process and the overlap of its scales (micro, meso and macro), quite thoroughly illustrated in the preceding part, makes the interpretation of the phenomenon more difficult. 

4.2. Analysis of the effect of the densities on segregation

Our analyses of densities effect on segregation in urban areas are based on two OLS multiple regressions. In the first regression, the density of the urban area is introduced with the other determinants of segregation. In the second one, total density is replaced with the central density and the peripheral density. The explanatory variables selection relies on the stepwise technique, which takes into account the colinearity between the exogenous variables (the nonsignificant variables, to at least 90%, are not present in the two tables).

4.2.1. Density of the urban area and segregation 
The OLS regression in table 2 provides positive and significant statistical effect of urban density on segregation. In the first analysis, this result highlights that the urban areas with the highest density are also the most segregated, which is incompatible with the objective of social and spatial equity through densification of cities. In the United States, Pendall and Carruthers (2003) find that highest-density metropolitan areas have less income-based segregation. They show that the relation between income segregation of the poorest households (those who earn less than half the median income of the metropolitan area) and the density of employment and population is quadratic (Pendall and Carruthers, 2003; Galster and Cutsinguer, 2005). Concerning French areas, this relation is not quadratic and the squared density is not significant.

Beyond the two different social contexts, the two results are not completely comparable. On the one hand, we use gross surface in the calculation of the density and not urbanized surface, and on the other hand, we take into account the whole population and not only the poorest households. 

Table 2: test of the effect of the urban area’s density on segregation

	Variable
	Parameter
	Standard-deviation
	t- student

	Intercept
	0,19462***
	0,04748
	4,099

	Density of the urban area
	0,01032***
	0,00229
	4,498

	Retirees
	-0,00592***
	0,00155
	-3,823

	Firm manager employments
	0,00785***
	0,00291
	2,700

	Rent estate employments
	0,03760***
	0,00958
	3,926

	Unemployed persons
	0,00859***
	0,00302
	2,850

	Social housing (HLM)
	0,00301***
	0,00074
	4,088

	Residences built during the thirty glorious years
	0,00230***
	0,00078
	2,950


Adjusted R2 = 0,72; ***significant at 1%; n=94
However, the relation between the segregation index and the gross density of the urban area is not linear and the coefficient of determination is not very important (0.34) 
. Even if the effect of residential density on segregation seems significant, the form of the relation remains ambiguous. 

In order to test the particular effect of the density, we controlled the indirect effect of the size by setting up relatively homogeneous groups (by maximizing the interclass variance). Finally, two groups of 32 and 49 urban areas (150000 to 450000 inhabitants and 80000 to 130000 inhabitants, respectively) allow the analysis by the regressions.

The results in the two groups of urban areas do not offer any prominence to the relation between density and income based segregation. The presence of social housing (HLM), measured in percentage of total residences, remains most influential variable. For the average urban areas with between 80 000 and 130000 inhabitants, the percentage of HLM residences explain up to 62% of the segregation index variance. There is thus an historical impact on income segregation, provoked by the unequal-distribution of social housing between neighborhoods. However, for large urban areas, segregation process becomes more complex because of economic structure and metropolisation-related elements. 

Lastly, the measurement of the density using gross surface represents the disadvantage of taking into account the agricultural land. The low density of Dijon or Reims, for example, is especially related to their low peripheral density, because their central zones densities are among the highest in France. The distinction between central density (nearer to the urbanized density) and peripheral density makes it possible to bring more precise details and to test the effect of each one on segregation of the urban area. 

4.2.2. Central Density, peripheral density and segregation

Even if correlation level between segregation and central zone expansion is not negligible (coefficient of determination of 0.31), the analysis does not show any significant effect comparing to other explanatory variables (Table 3). The effect of the spread index disappears as soon as the firm manager employment variable is introduced. Therefore, urban areas with the highest central zone spread are not necessarily the most segregated.

Table 3: Results of the tests of the spreading out effect of central zones, central densities, centralization and peripheral densities, on the level of segregation of urban areas

	Variable
	Parameter
	Standard-deviation
	t- student

	Intercept
	0,18754***
	0,04795
	3,911

	Pripheral density 
	0,01150***
	0,00277
	4,155

	Retirees
	-0,00582***
	0,00157
	-3,714

	Firm manager employments
	0,00914***
	0,00287
	3,190

	Rent estate employments
	0,03787***
	0,00972
	3,898

	Unemployed persons
	0,00904***
	0,00305
	2,967

	Social housing (HLM)
	0,00307***
	0,00075
	4,118

	Residences built during the thirty glorious years
	0,00223***
	0,00079
	2,830


Ajusted R2= 0,71; ***significant at 1%; n=94 

4.2.2.1. High central density and segregation

In the current debate, city centers densification policies are combined with gentrification and middle class flight. The restoration of some neighborhoods has contributed to eliminate a considerable part of low prices housing and has forced modest households out of the land market. This has attracted increased social homogenisation and economic segregation in the city. This assumption must be checked in France, in order to show if city center densification really increases average real estate prices and segregation. In the United States, Wassmer and Baas (2005) show that such policies do not necessarily increase median prices of residences in urban areas. However, our objective is to test the direct link between the central density and the segregation level in urban areas.

The results show that the central density does not have any effect on the segregation level, once the metropolitan structure of the city, represented by the percentage of firm manager employments, is controlled for. It seems that city center density is not responsible for economic segregation, but it is rather provoked by the quantity of qualified employment, which attracts executives and high human capital in the urban area. When the rich households prefer central localization, to benefit from various amenities (Brueckner and al., 1999), that has some consequences on the level of density and homogeneity in the center.

There is no evidence  in favour of the correlation between centralization and the segregation level in the urban areas. Cities with  a great part of their population concentrated in the center are not necessarily more segregated. Finally, the segregation level in urban areas is neither related to its central density nor to the centralization of its population (Table 3). We suppose that segregation is linked to the peripheral density.

4.2.2.2. Low peripheral density and segregation
Low peripheral density is often used as indicator of urban spread. However, decentralisation is not only dispersion but also concentration and reinforcement of suburban employment centers (Giuliano et al., 2005). The use of gross peripheral residential density certainly have limits when to comes to analysing urban spread. However, it makes it possible to bring a first response as for the correlation between the peripheral density and segregation.

Among all the urban structure variables tested, peripheral density is the only one having a significant effect on the segregation index (Table 3). Cities with denser peripheries seems to be more segregated. The high level of segregation in Lille and Marseilles, two polycentric cities with dense peripheries, leads us to suppose that polycentric cities are not necessarily less segregated.

However, it is difficult to affirm the existence of a correlation between peripheral density and the segregation level. The relationship is almost non-existent and the theory, as we noted, previously does not offer any clear evidences. The results in the two groups of urban areas (150000 to 450000 inhabitants and 80000 to 130000 inhabitants, respectively) confirm this finding and show that the segregation level is rather explained by the percentage of HLM, unemployed and foreigners, but also of retirees.

5. Conclusion 

In a non-stabilized theoretical context, we tried to analyze, in an empirical way, the link between residential density and income segregation in French urban areas. On the one hand, low density, which has been associated with rich suburban households  and segregation in the United States, is not responsible for socio-economic segregation in French urban areas. The results from this correlations  does, on the contrary, indicate the opposite. The segregation level seems to be more important when the density, and in particular peripheral density, in urban areas is the highest. However the tests of this relation on relatively homogeneous groups do not offer any obvious evidences for the impact of density, or the peripheral density, on segregation in the urban area.
On the other hand, there is no effect of the central density, or its expansion level, on the segregation compared to other socio-economic characteristics of the urban area. Policies aiming at reducing residential segregation, by increasing  density of the center and its borders, should not underestimate the complexity of the land mechanisms and the close link between the center and the periphery. 

This analysis illustrates the complexity of the segregation phenomenon in France. If historical dimension of the city through the social housing (HLM) concentration explains a good part of the segregation level in average-size urban areas (around 100 000 inhabitants), other socio-economic factors contribute to the segregation process in larger cities. The concentration of qualified employment and richness can accelerate other segregative mechanisms through land and real estate markets, making potential corrective policies more difficult 

At last, if the research of an urban form in which households are less segregated is a goal, policy-makers should not believe that this would be necessarily produced by high-density development. They should try to propose mix policies within neighbourhoods and daily life spaces in order to support social interactions between households of different groups. Perhaps a mixed subcenters development next to unprivileged peripheral households could be a solution? 
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� The neighborhood is a small district with a mean of 2000 inhabitants called IRIS. It is an infra-communal level division defined as a group of adjacent blocks of houses and available for all urban municipalities of at least 10 000 inhabitants and most municipalities of 5000 to 10 000 inhabitants.





� We use the income per Adult Equivalent Unit (AEU) in order to take into account the economies of scale which may exist in some household expenditure. The household income here is divided by a number of AEU which is calculated as follows: the first adult has a value of one, others aged 14 or more have a value of 0.5 and children under the age of 14 have a value of 0.3.


� � EMBED Equation.3  ��� : � EMBED Equation.3  ��� is the mean income of household i, which is supposed to correspond to the mean income of its spatial residence unit k; n is the number of households in the urban area and � EMBED Equation.3  ��� is its mean income.


� We use the average incomes per consumption units because they are closer to the standards of living of the households. The incomes of some missing neighborhoods due to statistical secret are estimated starting from simulations on the incomes by quartiles and other socio-economic variables.





� � EMBED Equation.3  ��� because � EMBED Equation.3  ��� and the two components of the decomposed Gini (� EMBED Equation.3  ���) a: 


a between-neighborhood component (� EMBED Equation.3  ���) and a within-neighborhood component (� EMBED Equation.3  ���).


� Correlation level is more important between segregation and employment density (R2 of 0,39).
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