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Abstract

Segregation indices are today well known and increasingly used in urban studies. However, in the
absence of specialized computer tools, calculating segregation indices soon becomes a long and
complicated process. The odd free applications designed to calculate indices are implemented in
geographic information systems (ArcInfo, ArcView and Maplnfo). Users wishing to calculate indices by
way of these applications must have the GIS software that contains the application and also a sufficient
understanding of how to use geographic information systems—two conditions that can limit the use and
correspondingly, broad access to residential segregation indices. To remedy this situation, we propose an
independent and free application developed in C#.Net called Segregation Analyzer that allows some
forty segregation indices (unigroup, intergroup, and multigroup) to be calculated quickly and easily,
regardless of the data or city being studied. This application can be downloaded free of charge from the
Spatial ~ Analysis and  Regional  Economics  Laboratory @ —SAREL—  Web site
(http://laser.ucs.inrs.ca/EN/Download.html).

Key words: indices of segregation, residential segregation, urban segregation, C#.Net, GIS.

Résumé

Les indices de ségrégation sont aujourd’hui bien connus et de plus en plus utilisés dans le champ des
¢tudes urbaines. Cependant, en I’absence d’outils informatiques réellement adaptés, le calcul des indices
de ségrégation devient rapidement une opération complexe et longue a réaliser. En outre, les rares
applications gratuites dédiées aux calculs des indices sont implémentées dans des systémes
d’information géographique (ArcInfo, ArcView et MapInfo). L’utilisateur qui désire calculer les indices
a I’aide de ces applications doit donc disposer du logiciel SIG dans lequel est implémentée 1’application,
mais aussi le maniement des SIG doit lui étre suffisamment familier, soit deux conditions qui peuvent
limiter I’utilisation et, de ce fait, la démocratisation des indices de ségrégation résidentielle. C’est pour
remédier a cette situation que nous proposons ici une application gratuite et autonome développée en
C#.Net — Segregation Analyzer — permettant de calculer facilement et rapidement une quarantaine
d’indices de ségrégation (indices unigroupes, intergroupes et multigroupes), et ce quelles que soient les
données ou la ville a I’étude. Cette application peut étre téléchargée gratuitement sur le site Internet du
Laboratoire d’analyse spatiale et d’économie régionale — LASER
(http://laser.ucs.inrs.ca/FR/Telechargement.html).

Mots-clés : indices de ségrégation, ségrégation résidentielle, ségrégation urbaine, C#.Net, SIG.
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INTRODUCTION

Residential segregation indices, usually grouped according to five dimensions—evenness, exposure,
concentration, clustering, and centralization—are today well known. Authors such as Massey and
Denton, (1988), Massey et al. (1996), Apparicio (2000), Hutchens (2001), Reardon and Firebaugh
(2002), and Reardon and O’Sullivan (2004) have reviewed the literature on segregation indices,
including the formulas and properties of each. These reviews have certainly helped broaden the use of
segregation indices, or at least increased the frequency of their use in urban studies in the past few years
(see in particular Apparicio & Séguin, 2002; Flippen, 2001; Huie & Frisbie, 2000; Johnston, Forrest, &
Poulsen, 2001; Ray, 1999; Ross, Houle, Dun, & Aye, 2004; Townshend & Walker, 2002). This is hardly
surprising, since segregation indices make it possible 1) to qualify and compare the distribution in the
metropolitan area of population groups that differ in ethnic origin, birth country or region, mother
tongue, visible minority status, and income, 2) to compare cities, and 3) to complete diachronic analyses.
However, this increased use is limited, since in the absence of actual specialized computer tools,
calculating segregation indices soon becomes a long and complicated process. Reardon and O’Sullivan
(2004) also note that there are currently few applications designed to calculate these indices. In addition,
the odd applications available are integrated into geographic information systems—both ArcInfo and S-
Plus through developments in Arc Macro Language (AML) (Wong & Chong, 1998); ArcView through
developments in Avenue (Wong, 1996; 2003); or Maplnfo through developments in MapBasic
(Apparicio, 2000). Users wishing to calculate indices by way of these applications must have access to
the appropriate GIS software that contains the application and also a sufficient understanding of how to
use GIS —two conditions that can limit the use of and thereby prevent broad access to segregation
indices.

To remedy this situation, we decided to develop an application in C#.Net called Segregation Analyzer to
allow the easy calculation of some 42 segregation indices, regardless of the data or city being studied.
After an overview of residential segregation and hypersegregation (1), we describe the indices included
in Segregation Analyzer (one-group, intergroup, and multigroup indices, as well as local measures) (2),
and provide a brief description of the application (3).

1. OVERVIEW OF RESIDENTIAL SEGREGATION AND HYPERSEGREGATION
CONCEPT

1.1 The development and use of segregation indices

Segregation indices were developed in the United States, where the concentration of ethnic and racial
groups has long been a concern, as evidenced by various Chicago School writings dating from the 1920s
(Park, Burgess & McKenzie, 1925). Since the 1940s, a new generation of quantitative researchers have
proposed residential segregation measures (Jahn et al., 1947 cited in Rhein, 1994), including the classic
Delta and dissimilarity indices of Duncan and Duncan (1955a and b) and exposure indices of Bell
(1954). Briefly, these indices can be used to determine whether a group is unevenly distributed across a
set of spatial units (e.g., metropolitan area census tracts), or whether two groups have similar spatial
distributions. More recently, in the 1980s and 1990s, other U.S. researchers including Jakubs (1981),
Morgan (1983), White (1986), Morrill (1991), and Wong (1993) developed spatial segregation
measures’ to refine or complement existing residential segregation measures. Meanwhile, another group
of researchers proposed multigroup segregation indices to compare the spatial distribution of a number

! Spatial indices are those that require the calculation of certain geometric parameters, such as polygon area and perimeter, or matrices to
calculate contiguity, distance, or common border length between spatial units.
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of groups at once (Theil, 1972; Sakoda, 1981; James, 1986; Carlson, 1992; Reardon, 1998; Wong, 1998;
Reardon & Firebaugh, 2002).

In the United States, the development and use of segregation indices are partially linked to African
American desegregation policies. In this historic and political context, having clear, easy-to-interpret
measures of the degree of segregation of the African American population from a residential, school, or
labor market standpoint is crucial (Rhein, 1994: 137-140). Of course, the use of segregation indices is
not limited to this objective alone. They are used particularly in urban studies to describe and compare
the distribution of population groups in the metropolitan area that differ in ethnic origin or economic
status, for example, based on their place of residence or, more rarely, their place of work.

1.2 The five dimensions of residential segregation and Massey and Denton’s concept of
hypersegregation
In a remarkable literature review on residential segregation indices, Massey and Denton (1988) classify
the types and spatial manifestations of segregation into five distinct dimensions illustrated in Figure 1:
evenness, exposure, concentration, clustering, and centralization. For each dimension, three types of
indices are generally identified: one-group indices that measure a group’s distribution compared to the
entire population; intergroup indices that compare a group’s distribution with that of another group; and
multigroup indices that compare the spatial distribution of several groups at once.
Evenness refers to the distribution of one or more population groups across the spatial units of the
metropolitan area (e.g., census tracts). Evenness indices measure a group’s over- or under-representation
in the spatial units of a metropolitan area: The more unevenly a population group is distributed across
these spatial units, the more segregated it is. In Figure 1, situation (a) indicates that the group is evenly
distributed across the spatial units and will have one-group evenness index values of zero. For example,
a group that represents 5% of the population of a metropolitan area is evenly distributed if it also
represents 5% of the population of each spatial unit of this area. In contrast, situation (b) indicates
segregative distribution: Members of group X only reside in four spatial units of the metropolitan area
where they represent 25% of the total population of each spatial unit. While the spatial structures
generated are completely different, a “segregative” status is also found in situations (c) to (j): Members
of group X also only reside in four spatial units where they represent 25% of the total population; in
other words, the evenness index values are identical in situations (b) to (j). This shows that using
evenness measures alone (such as segregation index or dissimilarity index), although certainly valid, is
not enough to capture the full complexity of population group distribution across a metropolitan area.
Exposure is the degree of potential contact between members of the same group (one group) or between
members of two groups (intergroup) inside spatial units (Massey and Denton, 1989). It measures the
probability that members of one group will encounter members of their own group (isolation) or another
group (interaction) in their spatial unit. A similar distribution of the two groups (in this case, intergroup
evenness i.e. indice of dissimilarity takes a value of zero) across the city does not necessarily indicate a
high degree of interaction between members of the two groups. Situation (d) in Figure 1 illustrates an
extreme situation in which members of group X are completely isolated: They share no spatial unit with
members of other groups, as they represent 100% of the population of each of the four spatial units
where they reside; in situation (c), however, they share spatial units with members of other groups, as
they represent 25% of the total population of each of the four spatial units where they reside.
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DIMENSION LEVEL OF SEGREGATION
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Figure 1. The five dimensions of residential segregation

adapted from Apparicio (2000)

Concentration refers to the physical space occupied by a group. The less of the metropolitan area a
group occupies, the more concentrated it is. According to Massey and Denton (1988), segregated
minorities generally occupy a small portion of metropolitan areas. While situations are identical in terms
of evenness, concentration is minimal in (e) and maximal in ().

Other indices measure clustering. The more contiguous spatial units a group occupies—thereby forming
an enclave within the city—the more clustered and therefore segregated it is, according to this
dimension. In Figure 1, situations (g) and (h) are identical in terms of evenness, but clustering is
minimal in (g) and maximal in (h).

Finally, centralization indices measure the degree to which a group is located near and in the center of
the metropolitan area, which is usually defined as the central business district. The closer a group is to
the city center, the more centralized and thus segregated it is according to this dimension. In Figure 1,
the group is totally centralized in situation (j), unlike in (i).
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In the U.S. literature, the implicit reason for using these five dimensions is not hard to guess: to
determine whether the African American minority in a given city is concentrated in a ghetto. Indeed,
what is an African American ghetto if not 1) a place where most of the African American community in
the metropolitan area resides (uneven distribution); 2) a homogenous area largely inhabited by African
Americans (high isolation); 3) a small part of the metropolitan area where the population density is
among the highest in the metropolitan area (high concentration); 4) an enclave, an area formed of
contiguous census tracts (high clustering); 5)an area generally located at the city center (high
centralization). The work of Massey and Denton reflects this. In a study on the distribution of Blacks
and Hispanics in 60 U.S. metropolitan areas, these sociologists concluded that African Americans in
Baltimore, Chicago, Detroit, Milwaukee, and Philadelphia are hypersegregated, i.e. highly segregated
according to all five dimensions (Massey & Denton, 1989).

Therefore, grouping segregation indices into five dimensions represents a relevant analytical approach to
exploring social, ethnic, age and economic residential segregation in metropolitan areas. They can also
be used in regional studies. There exist some forty, even fifty, residential segregation indices, amongst
which some involve relatively complex calculations. In addition, few computer applications are
designed to calculate these indices (Reardon & O’Sullivan, 2004). To address this situation, we
developed a C#.Net application called Segregation Analyzer that allows the computation of some forty
segregation indices.

2. RESIDENTIAL SEGREGATION INDICES INCLUDED IN SEGREGATION ANALYZER
The Segregation Analyzer application includes a total of 42 segregation indices: 19 one-group indices,
13 intergroup indices, 8 multigroup indices, and two local indices (Table 1). Formulas for all of these
indices are reported in Appendix 1. We will not go into the properties and meaning of each index, as
these are discussed extensively by Massey and Denton (1988), Massey et al. (1996), Apparicio (2000),
Hutchens (2001), Reardon and Firebaugh (2002), Wong (2003), and Reardon and O’Sullivan (2004). It
is worth noting, however, that most segregation indices vary from 0 to 1 (i.e., from no segregation to
maximum segregation).

One-group, intergroup and multigroup segregation indices are global measures which serve to compute a
value for the entire study area, thereby describing the “segregative status” of the population group(s)
being studied. Therefore, these indices cannot help answer spatial questions such as “Where is a given
population group located in the metropolitan area?” or “Is a given area dominated by one or more ethnic
or social groups?” For this purpose, we use measures referred to here as local segregation indices, such
as location quotient (LQ) and entropy or diversity index (H2) (see Table 7 in Appendix 1). The LQ helps
us identify spatial units in the study area where a population group is under-represented (LQ > 1) or,
conversely, over-represented (LQ < 1). The entropy or diversity index helps us identify spatial units that
are completely homogenous (inhabited by only one population group, H2 = 0) or maximally diversified
(all population groups are equal in size, H2 = 1). These two local indices, usually mapped, are also
included in the Segregation Analyzer.
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Table 1. Segregation indices included in Segregation Analyzer

Dimension Abbreviation N group* Index name Values
Evenness IS 1 Segregation index [0,1]
IS(adj) 1 Segregation index adjusted for tract contiguity [0,1]
IS(w) 1 Segregation index adjusted for contiguous tract [0,1]
boundary lengths
IS(s) 1 Segregation index adjusted for contiguous tract [0,1]
boundary lengths and perimeter/area ratio
H 1 Entropy index [0,1]
G 1 Gini index [0,1]
ATK1 1 Atkinson index with b= 0.1 [0,1]
ATKS 1 Atkinson index with b= 0.5 [0,1]
ATK9 1 Atkinson index with b = 0.9 [0,1]
ID 2 Index of dissimilarity [0,1]
ID(adj) 2 Dissimilarity index adjusted for tract contiguity [0,1]
ID(w) 2 Dissimilarity index adjusted for contiguous tract [0,1]
boundary lengths
ID(s) 2 Dissimilarity index adjusted for contiguous tract [0,1]
boundary lengths and perimeter/area ratio
S 2 Deviational ellipse index [0,1]
D N Multigroup dissimilarity index [0,1]
SD N Spatial version of multigroup dissimilarity index [0,1]
G N Multigroup Gini coefficient [0,1]
H N Information theory index (entropy index) [0,1]
C N Squared coefficient of variation [0,1]
S N Deviational ellipse index [0,1]
Exposure xPx 1 Isolation index [0,1]
Eta’ 1 Correlation ratio [0,1]
xPy 2 Interaction index [0,1]
P N Normalized exposure [0,1]
R N Relative diversity [0,1]
Concentration DEL 1 Delta index [0,1]
ACO 1 Absolute concentration index [0,1]
RCO Relative concentration index [-1,1]
Clustering ACL 1 Absolute clustering index [0,1]
Pxx 1 Mean proximity between members of group X [0, oc]
PXXyp 1 Mean proximity between members of group X (exp) [0, o]
DPxx 1 Distance Decay Isolation index [0,1]
Pxy 2 Mean proximity between members of group X and [0, o]
members of group Y
PXYexp 2 Mean proximity between members of group X and [0, ]
members of group Y (exp)
Sp 2 Spatial proximity index [0, oc]
RCL 2 Relative clustering index -,
oc]
DPxy 2 Distance decay interaction index [0,1]
Centralization  Pcc 1 Proportion in Central City [0,1]
ACE 1 Absolute centralization index [-1,1]
RCE 2 Relative centralization index [-1,1]
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Local indices  LQ 1 Location quotient [0, <]
H2 N Entropy (diversity) measure [0, 1]

* N group: 1 for one-group indices, 2 for two-group indices, N for multigroup indices.

3. DESCRIPTION OF SEGREGATION ANALYZER

The Segregation Analyzer application does not include data. The user must build its own dataset in order
to use the application. However, initiatives by U.S. and Canadian census organizations (U.S. Census
Bureau and Statistics Canada) which served to broaden access to geographic data have certainly been
highly effective. Today, anyone can find a geographic file of the spatial units in a Canadian or U.S.
metropolitan area’ (e.g., census tracts), as well as the related ethnic or socioeconomic data.’
Consequently, it is relatively easy to create a geographic database in shapefile format (ESRI) to analyze
the residential segregation of various population groups for a given urban area. However, without
specialized computer tool, calculating indices can be a long and complicated process. This led us to
develop a C#.Net application, Segregation Analyzer, that uses geographic shapefiles that can be
downloaded free of charge from the Spatial Analysis and Regional Economics Laboratory website of
INRS Urbanisation, Culture et Société (SAREL, http://laser.ucs.inrs.ca/EN/Download.html)?

3.1 Segregration Analyzer: a C#.Net application

The Segregation Analyzer application was developed in C#, a language that works with the Microsoft
Net platform. C#Net makes it possible to develop Windows applications rapidly®. Segregation
Analyzer is a standalone application which does not require GIS or statistical software. Consequently,
GIS and statistical software knowledges are not required by users who wish to calculate indices—
conditions which greatly facilitate the use of our application.

The process of computing residential segregation indices is illustrated in Figure 2. Calculation of non-
spatial segregation indices, which are the majority of all indices, contains three steps: 1) creation of a
data table by reading the dbase file via an ODBC or OLEDB driver (this table contains populations of
the various groups selected for each spatial unit of the metropolitan area); 2) Applying the various index
formulas; 3) Exporting the results to an output file. For spatial segregation indices—particularly those
proposed by Morgan (1983), White (1988), Morrill (1991), and Wong (1993 and 1998)—the process is
more complicated because of the necessity to calculate three matrices (contiguity, distance and common
border length) and three vectors (center of gravity, area, and perimeter of polygons). To do so, we have
also developed a DLL in C#.Net that reads the geometric information from shapefile® spatial units and
then constructs the various matrices and vectors.

Figure 3 shows the application interface, which is available in English, French, and Spanish. In addition,
a help file in pdf format is provided with the application, including a user guide, formulas of indices, and
references. Users can select one or more segregation indices to calculate as well as one or more
population groups. Segregation indices are grouped into five categories: one-group, intergroup,
multigroup, location quotient, and entropy index. Users can export results to Dbase, txt, tab and csv
formats.

2 For example, for U.S. cities, cartographic boundary files (census tracts, census block groups, counties, etc.) can be downloaded free of
charge at http://www.census.gov/geo/www/cob/bdy_files.html.

? For example, for Canadian cities, socioeconomic, sociodemographic, ethnic, and other data for various geographic areas (census tracts,
census divisions, municipalities) can be downloaded from the E-STAT website at http://www.statcan.ca/english/Estat/licence.htm. For US
cities, the summary files can be downloaded at http://factfinder.census.gov/.

* It is worth noting that to run applications developed using .Net platform such as Segregation Analyzer, the .NET Framework version 1.1
redistributable package must be installed on your computer. It’s available at
http://www.microsoft.com/downloads/details.aspx?FamilyID=262d25e3-f589-4842-8157-034d1e7cf3a3&displaylang=en.

* For information on shapefile format, read the technical description of this file format in ESRI (1998).
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Figure 3. Interface of segregation analyzer application
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3.2 Calculation of geometric parameters for spatial segregation indices

A number of geometric parameters are required to calculate spatial segregation indices (see Table 2).
For Morrill’s indices (1991) and Wong’s multigroup dissimilarity index (1998)—IS(adj), D(adj), and
SD—a binary contiguity matrix between spatial units of the metropolitan area must be constructed.
Similarly, Wong’s IS(w) and ID(w) indices (1993) require to calculate a common border lengths matrix,
while Wong’s IS(s) and ID(s) indices also require to calculate two vectors, one for polygon areas and the
other for polygon perimeters.

In contrast, concentration indices (Delta, absolute concentration, and relative concentration—DEL,
ACO, RCO) require only one vector to calculate —the area of spatial units. Finally, the calculation of
clustering and centralization indices requires a distance matrix or a binary contiguity matrix (ACL and
RCL) and a vector of polygon centers of gravity.

Finally, the spatial segregation index S [1] proposed by Wong (1999) is based on centrographic analysis.
In concrete terms, S represents the ratio between the intersection and the union of deviational ellipses of
n population groups, minus one®.

E;NE, nE;..NE,

S=1- where n is the number of population groups and Ei is the deviational ellipse of

E, UE, UE;..UE,

group i. e

The advantage of our application is its independency from any GIS. Since we don’t use any GIS
programming language such as Avenue (ArcView), MapBasic (Maplnfo) or ArcObjects (ArcGis), we
have to calculate various geometric parameters by ourselves (centers of gravity, perimeters and areas of
polygons; contiguity, distance and common border lengths matrices). We believe that it would be useful
for researchers to know how these geometric parameters are computed in our application. Consequently,
we describe these calculations in further detail in Appendix 2.

®S vary from 0 to 1 i.e., from no segregation to maximum segregation. Take the case of two population groups. If these two population
groups have identical spatial distributions, their ellipses are also the same — thus, we have: EINE2 = EIUE2 — where the value of S is equal
to 0. Alternatively, if the two population groups have completely different spatial distributions, their ellipses will not intersect — thus, we
have: EINE2 = 0 — where the value of S is equal to 1.
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Table 2. Geometric parameters required to calculate spatial indices

lengths

Centers of gravity vector
Binary contiguity matrix
Union and intersection
of deviational ellipses

Common border

Perimeters vector
matrix

Areas vector
Distance matrix

Segregation index

Evenness
1S(adj)
ID(adj)
SD
1S(w)
ID(w)
1S(s)
ID(s)

S v v

Concentration
DEL
ACO
RCO

Clustering
ACL
RCL
Pxx
PXXexp
DPxx
Pxy
PXYexp
DPxy
SP
RCL

Centralization
ACE
RCE

ANRN
ANRN

ANR N N NR NN
ANRNR NN

ANANRN

ANAN

AN N N N N N NN RN
AN N N N N N N NN

3.3 Computational time

Segregation Analyzer is fast enough to calculate a big variety of residential segregation indices in a
reasonable time. To give an idea of the calculation speed of our application, the computational times’
obtained for two geographic files having each 20 population groups are listed in Table 3. One containts
census tracts (N = 846) and the other one containts census subdivisions of census metropolitan area of
Montréal (N = 106). Obtained times are quite reasonable, they are less than three seconds for each index
category, except for 13 intergroup indices, which required approximately 11 seconds due to the need to
construct the three matrices and three vectors described above. Indeed, the calculation of geometric
parameters took the most computational time, as evidenced by the differences in computational times
between spatial and non-spatial indices.

7 These times were obtained on a computer with a Pentium IV 2.8 GHz processor and the Microsoft Windows XP Professional operating
system.
10
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Table 3. Calculation time for segregation indices (in seconds)

Indices calculated for 20 | Number | census tracts of census subdivisions of
population groups at | of Montréal metropolitan Montréal metropolitan area
once indices area (N = 106)
(N = 846)
One-group indices
All 19 2.227 0.953
Non-spatial indices 9 0.452 0.046
Intergroup indices
All 13 10.963 1.578
Non-spatial indices 2 0.171 0.046
Multigroup indices
All 8 1.500 1.031
Non-spatial indices 6 0.250 0.031
Local measures
Location quotient 1 0.171 0.046
Entropy index 1 0.156 0.031
CONCLUSION

Reardon and O’Sullivan (2004) rightly pointed out the lack of actual specialized computer tools for
calculating residential segregation indices. The odd tools that currently exist are implemented in GIS.
For example, Apparicio (2000) offers a tool that compute twenty four one-group and intergroup indices
in Maplnfo, while Wong (2003) has an application to calculate intergroup and multigroup dissimilarity
indices in ArcView, as well as five spatial indices—ID(adj), ID(w), ID(s), SD, and S—and one local
segregation measure.

The Segregation Analyzer application we have just described is quite different in four respects. First, it
is independent, i.e. not requires any GIS or statistical software. Even more, users don’t need to
understand how to use geographic information systems or any specific statistical software (e.g., SAS,
STATA or SPSS). This application can also be used to calculate many more indices, although the list is
not exhaustive: 42 in all, including 19 one-group indices, 13 intergroup indices, 8 multigroup indices, as
well as two local segregation measures (location quotient and entropy index). Another major difference
is that unlike the two applications mentioned above—Wong’s in ArcView and Apparicio’s in
Maplnfo—our application can calculate all one-group indices for a number of preselected population
groups at once, rather than one at a time (likewise for intergroup and multigroup indices). Last,
computational time is very fast.

However, Segregation Analyzer does have its limitations, if not major shortcomings. At the present time,
it is possible to compute local measures such as location quotient and entropy index, to generate the
deviational ellipses of population groups, but it is not yet possible to have them mapped. Consequently,
in a second phase of development, we wish to add a mapping module to Segregation Analyzer allowing
for the geo-visualization of the distribution of population groups as well as the automatic mapping of the
location quotient and entropy index.

Notwithstanding these facts, we hope that Segregration Analyzer can help increase access to residential
segregation indices by making them easy to calculate, regardless of the data or city being studied. To
date, a few empirical studies have already used this application to analyze ethnic and social residential
segregation in Montréal and in London (Apparicio & Leloup, in press; Charron & Apparicio; Mateos et
al., 2006).
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