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Abstract: The purpose of this study is to compare socioeconomic segregation patterns and levels
in Brussels, Copenhagen, Amsterdam, Oslo, and Stockholm with uniform measurements.
Socioeconomic segregation is a persistent reality in European cities that may have negative effects
on social cohesion and individual outcomes. Previous research has been hampered by conceptual
and methodological shortcomings, preventing comparable studies of segregation. We use
harmonized datasets from 2011 containing geocoded indicators based on a nearest-neighbors
approach, allowing for comparable measures of socio-economic segregation at multiple scales. Our
analyses offer an unprecedented comparison of patterns and levels of socio-spatial inequalities in
European capitals. Using maps, segregation indices and percentile plots, we find that for all cities,
the level of segregation by affluence is much larger than that of poverty. Macro-scale poverty
segregation is most prominent in Stockholm and Brussels, and quite low in Amsterdam. At microscales, Brussels and Stockholm stand out with very high concentrations of poverty at the local
level. In such poor neighborhoods, there are hardly any non-poor, indicating high levels of
polarization. Macro-scale segregation by affluence is most pronounced in Oslo. Differences in
levels and patterns are interpreted in the light of their particular welfare regimes, housing systems,
area-based policies and migration dynamics.

Keywords: socio-economic segregation; comparative studies; European capitals; nearest-neighbor
approach.
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1. Introduction
Socio-economic segregation is a long-lasting phenomenon in European cities (Musterd 2005;
Cassiers and Kesteloot 2012; Tammaru et al. 2015) and a subject of concern in urban policy
(Kleinhans 2004; Galster 2007; Bolt 2009;). An extensive literature has shown that the
concentration of deprived populations in specific neighborhoods can represent a threat to social
cohesion (Cassiers and Kesteloot 2012), hindering citizen participation (Kühn 2015), access to the
labor market (Andersson 2004; Dujardin, Selod, and Thomas 2008), educational attainment
(Andersson and Malmberg 2015) and even lead to urban unrest and riots (Olzak, Shanahan, and
McEneaney 1996; Malmberg, Andersson, and Bergsten 2014).
International comparative studies on socio-economic segregation are rare, and this is mainly
due to the difficulty in producing and obtaining comparable data across countries. Spatial data are
typically available for predefined areal units, such as municipalities, wards, census tracts, etc.; these
units differ greatly in size, function and distribution from one country to the other. These
differences in spatial units severely hamper international studies, making it hard to compare
segregation levels and patterns in an accurate way.
The few studies that have investigated socio-economic segregation from an international
comparative perspective (Musterd 2005; Tammaru et al. 2015), despite the methodological and
conceptual difficulties, have generated interesting insights. They suggested that socio-economic
segregation in European cities is modest compared to the levels observed in the U.S. (Musterd
2005) and in other cities in Asian and American countries (Marcińczak et al. 2015). Still,
segregation levels and patterns vary greatly among European cities, which is commonly attributed
to differences in welfare states regimes, housing systems and income distribution (Musterd 2005;
Arbaci 2007; Tammaru et al. 2015). Furthermore, the studies suggest that higher social classes tend
to live more segregated than the lower classes (Musterd 2005; Tammaru et al. 2015) and that sociospatial inequalities have increased in Europe over the last decade (Marcińczak et al. 2015; Musterd
et al. 2017). Such findings are crucial to understand and to address socio-economic segregation.
However, they are founded on serious methodological limitations of data comparability across
countries. Therefore, as even the authors of these studies emphasize, they need to be interpreted
with caution and may be seen only as being indicative (Musterd 2005; Tammaru et al. 2015).
For the present study, we benefitted from newly available data from Belgium, Denmark, the
Netherlands, Norway and Sweden, which allowed us to construct comparable datasets for their five
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capitals in 2011. Our main purpose is to investigate socio-economic segregation patterns and levels
in Brussels, Copenhagen, Amsterdam, Oslo, and Stockholm in a comparative setting.
Our research is based on harmonized geocoded indicators of poverty and affluence. Using a
nearest-neighbors approach, we produced comparable measures of socio-economic segregation
with a fine level of geographic detail and at multiple scales. Our analyses offer an unprecedented
comparison of patterns and levels of socio-spatial inequalities in five European capitals, each with
its particular housing system, housing policies and territorial, cultural and migration history.

2. Background
Previous Comparative Studies on Socio-economic Segregation
Until now, comparative studies on socio-economic segregation in Europe have been unable to
use a standard for spatial variation in socio-economic inequality (Musterd 2005). Indicators of
poverty and affluence have varied a great deal across studies, as did the type of areal units and the
methods to measure segregation levels.
In the last decades, two strands of research have attempted to compare socio-economic
segregation among European cities. The first one is synthesized by Musterd (2005) in a paper that
gathers results from a series of international projects carried out around the year 2000, and which
compares segregation levels in 16 European cities. An important obstacle is that poverty and
affluence are measured by different indicators depending on the country. Moreover, these
indicators refer to small spatial units when available (for instance ward or neighborhood), but in
some cases larger units had to be used. With such differences of measurement, segregation levels
(based on the dissimilarity index) are hardly comparable among the 16 cities. Even so, bearing in
mind the data limitations, the results suggest that socio-economic segregation is low in European
cities compared to American cities. One notable exception is Antwerp, where the segregation of
poor households is strikingly high compared to the other cities1. Oslo appears as having relatively
high segregation based on the concentration of social assistance receivers, whereas Copenhagen
was found to have the lowest levels of segregation of low-income households. Amsterdam lies
somewhere in the middle of the ranking. In all cases, Musterd (2005, p. 339) stresses that affluent
households live much more segregated than low-income households do: whereas the former are
able to dissociate from the rest of the population, the latter tend to remain spatially attached to the
middle classes.
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More recently, a second research project examined socio-economic segregation in 13 European
cities (Tammaru et al. 2015), among which were Amsterdam, Oslo and Stockholm. Although there
was an effort to make segregation measures as comparable as possible, the intercity comparison
was affected by data and measurement issues. Socio-economic status was based on occupation,
income or education, depending on data availability in each city. Analyses focused on small spatial
units; still these varied a great deal from one city to the other. The studies did not employ a single
definition of cities’ geographical size: some included the metropolitan area while others were
limited to the inner city. On this basis, the authors draw strong conclusions. In line with Musterd’s
intercity comparison (2005), the authors argued that segregation is relatively low in Europe
compared to other parts of the world (Marcińczak et al. 2015), although segregation levels had
been on the rise since 2000, except for Amsterdam (Musterd et al. 2017). Again, they also found
that the affluent classes live much more segregated than the lower classes in all cities. Their main
findings related to the cities in the present study are that Stockholm had the highest segregation of
the poor and the lowest segregation of the rich among all cities in 2011 (based on the dissimilarity
index). Segregation of the rich was the second lowest in Oslo, while it was the second highest in
Amsterdam. Both cities have middle positions in the ranking of segregation of the lower classes
(fourth and sixth).
Differences in segregation levels among cities are commonly ascribed to the impact of
structural factors, namely different welfare regimes, the organization of housing systems, the level
of income distribution, and how the city is connected globally (Arbaci 2007; Musterd et al. 2017).
What these studies find, however, is that these factors only partly account for the intercity
differences: there is also “a significant effect of ‘space’ and historically developed morphological,
social, and cultural structures” (Musterd et al. 2017, 1077), such as legacies of local housing and
planning regulations.
Despite methodological issues, these studies undeniably show the interest of intercity
comparisons in order to understand socio-economic segregation.

Methodological Challenges in Comparative Studies
There are at least three major methodological challenges in international comparisons of socioeconomic segregation: differences in spatial units, lack of standard segregation measures, and
issues related to the scale of segregation.
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Most studies use data that are aggregated for fixed administrative subdivisions. Analyses based
on administrative boundaries are hampered by a range of issues (Clark et al. 2015), namely the
Modifiable Unit Problem (MAUP) (Openshaw 1984; Nielsen and Hennerdal 2014) that states that
outcomes highly depend on the way geographical units are defined. With inter-country
comparisons, the problem is aggravated, as spatial units that represent data tend to differ
structurally between countries and regions and over time. Research on the MAUP suggests that
segregation research will not be able to progress until this problem is addressed in a credible way
(Openshaw 1984). In addition, differences in population data systems between countries — with
dissimilar types of data and output geographies — add to the difficulties of international
comparisons (Shuttleworth and Lloyd 2009).
Another factor that further complicates comparison of levels of socio-economic segregation
across cities and countries is that there is no standard of segregation measurement. Some of the
most used indices are the dissimilarity index and the exposure index (Clark 2015), with a number
of indices especially suitable for geographical studies (Brown and Chung 2006).
A third methodological issue that studies increasingly give notice to is that segregation
processes occur at different scales. American segregation researchers have started to make a
distinction along geographical levels, and between micro and macro scale segregation (Fisher et
al. 2004; Reardon et al. 2008; Lichter, Parisi, and Taquino 2015). Others have modified segregation
and isolation indices by introducing spatially weighted matrices to reflect the extent of contact
between spatial units (e.g. Wong 2004). Andersson et al. (2018) describe the recent surge in studies
advocating a multiscalar measurement of segregation. Instead of focusing on either large
neighborhood scales or small-scale predefined administrative areas, as most previous studies have
done, a multiscalar design examines segregation levels depending on the size of the neighborhood
(Fisher et al. 2004; Reardon et al. 2008; Lichter, Parisi, and Taquino 2015; Hennerdal and Nielsen
2017). As Fowler (2016) argues, there is no correct scale for measuring segregation; instead,
segregation should be measured continuously at different scales to capture both large-scale
divisions and segregated “pockets”. A multiscalar approach is also able to take into account varying
local levels of segregation, which may be hidden when only considering single measures of
segregation levels for a whole city.
In the last few years, increasing attention has been given to an innovative multiscalar approach
that uses individualized neighborhoods instead of predefined administrative units (MacAllister et
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al. 2001; Chaix et al. 2005; Lee et al. 2008; Reardon et al. 2008, 2009; Chaix et al. 2009; Östh,
Malmberg, and Andersson 2014; Östh, Clark, and Malmberg 2015; Clark et al. 2015; Fowler 2016;
Andersson, Lyngstad, and Sleutjes 2018; Andersson et al. 2018; Costa and De Valk 2018;
Malmberg et al. 2018; Sleutjes, De Valk, and Ooijevaar 2018). Individualized neighborhoods are
defined as neighborhoods based on a pre-determined number of nearest neighbors, independently
of administrative borders. Alternatively, individualized neighborhoods can be based on a fixed
distance radius. A main advantage of the approach is that it can be applied in the same way in
different national contexts, resulting in measures of segregation that are exactly comparable and
that offer a solution to the MAUP. By using different sizes of neighborhoods, measured as different
numbers of nearest neighbors, several scales can be included in the analysis.
There may be disadvantages using multiscalar individualized neighborhoods as well.
Depending on the research question, the use of administrative areas might be useful. An example
of such a case could be when one is interested in the effect of policy measures on certain
geographical levels. Second, a consequence of the method is that the geographical size of the
individualized neighborhoods varies substantially depending on population density. Andersson et
al. (2018) show that notwithstanding this variation in the five countries under study, people live in
local neighborhoods that are similarly structured.

Aims and Research Questions
The increase in availability of geocoded individual register data opens up possibilities for
multiscalar studies of segregation patterns within and across countries. The current paper on
residential segregation in five European countries uses such data for Belgium, Denmark, the
Netherlands, Norway and Sweden, and constructs individualized scalable neighborhoods to
examine patterns of segregation. Using these unique data and methods, this paper aims at
overcoming the typical methodological limitations in international comparisons and accurately
compare segregation levels and patterns of poverty and affluence in the five countries’ capitals.
We address the following research questions:
1. To what extent do socio-economic segregation patterns vary across European capitals and at
different scales?
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2. How can these segregation patterns be interpreted in the light of inter-country structural
differences such as welfare regimes, housing systems, income distribution and migration
dynamics?

3. Data and Methods
Data and Indicators
We use geocoded register data provided by the statistical offices of the five countries for 2011.
The unit of analysis is the grid obtained by x and y coordinates. In Belgium, Denmark, Norway
and the Netherlands, indicators were computed for each 100m*100m grid cell. For Sweden,
coordinates are aggregated into 250m*250m grids in urban areas and 1000m*1000m grids outside
urban areas. Details are provided in Nielsen et al. (2017).
For each grid cell, indicators of poverty and affluence were computed based on income data
from national registers maintained by the tax authorities. For the poverty indicator we used
disposable income after social transfers. For the affluence indicator we used taxable earned income
from wages and net-earnings from self-employment. There are differences in what is included in
the income measured (see Nielsen et al. (2017))2. In Belgium, for example, it is not possible to
distinguish disposable income and taxable earned income, and the latter was used in both
indicators. In addition, we had to exclude all null incomes in Belgium – mostly from international
workers – to avoid bias3. Income data in the Netherlands do not include rent subsidies and income
from capital. Some countries include certain grants in the data, while others do not. Therefore,
income data are not strictly comparable among countries. But, as argued below, our analyses are
still able to provide insights into segregation patterns despite these issues. Moreover, we use
measures of relative income rank, that are likely to be less sensitive to different definitions
compared to direct measures of income.
The poverty indicator is based on the Eurostat definition of the ‘at-risk-of-poverty rate’, defined
as the share of people with an equivalised disposable income below the at-risk-of-poverty
threshold, which is set at 60 percent of the national median equivalised disposable income after
social transfers. Due to difficulties in finding a common definition of households with data from
the five countries, our measure is defined for individuals who are aged 25 or above.

9

The affluence indicator is based on taxable earned income for those aged 25 to 64 years old.
People are ranked according to their income and grouped into deciles. Persons in the highest
income decile at the national level are defined as high-income earners.
In sum, the indicators used in the paper are the following:


poverty: the share of persons aged 25 or above with a personal disposable income below 60
percent of the median level;



affluence: the share of persons aged 25 to 64 whose taxable earned income is in the highest
decile.

Definition of Study Space and Multiscalar Individualized Neighborhoods
For comparability purposes across the five cities, we demarcated metropolitan areas of equal
area. These extend over a 25 km radius around each city’s central train station. The central stations
were chosen as a central point because they are a common reference as the city center, especially
for commuters. Using this definition, we attempted to encompass all the neighborhoods that are
linked to the cities’ labor market and commuting zones – that is, where the cities’ inhabitants reside,
even if it is outside of their administrative boundaries.
In each of the five metropolitan areas, we constructed individualized neighborhoods at multiple
scales. First, the territory was divided into small-scale grids (250m*250m in Stockholm;
100m*100m elsewhere). Next, we used individual geocoded register data to identify the population
residing inside each grid. The individualized neighborhoods were constructed by expanding a
geographic buffer around each grid cell using the EquiPop software (Östh, Clark, and Malmberg
2015) until the 200; 1,600; 12,800; and 51,200 nearest neighbors were obtained. In this way, we
constructed strictly comparable units across the five cities at four different scales, varying from
individuals’ immediate surroundings to urban areas, with a high level of geographic detail and
independent of administrative borders.
In the end, we obtain five datasets (one per city) with two indicators (affluence and poverty)
calculated for individualized neighborhoods at four scale-levels (k= 200; 1,600; 12,800; 51,200).

Methods
We use methods that focus on the spatial representation of poor and affluent, as opposed to
spatial concentration (see Andersson et al. 2018). In other words, we do not compare the proportion
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of poor (affluent) inhabitants with respect to the neighbourhood population; instead, we relate these
proportions to each city’s overall levels of poverty and affluence. The question we are looking at
is how much of the city’s poor (affluent) population live in each neighbourhood and to what extent
they are over/ underrepresented in certain neighborhoods. We believe this strategy minimizes the
risk of bias that may arise from the slight differences in definitions in income data in the five
countries.
We use three tools to examine segregation patterns and levels: representation of poor (affluent)
in neighborhood percentiles, dissimilarity index (DI), and the mapping of location quotients.
For the first tool we started by ordering all individuals in each city by the proportion of poor
(affluent) people in their individualized neighborhood at a given scale4. Next, we divided them in
percentiles, or bins, containing 1 percent of the population each (see Andersson et al. 2018b). The
representation of poor (affluent) persons with feature F in a given bin i is obtained by the number
of poor (affluent) individuals in the bin divided by the total number of poor (affluent) individuals
in the metropolitan area:
𝐹𝑖
𝐹𝑚𝑒𝑡𝑟𝑜

If poor (affluent) residents were equally distributed across the metropolitan area, each bin
would contain 1 percent of the total poor (affluent) population; that is, a value of 1 percent means
equal representation. Values lower than 1 percent denote under-representation whereas values
higher than 1 percent signify over-representation. As shown below, this tool allows us to examine
how much of the cities’ population live in neighborhoods where the poor (affluent) are over- and
under-represented.
The second tool is the DI, the most widely used aggregate measure of segregation (Duncan and
Duncan 1955; Massey and Denton 1988). Here, DIs can be easily derived from the bins (Andersson
et al. 2018):
99

1
𝐹𝑖
𝑛𝑜𝑛 𝐹𝑖
𝐷𝐼 = ∑ |
−
|
2
𝐹𝑚𝑒𝑡𝑟𝑜 𝑛𝑜𝑛 𝐹𝑚𝑒𝑡𝑟𝑜
𝑖=0

The way the DIs are calculated for individualized neighborhoods are slightly different from the
typical formulas used in the case of fixed geographical units (Malmberg et al. 2018). They are
obtained by taking the sum of the absolute differences between the representation of poor (affluent)
and the representation of non-poor (non-affluent) in each bin (Andersson et al. 2018); the DI can
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thus be considered as a synthetic measure of representation at the level of metropolitan areas. Its
values vary between 0 and 100; 0 denoting that poor and non-poor (affluent and non-affluent) are
equally represented in all neighborhoods; and 100 signifying that the poor (affluent) are not present
at all in neighborhoods with non-poor (non-affluent).
Third, as we are interested in the location and extension of poor and affluent areas, we map the
representation of poor and affluent residents in neighborhoods. To this end, we computed and
mapped the location quotients (LQ) of poverty and affluence at the four scales in each metropolitan
area. The location quotient compares the share of the subgroup in question (here poor/affluent) in
a neighborhood to the share of the subgroup in the total area (here the metropolitan area). It is a
measure of the relative density or area concentration, and has the advantage of being simple and
straightforward (Brown and Chung 2006). It may be seen as a spatial variant of the percentile plots.
Spatial patterns, including spatial outliers, can be identified using the LQ. If the LQ is one, it means
that there is a match between the neighborhood’s share of poor (affluent) and the total area’s share
of poor (affluent); values lower than 1 indicate that poor (affluent) residents are under-represented
in the neighborhoods; values higher than one indicate that poor (affluent) residents are overrepresented in the neighborhoods relative to a perfectly even distribution in the metropolitan area5.

4. Findings
Table 1 presents the total population in the five metropolitan areas delimited in the study and
the overall shares of the population at risk of poverty and with high income. These overall shares
may not be strictly comparable among cities due to the differences in income definitions mentioned
above. Still, bearing in mind that levels of poverty and affluence are indicative, it is interesting to
note that the three Scandinavian capitals cities have somewhat lower shares of residents at risk of
poverty compared to Brussels and Amsterdam. Overall levels of socio-economic inequality may
suggest higher levels of socio-economic segregation (Reardon and Bischoff 2011), although the
relation is far from linear. On the other hand, the share of persons with high income is higher in the
Scandinavian cities. Brussels and Amsterdam are the most populated metropolitan areas:
population density is knowingly higher in Belgium and The Netherlands and, furthermore, the three
Scandinavian areas encompass significant extents of water.
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Table 1. Total population and overall levels of poverty and affluence in the five metropolitan areas
Total population

At

risk

of

poverty
High income (percent)

(percent)
Brussels

2,349,631

22.6

12.7

Copenhagen

1,398,650

16.0

14.2

Amsterdam

2,159,410

18.0

9.2

Stockholm

1,897,982

14.5

17.4

Oslo

989,569

12.8

14.5

Table 2 reports the dissimilarity indices for the five capital cities, calculated based on
individualized neighborhoods using four different scale levels. As could be expected, DI values
decrease as the scale increases: under- and overrepresentation tend to be lower as we consider an
increasing number of nearest neighbors.
Brussels and Stockholm have the highest dissimilarity indices for poverty at every scale, while
Amsterdam shows the lowest segregation of the poor at higher scales. In Brussels, segregation of
the poor changes relatively little as the scale increases. Brussels is the only city with substantial
large-scale poverty segregation: the DI for poverty is still 29 at the level of 51,200 nearest
neighbors, which is double that of Oslo and Copenhagen and more than triple that of Amsterdam.
The second part of Table 2 shows the DI for high income. Compared to the concentration of
poverty in capital cities, segregation by high income is much more severe. At the smallest scale
levels, about 55 to 71 percent of the population would have to move to create an equal distribution
of high income across metropolitan areas. Segregation by high income at small scale levels is nearly
double that of the level of poverty segregation in most capitals. Stockholm stands out as the most
segregated at lower scales, while large-scale segregation is lowest in Amsterdam. In Oslo, highincome groups to the highest extent live in segregated neighborhoods with relatively few other
income groups at the highest k-level.
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Table 2. Dissimilarity index (percent) of poverty and affluence in the five metropolitan areas
Brussels

Copenhagen

Amsterdam

Oslo

Stockholm

At risk of poverty
k = 200

37.9

27.1

29.2

33.9

38.0

k = 1,600

33.5

21.1

19.4

25.3

39.2

k = 12,800

30.6

16.8

13.0

19.1

29.7

k = 51,200

29.0

15.5

9.2

14.0

22.0

High income
k = 200

55.6

66.9

62.5

61.9

71.4

k = 1,600

46.9

56.7

47.9

53.7

62.3

k = 12,800

41.7

46.0

35.4

45.0

45.9

k = 51,200

35.8

35.6

26.6

40.8

32.7

Overall, we can conclude that socio-economic segregation is much more severe for high
income than for poverty6. Furthermore, Brussels and Stockholm have the highest large-scale
poverty segregation, followed by Oslo, Copenhagen, and Amsterdam, but this varies according to
scale level. Oslo has the highest large-scale high-income segregation, closely followed by Brussels
and Copenhagen, Stockholm, and finally Amsterdam. At smaller scale levels, Stockholm stands
out with a very high level of segregation by both poverty and affluence.
Figures 1 and 2 contain the percentile plots of poverty and affluence respectively in the five
capitals, at four different scales. These plots depict the representation of poor and affluent residents
in neighborhood bins. The left plot shows percentiles 0-60 while the right plot shows percentiles
60-100. This is done to facilitate the visualization of values at both ends of the distribution (note
that the two plots have different scales on the y-axis). Taking the two upper plots in Figure 1 as an
example, these can be interpreted as follows. Each percentile contains 1 percent of a city’s
population; hence, if poor residents were equally represented in neighborhoods, each percentile
14

would contain 1 percent of poor. In the absence of segregation, the curves in the plots would
therefore be horizontal at 1 percent. Points below this threshold mean that poor residents are underrepresented in neighborhoods, whereas points above this threshold reflect over-representation of
the poor. The left plot shows the neighborhoods, formed by the 200 nearest neighbors, with lower
representation of poor residents. At the 10th percentile, Stockholm has a value below 0.55: this
means that 10 percent of Stockholm’s population live in neighborhoods that have less than 55
percent poor residents than would be expected if these were evenly distributed in the city. The
curve for Stockholm and Brussels are the lowest of all capitals, which means that these cities stands
out with the lowest shares of poor people in the neighborhoods that have the largest shares of nonpoor groups. In the plot on the right, the line for Stockholm is the highest on the far right side,
meaning that in the poorest neighborhoods formed by the 200 nearest neighbors, representation of
poor people is higher than in the other capitals. Both cases — under- and over-representation —
indicate high levels of polarization.
Globally, the percentile plots for poverty (Figure 1) suggest that Copenhagen, Amsterdam and
Oslo have rather similar profiles, while Stockholm and Brussels stand out as the most segregated
of cities. At the lowest scale (k=200), around 25 percent of the cities’ populations live in
neighborhoods in which the poor are equally represented in respect to the metropolitan average
(within 0.9 to 1.1 percent). In the case of affluence (Figure 2), profiles are more homogeneous
among the five capital cities compared to that of poverty. The plots confirm once again that
segregation of the affluent is much higher than the segregation of the poor: the cities’ slopes are
much steeper and farther away from the 1 percent threshold. At the lowest scales (k=200 and
k=1600), only 10 percent of the cities’ populations live in neighborhoods where affluent residents
are equally represented in respect to the metropolitan average (within 0.9 to 1.1 percent).
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Figure 1: Representation of persons at risk of poverty in percentiles
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Figure 2: Representation of persons with high income in percentiles*
* Copenhagen’s curves are flat on the low end because of data capping; low concentrations of high income were set at
5 percent for privacy considerations.
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Figure 3: Location quotients at k=200
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The maps in Figures 3 to 6 depict the location quotients of poverty and affluence in the five
capitals. They allow us to locate the highest and lowest concentrations of poor and affluent
residents in the cities and to compare spatial patterns of segregation. In particular, the maps show
a clear socio-economic east-west divide in Oslo, a center-periphery divide in Brussels, a northsouth division in Copenhagen while spatial patterns are more complex in Stockholm (for higher
scale levels there is north-east / south-west divide) and Amsterdam. In most cases, the highest
concentrations of poor residents are scattered in ‘poverty pockets’ around the cities, whereas the
highest concentrations of rich residents extend over larger homogeneous areas, often in the outer
cities. It is also interesting to notice that some of the highest concentrations of poverty in Brussels,
Copenhagen and Oslo are located in central neighborhoods, whereas the poor are much less
represented in central Stockholm and Amsterdam.
Based on our findings – DIs, percentile plots, and location quotients maps – we describe the
specific segregation patterns of each of the five capital cities below.

Brussels
Brussels has high segregation by poverty relative to the other capitals but relatively similar to
Stockholm, especially at higher scale levels. DI values for Brussels are comparatively higher in
general, but more interestingly, they decrease very little as we increase neighborhood size (Table
1). The high-scale segregation of the poor is also illustrated in the percentile plots in Figure 1: the
higher the scale level, the more the Brussels curves become steeper and detach from those of
Copenhagen, Amsterdam and Oslo. The 10 percent poorest neighborhoods have a significant overrepresentation of poor (>1.5 percent), independently of scale. As shown by the maps (Figure 3 to
6), high concentrations of poverty are not scattered around the Brussels metropolitan area as is the
case for the other capitals; instead, they are located in a vast and contiguous area in the inner city.
The highest clusters of poverty (the red zones in the left-hand map) extend over the nineteenth
century industrial belt around the historical core — known as the ‘poor croissant’. These are also
the zones where poverty overlaps with the segregation of migrants (Costa and de Valk 2018).
Affluent residents are virtually absent in these neighborhoods, as depicted by their blue tone in the
affluence maps (note that Brussels is the only city in which the affluence map is a quasi-negative
image of the poverty map). Like in all cities, affluent residents in Brussels live more segregated
than poor residents (see DIs in Table 1). In the percentile plots for affluence (Figure 2), Brussel’s
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profile is similar to the other capitals, except again at the highest scale level (k=51200) in which
the rich are significantly under-represented in the poorest neighborhoods located in the city center.
Similar to the poverty patterns, the highest concentration of affluence extends over a vast
contiguous zone, located south-east from the center (Uccle, Watermael-Boitsfort, Auderghem
Woluwe) towards the suburban green areas to the east and south. Other clusters of affluence are
found all around Brussels in peripheral municipalities. The clear duality between densely populated
poor zones in the center and vast affluent zones in the periphery is what explains why segregation
in Brussels is a particularly large-scale phenomenon.

Copenhagen
The residential area around Copenhagen’s central station extends over a much smaller area
compared to the other capitals, as the center is very close to the sea. Segregation by poverty is
relatively low, especially compared to Stockholm and to Brussels (Table 2). Copenhagen has a
similar representation profile to Oslo and Amsterdam with flat curves that do not deviate much
from the equal-representation threshold of 1 percent (Figure 1). Areas with the highest levels of
poverty segregation are located (south)west of the city center, around the Frederiksberg area. On
the other hand, affluent households live fairly segregated in Copenhagen relative to the other
capitals. Its affluence curves (Figure 2) detach from that of the others cities’ after the 90th
percentile, which means that the richest neighborhoods have a strong over-representation of
affluent residents. Furthermore, segregation of the affluent residents persists in Copenhagen at
higher scales, contrary to most of the other cities (Figure 2). The 8 percent of Copenhagen’s
wealthiest residents live in neighborhoods with double the number of affluent people as would be
expected without segregation (i.e., >2 percent representation; by comparison, no other city
surpasses this threshold). This strong and large-scale segregation by affluence is probably due to
the fact that many of the rich neighborhoods are located in an extensive homogeneous area north
of the city, on and parallel to the coast (Figures 3 to 6).

Amsterdam
Amsterdam stands out with the lowest levels of socio-economic segregation, regarding both
poverty and affluence, at nearly all scale levels. At medium- and large-scale (k=12,800 and
k=51,200), levels of poverty segregation are quite low, with relatively equal distributions of
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poverty in a majority of neighborhoods. In fact, at k=51,200, 68 percent of Amsterdam’s population
live in neighborhoods where the poor are equally represented (0.9 to 1.1 percent), a much higher
proportion compared to Brussels (20 percent), and also to Oslo and Stockholm (around 30 percent).
This is in line with Amsterdam’s low DI value at the highest scale (Table 2). At the smallest scale,
we see a few very small concentrations of poverty in sparsely populated (non-residential) areas
near the circular motorway. For the rest, there are no significant concentrations of poverty, at least
according to this definition, in the Amsterdam region. An underrepresentation of poor is visible in
the area east of central Amsterdam (eastern Docklands), and more suburban zones such as the area
around Almere in Flevoland. Segregation by affluence is much stronger in Amsterdam compared
to segregation by poverty. Overall, affluence is concentrated in the area from the inner-city
including the Canal Belt to the south (Oud-Zuid and the suburb of Amstelveen), further south
towards the so-called “Green Heart” of the Randstad. Other notable concentrations of higher
income groups are the dune area east of Haarlem (to the west of Amsterdam) and the suburban
municipalities of Het Gooi (to the southeast of Amsterdam). The strong presence of affluent
residents in the city center is a particularity of Amsterdam compared to the other capitals.

Oslo
Segregation by poverty in Oslo is slightly higher than in Copenhagen and Amsterdam — as
shown by DI values (Table 1) and steeper representation curves (Figure 1) — but it remains modest
compared to Stockholm and Brussels. Many of the areas with higher than average densities of
poverty are located in the eastern valley of Groruddalen, in the city center, and around the southeastern parts of the city, near Holmlia and Søndre Nordstrand. Oslo has the highest large-scale
segregation by affluence of the five capitals (DI=40 for k=51,200). At the largest scale, 20 percent
of the population live in neighborhoods with a significant over-representation of affluent residents
(>1.5 percent). The major division in the city is between the affluent west (including a fjord-facing
strip to the south) and the poorer east (see Wessel 2015, 2017). Socio-spatial polarization has grown
since the 1990s, with an increase in the segregation of poor households, but especially in the
segregation of the most affluent groups (Wessel 2015; Toft 2018). These are highly concentrated
in the west and along the fjord to the south, a residential pattern sometimes referred to as “golden
ghettos” (Ljunggren 2017). The ‘poorer east/ richer west’ pattern is visible on Oslo’s maps at all
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scale levels (Figures 3 to 6). Eastern deprived areas are also where the majority of non-western
migrants have settled (Wessel 2017).

Stockholm
Compared to the other capitals, Stockholm has many small-scale neighborhoods with few poor
people. At the lowest scale level (k=200), 14 percent of Stockholm’s population live in
neighborhoods with half the share of poor residents than expected with equal representation
(against 3 to 6 percent in the other cities). This is illustrated by the various blue spots on
Stockholm’s poverty maps (Figures 3 to 6). Neighborhoods with high concentrations of poverty
are present at all scales in Stockholm. These are most prevalent in the northwest (for instance
Rinkeby and Tensta) and southwest of the city (for instance Botkyrka), with a few spatial outliers,
such as Fisksätra in the east. With increasing scale levels, the Stockholm and the Brussels maps
show relatively many red spots — i.e., high poverty areas — compared to the other capitals; this is
also reflected in the much higher dissimilarity index (Table 1) as well as in the deviation from the
curves for Copenhagen, Amsterdam and Oslo in the percentile plots (Figure 1). Micro-scale
poverty segregation is thus most prominent in Stockholm. Macro-scale poverty segregation is also
high, though lower than in Brussels. Segregation by affluence is also high in Stockholm relative to
the other cities, especially at lower scale-levels (Table 1). It is mostly the northeast of the city that
accommodates the rich: areas such as Lidingö, Danderyd and Täby show the highest shares of
affluent people. In the west, it is mostly the area around Bromma, and in the east, some areas in
Nacka such as Saltsjöbaden stand out.

5. A Discussion of Mechanisms behind Spatial Patterns of Socio-Economic Segregation
In the preceding parts, we examined and compared socio-economic segregation in Brussels,
Copenhagen, Amsterdam, Oslo Stockholm at different scales. In this section, we discuss the main
factors that may drive the patterns we observe. A number of factors have been identified in the
literature as driving socio-economic inequality across space: welfare regimes, housing market
systems, area-based policies, neighborhood preferences and migration dynamics. Below, we make
an attempt to see our findings in the light of these factors.
First, higher levels of wealth distribution, especially in social-democratic welfare states, are
generally linked to lower levels of socioeconomic inequality, and to lower levels of socio-economic
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segregation (Musterd 2005; Arbaci 2007; Tammaru et al. 2015). There are many exceptions to this
association, which is also confirmed by our results. Denmark, Norway and Sweden are similar
universalistic welfare states, but Stockholm really stands out among these with much higher levels
of segregation of the poor, while Oslo stands out with high segregation of the affluent. The
Netherlands may be seen as a corporatist or a hybrid welfare state that since the 1990s moves into
a more liberal model (Musterd and Van Gent, 2015), however, our results show that socioeconomic segregation levels are by far the lowest for Amsterdam. Belgium has been characterized
as a conservative-corporatist welfare state type, with Arbaci (2007) adding that the housing system
makes Belgium a hybrid case. Musterd (2005) describes Belgium as a strong welfare state with a
high extent of redistribution and low levels of income inequality, which does not correspond to
relatively high segregation levels in Brussels.
The links between overall levels of income inequality, as illustrated by the metropolitan level
of poverty and affluence, is also not directly linked to the observed spatial levels of socio-economic
segregation. Amsterdam has a relatively high share of poor people in its population, but levels of
socio-economic segregation are the lowest among the metropolitan areas. According to Musterd
and Van Gent (2015), this might be due to a long tradition of relatively equal income distribution.
Levels of socioeconomic inequality as measured by the GINI coefficient (2011 data from Eurostat)
show that Norway had the lowest coefficient (22.7), while Belgium, Denmark, the Netherlands and
Sweden had quite similar levels of around 25-26. Even if these levels are national instead of local,
they do not translate into the observed levels of socio-economic segregation, especially not for
Oslo, which has the highest large-scale segregation of affluent people. This is in line with Arbaci’s
(2007) conclusion that a low GINI coefficient is not a sufficient condition for low levels of
segregation in a European context.
Second, housing systems have been found to drive segregation patterns. The housing systems
in the capitals in this study have all been de-regulated over time. Liberalization of the housing
market has in most places led to an increase of market influences, for instance by an increasing
share of home ownership and a decreasing share of available rentals. Studies have shown that the
liberalization of urban housing markets tends to influence mobility of especially the more affluent
groups. General trends in European housing markets over the last few decades are retrenchments
of welfare states, cuts in universal housing subsidies, partial privatization of the social housing
stock and promotion of owner-occupied housing (Arbaci 2007). Especially the role of the social
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rented sector is seen as a significant factor behind (changing) patterns of segregation. A relatively
small share of social housing tends to be associated with higher levels of socio-economic
segregation (Musterd 2005). Examining our results, this relationship is not straightforward. In
Amsterdam, the share of public housing is 67 percent (Statistics Netherlands, 2011), and indeed,
Amsterdam also has the lowest levels of socio-economic segregation. The Dutch social rented
sector, and even more so in Amsterdam, is characterized by a relatively mixed population in terms
of income, compared to other countries. Nevertheless, as a result of the sale of social rented
dwellings and stricter regulations, Musterd and Van Gent (2015) found that social housing in
Amsterdam is increasingly inhabited by the lowest income groups, affecting the overall pattern of
poverty segregation. The Belgian housing system has long been exceptionally liberal (De Decker
2008), and social housing accounts for only 8 percent of the total housing stock in Brussels
(Dessouroux et al. 2016); and indeed, we found high levels of segregation by poverty in Brussels.
But the relationship between the housing system in Norway, Sweden and Denmark and their levels
of socio-economic segregation seems more complicated. Norway stands out among the Nordic
countries with a very high share of home-ownership, and a very low share of public housing, after
the housing market was deregulated in the 1980s, and has lower levels of socio-economic
segregation of the poor compared to Stockholm. The latter has a very constrained housing market,
with very long queues for rental housing that especially affects newcomers and youth. Property
prices in both Stockholm and Oslo have increased substantially over the last decade, and an
increasing share of rentals are transferred to owner-occupied apartments in Stockholm. Andersson
and Kährik (2015) show that in Stockholm in the period 1990-2010, the share of public rentals
went down from 19 to 7 percent in the inner city, and from 31 to 17 percent in the inner suburbs.
As a result, low-income groups are forced into multifamily housing estates in suburbs much further
away from the city center. It is most likely that these developments have affected the patterns we
find in this paper, namely that poverty segregation is very high in the Stockholm area. The Danish
situation is characterized by a substantial social housing sector in a strongly regulated housing
market (Skifter Andersen, Andersen, and Ærø 2000), which may correspond to the relatively low
levels of socio-economic segregation in Copenhagen.
It is also worth noting that the economic crisis hit the Dutch housing market much harder
compared to the other countries. During economic crises, people tend to move much less, which
may result in decreasing segregation, as was found for Amsterdam (Musterd and Van Gent 2015).
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However, after the economic crisis, because of increased mobility and rising house prices, socioeconomic segregation may increase again.
A third major factor influencing patterns of socio-economic segregation are area-based
interventions. Especially, interventions directed towards an increasing social mix have been
implemented in all cities of the study, with the aim of decreasing deprivation and increasing social
cohesion. Musterd (2005) speculates that Dutch policies might have been more efficient in
intervening in deprived areas compared to for instance Sweden.
Fourth, the interrelations between migration dynamics and segregation patterns is an important
research topic that deserves some attention as well. All capitals in this study have seen large
increases in migration flows during the last decades, but absolute and relative numbers have by far
been largest for Sweden. Ethnic segregation in the countries in this study is highest for the
Netherlands and Belgium on a macro scale, and lowest for Denmark and Norway. On the smallest
scale level, ethnic segregation is quite similar across countries, but highest for Belgium and lowest
for Norway (Andersson et al. 2018; Rogne et al. 2018), though local urban segregation patterns
may be quite different from those at the national scale. There are studies evidencing the link
between deprived areas and high densities of immigrants: for example, Costa and De Valk (2018)
found that ethnic and socio-economic segregation clearly overlap in Brussels, in a process of largescale isolation of deprived migrants in central neighborhoods. But the relationship is by no means
universal (Wessel 2015).
The link between migration and segregation may be also related to the cities’ global
connectedness. The more connected a city is, the more it attracts affluent workers for high-profile
jobs and in companies and international institutions, and also low-skilled workers in the consumer
service sector (Sassen 2001; Musterd et al. 2017). According to the GaWK’s 2012 city
classification, Brussels and Amsterdam are the most globally connected of the five cities (Alpha),
followed by Stockholm (Alpha-), Copenhagen (Beta+) and Oslo (Beta) (Globalization and World
Cities Research Network 2012). Brussels’ connectedness may influence its high segregation levels,
with high- and low-skilled migrants fueling the existing socio-spatial divisions in the city (Costa
and de Valk 2018). But this relationship does not seem to hold for the other cities.
Migration flows to, from and within metropolitan areas may also impact on levels of socioeconomic segregation. The theory of spatial assimilation states that with increasing socio-economic
status, migrants tend to move from deprived areas and to more affluent areas. However, the
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evidence for the theory in the cities under examination is mixed. Rogne (2018) finds that
descendants of non-western migrants that are economically successful more often move to
neighborhoods that are more affluent and contain lower shares of non-western migrants. However,
he also finds that the contribution of descendants of non-western migrants to both ethnic and socioeconomic segregation is insignificant. Vogiazides (2018) finds that it is mostly recently arrived
migrants in Stockholm that move away from distressed areas, while other migrants stay put; while
Kenji Chihaya and Vogiazides (2017) find that being employed and highly educated increases the
probability for migrants to move to more affluent neighborhoods. Settlement patterns are also
caused by ethnic preference among migrants, to move to co-ethnics in certain parts of urban areas
(Van Ham and Manley 2009). In addition, natives’ avoidance of deprived or immigrant-dense areas
also influences segregation patterns (Bråmå 2006; Zorlu and Latten 2009). In Denmark and
Sweden, natives have been found to be more likely to leave immigrant-dense neighborhoods
(Skifter Andersen et al. 2016).
In the same vein, preferences for high-quality housing, good neighborhoods and affluent
neighbors may drive patterns of affluence, as houses in such neighborhoods are more expensive
and thus only available to affluent residents. Thus, purchasing power and socioeconomic
homophily may contribute to the segregation of the most affluent. Additionally, the segregation
patterns in each city have been shaped by a number of factors not accounted for here, such as
specific historical developments like industrialization processes and urban expansions, and local
geographical features (Myhre 2017). Further attempts at explaining the differences in segregation
patterns between cities should also account for such idiosyncrasies

6. Conclusions
This paper has presented unique data on socio-economic segregation in North-Western
European capital cities in 2011. The data and methods used in the paper allow for truly comparable
dissimilarity indices, maps and percentile plots. For the first time, we are able to draw conclusions
on the levels and patterns of socio-economic segregation in Brussels, Copenhagen, Amsterdam,
Oslo and Stockholm in a comparative perspective.
The unique geocoded register data in combination with a multiscalar approach solves the
previous problems that have prevented good comparative segregation studies. In addition,
conceptual issues could largely be solved as well, by adapting joint definitions of indicators of
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poverty and affluence. The resulting measures of socioeconomic segregation at multiple scales
offer a first-time comparison of patterns and levels of socio-spatial inequalities in five European
capitals.
Our main conclusions are that for all cities, the level of segregation by affluence is much larger
than that of segregation by poverty. Macro-scale poverty segregation is most prominent in
Stockholm and Brussels, and quite low in Amsterdam. At micro scales, Brussels and Stockholm
stand out with a presence of local pockets of poverty. In such poor neighborhoods, there are few
non-poor, indicating high levels of polarization. Macro-scale affluence segregation is most
pronounced in Oslo (which is very different from the results from Tammaru et al. 2015), followed
by Brussels, Copenhagen, Stockholm and Amsterdam.
What these results clearly show is that differences in segregation patterns can be subtle and not
possible to explain by a simplified model. In our view this implies that progress in understanding
segregation processes cannot be made without measures that capture differences between urban
areas in a reliable way. As long as there is uncertainty about the extent to which segregation
measures reflect real differences between cities, it is not meaningful to develop models that try to
explain differences. We would, however, argue that the approach presented in this paper provides
secure descriptive results that can serve as an inspiration for both theory building and for testing of
hypotheses. The paper has used three different methods to study the spatial distribution of socioeconomic segregation, namely dissimilarity indices, percentile plots and location quotients. The
latter are seldom used in segregation studies, but as they are suitable for comparisons across time
and contexts, they are a promising method to spatial segregation studies. The simultaneous use of
different methods can also be very helpful in segregation studies.
We have discussed that a combination of welfare regimes, housing market systems, area-based
policies, migration dynamics and preferences all influence patterns of socio-economic segregation,
and that the country- and city-specific histories and circumstances matter in explaining spatial
patterns of poverty and affluence.
Further research will hopefully be able to use these data to re-examine the theories that explain
segregation patterns, to study neighborhood effects on individual outcomes in a comparative
perspective, and to assess effects of different policy interventions.
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Notes
1. Although Brussels did not figure in the comparison, it is plausible to assume that segregation
levels of poor households based on similar data would have been high as well, as Belgian cities
have very similar segregation patterns (see Costa and de Valk 2018)
2. In contrast to the technical report (Nielsen et al. 2017), the Swedish data used to construct the
poverty indicator is measured at individual and not household level.
3. Tax returns in Belgium include all null income declarations. These produce a bias in income
data because international workers do not pay taxes in Belgium, and falsely appear as being
poor. In order to address this bias, we excluded null incomes from the data. The change mostly
leaves out wealthy international workers and non-working spouses, and not poor households.
This is because most households without a revenue have unemployment grants or other types
of social assistance, and do not appear as having null income in tax returns. The exclusion of
international workers is not ideal because they obviously participate in the spatial distribution
of poverty and affluence in Brussels. However, our tests have shown that the data is consistent
and suitable for our purposes in this article. Furthermore, we can assume that neighborhoods
that cluster on wealthy international workers also cluster wealthy domestic workers. More
details on this issue are available upon request.
4. As explained, neighborhoods were constructed by expanding geographical buffers around
grids; however, we can consider that each inhabitant of a grid has their own individualized
neighbourhood.
5. Thresholds based on a difference of one standard deviation, namely 1.2 for a significant
concentration/segregation of subgroups and 0.85 for a significant under-representation, are
used in the literature (Brown, Lobao, and Verheyen 1996; Brown and Chung 2006), but depend
on specific distributions.
6. The age groups for measuring segregation of the poor and the affluent are slightly different,
which may mean the indices are not strictly comparable.
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