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ABSTRACT
In recent decades, interest in residential segregation has increased in Southern Europe and the Mediterranean region, primarily

due to immigration. This study explores segregation and its potential links to socioeconomic disparities and social (in)justice.

The analysis uses standard segregation indicators, along with their spatial counterparts, and employs permutation tests for

inference. These methods are applied to the province of Pescara, a Mediterranean city in Southern Italy, to also explore

segregation differences between urban and rural areas. Finally, we discuss how this approach can assist policymakers in

identifying segregation pockets in rural outskirts and prevent potential spatial (in)justices and socioeconomic disparities

affecting ethnic minorities.

1 | Introduction

Spatial injustice refers to the uneven distribution of opportu-
nities among individuals based on their place of residence
(Soja 2013). The literature discusses two key aspects of spatial
justice: the “distributive” and the “procedural” (or “process”)
dimensions (Shucksmith et al. 2021, p. 323). While distributive
justice focuses on the redistribution of opportunities, procedural
justice aims to modify conditions of the processes that lead to
significantly unfair outcomes. Hence, considering procedural
aspects can be valuable in addressing unjust outcomes of
socioeconomic processes at the local level, particularly those
affecting ethnic minorities.

Residential segregation is defined as the process leading to a
severely imbalanced distribution of minority groups across
space, which might result in exclusion or disadvantage for
ethnic groups (Bailey et al. 2017). A highly unequal distribution
of minorities can restrict certain groups to areas with limited
resources or services (Smets and Salman 2016). In the United

States, for example, segregation has limited access to essential
services such as healthcare for some communities (Kramer and
Hogue 2009).

In the European Union (EU), the Cohesion Policy is the pri-
mary initiative for reducing socioeconomic disparities and
promoting spatial justice. Using these resources, European
institutions have aimed to tackle potential disparities, particu-
larly in Southern Europe, and including those related to seg-
regation of minorities (Ulceluse et al. 2022). Policies have been
implemented to effectively reach minorities and ensure their
access to services. Hence, keeping low residential segregation in
Southern Europe remains a priority on the EU agenda to ensure
fair opportunities and reduce socioeconomic disparities.

The relationship between residential segregation, socio-
economic conditions, and spatial injustice has been analysed
from multiple perspectives. Lehman‐Frisch (2011) examines
cases where racial or residential segregation leads to injustice,
as when it restricts access to employment, education, and other
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opportunities or contributes to racial stigmatisation. The author
also advises that segregation should not automatically be con-
sidered a form of injustice. Marcuse (2009) emphasises that the
relationship between residential segregation and spatial justice
is constantly evolving and should be interpreted within specific
socioeconomic contexts.

Some authors have highlighted the significance of these con-
nections in Southern Europe. Arbaci (2008) stresses how
housing and residential marginalisation in Mediterranean cities
represent a critical issue for immigrants.1 Tintori et al. (2018)
emphasise the relationship between socioeconomic and demo-
graphic factors at the local level in Italy, calling for residential
segregation to be analysed in both urban and rural areas.
Trends such as gentrification in areas previously devoted to
industrial production (Smith and Butler 2007) and growth of
city boundaries and urban sprawl (Salvati 2022) call for segre-
gation to be examined beyond city boundaries. Other scholars
suggest that more evidence is required to understand the link
between segregation and socioeconomic disparities in Southern
Europe, taking particular account of the Great Recession of
2008 (Arapoglou 2012; Panori et al. 2019; Benassi et al. 2020a).
Studying segregation in Southern Europe requires investigating
carefully its socioeconomic effects across different levels of the
rural‐urban hierarchy (Smith 2019). The study of rural segre-
gation has gained attention in other contexts, such as the
United States (Lichter et al. 2021), but it remains underexplored
in Southern Europe (Zambon et al. 2017; Pratschke and
Benassi 2024).

The analyses of segregation at a granular level require careful
consideration of the spatial distribution. Many segregation indi-
ces neglect this critical aspect and do not capture interactions
between spatial units (Bailey et al. 2017). This issue, known as
the “checkerboard problem”, is well documented in the case of
Duncan's D (White 1983). Despite the availability of spatial al-
ternatives that address the “checkerboard problem” in studying
segregation at a granular level, standard nonspatial methods
continue to be widely used. As a consequence, spatial analysis
has received limited attention in segregation studies, particularly
those focusing on the Mediterranean area (Benassi et al. 2020a).

In light of the above, this study aims to an in‐depth assessment
of residential segregation, socioeconomic disparities, and spatial
justice in a Mediterranean region. We employ a set of statistical
indices to analyse segregation in a densely populated province
in Southern Italy. We consider spatial indicators (Reardon and
O'Sullivan 2004; Feitosa et al. 2007) to assess the role of spatial
interactions. Our approach discriminates between urban and
rural areas to better investigate geographical variability in seg-
regation statistics. Finally, we discuss how urban–rural differ-
ences in segregation figures relate to imbalances in key
socioeconomic indicators and potential injustice, emphasising
how this relationship varies across spatial contexts.

The paper focuses on the procedural aspects of injustice, ex-
ploring the socioeconomic conditions that disproportionately
affect ethnic minorities in rural areas. Many of these areas
remain underdeveloped and ‐ given the existing evidence ‐
migrants who settle there could lack effective integration and
experience disparities in education, housing, and employment.

Our investigation adds on the socioeconomic and spatial
implications of residential segregation in urban and rural
localities within a Mediterranean region of Southern Italy.

The province of Pescara has been selected as a case study for
three main reasons. First, it is situated in Southern Italy, a region
that has experienced significant changes in urban settlement
patterns over the past few decades (Romano and
Zullo 2014). Second, Pescara represents an example of an urban
agglomeration in the Mediterranean shaped by rural‐to‐coastal
migration (OECD 2012). Finally, the city has experienced recent
growth motivated by a dynamic housing market compared to the
rest of a mainly rural region of Abruzzo (Montanari and
Staniscia 2013; Compagnucci and Morettini 2024).2 Data on re-
sidents from three ethnic groups are drawn from the 2011 Italian
Statistical Institute (ISTAT) census for localities, which provides
a more granular geographical level compared to municipalities.
Spatial units are classified as urban or inner areas according to
the OECD (2012) definition of Functional Urban Area (FUA).

We recognise that segregation is characterised by multiple
dimensions (Massey and Denton 1988) and focus on evenness
and exposure as these are the most examined dimensions in
applied studies (Kramer and Hogue 2009). For statistical
inference of all indices we use random permutation approaches,
following approaches in previous successful applications
(Feitosa et al. 2007; Tivadar 2019). Finally, we address spatial
level‐related issues associated with the Modifiable Areal Unit
Problem (MAUP) by calculating indices for municipalities.

Our findings emphasise the relevance of including spatial indicators
into segregation studies in the Mediterranean and Southern Europe.
An approach that considers spatial patterns and urban/rural dif-
ferences could offer policymakers more accurate insights. This is
especially relevant for the Mediterranean areas in Italy, where
growth of the urban population and migration waves highlight the
need for effective integration policies (Ciommi et al. 2022).

The remainder of this paper is structured as follows. Section 2
presents an overview of migration, segregation, and spatial ef-
fects in the Mediterranean region. Section 3 describes the
methodologies and data used. Section 4 presents the empirical
application. Section 5 discusses policy implications regarding
the relationship between segregation and spatial justice. Sec-
tion 6 concludes the paper.

2 | Migration, Segregation, and Spatial Effects in
the Mediterranean

Immigration has emerged as a recent trend in many regions of
Southern Europe, especially along the Mediterranean coast, because
of the economic growth experienced in the late twentieth century
and the early 2000s. Migration to Italy, Spain, and Greece was
paired with a phase of economic transition, during which foreign
workers became an essential part of the labour market. In this
context, migration appears as a distinct phenomenon compared to
the patterns observed in the United States. Factors such as intra‐
regional mobility, rapid changes in the labour market, and the
cyclical shifts of employment and unemployment make migration
to Southern Europe challenging to predict (King 2000).
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Migration into Mediterranean regions has been closely related
to the growth of their urban centres. Panori et al. (2019) high-
light that incoming migrants face an unstable environment,
where several developmental and transition processes are under
way. The authors observe that it is difficult applying Western
urban models to explain the segregation processes in Mediter-
ranean regions. Viñuela et al. (2019) note that migrants choose
to live in densely inhabited regions in Spain's coastal areas.
However, they usually tend to settle in areas on the outskirts of
main cities. This evidence is linked to the growth of the service
sector and the progressive expansion of areas devoted to tour-
ism in the Mediterranean (see for Sardinia, Costantino
et al. 2021). Hence, migrants select regions where agglomera-
tions are strong, and the number of businesses is high. In Italy,
these regions are typically located along the coasts. Salvati
(2022) stresses how the growth of urban areas in Southern
Europe is a ‘mosaic’ of different economic impulses. During
periods of economic expansion, urban agglomeration in cities
was particularly strong, combining lack of urban planning and
progressive gentrification. In this scenario, rural outskirts has
started to represent a viable solution for many migrants.

These factors contribute to segregation in Southern Italy, which
can be seen as the result of various interconnected forces. The
expansion of the service sector attracts incoming populations by
offering job opportunities, yet it also creates pockets of
inequality within urban enclaves. At the same time, some
foreign‐born individuals choose to settle outside cities, due to
factors such as lower housing costs and reduced congestion.
Additionally, some migrants move directly to rural areas to
meet labour demands in seasonal agriculture (King et al. 2021).
These processes suggest the need to examine spatial patterns in
both urban centres and rural outskirts, which remain relatively
understudied (Tintori et al. 2018). A deeper understanding of
these patterns could lead to more accurate segregation analyses
in the Mediterranean region and assist policymakers in pre-
venting unintentional segregation in specific neighbourhoods or
areas.

The analysis of segregation has traditionally focused on mea-
suring the distribution of foreign residents within a given area.
One of the most common methods is Duncan's dissimilarity
index, which captures the extent to which two groups are evenly
distributed across different neighbourhoods (Duncan and
Duncan 1955). However, as Massey and Denton (1988) point out,
segregation is a multidimensional phenomenon that goes beyond
the concept of evenness. It also involves exposure, which reflects
the chances of possible contacts between majority and minority
groups. Another dimension is concentration, which refers to the
amount of physical space occupied by a minority group. Cen-
tralisation measures how close minority groups are to the city
centre, while clustering indicates how likely minority‐inhabited
areas tend to be located next to one another.

White (1983) emphasises that standard indices of dissimilarity
suffer from the checkerboard problem. Wong (1993) observes
that a large part of the literature relies on standard segregation
measures that do not adequately consider territorial patterns.
More recently, Brown and Chung (2006) have pointed out that
the analysis of spatial dynamics and the socioeconomic aspects
of urban settlements are crucial for assessing segregation.

In response to these challenges, spatial alternatives have been
introduced to measure segregation (Reardon and O'Sullivan
2004; Feitosa et al. 2007). Reardon and Firebaugh (2002) pro-
pose new criteria to better account for the spatial distribution of
minority populations in segregation indices, based on the
framework established by James and Taeuber (1985). To this
aim, spatial indicators that respect the conditions of scale
interpretability and arbitrary boundary independence are
defined for evenness and exposure concepts.

Another issue in the spatial analysis of segregation is the differ-
ences between urban and rural areas, particularly the urban‐rural
divide. Most studies on segregation focus on cities, often
neglecting the dynamics occurring beyond metropolitan bound-
aries. As Lichter et al. (2021) argue, extending the analysis to
rural and peri‐urban areas can offer a more comprehensive un-
derstanding of local segregation patterns. Factors such as the job
market and housing prices, for instance, drive migration to the
outskirts, especially in Southern Italy. Although the spatial
dimension is acknowledged as crucial for understanding segre-
gation in the Mediterranean context, few studies explicitly
address spatial effects (Benassi et al. 2020b). In this sense,
adopting a spatial perspective, both conceptually and methodo-
logically, could improve policy decisions on key social issues.

In this paper, we refer to spatial effects as typical features of
geographically observed data. Two spatial effects are recognised
in the analysis of spatial data (Anselin 1995). Spatial dependence
(in its weakest form, spatial autocorrelation) refers to the pro-
pensity of nearby locations to exhibit similar attributes. Spatial
heterogeneity, on the other hand, describes the lack of stability in
the statistical parameters over different geographic areas.

Accounting for spatial dependence in the distribution of
minorities allows us to discuss the role of spatial patterns in
segregation (Reardon and O'Sullivan 2004). This capability is
not provided by using standard indices. In addition, it is crucial
to consider spatial variation in the segregation figures (Barros
and Feitosa 2018). In the presence of an urban/rural divide,
spatial heterogeneity offers a valid conceptual framework to
account for the variations between urban and rural areas in
empirical analyses.

In this paper, we apply spatial measures proposed by Feitosa
et al. (2007), testing the statistical significance of both the spa-
tial evenness and spatial exposure indices. We consider the
heterogeneity between urban and rural groups of localities to
identify underlying patterns of segregation. Finally, we perform
an exploratory spatial data analysis to investigate the potential
relationships between specific socioeconomic variables and
segregation.

3 | Data and Methods

3.1 | Standard Indicators of Segregation

The D index of dissimilarity is widely used to analyse residential
segregation (Fossett 2017). In region R, for j k M, = 1, …, pop-
ulation groups, the dissimilarity index D can be expressed as
(Duncan and Duncan 1955):
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where tij and tik are the population of the two groups j and k in
each spatial unit ∈i N i R= 1, …, , , with ≠k j,Tj andTk are the
total population of two different groups. Here, j indicates the
majority group, while the other index refers to any ethnic
minority of interest.

Theoretically, Duncan's D ranges from zero to one, where
D = 0 indicates complete integration, meaning both groups are
distributed in the same proportion across all spatial units con-
sidered (i.e., evenness). Conversely, D = 1 indicates total seg-
regation, where each area i is populated by members of only one
group. Duncan's D is typically interpreted as the percentage of
minorities that would need to be relocated to achieve a perfectly
balanced distribution.

However, as noted by Cortese et al. (1976) and Fossett (2017),
evenness (i.e., D = 0) may be difficult to achieve in real sce-
narios. This issue often occurs when the share of the minority is
significantly unbalanced (i.e., the number of minority members
Tk is quite low) and the number of spatial units under study (i.e.,
N ) is large. Consequently, the concept of evenness, in contrast
to full segregation, may not be appropriate and should be re-
placed with the more appropriate concept of randomness.

Based on this rationale and following Boisso et al. (1994), we
use an approximate randomisation test to make inferences on
index D, under the null hypothesis of the random allocation of
minorities. The underlying idea is that random allocation leads
to substantial unevenness when units or minority shares are
small (Carrington and Troske 1997).

In this case, due to more recent waves of migration, the overall
number of minority members could be low throughout the
localities. This is not only evident when all residents from the
minorities are considered together, but especially when those
are considered separately.

To build the test, individuals in the original data (both majority
and minorities) are randomly reallocated among the spatial units
without replacement, and the population size of the localities is
maintained constant (Tivadar 2019). The procedure is iteratively
performed 9999 times to obtain multiple combinations. Duncan's
D is calculated at each iteration, obtaining an empirical distri-
bution under the null hypothesis of randomness. The rank of the
original value of D is, then, observed in the empirical distribution
and a pseudo p‐value is computed as one minus its relative rank
in the reference distribution. This p‐value can be interpreted as
the statistical significance of the segregation index under the
randomness hypothesis (Rey 2004).

Furthermore, as Lieberson (1981) and Massey and Denton
(1988) point out, dissimilarity indices focus only on the even-
ness dimension. It is also useful to consider the exposure
dimension to estimate the probability of possible interactions
between groups to promote broader social integration. To this
purpose, indicators have been defined to measure exposure/
isolation (Bell 1954; Lieberson and Carter 1982).

The exposure index measures the chance that a member of one
group is exposed to any member of other groups, and is cal-
culated as:

⋅P
t

T

t

T
=  .j k

i

N
ij

j

ik

i=1

(2)

The index in (2) is interpreted as the probability that a random
person from group j may have a potential contact with a
member of group ≠k j in area i, and its value is bounded
between zero and one. This index is based on two assumptions:
contacts occur only between people of the same area, and every
person has an equal chance of meeting any other person in the
spatial unit i. Deviations from these assumptions would gen-
erally favour higher within‐group contacts rather than between‐
groups, as connections are more likely to occur between people
of the same ethnicity. Therefore, the index in (2) does not
measure the “actual” interactions but rather produces a mea-
sure of the potential contacts between different ethnic groups
(Bell 1954).

Conversely, the isolation index indicates the probability that a
person from a group will be in contact with others from the
same group, as:

⋅P
t

T

t

T
=   .j j

i

N
ij

j

ij

i=1

(3)

Inference for both the exposure and isolation indices is carried
out using the randomisation method outlined for Duncan's D in
this paper (Tivadar 2019).

Traditional segregation indices have major limitations in the
analysis of geographically distributed data. As noted by Wong
(1993), different population permutations between spatial units
can provide the same figures as standard indices of segregation.
In other words, these measures fail to capture any geographical
information, making the results insensitive to the distribution of
ethnicities. Wong (2016) suggests that new approaches should
be adopted to incorporate spatial information into segregation
measures when the distribution of ethnicities is influenced by
spatial autocorrelation. In addition, average segregation mea-
sures can hide significant heterogeneity (Lichter et al. 2021) and
instabilities between urban and rural areas.

In essence, traditional measures of segregation have left many
problems related to the presence of spatial effects, spatial
dependence and spatial heterogeneity, unresolved. For these
reasons, in the next section we reconsider spatial indicators of
segregation to complement standard indicators in the presence
of spatially dependent data and introduce an exogenous parti-
tion to address spatial heterogeneity.

3.2 | Spatial Indicators of Segregation

We now move a step ahead in the analysis by considering
spatially augmented measures of residential segregation. Morrill
(1991) summarises several strategies for incorporating spatial
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interactions into Duncan's D and addressing the checkerboard
problem. He builds on White (1983) idea of accounting for the
disproportions of minorities in neighbouring cells, in which
adjacency is based on a geographical proximity matrix. These
versions of the D index aim to capture spatial autocorrelation
based on the definition of an exogenous proximity matrix
(Getis 1991; Rey and Folch 2011). Wong (1993, 1998) proposes
improvements to this strategy accounting for polygon char-
acteristics and multi‐ethnic populations.

Reardon and O'Sullivan (2004) build on the idea of incorpo-
rating spatial interactions into indicators of dissimilarity and
exposure. Their method produces segregation metrics based on
the “population density of the local environment”, which is
calculated as the weighted average of the population densities
in the study area (Reardon and O'Sullivan 2004, p. 129). The
approach aims to measure segregation within a continuous
geographical space by using weights obtained from a distance‐
decay kernel functions and therefore accounting for potential
connections of ethnic groups in the local environment of i.

Feitosa et al. (2007) argue that the use of the local population
intensity may be more appropriate for building spatial in-
dicators in urban areas than using the population density in the
local environment. They introduce spatial segregation measures
conceptually similar to those introduced by Reardon and
O'Sullivan but based on local population intensity ‐ a subset of
the concept of population count introduced by Wong
(1998, 2005). The local population count is calculated as the
weighted average of population counts at each location, with
weights determined by a distance decay kernel function that
accounts for the geographical distance between the centroids of
spatial units. These centroids serve as reference points for each
spatial unit within the analysed region. Furthermore, as noted
by Wong (2005), segregation measures based on population
count are always bounded between zero and one, ensuring a
clear and interpretable range, similar to their corresponding
aspatial versions.

According to this narrative, we decide to use the indicators
proposed by Feitosa et al. (2007). The local population intensity
is defined as the population of group j in the local environment
of unit i as:

t k t̃ = ,ij

l

N

il lj

=1

(4)

where tlj is the population of group j in area l, kil are the
weights generated by a Gaussian kernel function defined as:















k

d

γ
= exp −

1

2
.il

li
2

(5)

The weights kil are based on the geographical distance dli
between two units l and i, and γ is the bandwidth. The kernel
function is defined in such a way that as the geographical dis-
tance dli increases, kli decreases. Conversely, when dli is small,
kli increases. In the special case where d = 0ii (i.e., the point of
interest coincides with the data point) k = 1ii . This class of

measures is robust to the choice of kernel, which can take forms
other than Gaussian. However, careful attention should be gi-
ven to the selection of bandwidth (O'Sullivan and Wong 2007).

Now, we define the local proportion of group j in locality i as:

τ
t

t
̃ =

̃

̃
,ij

ij

i

(6)

where tĩ is the all‐groups population for the local environment
of i according to the same kernel as in (5). Finally, we define the
spatial version of the dissimilarity index according to Feitosa
et al. (2007) as:

 D
T

TI
τ τ̃ =

2
| ̃ − |,

i

N

j

M
i

ij j

=1 =1

(7)

where τĩj is the ratio calculated as in (6), Ti is the total popula-
tion in unit i, τj is the proportion of population for each group
j M= 1… , T is the total population and I τ τ= ( )(1 − )j

M
j j=1 .

This indicator differs from the aspatial case in two features.
First, the proportion of minorities is not merely computed for a
single area but also considers the effects in the local
environment. Second, the D̃ should be interpreted as the extent
to which the intensity of the groups in local environments
differs from the intensity in the overall area.

The spatial version of the exposure and isolation indices is also
based on the concept of local environment. The spatial exposure
index can be defined as:

P
t

T
τ

~
= ~ ,j k

i

N
ij

j
ik

=1

(8)

where τĩk is the local population intensity of other groups ≠k j

calculated on the local environment of i, tij is the population of
group j in location i, and Tj is the total population of group j in
the whole area R. Similarly, spatial isolation can be written as:

P
t

T
τ

~
= ~ ,j j

i

N
ij

j
ij

=1

(9)

where τ~ij is local population intensity of group j calculated in
the local environment of i.

For spatial indices of segregation, it is extremely important to test
the statistical significance of the results against randomness. This
helps to verify whether the obtained results are simply a conse-
quence of an equally probable allocation of individuals or if they
are linked to the actual presence of spatial patterns of segregation
in the data (Rey and Folch 2011; Yao et al. 2019).

To test the statistical significance of spatial indicators for
evenness and exposure dimensions, we propose implementing
statistical inference following the same rationale as Feitosa et al.
(2007) and Panzera et al. (2022). The proposed methodology can
be summarised in four steps:
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1. Individuals for the majority and each of the minority
groups are randomly reassigned to different units
i N= 1, …, , while keeping the population size of each
spatial unit Ti fixed to that observed in the real data.

2. We consider a large number of such permutations (ideally
9,999) and, for each of these configurations, we calculate
the segregation indices (7, 8), and (9).

3. The 9,999 values of the segregation indices obtained in
Step 2 are used to obtain a computationally based
distribution.

4. Given the null hypothesis that each pattern is equally
likely, the true value of the index is added to the com-
putationally based distribution, and a pseudo p‐value level
is calculated using the position of the actual value in the
obtained ranked distribution.

We apply the proposed statistical methodology to the entire
region and test the spatial indicators of segregation both when
all the minorities are considered as one group and when they
are considered in different subgroups. Finally, spatial measures
are tested for urban and rural partitions.

3.3 | Data and Region Under Study

The empirical evidence is based on official data from the ISTAT
population Census of 2011.3 The analysis focuses on 434
localities in the province of Pescara (Italy). According to ISTAT,
localities are an intermediate geographic level between muni-
cipalities and census tracts. They are defined as ‘more or less
extended areas where inhabited houses are situated’. In the case
of Italy, the concept of locality can be used for capturing within‐
municipality differences, distinguishing between densely in-
habited areas and less urbanised locations.

To consider urban‐rural differences, we adopt the OECD defi-
nition of FUAs. In this context, the localities in the munici-
palities of Francavilla al Mare and San Giovanni Teatino
municipalities (which belong to another contiguous province),
are included alongside the other municipalities in the province
of Pescara. The OECD classification is used as a reliable source
to classify the region under investigation into urban and rural
localities of the inner area (Benassi et al. 2020a). The localities
outside the FUA consist primarily of former rural towns, partly
inhabited by foreign people seeking affordable housing at
commutable distances from the main city. Among the 434
localities in the region, 70 belong to the urban category, while
364 are in the rural group.

Finally, we analyse data of municipalities for the 2011 popula-
tion census to verify whether the MAUP affects the analysis of
segregation at different levels of the administrative hierarchy.

4 | Results

As of 2011, there are 15,055 foreigners in the study area, rep-
resenting 4.29% of the total population of 351,210 residents. The
geographical distribution of foreign resident shares at the
locality level over the study area is depicted in Figure 1, along
with a map of the province.

For all maps, we use the ‘natural breaks’ algorithm suggested by
Anselin et al. (2022). This algorithm classifies the target variable
in a given number of intervals such that the within‐group var-
iance is minimised. In our case, we obtain four intervals for the
distribution of each minority group's share, and the intervals
are reported in the maps' legends. This choice is made because
the natural breaks criterion is more effective in grouping ex-
treme observations.

FIGURE 1 | Map of the province of Pescara as of 2011 (A) and geographical distribution of the proportions of resident population from all

minorities (B).
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With regard to specific origin, 3.11% of residents come from
other European countries (10,922 residents), while 0.50% (1756
residents) and 0.40% (1405 residents) come from African and
Asian countries. The areas with the greatest presence of foreign
residents are along the Pescara River and the Vestina area
(North). The spatial distributions of these different origins are
presented in Figure 2.

A comparison of the maps in Figure 2 indicates that certain
groups tend to form local pockets of higher density. For
instance, the areas with the highest concentration of migrants
from African countries are Vestina and the surrounding areas of
Pescara, while Asian migrants are in a larger proportion in the
southwest.

The level of residential segregation for the whole foreign pop-
ulation (i.e., all minorities considered as one group) and for
different origins is measured by Duncan's D (see equation (1))
and reported in Table 1. The D value for the entire foreign
population is 0.1966, indicating a low level of segregation. Mi-
grants from Europe exhibit lower levels of segregation
(D = 0.2144), while the D values increase for Africans
(D = 0.3387) and Asians (D = 0.3337). These values are statis-
tically significant against the null hypothesis of randomness,
evidencing the presence of systemic segregation in the area
under investigation.

Table 1 also reports the spatial dissimilarity index D̃. The
optimal bandwidth for the kernel function is obtained following
O'Sullivan and Wong (2007) and using the average nearest
neighbour as a rule to determine the bandwidth. Moreover, as
O'Sullivan and Wong (2007) and Östh et al. (2015) suggested,

the number of nearest neighbours can be established consid-
ering the population size. In this analysis, we set the number of
nearest neighbours to 12, which allows us to consider a suffi-
cient population threshold of 10,000 people. This choice cor-
responds to a bandwidth of 2000m, which is used in the kernel
function. All spatial dissimilarity indices are statistically sig-
nificant, highlighting that spatial interactions must be con-
sidered when analysing segregation in the area.

Results for the D̃ index are lower when compared to their
standard (aspatial) alternatives. This result is in line with pre-
vious applications. The D̃ is a measure of dissimilarity that
incorporates interactions between closer localities and its value
depend on the potential interactions through boundaries.
Therefore, the D̃ index produces lower values compared to the
standard D index, proportionally to the greater concentration of
the majority group in localities adjacent to those inhabited by
ethnic minorities.

Another useful interpretation can be offered from the simula-
tion study by Feitosa et al. (2007). They find that the spatial
dissimilarity index reaches 86% of Duncan's D in the case of
strong spatial patterns, while it reaches around 5% when spatial
dependence is not significant. This measure helps in distin-
guishing cases with strong spatial autocorrelation from others
in which this issue is absent or not as important. In our study,
the value of spatial dissimilarity index for all minorities is
0.1240. When compared with the a‐spatial values, the spatial
dissimilarity reaches approximately 63% of the aspatial Dun-
can's D value. In the analysis of single ethnicities, it is relevant
to note how spatial measures D̃ represent a higher percentage of
the D, especially for Asian migrants.

FIGURE 2 | Geographical distribution of the proportions of resident population from Europe (A), Africa (B), and Asia (C) in Pescara province.

TABLE 1 | Duncan's D dissimilarity indices and spatial D̃ for all minorities and different groups by origin across 434 localities in Pescara

province.

All minorities Europeans Africans Asians

D 0.1966 (0.000) 0.2144 (0.000) 0.3387 (0.000) 0.3337 (0.000)

D̃ 0.1406 (0.000) 0.1289 (0.000) 0.2104 (0.000) 0.3209 (0.000)

Note: p values in brackets.
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We now examine exposure in both the aspatial and spatial
versions presented in Table 2 for the entire region. Notably, the
spatial isolation indices for minorities, as well as the spatial
exposure to minority groups, tend to be lower. In contrast, the
spatial exposure of minorities to Italians is higher, reflecting the
status of Italians as the majority group. This pattern aligns with
Feitosa et al. (2007), who show that spatial isolation indices
tend to decrease when minority areas are surrounded by
neighbourhoods predominantly inhabited by the majority
group. Therefore, adopting spatial measures that account for
interactions between adjacent units usually increases the
chance for minorities with the ethnic majority.

To investigate how residential segregation varies, we now
classify localities into rural and urban groups according to the
FUA definition. The urban area comprises 70 localities (about
63% of the overall population), while rural areas include 364
localities (37% of the overall population). Figure 3a presents the
distribution of urban areas based on the share of foreign re-
sidents. Figure 3b shows the same data for the rural group. All
maps are constructed using the natural breaks criterion.

Foreign residents account for 4.35% of the total population in
urban areas and 4.18% in inner areas. Figure 4 shows the geo-
graphical distribution of various ethnic groups in urban and
rural areas.

The incidence of Europeans is higher along the coast, while
individuals of African or Asian origin are more concentrated in
the northeast. In the rural areas, the presence of residents from
other European countries is more visible near the border with
the urban area of Pescara, while African and Asian communi-
ties are more notable in Alanno (centre), Moscufo, and Picciano
(north).

Duncan's D and spatial D̃ indices for both zones, as well as
for all ethnic groups, are shown in Table 3. There are some
differences in the values of the indices for the two groups. In
the urban area of Pescara, residential segregation is relatively
low, whereas the African group exhibits higher values.
Conversely, segregation increases in rural areas, where the
values of the aspatial indices for African and Asiatic groups
are higher.

TABLE 2 | Exposure (off‐diagonals) and isolation (main diagonal) indices for 434 localities in Pescara province using aspatial and spatial indices.

Italians Europeans Africans Asians

Exposure Italians 0.9602 (0.452) 0.0308 (0.000) 0.0050 (0.500) 0.0040 (0.500)

Europeans 0.9494 (0.000) 0.0402 (0.000) 0.0061 (0.000) 0.0043 (0.000)

Africa 0.9466 (0.000) 0.0377 (0.000) 0.0102 (0.000) 0.0056 (0.000)

Asia 0.9535 (0.000) 0.0331 (0.000) 0.0069 (0.000) 0.0064 (0.000)

Spatial Exposure Italians 0.9650 (0.047) 0.0295 (0.183) 0.0038 (0.023) 0.0018 (0.000)

Europeans 0.9661 (0.002) 0.0288 (0.305) 0.0034 (0.002) 0.0016 (0.000)

Africa 0.9692 (0.000) 0.0260 (0.047) 0.0033 (0.000) 0.0015 (0.000)

Asia 0.9688 (0.000) 0.0264 (0.136) 0.0036 (0.000) 0.0012 (0.000)

Note: p values in brackets.

FIGURE 3 | Geographical distribution of the proportions of resident population from all minorities in the urban area (A) and rural area (B) of

Pescara province.
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The spatial indices are statistically significant over the two
different areas. A Gaussian kernel is used and ad hoc optimal
bandwidths for both the urban (1800m) and rural (2100m)
groups are calculated following the suggestions of O'Sullivan
and Wong (2007). Interestingly, when comparing the spatial
indices with their corresponding aspatial versions, it is clear
that the ratio between D̃ and D in the urban area is noticeably
higher than in the rural area.

Exposure indices for the two zones are reported in Tables 4
and 5. Statistical significance is verified for almost all value,
especially in urban areas. In rural areas, however, the spatial
exposure of minorities to Italians is not significant. This is again
consistent with the interpretation that when the probability of a
minority member meeting Italians increases, the spatial indices
tend to be lower compared to the aspatial counterparts.

We also check for the impacts of changes at the geographical
level by analysing the municipalities. Table 6 shows the results
for the D and D̃ indices at the municipal level. When consid-
ering the 46 municipalities instead of localities, we obtain lower
D values. The shift is more evident for the spatial dissimilarity
indices, indicating a loss of information that could potentially
lead to misleading policy decisions.

Many studies indicate that segregation is better identified at a
finer geographical level (Jones et al. 2018). This is particularly
true in the Mediterranean context, where urban areas coexist
with surrounding, more rural towns (Benassi et al. 2020a).
In this situation, considering a finer spatial level of analysis
allows to uncover local patterns and small minority pockets
that might be ignored with a higher definition of analysis
(Saabneh 2022).

FIGURE 4 | Geographical distribution of the proportions of resident population from Europe (A), Africa (B), and Asia (C) in the urban (top) and

rural (bottom) areas of Pescara province.

TABLE 3 | Duncan's D dissimilarity and spatial D̃ calculated for urban (70 localities) and rural (364 localities) groups in Pescara province for all

minorities and different groups by origin.

All minorities Europeans Africans Asians

Urban area D 0.1722 (0.000) 0.1853 (0.000) 0.2947 (0.000) 0.1706 (0.000)

D̃ 0.1194 (0.000) 0.1124 (0.000) 0.1538 (0.000) 0.1798 (0.000)

Rural area D 0.2431 (0.000) 0.2489 (0.000) 0.5036 (0.000) 0.5620 (0.000)

D̃ 0.1026 (0.000) 0.1024 (0.000) 0.3290 (0.000) 0.3138 (0.000)

Note: p values in brackets.
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The segregation figures observed in Pescara are relatively low
when compared to larger Mediterranean cities, like Athens or
Palermo (Busetta et al. 2015). For the exposure dimension, our
results are in line with those of other Italian cities, such as
Milan (Rimoldi and Terzera 2017).

5 | Discussion

The results obtained for the province of Pescara suggest that the
geographical distribution of the data is relevant for a deeper
analysis of segregation in Southern Italy. Based on these results,
we identify three key issues for policymakers to address.

First, our evidence is consistent with the findings of Benassi
et al. (2020a) for Italy, suggesting that segregation figures can be
lower in FUAs, likely because of the well‐functioning job

market. However, the spatial patterns in urban areas should
also be considered, due to the fact that the concentration of
migrants in one locality can influence the composition of
neighbourhoods within a densely inhabited FUA. This is con-
sistent with the findings by Salvati (2022) for Athens, where a
lack of planning policies contributes to the presence of spon-
taneous urban patterns. Patterns of segregation should be
interpreted using spatial indicators to inform local planners and
improve ethnic integration.

The second aspect pertains to the rural outskirts surrounding
urban areas. In this paper, we show that segregation in rural
outskirts is higher than in urban localities. This is the result of
increasing trends in tourism activities in coastal municipalities
and rising living costs in urbanised areas (Montanari and
Staniscia 2013; Costantino et al. 2021). Rural localities offer a
valid option for incoming households to avoid these problems.

TABLE 4 | Exposure (off‐diagonals) and isolation (main diagonal) indices for the urban group (70 localities) in Pescara province using aspatial

and spatial indices.

Italians Europeans Africans Asians

Exposure Italians 0.9597 (0.211) 0.0294 (0.000) 0.0058 (0.000) 0.0051 (0.000)

Europeans 0.9525 (0.000) 0.0348 (0.000) 0.0073 (0.000) 0.0055 (0.000)

Africa 0.9479 (0.000) 0.0368 (0.000) 0.0091 (0.000) 0.0062 (0.000)

Asia 0.9552 (0.000) 0.0317 (0.005) 0.0071 (0.000) 0.0060 (0.000)

Spatial Exposure Italians 0.9698 (0.000) 0.0229 (0.000) 0.0040 (0.000) 0.0033 (0.000)

Europeans 0.9702 (0.000) 0.0226 (0.000) 0.0038 (0.000) 0.0034 (0.001)

Africa 0.9705 (0.000) 0.0224 (0.000) 0.0037 (0.000) 0.0034 (0.001)

Asia 0.9703 (0.000) 0.0227 (0.000) 0.0039 (0.000) 0.0031 (0.000)

Note: p values in brackets.

TABLE 5 | Exposure (off‐diagonals) and isolation (main diagonal) indices for rural group (364 localities) in Pescara province using both aspatial

and spatial indices.

Italians Europeans Africans Asians

Exposure Italians 0.9610 (0.004) 0.0333 (0.000) 0.0035 (0.000) 0.0022 (0.000)

Europeans 0.9446 (0.000) 0.0486 (0.000) 0.0042 (0.000) 0.0026 (0.000)

Africa 0.9427 (0.000) 0.0403 (0.000) 0.0132 (0.000) 0.0038 (0.123)

Asia 0.9467 (0.000) 0.0391 (0.000) 0.0061 (0.000) 0.0081 (0.002)

Spatial exposure Italians 0.9597 (0.396) 0.0345 (0.000) 0.0035 (0.000) 0.0023 (0.000)

Europeans 0.9602 (0.165) 0.0341 (0.000) 0.0034 (0.000) 0.0023 (0.000)

Africa 0.9597 (0.377) 0.0338 (0.000) 0.0040 (0.000) 0.0025 (0.000)

Asia 0.9575 (0.000) 0.0363 (0.000) 0.0038 (0.000) 0.0024 (0.000)

Note: p values in brackets.

TABLE 6 | Duncan's D and spatial dissimilarity indices for the 46 municipalities in Pescara province, calculated for all minorities and different

groups by origin.

All minorities Europeans Africans Asians

D 0.1538 (0.000) 0.1589 (0.000) 0.2931 (0.000) 0.2933 (0.000)

D̃ 0.0511 (0.000) 0.0521 (0.000) 0.0923 (0.000) 0.1025 (0.000)

Note: p values in brackets.
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In addition, unemployed migrants can fill seasonal job demands
in rural locations, which have been abandoned by the majority
of the residents born in Italy. This justifies the need to study
rural outskirts in Southern Italy, as in the United States (Lichter
et al. 2021), albeit for different reasons.

Finally, the results for rural localities provide insights on the
critical isolation of foreign communities, which may be con-
sidered as a sign of persistent spatial injustice. Rural outskirts in
Southern Italy tend to be heavily underdeveloped compared to
urban areas and are experiencing rapid depopulation. This
abandonment phenomenon may create space for migrants to
live in marginal peripheral areas (Vendemmia et al. 2021; and
for Pescara, Compagnucci and Morettini 2024). Investigating
and testing the ‘rural’ segregation of ethnic minorities could
help policymakers to prevent weaker groups from being con-
fined to areas of lacking access to opportunities.

In this paper, we also aim to investigate the potential links
between the drivers of potential socioeconomic disparities and
segregation figures. Several studies (Cousin 2017; Uwayezu &
de Vries 2018) underlined the importance of the housing mar-
ket and housing renewal, education, and the labour market as
fundamental elements driving people's development. These
factors are considered central in our analysis. We perform an
explorative spatial data analysis (Anselin 1995) on variables
such as the unemployment rate (unemp), the proportion of
individuals without a high school diploma (low education), and
the percentage of newly built houses (houses built after 2000,
housing). This analysis allows us to individuate clusters of the
drivers of spatial justice. We then compare these Local In-
dicators of Spatial Association (LISA)4 clusters with segregation
indices to observe if they coincide with higher segregation levels
in rural localities. Figure 5 displays the LISA cluster maps, with
the red line dividing the rural and urban areas. Figure 5a shows
the clusters of low values (blue) of the unemployment rate in
urban areas, while rural areas exhibit higher levels (red) of
unemployment. Figure 5b confirms the potential disadvantages
regarding the education dimension in rural areas, where the
illiteracy rate is notably high. Regarding the housing variable,
Figure 5c shows that rural areas present lower levels of this
indicator.

Comparing these patterns with the segregation values provided
in Table 3, we observe how segregation in rural areas is closely
linked to lower performance of these socioeconomic variables.
This situation highlights the need for a proper evaluation of
rural segregation in the Mediterranean regions. The specific
characteristics of migrant groups in Southern Italy might lead
them to settle in disadvantaged rural locations, where chances
for improving their socioeconomic conditions are limited.

Policymakers should account for the peculiarities of both urban
and rural localities in the Mediterranean to improve a more
inclusive mix and prevent minorities to settle in areas of
potential disadvantage. As Panori et al. (2019) stressed, cohesive
urban development should avoid differentials in opportunities.
In this context, consideration of spatial effects can be successful
in the analysis of segregation and this study highlights how this
is crucial for gaining deeper insights in the Mediterranean.

6 | Conclusions

Residential segregation has been increasingly investigated in the
Mediterranean region. In this study, we propose a spatial approach
for analysing segregation in the Mediterranean context. To this
aim, spatial indices are calculated and tested for evenness and
exposure dimensions using a spatial permutation approach. This
approach also extends the analysis of spatial heterogeneity in
segregation figures, considering rural areas and emptied towns.

Our focus is on Pescara, a province in the Abruzzo region along
the Adriatic coast, which has faced significant demographic and
urban changes in recent decades.

The results evidence the need for considering spatial effects in
the analysis of segregation. In particular, deeper attention to
rural areas surrounding the FUA could help policymakers avoid
the concentration of minorities into underdeveloped areas
where opportunities and services are limited.

Nevertheless, the spatial analysis of segregation in Southern
Europe represents an interesting area for further study both

FIGURE 5 | LISA cluster maps for three variables in the Pescara province: unemployment rate (unemp; A), illiteracy rate (low education; B), and

the share of recently built houses (housing; C) on the right. The urban cluster perimeter (70 localities) is highlighted in red.
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from an applied and methodological perspective. Our approach
can be adapted to other Mediterranean regions, particularly
when considering the peculiarities of the socioeconomic chal-
lenges posed by different Italian regions and their peri‐urban
areas. In addition, future research could improve the method-
ological framework in segregation by considering spatial
dimensions of other evenness measures (Panzera et al. 2022).
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Endnotes
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european-policy-response-its-housing-crisis

2https://www.eib.org/attachments/documents/jessica_abruzzo_en.pdf

3https://www4.istat.it/en/population-and-housing-census/population-
and-housing-2011.

4Local Moran Index is calculated as ≠I w x x= ( − ̅)i
x x

S j j i
N

ij j
− ̅

=1,
i

i
2 ,

where W matrix is defined as a k‐nearest neighbours with k=12
(Anselin 1995).
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