Spatio-temporal segregation: commuting
time that unite and separate classes and races

Segregacao espago-temporal: tempo

de deslocamento que une e separa classes e ragas

Abstract

The intense growth of Brazilian cities is
remarkable, characterized by peripheralization
and socio-spatial inequalities. However, studies
that focus on the temporal dimension to
understand spatial segregation are still scarce.
This paper aims to understand the role played
by commuting time in explaining the process of
spatial segregation in the Sdo Paulo metropolis. Its
methodology is based on statistical data obtained
from the weighting areas of the Demographic
Census sample, by means of the variable
usual commuting time, combined with other
socioeconomic variables of income and race.
This research contributes to the understanding
of spatio-temporal segregation and shows that
commuting time unites the poorest and black
individuals, separating them from the richest and
white individuals in the Sdo Paulo metropolis.
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Resumo

E marcante o intenso crescimento das cidades bra-
sileiras caracterizado pela periferizagdo e pelas
desigualdades socioespaciais. Porém, ainda sdo es-
cassas pesquisas que enfoquem a dimensdo tempo-
ral quanto a compreensdo da segregagdo espacial.
Este artigo visa compreender o papel do tempo de
deslocamento na explicagdo do processo de segre-
gacdo espacial na metrdpole de Sdo Paulo. Para
tanto, sua metodologia baseia-se em dados esta-
tisticos das dreas de ponderagdo da amostra do
Censo Demogrdfico, através da varidvel tempo de
deslocamento habitual para o trabalho, combinada
com outras varidveis socioeconémicas, de renda e
raga. Busca-se contribuir para o entendimento da
segregagdo espago-temporal, demonstrando que o
tempo de deslocamento une os mais pobres e os ne-
gros, separando-os dos mais ricos e dos brancos na
referida metrdpole.

Palavras-chave: segregagdo; tempo de desloca-
mento; desigualdade; raga; SGo Paulo.
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Introduction

The rapid growth of cities is one of the most
notable features of the world today. However,
this growth has been more striking in the so-
called metropolises of the global south (Parnell e
Robinson, 2012; Roy, 2015). In the metropolis of
Sdo Paulo, which has a periphery that is typical
of a capitalist country, this process has been
characterized by spatial segregation and urban
peripheralization (Santos, 1990; Villaga, 1998).

With regard to studies on segregation
in Brazil, there is a tendency to understand
residential segregation, primarily in terms of
social homogeneity (Castells, 2000; Corréa,
1989), through separating people by social
classes in an area where there is a certain
degree of spatial homogeneity (Villaga, 1998).
But segregation has also been analyzed from
the standpoint of experiencing difficulties in
gaining access to services and opportunities
(Maricato, 2003), since, in the same process,
the denial of specific access caused by social
inequality reproduces the separation (Marques,
2005). However, there is no consensus about
the concept of segregation among researchers
in the context of Brazilian cities (Kowarick, 2004;
Sposati, 2004; Vasconcellos, 2013), and even
fewer of the current approaches are concerned
with residential segregation or structured on
the basis of social class criteria.

In the United States, there has been a
great deal of research on spatial segregation
with an emphasis on racial criteria, owing to
the fact that its history involved the colonization
of enslaved black communities (Wirth, 2016;
Clark, 1965; Ward, 1989; Massey and Denton,
1990). In the case of European countries, the
recent increase in the number of immigrants
from their former colonies, has meant that
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the problem of residential segregation in their
cities is more often based on ethnic criteria
(Préteceille, 2009; Wacquant, 2004).

In the African continent, particularly
South Africa, which is characterized by a history
of European colonization and exploitation of
natural resources, there have inevitably been
many studies on apartheid ( Hindson, 1996;
Hindson; Byerley e Morris, 1994). However, in
the case of Latin America, where countries were
also colonized by the slave labor of indigenous
and black people, research on spatial segregation
is predominantly based on socioeconomic
criteria (Rodriguez and Arriagada, 2004; Sabatini
and Brain, 2008; Sabatini, Caceres and Cerda,
2001; Vignoli, 2008).

In Brazil, much of the research on
segregation is governed by perspectives that
tend to be restricted to differences of social
classes (Kowarick, 1979; Santos, 1990; Villaga,
1998; Caldeira, 2003; Marques, 2005). This
is despite the fact that it is a country that
experienced colonialism and a black slave
trade for a long period of time and, where
institutional racism has become an inherent
feature of society (Almeida, 2019). This refutes
the concept of racial democracy in the country,
which in the face of the marginalization and
racial prejudice that blacks suffer in cities, can
be regarded as a myth (Moura, 1977, 2014;
Nascimento, 1978; Fernandes, 2008). It is
in these terms that more recently analyses
have been conducted on spatial segregation
in Brazilian cities from perspectives based on
racial criteria Rolnik, 1989; Telles, 1995; Oliveira,
1996; Oliveira, 2008; Franga, 2015).

More recently, however, Brazilian
researchers have illustrated how spatial
inequalities are cumulative, as can be seen
in the connection between segregation and
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the employment of people, public transport
and jobs. This was found in four Brazilian
metropolises and was caused by geographical
factors, and questions of social class and race
Bittencourt; Giannotti e Marques, 2020). In
another recent study of Haddad (2020), inspired
by the study of Chetty et al. (2014) — which
established a link between a shorter travel
time and social mobility in a particular area —
the author demonstrated how commuting to
work and other socioeconomic factors related
to urban infrastructure influence residential
segregation in the metropolitan region of Belo
Horizonte. A classic study in Brazil by Villaga
(1998) examined the theoretical effects of social
classes on spatial segregation, and showed how
elites were able to establish locations and points
of access as a means of controlling commuting
times, to the detriment of the poorest
communities who lived in the urban peripheries.
It is in light of this that this article aims
to analyze the temporal dimension as a way
of explaining the phenomenon of spatial
segregation, and how it depends on social
classes barriers and races in the metropolis of
Sao Paulo, on both a theoretical and empirical
basis. Thus, we decided to carry out a critical
examination of the theoretical-methodological
basis of the temporal dimension of the spatial
segregation phenomenon in the metropolis of
Sdo Paulo by drawing on statistical data from the
weighting demographics of the census sample
(IBGE, 2010), through the independent standard
‘average time for commuting to work’ (ATCW)
commuting time to work’ variable. This is ATCW
the first time this information has been made
available in the historical series and is combined
with other socioeconomic variables dependent
on factors such as income, schooling and race.

Cad. Metrop., Sdo Paulo, v. 26, n. 60, pp. 561-587, maio/ago 2024

It was determined that the dimension of
commuting time is both a condition (product)
and conditioning factor (producer) of spatial
segregation, and hence that socio-spatial
inequalities could be found in the metropolis
of Sdo Paulo. This means that segregation is not
only a spatial separation, but also a temporal
separation, since it acts as an invisible barrier
that causes separation and control in space, by
merging poor and black people, while separating
them from the wealthy white people by means
of unequal commuting times.

Methodology

The territorial region of this article is located in
Sdo Paulo Metropolitan Region (SPMR) (Figure
1). The SPMR occupies an area of 8,047 km?,
and covers 39 municipalities, including Sao
Paulo which is the State capital. In the last
Demographic Census, this city which has the
largest population in Brazil, had 19.6 million
inhabitants and a population density of 2.446,1
inhabitants/km? (IBGE, 2010). Of this total,
6.8 million people usually had to travel to
work, and the average time of commuting is
46 minutes, with 28% of the people spending
more than 1 hour (IBGE, 2010). In part, these
commutings are carried out in 129.2 km of
bus routes, 101.1 km of a subway network
and 271 km of a railway network and the main
metropolitan road network, 1, 349 km; these
illustrate the dimension of the daily mobility
problems that people face in the metropolis of
Sao Paulo.

Currently, the estimated population of
the SPMR is 21.2 million inhabitants (Seade,
2022), which represents about 10% of the
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Figure 1 — MAP of the SPMR, transport system and main road
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Source: elaborated by author in 2022, based on GeoSampa (2021), IBGE (2021) and CEM (2021).

entire population of Brazil. Its Gross Domestic
Product (GDP) was RS 1.2 trillion in 2019, which
represented about 15% of Brazil's GDP (Seade,
2019). Thus in 2020 the metropolis of Sdo
Paulo, was the largest in the country and Latin
America and the fourth largest in the world
(UN, 2022).

But the city of Sdo Paulo was once
a modest village, regarded by chroniclers
as a disagreeable place, and in 1872 had a
population of 26,000 people (Matos, 1958)
and was only the largest Brazilian city (Santos,
2005). However, Sdao Paulo Railway was
built in 1867, linked to the work of enslaved
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blacks until the abolition of slavery in 1888
(considered the longest in the Americas) and
and the arrival of huge numbers of European
immigrant settlers (Martins, 1996), there was
the expansion of coffee production and the city
of Sdo Paulo, which became the commercial
headquarters of the farmers (Mombeig, 1957).
This situation continued until the world crisis
that followed the Wall St Crash of 1929, which
marked a transition from Brazil being a coffee
economy to a wave of industrialization with
less dependence on imports (Furtado, 1979),
which would convert the city into a bustling
industrial metropolis (Petrone, 1958). By the
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1960s, with the arrival of multinationals in the
automotive sector (Costa, 1988; Becker e Egler,
1994), the country experienced a process of
metropolitanism and peripheralization of the
working classes, particularly poor migrants
from the North-East of the country and the
black community. This was marked by the
expansion of urban dispossession, through the
exploitation of labor and deprivation of public
services (Kowarick, 1979). More recently,
although it has become a thriving economy
linked to a dynamic service sector, the city still
suffers from an incomplete modernity, based
on a socio-spatial formation that reveals the
inequality, where all its economic opulence is
accompanied by people with the most glaring
needs (Santos, 1990).

In making a critical examination of
the theoretical-methodological factors
caused by the particular features of the
temporal dimension of spatial segregation
in the metropolis of Sdo Paulo, this article is
based on statistical data from the weighting
demographics of the census (IBGE, 2010).
This is, the first time in the historical series
that the variable mean time for commuting
to work ATCW, has been combined with other
socioeconomic variables such as average
household income (calculated in minimum
wages), educational levels and the race/color
of the white and black population.

Once in possession of these data, spatial
segregation measures were devised such as the
Dissimilarity Index (DI), Moran Index (Ml) and,
finally, a scheme for grouping the social classes
in terms of spatio-temporal segregation. The
Dl is a traditional measurement to assess the
residential segregation of two social groups,
ranging from 0 to 1, 1 being defined as total
segregation and 0 as the complete integration of
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the groups and representing the proportion of
minority groups that would have to change their
residential area to a more integrated distribution
(Duncan and Duncan, 1955; Marques, 2015).

The MI is a measure of spatial
autocorrelation that takes into account the
contiguity of neighborhoods with regard to
the concentration of two groups separated
in space. The Ml ranges from -1 to +1, the
high values indicating that each of the groups
should concentrate in clusters of neighboring
areas. LISA Maps (Local Indicator of Spatial
Autocorrelation) were used to analyze Ml;
these are maps that spatially represent the self-
-correction of the neighborhood of the groups
(Anselin, 1995; Franga, 2015).

Finally, a cluster map of five classes
was proposed, which we call spatial-temporal
segregation. These were based on the
following: a database comprising the variables
of commuting time to work (up to 5 minutes,
from 6 to 30 minutes, 30 minutes to 1 hour,
more than 1 hour up to 2 hours and more than
2 hours), population by race/color (white and
black), schooling (i.e a) without education and
incomplete elementary school, b) complete
elementary and incomplete high school,
c) complete and incomplete high school
education and d) complete higher education)
and household income measured in minimum
wages (ranging from 0.5 to more than 30) (IBGE,
2010). SPSS statistical software was used to
form these clusters, through the k-means cluster
aggregation method, which divided them into 5
classes on the basis of the weighting areas of
the SPMR. This unprecedented idea of grouping
in an empirical way, shows the importance
of the temporal dimension as a means of
explaining spatial segregation, combined with
socioeconomic variables.
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The Microsoft Excel spreadsheet editor
was also used for all the procedures based
on this empirical data and that required the
construction of tables and graphs. Digital maps
were all produced in GeoDa or QGis version
3.14, where everything was finalized.

Time in spatial segregation:
a condition and conditioning
factor

Villaga (1998) believes that spatial segregation
is a striking feature of Brazilian metropolises.
This phenomenon plays a dual role by both
maintaining the privileges of the dominant
class and their means of social control of space
(Corréa, 1989), and reproducing socio-spatial
inequalities and aggravating urban poverty
(Maricato, 2000) and racial discrimination in
capitalist societies (Telles, 1995; Maoutas, 2012).

In Brazil, this was clearly apparent in
intellectual terms, especially from the 1970s
onwards, when there was both a quantitative
and qualitative change in the Brazilian urban
phenomenon, which greatly exacerbated
urban problems. In the view of Camargo et
al. (1976), these urban problems were not
a logical outcome of the disorderly nature
of metropolitan growth of Sdo Paulo, but
rather the logic of capital that seeks to profit
from real estate speculation. In light of this,
these authors showed that the economic
growth of the so-called "economic miracle"
during the period of the military dictatorship,
paradoxically caused, urban poverty and led
to the deterioration of the living conditions of
the communities that were forced to live in the
urban peripheries. This logic of capital through
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real estate speculation brought about urban
dispossession, based on the exploitation of the
working class and social deprivation caused by
a lack public services in the peripheral districts.
(Kowarick, 1979). Bonduki and Rolnik (1982)
highlighted the existence of large numbers
of peripheral communities, and noted that
owing to income differentials some were more
socially deprived than others. In these most
deprived areas, the living conditions of black
people were generally aggravated by racial
marginalization and prejudice (Moura, 1977,
2014; Nascimento, 1978).

In contrast to the suburbs, as an
intermediation of the rural and urban world
(Martins, 1992), which gradually incorporates
certain urban conditions, the peripheries are
portrayed by the absence of urban services
and infrastructure and in locations that made
it necessary to travel very long distances
which made life a severe burden (Maricato,
1996). In the opinion of Mautner (1999) the
periphery is the place where the poorest are
socially segregated, and the price of land is
low, but at the same time it is a changeable
place, where new tracts of land are constantly
being reproduced. At the same time, the
old peripheral regions are gradually being
incorporated into the city, occupied by new
residents and restructured on the basis of
capital expenditure.

It should thus be noted that socio-spatial
inequality in a metropolis like Sdo Paulo, and
characterized by a rapid peripheral growth,
is the outcome of a complex of political,
economic and spatial decision-making factors
that were aimed at satisfying Sdo Paulo's
corporations and elites (Santos, 1990). In
the view of Santos (1990), the metropolis of
S@o Paulo has witnessed a dispute between
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upper and middle class corporations for areas
considered to be better in terms of their
accessibility to public goods and services in the
metropolis (Santos, 1990), with the bonus of
traffic circulation (Vasconcellos, 1997).

However, as a result of low wages,
structural unemployment, the difficult
conditions of their residential and far from
opportunities, the poorest people in the
peripheries live a kind of exiled life in the urban
peripheries, where their space is fragmented
because of their urban immobility (Santos,
1990). Moreover, part of these peripheral
residents who need to move around the
city to work are those called slow men (and
women) (Santos, 1994, 2002), in a function of
their trajectories marked by the constraints of
crowded public transport and high communting
time (Silva, 2022).

For this reason, the urban peripheries,
both in terms of how they are formed and
what they involve, are not self-explanatory,
and an understanding of geographic space is
necessary, which includes the totality of their
movements (Santos, 1990). This space that
unites and separates (Santos, 1982), this time
that unites us (D'Andrea, 2020), is for Villaga
(1998) the basis of spatial segregation.This
autor argues that segregation is the result
of the process of producing space, although
this may be unequal and that elites establish
social locations to ensure they can retain
social control over the working class who are
constrained by their long travel times (Villaga,
1998). That is, they are involved in a process
that aims to ensure the best locations with
employment opportunities that are related to
the time spent on commuting by people with
higher incomes and, in contrast, locations
that are more distant from their jobs, which
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are related to the time spent on commuting
by people with lower incomes (Villaga, 1998).
This is the case of the metropolis of Sdo Paulo,
where living in the peripheral regions means
being far from opportunities and, an important
portion of the population is thus neglected,
which according to Maricato (2003) means
they suffer a greater exposure to violence,
racial prejudice and gender discrimination.

In the 1990s this process was aggravated
in the urban peripheral regions of Sdo Paulo,
despite the democratic opening following the
end of the military dictatorship in the country
in 1985. However, hopes were cooled with the
emergence of 'neoliberalism' (Telles, 1999),
which was accompanied by unemployment and
insecure work (Alves, 2000; Antunes, 2003), in
the context of globalization in its most perverse
phase (Santos, 2003), which led to more
violence and greater urban poverty. Sposati
(1996) sought to display this condition on the
map of social exclusion/inclusion of the city of
Sdo Paulo. Urban violence has increased in the
peripheral regions, and some neighborhoods of
the South Zone, such as Jardim Angela, Parque
Santo Anténio and Capdo Redondo, became
known as the "triangle of death"; in 1996, the
first of these was considered by the UN to be the
most violent district in the world (Silva, 2012;
Dassoler, 2012). There was a genocidal situation
going on in the outskirts of Sdo Paulo, the
main targets being the black male community,
which is well portrayed in the album 'Surviving
in hell' of the national rap group Racionais
MC's, released in 1997 (D'Andrea, 2020), and
composed by residents of Capao Redondo.

This is why these peripheral regions do
not simply reflect violence and urban poverty,
stigmas that these populations often carry.
In the 1990s, these areas were also places
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of cultural explosion through music, soirees,
marginal literature and, particularly, in the
2000s, by cultural collectives (Raimundo,
2022), where the members of the peripheral
communities began to express their class
status, personal experience and urban
experience of inequality, without the influence
of the academic world (D'Andrea, 2020).

In this social context, research has also
drawn attention to the emergence of new
forms of segregation (or self-segregation)
experienced in the peripheries in the form of
fortified enclaves with the city walls (Caldeira,
2003), or even segregation that is characterized
by diversification and heterogeneity (Marques,
2005). However, there is no empirical
consensus regarding the new elitist pattern
of segregation (Baltrusis; D'Ottaviano, 2009).
Nor is there a consensus on whether the most
recent relative improvements in the peripheral
areas with regard to income and provision of
public infrastructural facilities and services,
are sufficient to overcome the problem of
the logic-center (Kowarick, 2004; Pasternak,
2004). In the opinion of Carlos (2013) this only
makes the situation more complex, without
overcoming the problems since, the periphery
is a concept in force while inequality persists as
an inequitable distribution of wealth in space
(D'Andrea, 2020).

In the case of the Metropolis of Sdo Paulo,
it was not enough for the upper and middle-
-class white elite to control their locations and
obtain an advantageous means of reducing
their travel time in the central areas. At same
process, it practically impeded the access of the
poor and black community of the distant urban
peripheries, because of continuing precarious
conditions, high costs and time lost in public
transport, which regardless of the urban
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context, hindering spatially distributed social
justice in the city (Harvey, 1980), to ensure fair
mobility (Sheller, 2018).

The commuting time is shown to be a
condition (product) and conditioning factor
(producer) of spatial segregation, which reveals
the difficulties of gaining access to places and their
opportunities, and causes inequalities between
those who lose either more or less time in their
daily commuting journeys. Hence, segregation is
not only a spatial separation, but also a temporal
separation, where the commuting time unites the
poor and black people and separates them from
the wealthy and white.

Spatio-temporal segregation:
what unites and separates
classes and races

SPMR population of 19.6 million inhabitants. has
a predominance of females (52.1%) compared
with males (47.9%). With regard to statistical
figures on self-declared race/color, the highest
percentage is 58.7% (white), followed by 39.3%
of blacks, brown and mixed race. At the level of
educational education, it is a fact that almost
50% of the population over 25 years of age did
not have a complete education or only reached
elementary school, with the lowest percentage
reaching higher education (11%). With regard to
the average per capita income for the minimum
wages of people aged 10 years or older, there is
a higher concentration in the range of 4 to 10
minimum wages. In the ATCW, there is a higher
percentage of people (34%) who spent 30
minutes to an hour, with the lowest percentage
of people (5.2%) who only took up to 5 minutes
(Table 1).
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Table 1 — General characteristics of the population of the SPMR, 2010

Totais %
Sex
Male 9,433,605 47.9
Female 10,250,370 52.1
Race/color
Yellow 361,901 1.8
White 11,549,952 58.7
Indigenous 22,915 0.1
Black 7,740,258 39.3
Ignored 8,957 0.0
Level of instruction
Uneducated and Incomplete Elementary School 9,392,726 47.7
Elementary School 3,206,080 16.3
High School 4,651,596 23.6
Higher Education/University 2,237,804 11.4
Not determined 195,768 1.0
Average household income per capita (minimum wages.)
Upto2 4,534,058 23.4
2to4 5,123,111 26.4
4t010 6,281,707 32.4
10to 20 2,172,046 11.2
Over 20 1,279,168 6.6
Average commuting time to work
Up to 5 minutes 360,657 5.2
6 to 30 minutes 2,177,810 31.7
30 minutes to 1 hour 2,374,998 345
More than 1 to 2 hours 1,598,567 23.2
More than 2 hours 365,948 5.3

Source: elaborated by author in 2022, based on IBGE (2010).

When analyzing the ATCW variable, and
taking note of the calculation of the midpoint of
each intermediate category and the first point
of the last open category (Pereira; Schwanen,
2013), it was found that the ATCW in the SPMR
was 46 minutes. However, this ATCW can be
regarded as unequal, since it ranges from 26
minutes to 85 minutes, with the highest ATCW
being in the peripheral areas and the smallest
in the central areas of the metropolis of Sdo
Paulo (Figure 2).
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When the ATCW in the SPMR was taken
into account, it was possible to group three
more significant ranges, i.e.: up to 30 minutes,
from 30 minutes to 1 hour and more than 1
hour. An analysis of the ATCW showed that
the highest percentage is in the shortest time
range (up to 30 minutes). It has even confirmed
that in the highest income bracket (measured
in minimum wages), there is a considerable
increase in the percentage of ATCW (up to 30
minutes) and a significant decline in the range
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Figure 2 — Average time of commuting to work (min.), SPMR, 2010
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Source: elaborated by author in 2022, based on IBGE (2010).

of more than 1 hour. In the lower income
range, the highest percentage prevails for up
to 30 minutes, but it is the highest percentage
among the income ranges in more than 1 hour.
In the intermediate income range of minimum
wages, there is no difference of percentage
with regard to the lowest income range in
terms of percentage up to 30 minutes, but a
decline in the percentage of more than 1 hour.
In terms of ATCW as an indicator of race/color,
it was noted that the white population is above
average in up to 30 minutes and below in more
than 1 hour. However, when the data related
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to the black population was analyzed, it was
found that it is below the average percentage
(up to 30 minutes) and above average when
the time was more than 1 hour, including in
terms of income up to two minimum wages
(Table 2). In other words, the largest proportion
of the population spends up to 30 minutes,
particularly, those who earned a higher income
and declared themselves to be white, since, in
the case of those who spent 1 hour, the highest
percentage is related to the lowest income
range and those who declared themselves to
be black.
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Table 2 — Characteristics of the population on the basis of the ATCW ranges, SPMR, 2010

Up to 30min 30 min to 1h But from 1h

SPMR 2,538,465 2,374,991 1,964,513
(%) 37 35 29
Average household income per capita (minium wage)

Upto 2 274,166 254,564 252,523
(%) 35 33 32
2to 10 1,595,754 1,560,703 1,363,767
(%) 35 35 30
More than 10 664,943 556,860 347,636
(%) 42 35 22
White population 1,573,645 1,393,078 1,048,696
(%) 39 35 26
Black population 903,623 932,428 887,374
(%) 33 34 33

Source: elaborated by author in 2022, based on IBGE (2010).

In other words, there is a combined
inequality between racial factors, income
and commuting time, where the black, low-
-income and ATCW population (who need more
than 1 hour) mainly consist of residents in
the peripheral areas. This helps to explain the
spatial segregation in its temporais dimension
that divides blacks, poor and the peripheral
community from whites, wealthy people and
the residents of the most central areas.

Dissimilarity Index (DI): a sand-
-time perspective of the groups

Owing to these inequalities with regard to
commuting times to work, it became necessary
to better capture this phenomenon through
the DI, which is a traditional measurement

Cad. Metrop., Sdo Paulo, v. 26, n. 60, pp. 561-587, maio/ago 2024

used to estimate the residential segregation
of two social groups that are not evenly
distributed in the space of a city, ranging from
0 to 1, where 1 means total segregation and
0 means total uniformity (in the distribution
of groups) (Duncan; Duncan, 1955.) There
are several studies that address the DI for
the purposes of analyzing segregation on the
basis of social classes, professional categories
(Marques, 2018) and race/color (Franga, 2015).
This research contributes to this analysis as an
extension of the ATCW, which, at first glance,
points to a dynamic movement, although
the data refer to a point of origin for these
commutings in the SPMR.

When the DI is analyzed in relation to
the ATCW, it can be determined that the most
segregated groups are among those whose
members spend up to 30 minutes, compared
with those who spend more than 1 hour,
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with a DI of 0.31, which means that 30% of
these groups must change position to achieve
a greater balance. In the literature, this DI
is defined as moderate, since up to 0.3 is
considered mild, from 0.3 to 0.6 moderate and
above 0.6 severe (Feitosa, 2005), but it does
not cease to point to a particular feature in the
case of SPMR (Table 3).

However, there is no DI analysis that
is based on ATCW and minimum wages, and
there has been found a greater segregation
between the groups. Even the highest DI, which

is regarded as extreme by the literature, is
related to the group of those who spend up to
30 minutes when they have an income of more
than 10 minimum wages and those who spend
more than 1 hour with an income up to 2
minimum wages, with a DI of 0.70, where 70%
of the group would need to change position to
allow a greater degree of integration. It turns
out that the DI increases sharply when the
ATCW and income are increased. Even in the
same income range the DI increases when the
ATCW is higher (Table 4).

Table 3 — Dissimilarity index between commuting times
in travelling to work, SPMR, 2010

Up to 30min 30min to 1h But from 1h
Up to 30min = 0.16 0.31
30 min to 1h 0,16 = 0.21
But from 1h 0,31 0.21 -

Source: elaborated by author in 2022, based on IBGE (2010).

Table 4 - Dissimilarity index between shift times to work and average
household income per capita for minimum wages, SPMR, 2010

H 2 H

~ ~ ~ = = =
£3 £z sE =3 =5 z§ = 8 Sz Eg
€ E EE E- o £ o E e s E € E g2
o N S o Q= S N =5 =z 5 E ~ g o 5 S
M o = T8 c o J=RS ENT = o £« s
[l S o 25 = = ] £ = P 2 o e £
=5 =i 3¢ S£5 o~ 8% §5 5~ ¢

S 5 (=]

5 = S @ @ 2 s s g
Up to 30min/ Up to 2mw = 0.18 0.54 0.20 0.21 0.53 0.35 0.28 0.46
Up to 30min/2 to 10mw 0.18 = 0.41 0.28 0.17 0.40 0.43 0.31 0.34
Up to 30min/More than 10mw 0.54 0.41 = 0.60 0.48 0.16 0.70 0.59 0.26
30 min to 1h/ Up to 2mw 0.20 0.28 0.60 = 0.19 0.57 0.26 0.22 0.49
30 min a 1h/2 a 10mw 0.21 0.17 0.48 0.19 = 0.44 0.34 0.22 0.36
30 min to 1h/More than 10mw 0.53 0.40 0.16 0.57 0.44 = 0.66 0.55 0.20
More than 1h/ Up to 2mw 0.35 0.43 0.70 0.26 0.34 0.66 = 0.18 0.58
More than 1h/2 to 10mw 0.28 0.31 0.59 0.22 0.22 0.55 0.18 = 0.45
More than 1h/More than 10mw 0.46 0.34 0.26 0.49 0.36 0.20 0.58 0.45 -

Source: elaborated by author in 2022, based on IBGE (2010).
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Table 5 — Dissimilarity index between shift times for work and race
(black and white population), SPMR, 2010

Up to30min/ Upto30min/ 30mintolh/ 30minto1lh/ Morethan1h/ More than 1h/
Black White Black White Black White
Up to 30min/Black = 0.28 0.17 0.26 0.32 0.25
Up to 30min/White 0.28 = 0.37 0.15 0.50 0.29
30 min to 1h/Black 0.17 0.37 = 0.28 0.23 0.23
30 min to 1h/White 0.26 0.15 0.28 = 0.41 0.20
But from 1h/Black 0.32 0.50 0.23 0.41 - 0.26
But from 1h/White 0.25 0.29 0.23 0.20 0.26 =

Source: elaborated by author in 2022, based on IBGE (2010).

In contrast, the DI analysis with regard
to ATCW and caused by race/color, is an
important indicator of residential segregation
between the white population group (with up
to 30 minutes) and the black population (with
more than 1 hour), with a Di of 0.5, which
demonstrates that 50% of a group would need
to change position for a greater degree of
integration (Table 5).

When the DI is analyzed by ATCW, it can
be concluded that it is moderate for those who
spend more and less time, but combined with
income and race considerably extends the
DI. With the ATCW DI, with regard to income,
there is clearly a distinction between those
with shorter times and a higher income range
and those with longer times and lower income
ranges. With regard to ATCW ID as it affects
race, it is reported that whites who spend less
time are more segregated from blacks who
spend more time on commuting.

Cad. Metrop., Sdo Paulo, v. 26, n. 60, pp. 561-587, maio/ago 2024

Moran Index (MI) and Lisa
Maps: a spatio-temporal
segregation dimension

The Moran Index (Ml ) completes the previous
analyses, as it is a spatial autocorrelation
measurement that takes into account
neighborhood contiguity when estimating the
concentration of two groups distributed in
space (Anselin, 1995). The Ml ranges from -1 to
+1, and is considered significant when higher
than 0.66 (France, 2018). These high values
indicate that each of the groups should be
concentrated in clusters of neighboring areas.
When conducting an MI analysis,
Lisa maps (Local Indicator of Spatial
Autocorrelation) are used, which are maps
that spatially represent the neighboring self-
-correction of the groups. The red areas on the
map represent a high concentration and the
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low concentration is shown in blue. When in
pink, it represents a high and low concentration
of a given variable. In light blue, it represents
a given phenomenon of a low and high
concentration. When in gray, it means there are
areas that lack significant statistical data.

The maps below refer to the ATCW in
periods of up to 30 minutes, 30 minutes to
1 hour and more than 1 hour, related to the
minimum wage and race/color. In the first
LISA Maps, which are based on the ATCW, it
was determined that in up to 30 minutes the
highest concentration occurred in the most
central areas and, to a large extent, in the
vicinity of the metrorail transport network,
but with a moderate Ml of 0.36. In LISA Maps

from 30 minutes to 1 hour, there is a higher
intermediate spatial autocorrelation, with an
Ml of 0.5. However, in Lisa maps of more than
1 hour, the autocorrelation is clearer in the
peripheral areas of the metropolis of Sdo Paulo,
particularly at the end of the East Zone, the
extreme end of the South Zone and some areas
at the extreme end of the North Zone (Figure 3).

When the LISA Maps of the ATCW are
analyzed as an expression of income in 2
minimum wages, there is a low autocorrelation
of groups that spend up to 30 minutes in
the central areas, together with a greater
autocorrelation of groups that spend more
than 1 hour, with an Ml of 0.67, in the urban
peripheral areas, particularly in the East and

Figure 3 — Lisa Map — Average commuting time, SPMR, 2010

until 30 minutes

30 minutes until
1 hour

over 1 hour

Concentrations
B High-High
Il Low-Low
Low-High
[ High-Low
[ Not significant @
Metro line (until 2010)
Railway line/CPTM (until 2010) 5 19 20 30km
e = |

Source: elaborated by author in 2022, based on IBGE (2010).
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South areas of the city of Sdo Paulo (Figure
4). In terms of ATCW and income between 2
and 10 minimum wages, there was a higher
autocorrelation with periods of longer than 1
hour in peripheral areas, in a very similar way
to the previous one, with an Ml of 0.66 (Figure
5). However, since there is an income of more
than 10 minimum wages, within the ATCW
there is a greater autocorrelation of groups up
to 30 minutes, with an Ml of 0.73, concentrated
in the central areas of the metropolis of Sdo
Paulo. Moreover, even if there is a decline, the
Ml increases at the same rate as the ATCW, but
continues its self-correction in the central areas
(Figure 6). This means that the poorest spend
more time in the peripheral areas, while the

wealthiest spend less time, are in the more
central areas, where the job opportunities are
concentrated.

With regard to the LISA Maps of the
ATCWT that reflect the race/color of the white
population, it was confirmed that the group
with a period of up to 30 minutes were clearly
concentrated in the most central areas, with a
MI of 0.52. The white population that spends
from 30 minutes to 1 hour, increases its
autocorrelation within the intermediate ring in
the metropolis of Sdo Paulo, with a Ml of 0.58.
In contrast, the white population that spends
more than 1 hour is concentrated more in the
peripheral regions of the metropolis, with a Ml
of 0.55 (Figure 7).

Figure 4 — Lisa Map — Average time of commuting to work
and per capita income up to 2 minimum wages, SPMR, 2010

until 30 minutes

30 minutes until
1 hour

over 1 hour

Concentrations
I High-High

Il Low-Low
[ Low-High @
[ High-Low

[ Not significant
Metro line (until 2010)
Railway line/CPTM (until 2010)

0 10 20 30km

Source: elaborated by author in 2022, based on IBGE (2010).
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Figure 5 — Lisa Map — Average time of commuting to work
and per capita income from 2 to 10 minimum wages, SPMR, 2010

until 30 minutes

30 minutes until
1 hour

over 1 hour

Concentrations
I High-High
Il Low-Low
Low-High
[ High-Low
[ Not significant @
Metro line (until 2010)
Railway line/CPTM (until 2010) 0 10 20 30km

Source: elaborated by author in 2022, based on IBGE (2010).

Figure 6 — Lisa Map — Average time of commuting to work
and per capita income more than 10 minimum wages, SPMR, 2010

until 30 minutes

30 minutes until
1 hour

over 1 hour

Concentrations

I High-High

Il Low-Low

[ Low-High

[ Hgh-Low @
[ Not significant

Metro line (unitl 2010) 0 10 20 30 km
Railway line/CPTM (until 2010)  —_—

Source: elaborated by author in 2022, based on IBGE (2010).
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Figure 7 — Lisa Map — Average time of commuting to work
and white population, SPMR, 2010

until 30 minutes

30 minutes until
1 hour

over 1 hour

Concentration
I High-High
Il Low-Low
[ Low-High
[ High-Low
[ Not significant

Metro line (until 2010)

Railway line/CPTM (until 2010) © 10 20 30 km
—p—

Source: elaborated by author in 2022, based on IBGE (2010).

Figure 8 — Lisa Map — Average time of commuting to work
and black population, SPMR, 2010

until 30 minutes

30 minutes until
1 hour

over 1 hour

Concentrations

I High-High

I Low-Low

[ Low-High

[ High-Low @
[ Not significant

—— Metro line (until 2010)
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Source: elaborated by author in 2022, based on IBGE (2010).
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With regard to the LISA Maps of the
ATCW that reflect the race/color of the black
population, unlike the white population, the
group that spends up to 30 minutes, is not
concentrated in the central areas, but in the
other cities of the SPMR, including those
with a low Ml of 0.27. The black population
that spends from 30 minutes to 1 hour is
concentrated in the peripheral metropolitan
area, with a Ml of 0.50. The black population
that spends more than 1 hour is self-correlated
with a greater emphasis at the extreme ends
of the East, South and North, with a Ml of 0.68,
which is even more than the white population
(Figure 8).

Thus, the Ml of the ATCW displayed
through Lisa Maps, shows a greater spatial
autocorrelation with groups that spend more
than 1 hour, with lower income and the
black population that is concentrated in the
peripheral regions. The group that spends
up to 30 minutes with the highest incomes
and the white population are concentrated
in the most central areas. Although the
white population that spends more than 1
hour has an important autocorrelation in the
most peripheral areas, the black population
is concentrated more at the extreme ends
and unlike the white population, has no
autocorrelation in the central areas of the
metropolis of Sdo Paulo.

Spatio-temporal segregation:
a cluster development scheme

Based on data from the weighting area of
the 2010 Demographic Census, a cluster
map was produced with five classes which
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empirically demonstrates the importance of the
temporal dimension as a means of explaining
spatial segregation, when combined with
socioeconomic variables (Figure 9). This grouping
that comprises five classes is called: Consolidated
and emerging centralities; Consolidated
and emerging intermediaries; Consolidated
and emerging peripheries; Peripheries in
consolidation and vulnerable places; Expanding
peripheries and places of poverty.

Consolidated
and emerging centralities

Basically this comprises the key financial
institutions of the Traditional Center, Paulista
and Av. Berrini districts, and the closed business
condominium of Alphaville, in the Western sub-
region of the SPMR, where the banking sector,
technological industry, urban infrastructure
and jobs are concentrated. In this space, the
predominance of the white population remains,
even though with a smaller percentage,
(16.7%), but there is a very low proportion of
the black population (3.8%) of SPMR. In terms
of the average household income, this is 186%
higher than the total average, with an average
of 21.8 minimum wages. In terms of education,
there is a low percentage of people (3.8%)
who are not educated and have an incomplete
primary education, but 40.5% of thebpeople
have completed higher education which is a
considerable increase. In terms of commuting
time, the highest concentration of people
is 14.2% and these spend up to 5 minutes
and 15.9% from 6 to 30 minutes, and a low
percentage of people (7.4%) who spend more
than 1 hour and up to 2 hours and 4.2% more
than 2 hours.
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Consolidated
and emerging intermediaries

In this cluster, the oldest and most consolidated
neighborhoods in the center-periphery
relationship predominate, composed of
former suburbs such as an important part
of the districts of Penha and Limdo in the
city of Sdo Paulo and the municipality of
Osasco, Western sub-region of the SPMR,
which currently have relatively better urban
conditions in terms of infrastructure and
services. In these areas, the oldest and most
consolidated neighborhoods predominate
between the central and peripheries, where
there are better urban conditions in terms of
infrastructure and services. In this space, the
predominant group is the white population
(29.5%), compared with the proportion of
the black population (18.4%.). They have
an average household income that is 10%
higher than the total average, i.e. around 8.3
minimum wages. In terms of education, this
is still characterized by the high percentage
of people (21.9%) who were uneducated
and or had an incomplete education at
elementary school, but substantially increases
the percentage of people (32.5%) who have
completed their higher education. In terms
of commuting time, the percentage of people
(28.5%) who spend less time than 5 minutes
and 6 to 30 minutes (28.6%) increases, and
there is a reduction in the number of people
(21.5%) who spend more than 1 hour or up to
2 hours and 13.8% in more than 2 hours.

Cad. Metrop., Sdo Paulo, v. 26, n. 60, pp. 561-587, maio/ago 2024

Consolidated
and emerging peripheries

In these peripheral areas - generally located
in the transition of intermediate clusters -
where the processes of spatial segregation
and urban peripheralization, based on
the radial-concentric model, socio-spatial
inequalities and urban poverty occurred more
intensely from the 1970s onwards. However,
more recently, they have experienced a
relative expansion of infrastructure and
services, generating land price appreciation
and a change in the population profile of
occupation, such as part of the Cidade Dutra
and Tremembé districts in the city of Sdo
Paulo and a small area of the municipality
of Guarulhos, Northeast sub-region of the
SPMR. The proportional predominance of
the black population is 28.5% compared with
the white population of 18.2%. The average
household income represents 41% of the total
average, with an average of 4.5 minimum
wages. Education is characterized by the high
percentage of uneducated people (25%) and
with incomplete elementary education and a
low percentage of people who have completed
higher education (8.3%). In terms of
commuting time, there is a lower percentage
of people who spend less time than 5 minutes
(18%) and 16% from 6 to 30 minutes, but with
a higher percentage of people (26.9%) who
spend more than 1 hour and up to 2 hours and
26.1% more than 2 hours.
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Peripheries in consolidation
and places of vulnerabilities

In this cluster, the result of the same process of
spatial segregation and urban peripheralization,
but brings together more areas arranged at
the extremes of the metropolis, with emphasis
on the East and South Zone of the city of Sdo
Paulo, as part of the Cidade Tiradentes and
Parelheiros district, and an important part
of the municipality of Itapecerica da Serra,
Southwest sub-region of the SPMR, which
concentrate a large population and still live with
the insufficiency and precariousness of basic
infrastructures and services. It is characterized
by an even greater predominance among the
black population (30.6%), with a slightly higher
proportion of the white population (19.5%). The
average household income is 43% lower than

that of the total average, which consists of 4.3
minimum wages. In terms of education, this is
characterized by a high percentage of 27.8% of
uneducated people or who have not completed
elementary school and a low percentage (8.2%)
of people who have completed their higher
education. In terms of commuting time, there is
a lower percentage of people (19.2%) who spend
less time than 5 minutes and 17.6% of 6 to 30
minutes, but with a higher percentage of people
(28.7%) who spend more than 1 hour and up to
2 hours and 39.6% in more than 2 hours.

Expanding peripheries
and places of poverty

In these spaces, the ongoing process of spatial
segregation and urban peripheralization
is verified in its metropolitan character of

Figure 9 — Spatio-temporal segregation in the SPMR, 2010

Spatio-temporal cluster

[ Consolidated and emerging
centralities

[] Consolidated and emerging
intermediaries

[] Consolidated and emerging
peripheries

[ Peripherals in consolidation
and places of vulnerability

[] Expanding peripheries

10 20 30 km
| and places of poverty

Source: elaborated by author in 2022, based on IBGE (2010).
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unmeasured expansion, revealed as frontiers of
capital expansion in urban space, such as the
district of Marsilac, at the extreme of the South
Zone of the city of Sdo Paulo and the municipality
of Suzano, Eastern sub-region of the SPMR.
However, these clusters are also composed of
places of poverty particularly in the areas of the
traditional center of the city of Sdo Paulo, such
as the districts of Sé and part of Republica and
Santa Cecilia. In these areas, capital expansion
occurs in the metropolitan peripheries and
places of poverty in the most central areas.
There is a proportional predominance, even
if smaller than the clusters mentioned above,
of the black population (18.7%), in these areas
compared with a smaller proportion of the white
population (16.1%.). With regard to the average
household income, which represents 27% lower
than the total average, it is an average of 5.5
minimum wages. In terms of education, there
is a high percentage of people (18.2%) who are
not educated or have not completed elementary
education and a low percentage of people
(10.8%) who have completed higher education.
In terms of commuting time, the percentage
of people (19.6%) who spend less time (i.e.up
to 5 minutes) is 21.9% and this figure increases
from 6 to 30 minutes. At the same time, the
percentage of people (15.4%) who spend more
time (i.e. from 1 hour up to 2 hours) is reduced.
16.3% spend more than 2 hours, that is, there is a
proportional increase in the shortest travel time,
as well as a decrease in the long communtig
time. It is interesting to note that in this cluster,
the socioeconomic indicators are higher than
the other peripheral ones, most likely explained
by the poorer population's greater access to
public services and opportunities than the
poorer people living in the central areas.
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Viewed from the perspective of spatio-
temporal segregation, there is evidence of
the repetition of socio-spatial inequalities on
the map. This follows an even more complex
center-periphery logic, since segregation is
not spatial, but also temporal, and forms an
invisible barrier between whites and blacks,
and combines the wealthy with the whites.

Final considerations

This study found that spatio-temporal
segregation in the SPMR is not only a spatial
separation, but also a temporal. This is
because an invisible barrier, characterized by
remoteness and lack of spatial control, unites
the poorest, black and peripheral members
of the community, particularly in the East
Zone, South Zone and parts of the North
Zone, separated from whites, who have higher
income and are residents of central areas and
economic centralities. It is worth highlighting
the presence of poor white people who spend
more time commuting from the peripheries,
however, the black population that spends
less time, unlike the white population, is not
concentrated in central dreas.

In this process, the reproduction of
socio-spatial inequalities and urban poverty
reveals commuting time as a conditioner
(product) and conditioner (producer) of
the process of spatio-temporal segregation,
ilustrated the difficulties of gaining access
to places and enjoying their opportunities.
This leads to inequalities between those
who lose either more or less time in their
daily commutings.
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The statistical data in this article
provide an empirical demonstration of the
importance of the temporal dimension as
a means of explaining spatial segregation,
combined with socioeconomic variables. This
corroborates the theoretical-methodological
approaches of (Santos, 1990; Villagca, 1998),

[1] https://orcid.org/0000-0002-8757-7747

wich so far does not remove the perspectives
related to socio-spatial inequality in the
metropolis of Sdo Paulo. This especially applies
to the poorest and blacks who have to spend
more time commuting to work from the
segregated spaces of the urban peripheries of
the SPMR.
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