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Abstract: Urban segregation is an inherent feature of cities and becomes a problem when excluding or
hindering certain groups from accessing services, activities and spaces. In Brazil, segregation by social
class is dominant in the structure of cities and public policies rarely address urban configuration
as part of the segregation problem. This work addresses segregation with a shift in emphasis
from traditional housing segregation to segregation as the restraint of socio-spatial interactions,
thus including other facets of the phenomenon that have not yet been properly explored and
seeking new spatially relevant metrics. This paper aims to present a methodology of segregation
analysis based on configurational models and develop an empirical application in a Brazilian city.
Representing the probabilities of interaction between different socio-economic groups in public spaces,
a configurational model was used, addressing retail-residence spatial relationship. The attributes of
population size, household income and number of retail establishments were considered. The results
allowed identifying the probabilistic residence-retail trajectories for high and low income groups,
providing a first measure of spatial segregation. The conclusions seek to highlight the importance of
configurational approaches for segregation studies, as well as to show potentialities and limits of
this methodology.
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1. Introduction

Segregation is an inherent feature of cities and it has been the focus of interest in different scientific
fields. It can have an ethnic, racial, economic, religious, and gender basis, among others. The work
in [1] defines segregation as the restriction of interaction involving or not involving the physical
space. In architecture and urban planning studies, urban segregation is commonly approached as
separation [2,3]. Segregation is the separation of people, activities and functions [4] and it can hardly
be approached without considering its spatial aspect. The work in [5] defines urban segregation as any
form of spatial exclusion in the city.

Historically, urban segregation studies generally analyze the locational patterns of housing,
without taking into consideration the other domains where it can be manifested, such as the separation
of activities and functions. In more recent decades, advances in technologies has allowed new
ways to study the city. The increase in computational capacities, the development in the field of
Geographical Information Systems (GIS), and urban modelling, among others, are crucial to the
study of cities, allowing for new and innovative ways to study segregation and its implications [6].
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These morphological and configurational approaches enable a description of segregation taking into
account the relationships between people and activities in space.

The shift of focus on the segregation problem from purely residential to a broader problem which
encompasses the daily routines of individuals and their movement in the public spaces is a welcome
change. The way we interact with individuals from different social groups shapes our perception of
others, creating a possible capacity for solidarity between different groups. In the words of the authors
of [7] (p. 116), “space is an integral part of the outsider problem. The way in which space is organized
affects the perception of the ‘other’, either as foreign and threatening, or as simply different”.

The intent of the present paper is to analyze segregation with a shift in emphasis from traditional
territorial and housing segregation to segregation as the restraint of socio-spatial interactions,
thus including other facets of the phenomenon of segregation that have not yet been properly explored
and seeking new forms of evaluating and measuring this segregation through spatially relevant
metrics. This paper’s aim is to: (a) Present a methodology of analysis of segregation based on
configurational models; and (b) develop an empirical application in a small Brazilian city, Ibirubá.
The paper is organized as follows. Section 2 presents a brief review of segregation studies and also
configurational approaches. Section 3 describes the methodology, empirical data and the modeling
process. Section 4 presents the results and discussion. The last section brings some conclusions and
also potentials and limitations of the adopted methodology.

2. Segregation and Urban Spatial Configuration

In this section we outline the theoretical background of the paper. First, we briefly review some
studies on urban segregation, highlighting the point of view of spatial configuration. The session
closes with the discussion of configurational models as indicators of encounters in public space.

2.1. Urban Segregation

In Latin America the attributes that characterize segregation are mainly socioeconomic,
and despite being the largest economy in Latin America, Brazil ranks among the highest indicators
of income inequality in the world [8,9]. According to the 2010 UNDP (United Nations Development
Programme) report, Brazil is the 10th most unequal country in the world and the 1th in income
concentration among the richest 1% of its population. These inequalities have a strong implication for
the spatial configuration of cities.

The study of urban segregation has many facets, but two approaches stand out in the scientific
field, namely sociological and the geographical [10]. The sociological approach considers segregation as
the absence of interaction between individuals of different social groups. The geographical approach
considers segregation as the unequal distribution of social groups in the urban space. These two
approaches tend to be used separately from one another, and among them the geographical approach
is most commonly used.

Most existing studies of urban segregation have their main focus on residential locations.
The spatial aspect of urban segregation is usually assumed to be uneven locational housing patterns.
There are many examples on this type of study. One of the most well-known is the study of the city
of Chicago, with its concentric rings [11]. Most traditional segregation measures are usually based
on household income. Many indicators that are used are economic non-spatial indicators, such as
income distribution (Gini index, Lorenz curve, etc.). Others are spatial indicators that take into account
the spatial distribution of income or the appropriation of the residential space (dissimilarity index,
segregation curve, spatial correlations, etc.).

These approaches of residential segregation are the most used approaches in the undeveloped
cities of Latin America. However, the spatial patterns in these cities are different than those from
North America and Europe. In Brazil, urban segregation was first characterized by its unequal housing
standards. Around 1940, with the growth of urban population and the movement of people from
rural to urban areas, the city emphasized its segregation patterns, with the rich population living
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in the downtown area and the poor in its periphery. In more recent years the pattern has changed.
Reference [12] (p. 386) mentions that “the marks and the meanings of inequality and the relationships
and spaces in which they are manifested and reproduced have changed considerably”. The spatial
distance between the different groups has shrunk, the rich started moving towards a more suburban
area (settlement patterns are very different from American or Australian suburbia), and the new urban
pattern is that of “enclaves”. The enclaves create a new form of segregation, where people are closer,
but separated by physical barriers and security control systems [13,14].

In an attempt to fight social inequality, the government implemented some policies in the country.
In the urban segregation field, the main policy is residential, to provide more dignified houses for the
poorest groups. However, the reduction in the inequality indexes did not accompany increased access
to housing at the same speed. There are many reasons why this did not happen (which will not be
addressed in this paper), but among them is the spatial issue of urban segregation [14–16].

With the relative physical proximity of different social groups [17], segregation as purely
housing locational patterns is no longer capable of explaining the whole reality of urban segregation.
Researchers in Reference [3] study segregation as spaces of activities, analyzing the indexes of
evenness/clustering and exposure/isolation. This context reinforces the idea of urban segregation
as the absence of interactions in space or as the exclusion to opportunities of access to activities and
services in the cities [1,17–19].

2.2. Urban Segregation and Spatial Configuration

Urban form cannot be seen as a neutral background to human activity, but as an intrinsic aspect
of everything we do. Configurational studies focus on how space affects our social life, the way
we interact with others, the greater or lesser opportunities we have to gather in specific places, and
strategies of surveillance and control we have over each other [20,21]. According to Reference [22],
it was through cities that societies developed ideas about disciplining life through space. In this
sense, space can be considered as part of a heterogeneous ensemble (Foucault’s dispositif ) consisting
of discourses, institutions, laws, and philosophical and moral propositions, aiming at regulating and
ordering acts and shaping relations. Although space is not deterministic of practices, it invites or
stimulates certain actions and it can be seen as a form of power in the social field of interaction [22].

Space is not just about properties of individual spaces, but about interrelations between the many
spaces that make up the spatial layout. To perform our daily activities, we move around the city,
relating and interacting with other and with space itself.

Configurational studies aim at the relations between society and space using methods and
techniques able to account for this relation. Spatial Syntax [20,23] is one of the main approaches,
but many other studies, based on graph theory, have emerged [24,25]. Configurational theory has
also contributed to urban segregation studies, aiming not to replace the other approaches but to
broaden the understanding of the segregation phenomena. Some studies analyze the role of space
in the geography of poverty by identifying that spatially segregated areas exhibit greater economic
marginalization [6,26].

Among the recent research of urban segregation are the studies of co-presence, based on the
number of individuals from different social groups that pass by the same location. When individuals
of different social groups can see one another, even if they do not directly interact, they can develop
empathy for each other, which is an important step in fighting social inequality [8,27–29]. These studies
consider the daily routines of individuals and try to identify the importance of the the spatial
configuration of cities by comparing it with some of Spatial Syntax’s measures, such as accessibility.
The work in Reference [29] focuses on the possibility of encounters between different individuals.
The author uses big data from social media to identify the movement of individuals, and then,
using spatial configuration, measures the possibility for these encounters to happen.
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2.3. Configurational Models and Probability of Encounters in Public Space

Urban configurational models are simplified representations of reality, which implies a certain
level of abstraction [30,31]. Configurational models assume the city presents a hierarchical pattern of
spatial differentiation (configuration) able to influence pedestrian movement, land uses, densities, etc.
Such models apply methodologies of disaggregating the city into components (basic units of space
and spatial attributes) and their relationships (topological descriptions, adjacencies, and centrality).
Graph theory provides the analytical tools for the calculation of different measures and properties of
the urban network. The models assume the shortest path hypothesis, i.e., the connections between
cells of the network will always be made by the shortest paths. Thus, any city would exhibit a spatial
differentiation, i.e. a hierarchy, in which some cells (spaces) are distinguished by their relative position
and/or the number of connections with others [25].

Based on the pre-existing configurational studies of cities, the present paper aims to develop a
methodology that evaluates urban segregation by measuring the possibilities of encounters between
individuals from different social backgrounds in public spaces. This paper focuses on the daily routines
from residences to retail places. To measure the possibilities for co-presence, we identify the most
likely routes individuals would take from their houses to retail places through the model of Centrality.
According to Reference [31] centrality is the property of a cell being along the path that connects two
other cells, and their hierarchy is given by the total number of times this one cell appears in the paths
connecting all pairs of the cells of a system. Reference [32] proposes a weighted Betweenness Centrality
(Freeman-Krafta Centrality), introducing the notions of tension and distance: The tension reflects the
relationship between two points expressed by the product of its contents (attributes); the distance refers
to the extension of the shortest path between each pair of points, and this increases as the centrality of
each cell interposed in the path decreases. The Freeman-Krafta Centrality is expressed by the equation:

tij = ai·ajtij(K) =
ai·aj

p
C(K) =

n

∑
i·j

i < j

tij(K)

where tij is the tension between two units (i and j) of space, ai and aj are the amount of built form,
respectively, in i and j, computed with their respective attributes tij(K), the tension between i and j
assigned to K, where K is a unity of space belonging to the shortest path between i and j, and p is the
number of unities of space belonging to those shortest paths. Finally, C(K) is the centrality measure of
K, given after the computation of all possible pairs of the system.

The model allows computing the tension generated between activity systems, working as an
indicator of the social flow of individuals moving through the spatial system to perform these
activities [33].

In this paper we develop a first application focusing on the relationship between residences and
retail locations. The model also allows differentiating spatial attributes, such as the level of retail
attraction (for example, shopping centres can be modelled as more attractive than a grocery store).
The same principle can be used to classify residences by density or income, for example.

3. Materials and Methods

This paper presents a methodology of analyzing segregation based on configurational models.
We used a Centrality model to represent the probabilities of interaction between individuals from
different socio-economic strata in the city of Ibirubá, Brazil. We built two scenarios, regarding high
and low-income resident’s flows to retail shops. Comparing these two scenarios allowed us to
identify spaces with higher and lower potentials of interactions in the city, providing a first measure
of segregation.
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To start, this methodology required the city to be represented as a network, defining the discrete
units of urban space to be used, according to the study objectives. We used “street segments”,
the geographic space located between two corners. The choice of this spatial unit was due to its high
level of detail considering the very unequal distribution of retail shops along the streets, and a small
distortion of length between the segment and the actual street. The small distortions in the length were
important to us because we were considering geometric values for the calculations of distance.

A street map provided by IBGE (Brazilian Institute of Geography and Statistics) was updated
using Open Street Map (ArcGIS Desktop r. 10.1 [34]—ESRI/DigitalGlobe, 2010–2011) to generate the
network of segments. This spatial basis contains 711 street segments (Figure 1).
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Once the spatialization of the network was finalized, we collected the empirical data to compose
the attributes for each street segment. Data on residents correspond to the amount of population in
each street segment of the city. This data was obtained through the 2010 IBGE Census (Basic archive,
variable V002) referring to the number of residents per Census tract. IBGE also provided the digital
network of census tracts in the shapefile format, which was imported into the same GIS environment.
The total population of each Census tract was equally distributed between the street segments included
in its geographic limits.

Residents were also distinguished by income strata. We estimated an average household income
for each Census tract by dividing the total income by the number of dwellings in each Census tract.
Then, we classified the results in three categories (in minimum wages): (a) Low (up to 3.5 mw);
(b) medium (from 3.5 mw to 6.0 mw) and (c) high (above 6.0 mw). We compared only high and
low-income strata. Data on retail establishments was obtained through field research in June, 2017.
All 352 retail shops had their addresses recorded and were spatially located in each street segment
in ArcGis.

In order to allocate population data from the Census tracts (polygons) to each street segment (line)
a GIS procedure was adopted. All lines (segments) were transformed into 3 points (two edges and
middle), and the ArcGis “spatial join” function was applied to transfer the data from the polygons to
the points contained in their area. After this first procedure, the “spatial join” function was used again
to transfer the data back from points into lines.
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After this preparation, data relating to the attributes of population and retail activities was
organized into tables in the GIS environment (.xml format) and imported into the Medidas Urbanas
software [35] to perform the configurational analysis. This software allows linking a database to the
spatial basis, enabling the insertion of loads into the spatial units to represent different attributes of
the spaces. Thus, the numbers of retail establishments and residents in each street segment were
considered as loads in the Centrality model.

In this paper we considered all the retail establishments with the same attractiveness (weight 1.0
in the model), regardless of their attributes, because we did not have good enough data to establish
different weights in the model. The residential locations were considered by their income group (low,
medium, high) and received a weight of 1.0 in the model.

For the calculation of distances, we used the geometric distance between each pair of street
segments, which we considered to be the most reliable in relation to reality, since in everyday life
geographic distances have a significant impact on people’s decisions of movement.

The results obtained by applying the centrality model were re-introduced into the GIS platform
and the relationship between the spatial system and the socioeconomic data was analyzed and
evaluated. Two basic scenarios (thematic maps) were produced, which are presented in the next section.

4. Results

The municipality of Ibirubá is located in the south of Brazil. It has three main districts and a
population of approximately 20,000 inhabitants. Figure 2 shows the location of the city.
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The city’s economy is based on agriculture and agribusiness. In Figure 3 we can see the distribution
of household income in each Census tract. There is a large concentration of the high-income strata
in and around the downtown area and in the southeast side. The retail sector is constituted mainly
of small family-owned shops and some larger shops, such as supermarkets and furniture stores.
Figure 4 locates the retail establishments, showing a concentration in the downtown area.
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The weighted centrality results for the high-income strata shows a strong concentration in the
central commercial area and its adjacencies, but it also shows that this income group probably does
not move in the more peripheral area of the city when going to retail establishments. Figure 5 shows
the map with the results, which were classified into 4 categories by natural breaks.
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When analyzing the weighted centrality results for the low-income strata in relation to retail
establishments there was a change in the results. Figure 6 shows that, although the central commercial
area is also important, there are some peripheral segments that gain importance and the segments of
the neighborhoods where the high-income group lives start losing importance. The results were also
classified by natural breaks into four categories.
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For the comparison of results, we chose the method of bivariate map analysis. The weighted
centrality results for high income were categorized into three groups: (1) for high value of centrality;
(2) for medium value of centrality; and (3) for low value of centrality, and the results for the low-income
group were also categorized into three groups: (A) for high value of centrality; (B) for medium value
of centrality; and (C) for low value of centrality. These categories were then compared against each
other as shown in Figure 7.
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For this paper we were interest in the results in the 1A, 1C and 3A categories, for they would
demonstrate the street segments where an encounter is most likely to happen (1A equal high values of
centrality for both high and low income groups), and so, show us the least segregated area and the
street segments where an encounter is least likely to happen (1C, 3A, where we had results of high
centrality values for one groups and low values for another), or the most segregated areas in the city.
Figure 8 shows the map with the comparison results.
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The results of the comparison showed that there were no segments in the 1C and 3A categories,
which leads to the conclusion that the city is not segregated when analyzing the probable interaction
between residence–retail establishments. The results also showed us that the highest centrality values
for both groups (1A) occur in segments located in the downtown area, which indicates that people from
different income groups probably encounter one another when going to retail establishments in Ibirubá.

We must take into account that we are dealing with a small city, which exhibits short, walkable
distances. Retail establishments tend to choose their location in order to obtain maximum accessibility
for the whole population, in this case the downtown area. Although Ibirubá demonstrates some
preferential regions for higher income groups, the city still doesn’t show a residential segmentation
capable of creating economic viability for retail decentralization. Our results show that both
income strata seem to share the same spaces when moving to shopping areas, suggesting that the
residence-shopping relation exhibits a not-segregated pattern for these different groups.

5. Discussion

With this paper we aimed to demonstrate how a configurational methodology could be used for
identifying and analyzing urban segregation. Our focus is the segregation that occurs in public spaces
through the movement of individuals while performing their activities. The segregation in public
spaces can enhance or strengthen the separation between different social groups. The Freeman-Krafta
Centrality model was used as an indicator of social flow of individuals moving through the spatial
system to perform shopping activities. This method allowed for a systemic description of the urban
network, relating its spatial and social attributes. The Centrality model computed the tension generated
by pairs of spaces with social content (residents and retail establishments) and distributes this tension
through the shortest paths, as in gravitational models [36]. The Centrality model considers that the
intensity of the relation between pairs of spaces decreases with increasing distance.

Being a systemic description of reality, our methodology could be used to generate what–if
scenarios in order to simulate changes in spatial segregation. For example, we could simulate the
impact of a new social housing estate and measure changes in the segregation patterns of activities,
such as shopping, working or studying.

However, modeling implies simplifications. In this paper we considered all retail establishments
to be equal, regardless of their attributes. Although the model can account for different attributes of
the shops, such as retailer size, variety of goods, quality of facilities, etc., such detailed empirical data
was not available to this study. These attributes can be inserted as loads in the spatial units and can
then be processed by the model.

Another modeling limitation involves transport modes. High income groups tend to move
using their automobiles, while the low-income strata tend to use the public transportation system.
All these differences can be computed by imposing a different coverage radius of displacement to each
socioeconomic group. These improvements stand as suggestions for future work on this topic.

The adopted methodology produced a segregation measure that differs from the traditional
methods based only on household income. It is a spatial disaggregated measure at the street segment
level, instead of Census tracts or larger zones. In addition, the measure expresses a kind of “dynamic”
segregation, resulting from the potential of shared use of public space by different social groups. These
approaches, both the traditional ones and the more “dynamic” ones, can be used complementarily in
order to provide a broader picture of urban spatial segregation.

Finally, we must say that modeling approaches can be regarded as promising tools of urban
planning, as they allow us to systematize relevant metrics on complex urban issues, such as urban
segregation, supporting decision processes. Although this method does not address the underlying
sociopolitical processes involved in segregation (is it good or bad? For whom?), the metrics of
segregation in relation to population groups establish an essential, preliminary basis for inquiry.
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