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ABSTRACT

Latin American cities register high levels of residential segregation by socioeconomic group. A recent shift from polarized but compact
cities to more dispersed and fragmented urban structures reflects a change in the geographic scale of segregation processes. This can be
seen in new exclusionary urban forms at the neighbourhood level. Existing analyses of segregation fail to fully capture these new
processes and to look beyond the simplistic affluent-poor duality to the complex multidimensional nature of socio-spatial differences.
This paper attempts to bridge this gap by proposing a new methodology to classify very small neighbourhoods by multidimensional
socioeconomic groups and thus measure their level of residential segregation. The methodology uses geodemographic classification
methods to cluster highly disaggregated data at city block level upon which segregation indices are then calculated. The analysis of
Mexico City’s Metropolitan Area illustrates the validity of the approach and reveals new dispersed and fragmented patterns of

segregation.

1. INTRODUCTION

Over the last three decades (1980-2010) Latin
American cities have experienced rapid urban change
that is closely related to processes of globalisation and
the socio-spatial concentration of disadvantage [32].
Although urban segregation has a long history in Latin
America, the characteristics of this period are
diametrically opposed to those observed in previous
decades of fast urbanisation (1950s-1970s). The
breakpoint in urban trends in the Latin American city
corresponded to a sharp shift in ‘hegemonic models of
development in the region, from import-substitution
industrialisation to neoliberal “open markets”
adjustment’ [28, p. 42]. The most remarkable urban
outcomes of this transformation is the shift from a
relatively compact but socioeconomically polarized city,
to a much more dispersed and fragmented pattern with
an apparent decrease in polarisation [39], [20], [6],
[38]. However, the apparent reduction in spatial

segregation at a metropolitan or macro level is hiding
local processes of separation at the micro level [20].
These processes are epitomised by new urban forms
such as gated communities and gentrified
neighbourhoods. New approaches to represent and
measure socioeconomic groups and their degree of
spatial separation in Latin American cities are required
in order to unveil such micro-scale processes of
socioeconomic segregation.

This paper presents a new methodology to
analyse residential segregation by socioeconomic status
(SES) using concepts that draw on the literature on
geodemographics, statistical clustering, and urban
segregation. This innovative combination is illustrated
through the analysis of segregation in the Mexico City
Metropolitan Area (MCMA) at very small area level (city
block), using the 2000 Census dataset. This exploratory
approach opens new avenues of research that permits
new understandings of the nuanced processes of SES
segregation in Latin American cities.
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2. THEORY AND METHODOLOGY

2.1. Socioeconomic segregation in Latin American
cities

Most Latin American cities have a similar
urban structure that derives from their common
colonial roots. The areas where political power and
employment  opportunities  were  traditionally
concentrated were the city centre, and residential
centrality was a symbol of social status. This broad
pattern of segregation persisted over centuries, even
after independence and industrialization in the 19t and
20t centuries [38]. The period from the 1950s to the
1970s was characterised by state-led economic planning
throughout Latin  America (populist policies,
industrialization and import-substitution), along with a
process of accelerated demographic transition [6]. The
combined effect of both factors was massive rural-
urban internal migration flows that led to rapid
urbanization and the growth of informal settlements
[28]. These processes created highly compact, but
extremely socio-spatially polarized cities, following the
‘traditional model’ of residential segregation (RS) as
represented by Griffin and Ford (1980) [38].

Competition for access to the city centre and
the workplaces drove the processes of exclusion during
these decades. These are characterized by the absence
of co-location or geographic contact between affluent
and poorer SES groups that tended to locate on the
rapidly growing and marginalised city periphery with
insufficient public service provision.

Towards the early 1980s a new economic
model based on market freedom and orthodox
neoliberalism was abruptly introduced throughout the
region. It primarily involved extensive privatisation,
market deregulation, and the drastic reduction of public
expenditure and led to the rapid insertion of Latin
American economies into world markets [31]. The
demographic context of these economic changes was
the deceleration of population growth, extremely high
rates of urbanisation (79.6% in 2009 - UN Population
Division, 2010), and increasing international
emigration to North America and Europe. Today, after
three decades of neoliberal policies and the influence of
globalisation, Latin = American countries have
experienced an expansion of social inequalities [31],
which is producing radical transformations in urban
socio-spatial differentiation patterns [32], [38]. These
transformations are characterised by a transition from a
compact city with homogenous SES sectors - the
traditional model of RS - to a much more dispersed
pattern of segregation [20], [6], [38].

The changes have been brought about
primarily by two processes. The first is related to new
market forces arising from the deregulation of the
economy and land markets. The second has been
provoked by the dispersion of infrastructure and the
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separation of urban land uses across the urban space,
which has been permitted and even promoted by local
and national governments. Both processes were created
by policies that indirectly gave private land owners and
real estate developers a much more prominent role in
structuring and managing urban space, promoting
competition for scare space and the concentration of
capital [11]. According to several authors (Sabatini,
Céceres and Cerda, 2001; Janoschka, 2002; Borsdorf,
2003; Sabatini, 2003; Sabatini and Céaceres, 2004),
these two general and interrelated processes have
produced two major outcomes that are consistent
across the continent [6], [37], [20], [38], [36]. The first
is a change in the scale of segregation, from the macro
or city-wide scale, to the micro or block/street level, and
which now characterises the aforementioned dispersed
pattern of segregation. The second outcome is the rapid
diffusion of new exclusionary urban forms, epitomized
by the omnipresence of gated communities, luxury
apartment buildings and gentrified neighbourhoods
throughout the continent. As a result, the last three
decades have seen intense intra-city movement of elite
groups towards the wide periphery and into enclaves
within deprived areas, including run-down areas of the
city centre, the emergence of new suburban town
centres, and the growth of poorer groups in informal
settlements located on the remote periphery where they
enter in conflict with rural uses and naturally protected
areas [2].

This change in the scale of segregation has
introduced a much more complex and subtle
segregation pattern that takes places at the micro level.
At first glance segregation indices have decreased at the
macro level, but in reality the aforementioned processes
have promoted the encapsulation and forting-up of the
elites at the micro, street-level scale. In other words,
one of the main consequences of the change in the scale
in RS results from the insertion of new, highly
homogeneous residential developments within more
deprived areas, which has led to a reduction in the
physical distance between socioeconomic groups,
although not necessarily in social distance between
them [36]. This change has been possible through the
introduction of new urban forms that deter social
interaction between neighbouring residents, favour
privatised public space and the expulsion of established
working class families through different forms of
gentrification.

The new building forms that accompany the
process involve higher population densities and their
encapsulation into SES-homogeneous cells. This
contrasts sharply with the low density and ‘open city’
model of urban settlement of previous decades [36].
Typical examples of these new forms in the residential
space are gated communities, tall luxury residential
towers, and gentrified inner city apartments. In terms
of the location of work and entertainment the new
forms are out-of-town corporate office complexes,
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suburban shopping malls, and a variety of suburban
leisure-education-business complexes, all of which have
been termed new “islands of modernity” [20]. All these
forms have increased the spatial division of urban
functions for elite groups, separating the time-spaces of
residential, consumption and production activities into
distant places of residence, work and services. The
result is the de-concentration and scattering of affluent
groups and economic activity across the city, as well as
the fragmentation and privatization of public space
[43]. At the same time, the location of the of low-
income population on the periphery of the urban area
has continued, helped by central and local government
measures that favour the construction of social housing
in areas where land is cheap. This has reinforced the
concentration of poverty and imposed extremely long
commute-to-work journeys upon poorer groups on
scarce public transport services. Sometimes such
publicly subsidized housing developments for the
working class resemble the gated communities type of
urbanisation [15]. Although social groups can now find
themselves geographically closer to one another, they
are physically separated by walls, gates, barriers and
security technologies. All of this is aimed at preventing
pedestrian or vehicular circulation and personal
interaction in common areas [9]. The fear of violence is
one of the main justifications of these new urban forms
of exclusion [10]. Another reason for their appeal is
because they represent an affordable symbol of social
status, in times of a deterioration of the ‘value for
money ratio’ in contemporary Latin American land and
housing markets [36]. The resulting pattern is a
polycentric city structure where “islands of affluence
and modernity” are found scattered everywhere but
presenting very asymmetric access for different types of
citizens. Through these new urban forms of isolation,
the city now functions as an archipelago of islands of
richness, production, and consumption in a
heterogeneous sea of discontinuous and generally
deprived urban space [35], [19].

These profound transformations have
reinvigorated the debate on the model of urban
segregation in Latin American cities. The traditional
model of segregation has been challenged and
alternative ones characterised by urban discontinuities
and the atomization and scattering of functional urban
units have been proposed [35], [19]. However, in this
paper we argue that the new model of segregation
partially overlaps with the traditional model of
concentric zones and sectors, through parallel processes
that operate at different scales.

2.2, Analysis of residential segregation. Approaches
and methods

The literature on residential segregation has
been traditionally preoccupied with determining the
degree of spatial separation between racial or ethnic

groups, mainly in developed countries, since these are
the key destinations of international migration flows,
and therefore conform the hosts of subsequent ethnic
diversity. The main thrust of research on residential
segregation is dominated by the preoccupation of
finding ways to best capture the essence of the different
dimensions of spatial integration between racial or
ethnic groups [23]. However, most of these studies take
the divisions between human groups for granted (race
or ethnicity classifications) [24], and as a consequence,
the methodologies they develop to measure residential
segregation focus solely on improving existing
segregation indices where the dependent variable
(ethnicity or race) is more a less fixed. However, studies
of socioeconomic segregation have the additional
burden of having to create and defend a plausible
division between human groups based upon commonly
accepted socioeconomic indicators, and only then can
they go about measuring their degree of spatial
separation.

Most studies on SES segregation focus on one
or a set of single socioeconomic dimensions, such as
income, education, or occupation. They subdivide a
population into distinct groups and then separately
measure the level of segregation between the different
groups in a city using traditional segregation indices
(for a recent example in Mexico City see Villareal and
Hamilton, 2009) [46]. A few studies go a step further
and consider several socioeconomic dimensions at once
by extracting a few manageable dimensions out of a
wealth of socioeconomic variables (such as age
structure, housing, employment type, etc) using a range
of multivariate data reduction techniques such as factor
analysis, principal component analysis (PCA) or
multidimensional scaling (MDS). They then subdivide
the population according to ‘arbitrary’ thresholds that
are applied to the main dimensions or factors in order
to calculate segregation indices for each separate factor
or component. These are typically the first three
components of a PCA, since together they usually
explain a significant proportion of the variance between
groups. Each of these factors tends to describe a
dimension that reflects different gradations of
socioeconomic status such as occupation, social class,
qualifications, consumption, aging, marginality, etc.
These factorial methodological approaches have been
the most favoured method of analysing residential
segregation research in Latin America over the last
decades (for a recent example in Mexico City see Ariza
and Solis, 2009) [4].

There are a series of problems with using the
single SES variable approach or the factorial
approaches in the measurement of segregation. Firstly,
they treat each variable or factor independently of all
the others. They measure segregation between
population groups that are independently defined
according to each socioeconomic axis. It is as if they
were comparing different personal characteristics, but

13



Pablo MATEOS, Adrian Guillermo AGUILAR
Journal of Settlements and Spatial Planning, vol. 4, no. 1 (2013) 11-25

not the individuals themselves. In doing so, they ignore
the underlying actors that suffer the consequences, or
benefit from segregation, that is, the people themselves.
They also ignore the characteristics of the areas and
neighbourhoods where the people live. Secondly, they
do not account for the fact that the relationships
between the factors or components in the factorial
approach are intrinsically hierarchical. Since the
discriminatory power of each factor or component
diminishes from the first to the second and so forth, the
importance of the weighting assigned to each of the
dimensions in the resulting segregation patterns is not
even, and therefore they are not directly comparable.
Thirdly, factorial approaches overlook the strength of
the links that might operate between all these factors at
neighbourhood level, which together perhaps conspire
to create the observed segregated patterns in cities.

As an alternative to the factorial or single
variable tradition, this paper argues for a classification
of populations according to socioeconomic status
(SES). This approach inherits the advantages of the
racial and ethnicity classifications, that is, that
populations are subdivided into homogeneous groups
according to a single criterion, what enables
segregation patterns to be measured in an integrated
way. This paper argues for a single classification of
populations that encompasses all available SES
measures, with the purpose of measuring residential
segregation. We do so through the wuse of
geodemographic classifications of very small areas in
order to measure their degree of residential
segregation.

2.3. Geodemographics and lifestyle analysis in
the study of segregation

Social Area Analysis [41] used to be a
deductive methodology for classifying areas in a city
based on theories of socio-spatial differentiation
developed by the Chicago School of urban ecology [26].
In the 1950s and 60s, the Chicago School’s original
ideas blossomed on the basis of the application of
factorial analysis and data reduction techniques to the
analysis of urban socioeconomic patterns, constituting
the field of factorial urban ecology. Today, factor
analysis is still considered to be the most widely used
method to study urban socio-spatial differentiation [21].
The literature mentioned above has followed this
factorial tradition in its approach to the measurement
of SES segregation in Latin America.

Geodemographics has been defined as ‘the
study of population types and their dynamics as they vary
by geographical area’ [5, p. 88]. As a methodology to
classify populations geodemographics has been around
since the early 1980s in the Anglo-Saxon world, primarily
in the private sector. It has only recently received
increasing attention in the public sector as well as in
academic circles [22]. The roots of geodemographics can
14

be also traced back to the Chicago School and Social Area
Analysis tradition in urban geography [17]. However, the
area classification techniques used in geodemographics
differ substantially from the aforementioned factorial
tradition, and belong to a family of classification
techniques know as cluster analysis [13].

Clustering is a method of classification “for
unsupervised pattern recognition” [14, p. 169] whose
objective is to automatically sort objects into classes so
that similar objects end up assigned to the same class. In
geodemographics, the objects to be classified are
neighbourhoods or small areas (for example a postcode, a
census tract or a street segment). These areas are then
clustered according to their similar socioeconomic,
demographic or lifestyle characteristics. The resulting
classes or clusters are termed geodemographic types or
groups [17].

The final result is a classification of
neighbourhoods into clusters with homogeneous
‘lifestyles’, implying not only the traditional socio-
economic indicators (income, occupation, education, and
housing tenure) but also demographic structure and life
stage of the neighbourhood, consumption patterns, job
market participation, household composition, housing
morphology and age, centrality, leisure time activities,
and so on, all comprising distinct ‘lifestyles’ that tend to
be very contrasted at small area level. In this paper the
authors consider that residential preferences in Latin
America are clearly marked by a series of decisions or
constraints related to the types of population
characteristics or ‘lifestyles’ that are studied in
geodemographics.

Therefore, the methods developed in
geodemographics are appropriate for the study of SES
segregation at the neighbourhood level. After an
exhaustive revision of the literature, the authors found no
other study that combines these two methods of urban
analysis — geodemographics and residential segregation.
Our findings are encouraging and lead us to propose it as
a useful technique to understand the fragmented urban
patterns in cities. The results for one Latin American city
are presented here, but the method can clearly be applied
to other world regions.

2.4. Methodology

The proposed methodology has been applied to
a case study of the Mexico City Metropolitan Area
(MCMA), using special access datasets from the 2000
Census (with a total population of 17.9 million at that
Census year). Our innovative proposal consists of
creating a geodemographic classification of very small
areas in the MCMA at the city block level (called
‘manzana’ in Mexico), of which 142,291 units were
registered in the 2000 Census. These have an average
population of 126.1 residents, and hence are likely to be
more socioeconomically homogenous than the Census
districts, with an average of 3599 residents.
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The blocks were classified into six clusters of
similar geo-demographic characteristics, and a range of
segregation indices was calculated to measure the
degree of spatial separation between these
geodemographic clusters according to each of the five
dimensions of residential segregation [23]. Although
our initial intention was to compare trends over time
using census results from earlier periods, our attempts
did not bear fruit. The results of the 1990 Census are
not available at the city-block level. Although we had
access to this level for the mid-decade 2005 population
enumeration (Conteo de Poblacion), it only included a
very limited set of SES variables. These proved of little
use in terms of their discriminatory power, failing to
produce clearly distinctive clusters. For these reasons
the present analysis is circumscribed to data from the
2000 Census.

Geodemographic clustering. In order to create
a geodemographic classification of our study area we
followed Vickers and Rees (2007) clustering approach
with slight variations that are specified below. The raw
data consisted in population counts at block level for a
total of 170 Census variables.

Firstly, the raw counts were converted to
percentages and these were transformed and
standardised so that the frequency distributions of the
variables were comparable. This was achieved through
z-score transformation and resulted in variables with a
mean value of zero and a standard deviation of 1 [33].

Secondly, the most appropriate Census
variables were selected for further analysis. In
clustering techniques it is preferable to work with a
small number of indicative variables, each of which
introduces enough discriminatory power between areas,
rather than with a large number of variables that are
strongly auto-correlated, which could bias the resulting
classification. A correlation matrix between the 170
variables was produced to inform this process. On the
one hand, this matrix was fed into a principal
component analysis (PCA) that suggested three
predominant dimensions explaining 84.5% of the
variance, in addition to six other dimensions that
together explained most of the variance.

At the same time, a minimum spanning tree
(MST) was created from the correlation matrix, visually
depicting the closest relationships between variables,
following the technique proposed by Harris, R. et al.
[17, p. 155]. Interestingly, the variable that is most
closely related with all others and hence appears at the
centre of the MST is the “number of persons per room,
an indicator of overcrowding. From this variable eight
main branches stemmed out constituting groups of
variables that point to different directions in the
socioeconomic spectrum.

Thirdly, using this visual aid and the distance
of each variable from the three first components in the
PCA analysis, a total of 35 variables were selected where
those that presented less correlation with all others

were favoured, and were situated in different parts of
the MST (table 1).

Although we considered reducing the number
of variables further, we decided to keep all 35 as the key
input for the clustering technique. Taken together, they
pick up much subtler differences between city blocks
than by just using the core PCA or MST dimensions.
They also provide a much richer backdrop for
interpreting the resulting clusters.

Fourthly, the classification of city blocks
(manzanas) was carried out using a clustering
technique known as k-means [13]. This is an inductive
classification technique that is most frequently used in
geodemographic analysis [17], [45]. It starts with an
imperfect division of the units to be classified (in this
case city blocks) into a pre-specified number of clusters.
Progressing through multiple iterations, movements
between clusters are proposed until an optimum
solution is reached that minimises the internal
distances within a cluster (in terms of the k-
dimensional space of variables) and maximises those
between clusters. In this study we specified a number of
six clusters to classify the 142,291 city blocks. Although
this is a small number of SES clusters, compared to
traditional geodemographic classifications, it is in line
with similar subdivisions of SES groups used in the
Latin American segregation literature (e.g. Rubalcava
and Schteinghart, 2000), and hence can be easily
understood and interpreted as well as compared with
previous studies. The k-means clustering was applied
using 100 iterations in order to achieve the optimum
solution within a single run of the algorithm.
Furthermore, in order to avoid cases where a local
minimum solution is reached, the clustering technique
was repeated 1000 times.

Finally, the best solution out of these 1000
runs was selected, and defined as the one with the
lowest sum of squares of differences within the clusters.
It is worth noting that during the clustering process
each variable was weighted by the population size of
each city block, in order to avoid any effects in the
clustering derived from blocks with contrasting
population sizes.

3. RESULTS AND DISCUSSION

The final result of the methodology developed
for this study was the classification of the 142,291 city
blocks into six clusters. Each cluster has more than 1
million people and with comparable sizes in terms of
total population and number of blocks, except for
cluster 5 that presents a small number of densely
populated blocks. The results are presented in a series
of tables and figures.

Table 2 lists the main descriptive statistics for
the six clusters.

From these tables and figures eight
predominant features or dimensions clearly emerge as
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the key organising axes that articulate socio-spatial
divisions in MCMA. These could be summarised as: 1)
education; 2) occupation; 3) income; 4) age and
household composition; 5) internal migration; 6) access
to health insurance / formal employment; 7) quality of
housing and urbanisation / overcrowding; and 8)
geographical distribution (peripheral vs. central and
south-eastern vs. northern and western locations).
Traditional SES studies in Latin America and in Mexico
in particular, are typically only concerned with the first

Table 1. List of Census variables selected for clustering analysis.

three of these dimensions - especially just income-
generally ignoring the other five. A rare exception in
Mexico is Ariza and Solis (2009) which apart from the
aforementioned dimensions 1, 2 and 3, also include 5)
“internal migration” [4].

However, this and the majority of studies
examine urban segregation separately along each one of
these dimensions, and, more worryingly, organised in a
hierarchical way, since they predominantly rely upon
factorial analysis techniques.

Short name Description
Density Population density
Pop0 14 Population aged 0-14
Pop_>=60 Population aged 60 or over
Depend ratio Dependency ratio

Child p woman
Pop_w/o_hedlt_ins
Pop with IMMS
Pop_born_outside
Pop_mid&high _educ
Pop high educ
Yearsin educ

Ec _inactive

Occup second
Occup_terciary
Occup day labour
Self employed
Occup w/o income
Occup_<1_salary
Occup_>5 salaries
Dwell poor roof
Dwell 1 room

Dwell_2 5 rooms
Dwell 1 bedroom
Dwell n excl kitchen
Dwell_drain_not_network
Dwell no drain
Dwell_ownen

Dwell ownen paid
Dwell_w_heater
Dwell w comput
Dwell all goods

Peop_p_dwell
Peop p room
Fem_head hsld
Pop fem head hdld

Children per woman

Population without health insurance

Population entitled to public health insurance (IMSS)

Population born outside Mexico City Metropolitan Area

Population aged 15 and above with medium or higher education

Population aged 18 and above with higher education

Number of yearsin education

Economically inactive population

Population occupied in the secondary sector

Population occupied in the tertiary sector

Population occupied as day |abourers

Self-employed population

Occupied population without a work-related income

Occupied population with a work-related income below one minimum salary
Occupied population with a work-related income above five minimum salaries
Dwellings with precarious roof materials

Dwellings with a single room (one living space)

Dwellings with 2 to 5 rooms (including kitchen)

Dwellings with a single bedroom

Dwellings with non-exclusive kitchen (in a bedroom or shared room)
Dwellings with drainage connected to septic tank, creek, crack, river, lake or sea
Dwellings without drainage

Owner-occupied dwellings

Owner-occupied dwellings fully paid

Dwellings with a hot water heater

Dwellings with computer

Dwellings with all goods (radio, TV, video, food mixer, refrigerator, washing machine,
telephone, water heater, car and computer)

People per dwelling ratio

People per room ratio

Female headed households

Population in female headed househol ds

Table 2. Sizes of the six clusters (population size and number of blocks).

Cluster Nr. blocks Total population Avg block population
1. Marginal rura periphery 17,952 2,055,797 1145
2. Office workers in tower blocks 19,743 1,587,619 80.4
3. Peripherial proletariat 49,504 6,816,571 137.7
4. Urban elites 18,618 2,234,257 120
5. Mixed areas 993 1,067,682 1,075.2
6. Educated middle class 34,927 4,152,252 1189
Total 141,737 17,914,178 126.4
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Density
Pop_fem_head_hsld 2 Pop_0_14
Fem_head_hsld Pop_>=60
Peop_p_room 1.5 Depend_ratio
Peop_p_dwell 1 Child_p_woman

Dwell_all_goods Pop_w/o_health_ins

Dwell_w_comput Pop_with_IMMS
Dwell_w_heater Pop_born_outside

Dwell_owned_paid Pop_mid&high_educ

Dwell_owned Pop_high_educ

Dwell_no_drain

Years_in_educ

Dwell_drain_not_network Ec_inactive

Dwell_n_excl_kitchen Occup_second

£ ’
Dwell_1_bedroom y . Occup_terciary — - Cluster1
1 / Cluster 5
Dwell_2_5_rooms RS Occup_day_labour Cluster 6
Dwell_1_room Self_employed City avg

Dwelbeggﬁi@g f5;:;1Ir:1ries Occup_glc_cgﬁarm)l/o—mcome

Fig. 1. Distribution of Census variables. Clusters 1, 5 and 6. See Table 1 for a long description of each variable [1].

Density
Pop_fem_head_hsld 2 Pop_0_14
Fem_head_hsld Pop_>=60
Peop_p_room 15 Depend_ratio

Peop_p_dwell Child_p_woman

Dwell_all_goods Pop_w/o_health_ins
_all_g N p_w/o_] _|

7/ N

Dwell_w_comput / Pop_with_IMMS

Dwell_w_heater Pop_born_outside

Dwell_owned_paid

.

Pop_mid&high_educ

\

Y

) Pop_high_educ

’

Dwell_owned

Dwell_no_drain Years_in_educ

Dwell_drain_not_network

Ec_inactive

Dwell_n_excl_kitchen Occup_second

L]
L] r o
Dwell_1_bedroom Occup_terciary Cluster 2
I I Cluster 3
Dwell_2_5_rooms v Occup_day_labour = = Cluster 4
Dwell_1_room v Self_employed City avg
Dwenegga{r_rggisalaries Occup_glc_csueﬁarm)flo—mcome

Fig. 2. Distribution of Census variables. Clusters 2, 3 and 4. See Table 1 for a long description of each variable [1].

These six clusters and their geographical important analogies between the SES spatial patterns
distribution are shown in Figure 3. They are consistent found in this paper and those published by Peter Ward
with the previous literature on socioeconomic in his diagram of “ecological zones” of Mexico City [48,
classifications of Mexico City. For example, there are p. 147].
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1. Marginal rural periphery 2. Office workers in tower blocks

Number of Residents

e 200-399

®  >400 0
= Boundary of Mexico City Federal District - DF

Kilometers

10,000 20,000 40,000

J?

Fig. 3 (a). Maps of the geographical distribution of the clusters in Mexico City (clusters 1-2).

3. Peripherial proletariat 4. Urban Elites

Number of Residents

®  200-399

®  >400 0
= Boundary of Mexico City Federal District - DF

Kilometers

10,000 20,000 40,000

18

Fig. 3. (b). Maps of the geographical distribution of the clusters in Mexico City (clusters 3-4).
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5. Mixed areas

6. Educated middle class

Number of Residents
o 200 - 399
[ ] > 400
= Boundary of Mexico City Federal District - DF

B N <iometers
0 10,000 20,000 40,000

Fig. 3. (c). Maps of the geographical distribution of the clusters in Mexico City (clusters 5-6). Each map depicts the geographic
distribution of the blocks classified under each cluster (1-Marginal rural periphery; 2-Office workers in tower blocks; 3-Peripherial
proletariat; 4-Urban elites; 5-Mixed areas; 6-Educated middle class). Each city block is represented by a circle proportional to its
population size. Only blocks with 200 people or more are shown in order to improve clarity.

3.1. Segregation indices

Once the city’s 142,291 blocks had been
classified into a geodemographic classification of six
clusters, the final stage of the methodology was to
calculate segregation indices between these 6 clusters in
order to measure their degree of spatial integration in
the city. Therefore, the basic unit of analysis in this
study is the city block (as opposed to individuals or
households).

The authors assume that the geodemographic
typology assigned to each block is representative of the
characteristics of all of its residents, although we are
aware of the effects of the ecological fallacy that this
approach might entail. However, Mexico City blocks
present a small population (126.1 residents on average),
and are compact both in terms of their physical
extension and density. In addition, each block was
typically developed during the same period, and hence
generally contains similar types of housing. All of these
factors support our assumption of internal SES
homogeneity. Further analysis using individual level
data within blocks should be performed to measure the
degree of internal demographic and SES homogeneity.

In order to measure the degree of integration
or separation between each city block and its
neighbouring blocks, there is a need to specify a
neighbourhood or local area within which integration or

segregation is to be measured. We initially explored the
use of “colonias”, a geographical area encompassing the
original extent of development when the area was first
urbanised. Colonias are still highly significant socio-
spatial reference points in Mexican cities, for example
in determining residential preferences, house prices or
the level of urban services and amenities. In many
areas, the colonias are underpinned by a legally
constituted residents associations. However, the exact
boundaries of the colonias are difficult to delineate
outside the Federal District of Mexico City (D.F.), and
more worryingly, they vary enormously in population
size and areal extent. Therefore it was decided to use
the Census statistical small areas termed AGEB [18], of
which there are 4,974 in the MCMA, each with an
average of 28.6 city blocks and 3,601 residents. AGEB
areas are homogenous in terms of population size and
they are widely accepted as a valid representation of
local neighbourhoods [12].

Within each AGEB we calculated the number
of people assigned to each geodemographic cluster (i.e.
the total population of the blocks within the AGEB
assigned to the same geodemographic cluster). If the
geographic distribution of the geodemographic clusters
across the city and within AGEBs was random, there
would be no segregation, and if it was not, some degree
of spatial separation according to SES could be
expected.
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A total of five different segregation indices
were calculated, capturing four out of the five
dimensions of residential segregation; evenness (D),
exposure (Px), concentration (ACO) and clustering
(ACL) [23], as well as a measure of entropy or diversity
(the Information Theory Index or Theil’s H) [30]. These
first four indices were calculated as two-group indices,
in which each geodemographic cluster was compared to
the rest of the population, while the diversity index (H)
takes all six clusters together to measure diversity. The

resulting values for these five indices are shown in
Table 2. Finally, the Dissimilarity index (D) was also
computed between all combinations of pairs of clusters
and results shown in Table 3. We acknowledge the
problems associated with using a single index in this
pair-wise comparison. Therefore, the multi-group
comparison shown in Table 4 should form the basis for
a discussion about the results. For details about the
equations and implementation of these indices into
algorithms please refer to Apparicio, P. et al. [3].

Table 3. Segregation indices for each geodemographic cluster [1].

1. Marginal rural periphery 0.75
2. Office workersin tower blocks 0.82
3. Peripherial proletariat 0.65
4. Urban elites 0.86
5. Mixed areas 0.83
6. Educated middle class 0.66

0.54 0.6 0.34 0.51
0.63 0.85 0.34 0.63
0.69 0.52 0.52 0.41
0.71 0.77 0.46 0.68
0.38 0.71 0.17 0.52
0.59 0.8 0.4 0.42

Table 4. Matrix of dissimilarity indices between all pairs of clusters [1].

1. Margind rural periphery

2. Office workers in tower blocks

3. Peripherial proletariat 0.65
4. Urban €elites 0.98
5. Mixed areas 0.9
6. Educated middle class 0.91

0.95

0.84 0.87 = =
0.72 0.79 0.81 =

The highest values (>=0.90) are highlighted in bold and the lowest (<=0.80) in italics.

3.2. Discussion

The methodology presented in this paper is
comprised of two separate analyses; i) a
geodemographic classification of city blocks into SES
clusters, and ii) residential segregation analysis of the
SES clusters. The key results and implications will be
discussed here combining the relevant results from each
of these two steps in the analysis.

The distribution of the 35 Census variables for
each of the six clusters is represented in the radar
graphs shown in Figure 1 and Figure 2. In these graphs,
each variable’s mean value across all blocks in the city is
zero (central circle) while the positive and negative
values indicate the number of standard deviations (s.d.)
from the mean (ranging between -2 to +2 s.d.). These
radar graphs depict very well the disparities between
SES groups in MCMA. For instance, in fig. 2, the
variable “population with medium and higher
education” shows values of 1.93 and -0.67 s.d. for
Cluster 4 and Cluster 1 respectively, indicating a wide
difference between these two clusters. Moreover,
interesting linkages can be established between the
different demographic, occupational, economic,

20

educational, housing or geographical indicators used in
this analysis. These combinations are much more rich
and complex than the common representations of SES
that dominate in the segregation literature, which are
typically comprised of a simple classification along a
unidimensional affluence or social class scale, as
represented by each single factor or component in the
factorial approach. Such a rich combination of salient
characteristics is fully described in Table 5 for each of
the six clusters, as indicated by the most salient
patterns in the radar graphs and the maps in Figure 3.
From these tables and figures eight
predominant features or dimensions clearly emerge as
the key organising axes that articulate socio-spatial
divisions in MCMA. These could be summarised as: 1)
education; 2) occupation; 3) income; 4) age and
household composition; 5) internal migration; 6) access
to health insurance / formal employment; 7) quality of
housing and urbanisation / overcrowding; and 8)
geographical distribution (peripheral vs. central and
south-eastern vs. northern and western locations).
Traditional SES studies in Latin America and in Mexico
in particular, are typically only concerned with the first
three of these dimensions - especially just income-
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generally ignoring the other five. A rare exception in
Mexico is Ariza and Solis (2009) which apart from the
aforementioned dimensions 1, 2 and 3, also include 5)
“internal migration” [4]. However, this and the majority

of studies examine urban segregation separately along
each one of these dimensions, and, more worryingly,
organised in a hierarchical way, since they
predominantly rely upon factorial analysis techniques.

Table 5. Description of key geodemographic and SES characteristics per cluster.

Cluster D Dissimilarity Px Isolation éCO Absol_ute ACL clustering H Entropy
oncentration

1. Margina rura
periphery 0.75 0.54 0.6 0.34 0.51
2. Office workers
in tower blocks 0.82 0.63 0.85 0.34 0.63
3. Peripheria
proletariat 0.65 0.69 0.52 0.52 0.41
4. Urban elites 0.86 0.71 0.77 0.46 0.68
5. Mixed areas 0.83 0.38 0.71 0.17 0.52
& [Selves £ 0.66 0.59 08 04 0.42
middle class

In this paper the selected 35 Census variables
depict in detail these eight dimensions. Through the
geodemographic clustering of city blocks along these 35
variables, we intend to identify new types of SES socio-
spatial divisions in MCMA. The result is a simple
classification of city blocks into 6 SES clusters that
clearly synthesise at once the predominant
combinations of these variables at such fine
geographical scale across the city, and that are much
more complex and subtle than just income, education
or occupational stratification. For example, the two
lower SES groups, represented by clusters 1 and 3,
although both with low income and education levels,
they actually register significant differences with
respect to other of the aforementioned eight
dimensions. These differences include age and
household composition, access to health insurance,
proportion of internal migrants to MCMA, economic
sectors of occupation, peripheral location, and the
quality of urbanisation. Furthermore, the middle
classes, represented by clusters 2 and 6, despite
presenting similar mid-range income and education
levels, also differ substantially between them with
respect to their level of domestic migration, housing
tenure, occupation and centrality, alongside some of the
other key variables.

All of these differences, outside the traditional
income-education-occupation triad, reflect important
disparities in the demographic composition of the
households and neighbourhoods, the timing of
urbanisation and arrival of internal migrants, access to
formal economic sector and welfare services (primarily
health insurance and public housing), type of housing
and tenure, and quality of infrastructure and its
location with respect to public transport networks and
job centres. In Latin American countries where income
and education inequalities are so stark and
socioeconomic polarisation has increased over the last

three decades [28], these differences relate to the key
factors behind structural and internal constraints
affecting the residential location decisions of urban SES
groups. For example, housing in Mexico City prior to
the 1990s was heavily subsidised for military families,
civil servants and members of some powerful unions
[27], privileges in residential location that persist today
and cannot be captured by the aforementioned income-
occupation-education triad. Therefore, the
multidimensional nature of SES groups cannot be fully
represented using the simplistic rich-poor duality with
which segregation in Latin American cities have been
traditionally analysed. Moreover, beyond the direct
effects of residential segregation, such SES factors in
turn also place important constraints on the social
mobility opportunities and life chances that different
population groups experience across the city.

Moreover, besides the multidimensionality of
the classification, the other prominent contribution of
this study is in relation to the analysis of SES
segregation at city block level, instead of the usual
Census geo-statistical area (AGEB). Figure 4 shows a
detailed map of the cluster classification for an area in
Western Mexico City, known as “Santa Fe”. As it can be
clearly seen, the cluster classification at block level has
captured the complexity of new forms of segregation at
the micro scale and within the AGEB boundaries. The
area of Santa Fe is well known for its stark socio-
economic contrasts where the aforementioned “islands
of modernity” have been built in a traditionally poor
and marginal area.

Having justified the division of the MCMA
urban space into six geodemographic clusters, it
remains to reflect on the results of the segregation
analysis. As indicated above, segregation indices were
calculated between these six SES clusters of city-blocks
at the neighbourhood level as represented by the
(larger) AGEB units.
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The values of the different segregation indices
are summarised in Table 4 and Table 5. The most
segregated group is undoubtedly cluster 4, termed
“Urban Elites”, which presents very high values of
dissimilarity and isolation indices (respectively D=0.86,
Px=0.71) from the rest of the population, as well as
from each of the other individual clusters (see table 5).
This is the cluster with the highest level of income,

LEGEND __
— Limit of Geostatistical Unit (AGEB [

Cluster
B 1. Marginal rural periphery '
I 2. Office workers in tower blocks
B 3. Peripherial proletariat
I 4. Urban elites
B 5. Mixed areas

6. Educated middle class

0 01503 0.6 0.9 12

education, and general quality of life, and according to
the urban literature hence the group with the greatest
power and flexibility to decide where to locate in the
city. The geographical distribution of Cluster 4 in the
Mexico City Metropolitan Area clearly supports the
argument that access to greater choice is translated in a
stark physical separation from the other five clusters, at
least in residential terms.

Fig. 4. Map of the cluster classification by city block showing an area with a complex socioeconomic mix at block level. The
map depicts an area called “Colonia Santa Fe” in Western Mexico City (Districts of Cuajimalpa and Alvaro Obregoén).

Cluster 2, termed “Office workers in tower
blocks”, presents much higher population densities at
the city block level since most of them live in flats
(hence the group’s label). Therefore, they register a high
level of concentration (ACO = 0.85) as well as
dissimilarity (0.82), since several tower blocks tend to
be clustered in the same AGEBs. Cluster 5, termed
“Mixed areas”, shows high values of dissimilarity and
clustering, although low levels of isolation. However, as
previously mentioned this cluster is very heterogeneous
and encompasses very large AGEBs that are hiding the
internal variations of its constituent populations. The
clusters with the lowest levels of segregation in terms of
dissimilarity and isolation are Cluster 6 (“Educated
middle class”) and Cluster 3 (“Peripherial proletariat”),
which are the two “middle-income” groups. However,
the latter shows the highest level in the clustering
dimension (ACL=0.52) since it is geographically located
on the periphery and tends to be surrounded by AGEBs
were the same cluster predominates, while the rest of
the clusters show low levels of spatial clustering. This
finding shows one of the advantages of this analytical
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method in detecting the processes of fragmentation of
urban space mentioned in the literature, initially
validating the presence in Mexico City of the new model
of residential segregation in Latin American cities [20].

With respect to the measure of entropy (H), all
six clusters show medium to high levels of segregation
(0.41- 0.68), indicating differing degrees of mixing
between SES groups across neighbourhoods. Cluster 4
Urban Elites again shows the highest levels of entropy
and clusters 3 and 6 the lowest. Once again, this
supports the contention that the elite neighbourhoods
(Cluster 4) are the most segregated group. In spite of
their more central location within the metropolitan
area, and because of the aforementioned processes of
urban encapsulation and fragmentation -through
gentrification and gated communities- they remain
physically distant from other SES groups.

Finally, a different reading of segregation is
presented in table 5 where the dissimilarity index (D)
has been calculated between pairs of clusters (as
opposed between one cluster and the rest of the
population). The pairs that appear most segregated
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between themselves are clusters 4 and 1, followed by 4-
3, 1-2, and 1-6. Therefore, Cluster 1 (“Marginal rural
periphery”) and Cluster 4 (“Urban Elites”) are the most
segregated with each of the other clusters along this
index. However, whereas Cluster 1 is expected to be
most segregated from all others, because of its remote
location in the outer periphery and hence its physical
distance from all others, it is surprising to find high
levels of dissimilarity between Cluster 4 (“Urban
Elites”) and all the other clusters. Once again this
proves the high degree of socio-spatial separation of the
elite groups, a fact that although identified by the SES
segregation literature, has not been given sufficient
prominence, since analyses tend to concentrate on the
segregation of poor and marginal groups. This is
typically the case not only in Latin American studies but
also in studies undertaken in more developed countries
[25]. In comparative terms, the level of segregation of
cluster 4 “Urban elite” shows much higher indices than
those of the equivalent higher SES groups that are
analyzed in the literature. For example, Ariza and Solis
(2009) calculate dissimilarity indices for groups
independently defined for separate SES dimensions at
AGESB level [4]. They show that all the groups with the
highest levels of income, education and occupation in
the MCMA present dissimilarity indices (D) of 0.38 to
0.48 and isolation (Px) of 0.20 to 0.29 [4] (see Table 3).
The disparity between these index values and those
reported here seems to indicate differences in the
methodology, namely in the geographical scale and
dimensionality of the analyses. With respect to scale
effects, smaller geographical units of analysis (blocks vs.
AGEBs) introduce higher levels of segregation than
those registered in the segregation literature [47].

As regards to dimensionality, the fact that 35
census variables are simultaneously used in this paper
to classify blocks into similar clusters, produces more
homogeneous SES groups than in previous studies
where some of these census variables or factors are
separately used to classify the population and
neighbourhoods. However, a few methodological
differences between the approach presented here and
those commonly used in the literature need to be
explicitly highlighted, to allow for future comparative
work.

First, we must insist that we classify city blocks
into a single SES class, hence carrying the risks
associated with the ecological fallacy in assuming that
all city-block residents are equal. Second, we measure
indices of residential segregation between types of city-
blocks within the Census geo-statistical Areal Unit
(AGEB) they share with other blocks, as a proxy for
their immediate neighbourhood. The relationship
between those two scales is made clear in the example
provided in Figure 4. Therefore, the resulting
segregation levels are necessarily higher than those
calculated in other studies which only used a single
variable to classify space, and whose unit of analysis are

individuals or households, as opposed to amalgamating
them into city-blocks. Such difference is derived from a
trade-off between geographical detail (city-block vs.
AGEB) and the number of SES dimensions considered
in a single analysis of segregation. Finally, our analysis
necessarily refers to a single point in time and hence
temporal changes cannot be tracked using this
methodology until the necessary datasets for the 2010
Census become available at the block level.

4. CONCLUSIONS

Throughout their history Latin American cities
have presented high levels of residential socioeconomic
segregation. However, a significant shift in the patterns
of segregation has occurred since the 1980s; moving
from a socioeconomically polarized but compact city to
a dispersed and fragmented urban pattern with an
apparent decrease in segregation levels [6], [34]. This
transition has been characterised by two intertwined
processes; a change of scale in RS (from the macro to
the micro or local level), and the rapid diffusion of new
exclusionary urban forms (such as gated communities
and gentrified apartment blocks). Previous studies in
the segregation literature typically ignore these scale
effects, which are actually disguising entrenched levels
of segregation at the neighbourhood level, and typically
adopt a unidimensional representation of socio-
economic difference over space (even after applying
factorial data reduction techniques).

In this paper we have proposed a new
methodology to represent SES groups and to measure
their level of residential segregation. This approach is
based upon the geodemographic classification of very
small neighbourhoods, clustered simultaneously along a
large number of SES variables, which we have borrowed
from the geodemographic literature. ~Without
introducing any pre-conception of their ‘degree of
difference’, or prioritization of one SES variable over
others, nor implying a hierarchy of factors, those
neighbourhoods have been automatically classified into
clusters of similar ‘geodemographic profiles’. These
clusters constitute the building blocks for the
calculation of traditional segregation indices. An
application of such methodology in Mexico City
Metropolitan Area (MCMA) has been presented here to
illustrate the validity of the approach, using SES data at
city block level for the first time. We consider that this
spatial unit best represents the socio-spatial scope of
interactions and relationships of individuals and
households as well as the residential preferences in the
housing market in Latin American cities.

The overall findings for the MCMA support the
aforementioned transformations identified in Latin
American cities, presenting traces of both the
traditional and new models of RS. The elite groups still
occupy a relatively compact sector emanating from the
historic city centre, while different layers of middle and
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lower social classes are distributed around quasi-
concentric rings with diminishing SES with increasing
distance from the centre. However, the analysis
presented here also shows signs of the new fragmented
model of RS, with the different middle class clusters
dispersed in the inner city and proximal suburbs where
they are in close contact with the more marginal groups
and less frequently the elite cluster. Within this
framework the evidence presented here clearly points
to the most affluent group (4: Urban elites) as the most
segregated along most of the indices, as identified as
well by Sabatini, 2003 and other Latin American
scholars. Moreover, we have also shown that within the
lower SES groups as well as within the middle classes,
stark differences exist that have to do with their
demographic structure and life cycles, housing type and
tenure, geographic location, domestic migration, and
access to welfare and the formal economy, and not just
with the traditional income-occupation-education triad
of factors. One significant result is that the lower class
group has been split into two clearly distinct geo-
demographic clusters (1: Marginal rural periphery and
3: Peripherial proletariat), and so has the middle class
(2: Office workers in tower blocks and 6: Educated
middle class). This subdivision of traditional social
classes has proved invaluable to represent a more
nuanced view of neighbourhood difference and measure
the fragmented pattern of residential segregation
previously identified by the literature. Finally, it should
be clarified that the results presented here for the
MCMA are not necessarily representative of general
trends in Latin American cities, and have to be
interpreted as indicative of the local trends that reflect
some of the global processes discussed earlier in this
paper. Through the combination of geodemographic
clustering and segregation analysis methods, together
with the use of highly spatially disaggregated data, we
hope to have demonstrated the usefulness of a
methodology that captures part of the complex socio-
spatial segregation processes in Latin American cities.
The forthcoming results of the 2010/11 population
censuses present a unique opportunity to apply this,
and other research methods, to making comparisons
over time and between countries in order to ascertain
the actual impact of the so-called new model of
residential segregation in Latin American cities.
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