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1 Introduction

Urban accessibility is a fundamental issue to the debate on urban development and the quality of life.
In Brazil 84% of the population lives in urban areas (Brazilian Institute of Geography and Statistics
2010) and is faced with an accelerated and uneven urbanization that has resulted in significant dispar-
ities over the urban space, which gives urgency to the accessibility debate. Understanding this issue
could help to guide urban planning, inform investments in urban transportation infrastructure and
housing policies, and better distribute activities across the territory.

Hansen (1959) introduced the definition of accessibility as the potential of opportunities for in-
teraction. More generally, Couclelis (2000) states: “accessibility is the geographical definition of op-
portunity.” us, an important part of the dispute for the intra-urban territory focuses on locations
that can offer the best conditions of access to the opportunities available in urban areas.

Accessibility has long been identified as a central issue in the urban theory of residential location.
For example, Fujita (1989) asserts that three factors are considered in households’ residential location
choice: accessibility, space and environmental amenities. Places with good accessibility usually have
high prices for space, thus households with many members need to trade space for accessibility. In
addition, families with children may consider accessibility to education and leisure as more important
than accessibility to work.

ese examples illustrate how different household structures are related to different needs, which
translate into different displacements, preferences and constraints. e outcome is that we will have a
clear differentiation of household structures over the urban space (Beckmann 1973; Ferrari et al. 2019;
Jung and Yang 2016).

It is important to highlight that the meaning and implications of household spatial outcome is
closely related to the local context. While the literature tends to highlight the trade-off between space
and accessibility in the residential location choice, the reality of Latin American countries shows that
themajority of families living in peripheral locations, characterized by low levels of accessibility, do not
have larger homes. Instead, the location of these families, oen in precarious settlements, is associated
with an accumulation of disadvantages (Slovic et al. 2019).

A question that we want to explore is how the spatial configuration drawn by different household
composition could give rise to differentials in terms of urban life and opportunities, here represented
by the accessibility to jobs, education and leisure. Accessibility to mandatory activities (job and ed-
ucation) is important to explore the location of households for most daily activities, but analyze also
accessibility to non-mandatory activities (leisure) is key to understanding the potential participation
of households in urban social activities that comprises an important part of the urban life(Vecchio
et al. 2020).

e characteristics of a household’s arrangements and its interaction with the accessibility to dif-
ferent facilities is fundamental in the assessment of the use of urban space. Consequently, the aim
of this study is to identify whether there are significant differences in accessibility among different
household types, which will provide support for further research on residential location choice.

We applied a gravity-based accessibilitymeasure to a set of facilities (job, education and leisure) for
the São PauloMetropolitan Area (SPMA). Aerwards, we evaluated the disparities among household
groups’ accessibility to each of these facilities through a relative accessibility index.

e SPMA is the largest urban conglomerate in South America, that has been characterized in
general by a center-periphery spatial pattern, with higher status groups located in central and well-
equipped areas, while lower status groups live in more distant and poorly-equipped settlements, oen
in precarious self-constructed dwellings. Over the past few decades, this pattern has become more
complex, as some sub-centralities have emerged and theperipheral areas havebecomemore fragmented
and heterogeneous (Feitosa et al. 2021; Marques 2016). e observed changes in peripheral areas is
understood to be a consequence of the emergence of gated communities for upper classes (Caldeira
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2000) and investments in poor neighborhoods related to the political and economic transformations
since Brazil’s re-democratization in the 1980s (Arretche 2018; Marques and Bichir 2003).

e remainder of this paper is organized as follows. e next section presents a discussion about
accessibility and its relationship with household types. e third section describes the methodology
that we have used, including a short description of the study area, a description of the different datasets
used, and presents the index used to calculate the accessibility. e fourth section discusses the results
of the accessibility index and it will analyze the differences among household types. Our conclusions
are presented in section five.

2 Accessibility and Household Structure

e spatial configuration of urban spaces are, in general, heterogeneous and organized by agglomer-
ations of similar groups in certain locations. e social differentiation over space has been addressed
from many perspectives. From a demographic perspective, household structure has been recognized
as an important element of residential location choice. Based on this perspective associated with a
more even, equitable and mature urbanization process a large literature is found on understanding
the household factors for residential location choice. Although, in cities and regions, like the SPMA,
where an uneven, socially unfair, young and accelerated urbanization process takes place a more strat-
ified urban space emerges. It is characterized less by a residential location choice free model and more
by an asymmetric struggle for residential locations by social groups to occupy urban locations that fa-
vor their accumulation of advantages (Castells 1979; Feitosa et al. 2017). Even though, the residential
location choice literature relating household types and their preferences is an important and valuable
asset to assess the transport system accessibility in urban spaces with uneven distribution of urban
opportunities.

e work of Beckmann (1973) was the first to address the problem of residential location choice
considering the perspective of households. Given the number of members per family (n), this model
divides them in two groups: d, the number of dependent members, and m, the number of working
members. Following the neoclassical model of von unen, the model predict that there are distinct
land use zones, one for each household type characterized by m/n. e greater the household struc-
ture, the greater the consumption of space. In particular, when the number of dependents relative to
those who work is greater, the rent that a family can afford to pay for a given space at a certain distance
of the city center will be lower.

In addition to size, other characteristics of households are also pointed to influence on residential
location choice. According to Kim et al. (2005), residential location choice is a complex function
that involves a wide range of attributes of residences and location, where the weight of each of these
attributes varies depending on the household. Socioeconomic aspects, such as income and household
composition, reflect on different needs and housing consumption behaviors.

Estiri et al. (2015) developed a theoretical model to explain the distribution of households in
US metropolitan regions using the lifecycle stages approach. e main argument is that households
change their preferences about the neighborhood and housing throughout the stages of the family
life cycle, which is divided into three stages based on the age of the household. e results show that
younger households are more likely to reside in central city. In the second phase, the households begin
to move to suburbs. is movement intensifies in the third phase, where the household seeks more
peripheral areas that provide desirable natural amenities.

In this line, Jung andYang (2016) discuss the suburbanization process inUSmetropolitan regions
and the impact of household structure in this movement. ey found that one-person households are
more likely to live in central cities than suburbia and thatmarried-couple and extended households are
found to be more prevalent in suburbia than central cities. e hypothesis is that one-person house-
holds seek the liveliness of the neighborhood in central areas and have temporary housing consump-
tion patterns. In contrast, married-couples with children pursue safety, peaceful and ample spaces on
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the suburbia areas. e same configuration patterns are found by Ferrari et al. (2019) for the case
of São Paulo city in Brazil, where one-person households are more likely to live in the central city;
married-couple households live in the first ring, surrounding the central city; and the other families
are more likely to live in the borders of the city. However, the explanations are quite different. In the
case of São Paulo, the authors pointed the household income as the main driver for the location of
different families. e hypothesis is that one-person households can afford higher costs of housing in
the central region of the municipality because they have no dependents. Meanwhile, the movement
of other families to peripheral areas is not followed by an increase in the house spaces.

Unlike the suburbanization process found in Global North countries, Latin America is character-
ized by a process of peripheralization, where low-income families settle in regions far from the center
in large cities. Barros (2012) explored the process of peripheralization of Latin American cities, in-
vestigating the residential location process that leads to the segregation of high income groups in the
central regions of large urban centers and the peripheralization of lower income groups. In a similar
line, Feitosa et al. (2011) explored how public policies could influence urban segregation and, conse-
quently, the location patterns of families with different incomes in a medium-sized Brazilian city.

ese location patterns are reflected in the spatial structure of the city. It also has a feedback effect,
as the real estatemarket plays a fundamental role on the segmentation of socio-demographic character-
istics over the city. Because the central areas have the highest price of square meter in the city, there is
a strong trend towards the intensification of vertical constructions with smaller apartment units. is
type of construction may not be seen adequate to larger families. Meanwhile, there is a segmentation
in the housing construction in which larger residences, mostly homes with some natural amenities,
attract these families to suburbia.

e link between the demographic behaviors and the spatial context is explored by Champion
(2001). e discussion of the reshape of urban regions arising from demographic changes was assessed
from a theoretical perspective based on the demographic regime in western Europe and many other
countries of the developed world. is debate gives rise to several issues that show us the importance
of a deeper exploration of these interactions both in terms of the elaboration of public policies as well
as in the theoretical debate.

In urban spaces that have undergone a process of an incomplete urbanization (Santos 2013; Santos
and Kayser 1971) the models related to residential location choices gain a lot more of complexities.
In this study we focus on understand how the spatial configuration already draw by the families living
in those households distributed all over the SPMA could give rise to differentials in terms of their
urban opportunities and consequently in their lives. is bring us to the term of accessibility that has
emerged as a way of measuring the interrelation between displacements and urban land use.

ework ofHansen (1959) was the first to present a formal concept for the term, being defined as
the potential of opportunities for interaction. According to the author, “accessibility is ameasurement
of the spatial distribution of activities about a point, adjusted for the ability and the desire of people
or firms to overcome spatial separation” (Hansen 1959, p. 73).

us, we have two important aspects to be considered: the first refers to the distribution of differ-
ent activities and amenities in the city, and the second refers to the different desires and constraints of
individuals to reach these opportunities.

Traditionally, the city center is recognized as a major provider of the city’s activities and services.
But as family segregation occurs, is it possible to induce the displacement of certain activities to be near
the consumer families? How does the distribution of activities respond to different socioeconomic
characteristics of families with a certain spatial pattern distribution?

Moreover, accessibility can bemeasuredwith respect to a variety of activities, such as jobs, schools,
medical care, stores, and so on. eway that individuals evaluate their access to these different facilities
is not equal. us, to paraphrase Weber and Kwan (2008), it is important to know for whom such
access is important or relevant.
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In the residential location choice, households maximize their access to relevant spatial opportu-
nities. e decision of households with many members becomes more complex because it involves
distinct activities among the members. A household composed of two workers and two children will
certainly bemore interested in accessibility to jobs and schools, while a household composed of two re-
tirees will bemore interested in accessibility to amenities and their social contacts (Zondag and Pieters
2005). is can cause a loss of accessibility (e.g., of thosewhowork, in return for better access to leisure
for their children). So, how this will impact the opportunities given different household structures?
ese are still open questions.

A few studies explored the relation between accessibility, household composition, and residential
location. Most of these studies have been conducted for the cities in developed countries in the global
north considering the existence of good and publicly available datasets. Job accessibility was found
to strongly influence the residential location when considered the household composition and size.
Albacete (2019) when analyzing the Helsinki Capital Region (HCR) found significant differences
in accessibility and residential preference by a single-person, couple without children and households
with children. e results show that households with children are located in areas with worse accessi-
bility to services than households without children. Guo and Bhat (2007) using the San Francisco Bay
area for their empirical demonstration of the operationalization of the neighborhood concept applied
to residential location choice, found that single-person households are located in closer proximity to
regional job opportunities than other types of households. According to the authors, the shopping and
recreational accessibility were not found to impact residential choice. Páez et al. (2013), investigating
Toronto, compared the accessibility to jobs of single-parent householdswith other types of households
and identified substantial differences, particularly in relation to single-parent households headed by
females. Rezaei and Patterson (2018), explore the preferences of household location choice over time,
considering three different time periods using census data for Montreal. e study concluded that
households, in general, have a preference for areas with good job and shopping accessibility. How-
ever, the presence of children have made the households live closer to schools. ese preferences have
been shown to improve over time within census tracts, while housing prices and dwelling densities are
becoming less important.

Other studies have focused on the household heads’ workplace influence on the residential lo-
cation. Srour et al. (2002) tested different accessibility measures in a household residential location
model for the Dallas-Fort Worth region of Texas. e authors concluded that distances to regional
central business districts and household heads’ workplace strongly influenced the location predictions.
In one of the few studies applied to the São PauloMetropolitanArea, Duarte and SilveiraNeto (2015)
investigated how the family structure impacts on the time spent by the heads of the household in their
trip to work. e results show a positive association between the number of dependents and the du-
ration of the trip to work.

It was also explored the importance of social roles in the residential location. Pitombo (2003),
investigating São Paulo city, stressed that the role of the individual is not only defined by their partici-
pation in the labor market but also relates to their marital status, gender and family situation. Among
other aspects, the division of household tasks, family size and the stage in the family life cycle are
pointed as important factors for the travel patterns performed by family members. In this line, the
work of Schwanen et al. (2005) taking the cities in the Netherlands, hypothesize that because the resi-
dential preferences vary according to the family group, it is expected that the specific considerations of
accessibility will also differ. ese differences result not only in a differentiated distribution of distinct
family groups over the urban and less urban space but also affect the patterns of displacement of indi-
viduals belonging to the same family group but residing in different parts of the urban area. Zondag
and Pieters (2005), also studying the Netherlands, stratified the households according to its size, life-
cycle of the householdmembers, and income. emain findings were that households are less likely to
move away from a more accessible location than from a less accessible location and that demographic,
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neighborhood amenities, and dwelling attributes are important variables to explain residential loca-
tion choices.

is review of the literature shows the importance given to the household structure for urban spa-
tial configuration and for trip generation in the cities, and vice versa, the spatial structure, can shed a
light in the ongoing process of demographic changes (Champion 2001). Differently from most of the
studies presented here, in this article we expand the accessibility analysis by considering the accessibil-
ity to a non-mandatory activity, leisure, together with accessibility to mandatory activities, jobs and
education. By doing so we fill part of the gap which is fundamental to understand the potential partic-
ipation of households in urban social activities that are an essential component of the building up of
the Civitas, the social (and territorial) body where the urban life flows. Another contribution was to
carry out this study for a large metropolitan region of the Global South, which is a region with a still
limited body of work, considering that most of the literature focuses on the dynamics of household
location and structure, residential choices models and travel pattern behaviors of cities in the Global
North.

3 Methodological Approach

3.1 Study Area

e study area is the São Paulo Metropolitan Area (SPMA), which consists of 39 municipalities, ex-
tended through7.946km2, with approximately 2.200km2 of urbanized area (Figure 1). e regionhas
about 21 million inhabitants; however, the distribution of the population is fairly heterogeneous and
it is strongly determined by the proximity to the city of São Paulo, which is the core city in the region.
e city of São Paulo concentrates 58% of the SPMA’s total population. Together with Guarulhos,
Osasco, SantoAndre and São Bernardo doCamposmunicipalities it adds up to a little more than 75%
of the SPMA’s population. is heterogeneity is linked to spatial disparities in facilities, services and
work opportunities, and thus to the expected accessibility levels.

3.2 Household Structure and Data

To classify households, we have chosen two criteria: hierarchical position of the family member and
the number of people in the family. us, starting from the head of the household, the other positions
were defined as: partner, child or stepchild and other relatives. Five types were created, as follows:
• Single-person: individuals that live alone¹.
• Couple: the householder and his or her partner, either married or unmarried.
• Nuclear: a couple with children.
• Single parent: a householder with children and no partner.
• Extended: Any of the other categorieswith the inclusion of other relatives that live in the house-

hold.
e nuclear, single parent and extended arrangements were subdivided according to the number

of components: up to three individuals; from four to five individuals; and with more than five indi-
viduals.

Population data was extracted from the 2010 Brazilian Census, which reported a little more than
sixmillionhouseholds in theSPMA.epredominanthousehold structure is thenuclear type (43.1%),
being 43.4% with the presence of one child, 51.1% with two or three children, and 5.5% has four or
more children in the household (Figure 2).

A similar participation is observed among the other household structures, with 16.2% of extended
households, 14.9% of couples, 13.2% of single parents and 12.7% of single households (Figure 2).

¹ Individuals living alone are not considered as family arrangements; therefore, they are treated as a “non-family” arrange-
ment.
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Figure 1: Research Area: São Paulo Metropolitan Area. e figures in the le indicate the location of
São Paulo state and the location of the SPMA within São Paulo State. In the right figure are
presented the SPMA division into municipalities. e numbers indicate the correspondent
municipality of the area in the table bellow.

Table 1: Households types.

Category name Households
Number of
members

Single Single 1
Couple Couple 2
Nuclear-I Nuclear up to 3
Nuclear-II Nuclear from 4 to 5
Nuclear-III Nuclear more than 5
SingleParent-I Single Parent up to 3
SingleParent-II Single Parent from 4 to 5
SingleParent-III Single Parent more than 5
Extended-I Extended up to 3
Extended-II Extended from 4 to 5
Extended-III Extended more than 5

According to size, most of single parent and extended households have up to three members. Al-
though households with more than five members have a minor representation, it is important to look
into them given their complexity. We also believe that because of the size, they have difficulty find-
ing a desirable place, with a proper space, in the city center and this could restrict their access to the
amenities.

To provide a better overview of the relationship between household types and accessibility, we
initially explore the location pattern of different household structures within the SPMA to further
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investigate how it influences their accessibility. In Figure 3 we spatialize the major groups in rate per
1000 households in census weighting areas using a quantile-based classification.

Single andCouple households tend to live in the center of the city. eCDBholdsmost of the city
life activities that could attract this type of household to live there or nearby. ese places also have a
higher price per squaremeter, which is more likely to attract smaller households that have less demand
for space. Despite the similar concentration of Single and Couple households, it can be noted that
Couples have higher dispersion over the area, where the fih quintile of the distribution also appears
in the north and the east side of SPMA. According to Jung and Yang (2016) the phases of formation
in the household can influence where they live. Just-married and young-married households tend to
reside in temporary homes in the center; however, the expectation to raise children encourages them
to settle in suburbia. In the particular case of a developing country like Brazil, this pattern may be also
related to socioeconomic conditions. While Couple households can be characterized by a broader
range of socioeconomic conditions, including those that can only afford to live in peripheral areas of
the metropolis, Single households are characterized by higher levels of income.

In contrast, central areas of SPMA posses the first quintile of the distribution of Nuclear and
Single Parent households. e choice of living in peripheral areas may have different meanings in a
metropolitan region like São Paulo, whose process of production of urban space is strongly marked
by the exclusion of the poorest. Meanwhile, high-income households with children oen consider
central areas as inadequate in terms of peaceful and ample space and decide to live in the suburbs,
mainly in gated communities (Caldeira 2000). is choice may cause a loss of accessibility to jobs to
parents. However, poorer households—which are oen larger—are more likely to occupy peripheral
areas characterized by precarious housing, including slums and irregular settlements.

Despite a high presence of extended households in the East Zone of SPMA, their spatial pattern
is more heterogeneous (Figure 3). ey oen represent multigenerational households, which have
becomemore commonwith the increase in life expectancy, decrease in fertility, and increase indivorces
and children born outside marriage (Alves and Cavenaghi 2016). Nevertheless, while this household
structure may be the result of a family choice, it has been also pointed out as an important facet of
the Brazilian housing deficit (Lima Neto et al. 2013). Difficulties in accessing home loans and the
high prices of dwellings in comparison with household incomes are examples of situations that oen
motivate this type of household structure.

e analysis reveals a close link between household income and its size and composition. In Fig-
ure 4 we present the distribution of our household types in relation to income levels in units of min-
imum wage per capita. As the number of household members grow they tend to concentrate in the
lower income level (up to one minimal wage per capita. at is an expected trend since the number of
dependentswith respect to the number ofworking householdmembers is one of themain components
to affect inequality in the distribution of household income per capita (Wajnman et al. 2006). More-
over, we can see that this pattern is less accentuated in extended households sincemore working adults
can be part of the household. So, cohabitation can be a strategic decision to reduce the individual share
of fixed living costs and hence contributes to a higher level of household income.

However, studies such as Leone et al. (2010); Ribeiro et al. (2019); Wajnman et al. (2006), that
analyze the distribution of household income inequality in Brazil, show that other factors besides de-
pendency can contribute to disparities. Characteristics such as the age and gender of the head of house-
hold can also impact the household income per capita. us, the low income levels observed in the
SingleParent households (Figure 4) may be related to the fact that they are oen headed by women
and youth.

Although Figure 3 only shows the major household groups, our analyses also revealed a clear rela-
tionship between family size and CBD distance, with larger families located farther from the center.

ese different patterns of distribution can cause distinct demands and change the type of hous-
ing that is expected to be constructed in the areas of the city. e Housing Union Report already
pictures this difference in the constructive pattern, finding that: “ere is a strong preference for tra-
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ditional 2-bedroomproperties in other cities of SPMA, unlike the city of São Paulo, where 1-bedroom
properties havemore significant participation in launches” (SECOVISP 2018, p. 66). In addition, the
development of 1-bedroom houses was concentrated in the CBD of São Paulo city. e response
of the housing market may segregate the household structures even further. Consequently, our ma-
jor concern is whether these patterns can cause different levels of accessibility among the households
structures. is is the question that we will try to answer in the remaining of the paper.

Figure 2: Distribution of households structures in the SPMA, 2010.

Several databases were used to calculate the accessibility index. Data on the distribution of formal
jobs was obtained from the 2013 Annual Report of Social Information (RAIS), elaborated by the
Ministry ofLabor andEmployment (Ministry ofLabor andEmployment2013). Wemaintained at the
base the establishments that declared to have five or more active jobs. rough ZIP code information,
it was possible to georeference the companies in the areas.

One limitation is that this database covers only formal jobs. e SPMA, as in other large urban
centers in Latin America, count on a large number of informal jobs. Although the rates of informality
in SPMA decreased from 2000 to 2010, it was estimated at 23 percent in 2010 (Brazilian Institute of
Geography and Statistics 2010). Some studies were conducted to analyze accessibility and informality
in SPMA (Boisjoly et al. 2017; Moreno-Monroy and Ramos 2020), but, unfortunately, there is no
official and systematic database available on informal jobs.

egeoreferenceddata of schoolswas obtained from theCenter forMetropolitan Studies (CEM),
reference year of 2013, from which we extracted the location of public and private units (daycare and
preschool units, elementary schools and high schools) (Center for Metropolitan Studies 2013). Fi-
nally, the distribution of leisure amenities was extracted from the 2011 Land Use and Occupation
Map, prepared by São Paulo Metropolitan Planning Company (Paulista Company of Metropolitan
Planning 2010). We extracted the areas classified as: 1) cultural sites (including theaters, cultural cen-
ters, libraries andmuseums); 2) sports and recreational areas (including clubs, sports gym, soccer fields,
fishing places, and racecourse); and 3) parks, squares and green areas.

In addition to the amenities, the accessibility index needs a street dataset to measure the possible
trips to interest points. is data was obtained from theCenter forMetropolitan Studies, last updated
in 2016 (Center for Metropolitan Studies 2016). We also used data from the 2007 Origin and Des-
tination Survey, usually called the OD Survey, performed by the São Paulo Metropolitan Company
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Figure 3: Spatial distribution of households structures in the SPMA, 2010.

Figure 4: Distribution of households structures by income level in the SPMA, 2010.

MW-MinimalWage. e value ofminimalwage in 2010was 510BrazilianReais, equivalent
to 289,95 USD. Data from Brazil Demographic Census, 2010.
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(Companhia doMetropolitano de São Paulo 2007). is database served as a way to observe the travel
behavior of families.

3.3 Accessibility Index

is study uses the gravitational model as a metric for the accessibility index. is is a widely used
accessibility measure that has the interesting feature of adding together the opportunities available in
specific zone, weighted by a function of the difficulty of reaching that zone. Consequently, this feature
and the availability of data makes this index adequate to represent what this work seeks to investigate.
A general formulation of the model can be represented as:

Ai =
∑

j

W j f (Ci j ) (1)

where Ai is the accessibility of individuals in the point i for a given type of opportunity; W j is
the number of opportunities at area j; and f (Ci j ) is an impedance function for trips between i and
j, associated to a cost of displacement C that could be measured by distance, time or monetary cost.
We use the travel time from each centroid to a given weighting area to all other weighting areas as a
displacement cost, calculatingby the fastest route inNetworkAnalysisTool, onArcGIS10.1 soware².

As argued byOwen and Levinson (2015), the specification of the impedance functionmay have a
huge impact on the result of the accessibility index, and the functionswith the best performance are es-
timated independently in each specific case. In this manner, we define the impedance function based
on the observed behavior of the travel times and volume of interactions in the Origin-Destination
(OD) database, for three types of travel purpose: Work, Education and Leisure. In self-declaration re-
searches, individuals tend to round up their response. To avoid the problem arising from this behavior,
we grouped the travel time in intervals of five minutes and observed the number of individuals that
complete their trip in these ranges. e procedure is explained in more detail in the next section.

Based on the functions used in the literature (Reggiani et al. 2011), we analyze which line fits
better to the data, observing the standard deviation of the residuals about the regression line. e
results are shown in Table 2.

Table 2: Estimated results of the impedance functions for the trip to work, to education and to leisure

Impedance Function Math Specification Job Education Leisure

Power-decay f (ti j ) = t−y
i j 0.3225 0.3250 0.2923

NE1 f (ti j ) = e x p(−β1.ti j ) 0.5821 0.5937 0.5650

Log-normal NE f (ti j ) = e x p(−β1.l o g (t 2
i j )) 0.3225 0.3250 0.3041

Normal NE f (ti j ) = e x p(−β1.t 2
i j ) 0.6308 0.6712 0.6272

Square-root NE f (ti j ) = e x p(−β1.
p

ti j ) 0.4890 0.4940 0.4593

Generalized NE f (ti j ) = e x p(−β1.tβ2
i j ) 0.6320 0.6965 0.6473

1NE - negative exponential.

Among the functions proposed by the literature, the value of R2 shows that theNormal Exponen-
tial Negative function is the one that best fits the data for the three considered trip purposes. us,
by generalizing this function and letting different values forβ2 be estimated, we were able to slightly

² e adoption of this procedure is due to the limited resources available. For validation, 99 travel pairs were randomly
selected and comparedwith time travel estimated inGoogleMaps during free traffic time. e analysis consisted of a paired t-
test, with thenull hypothesis of equality ofmean. e result shows that thenull hypothesis is not rejectedwith95 confidence.
Hence, we can consider the equality between the Google Maps API Travel Time Matrix and the one generated by Arcgis,
Network Analysis Tool.
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improve the fit to the data. us, the Generalised Negative Exponential function will represent the
impedance function and our final accessibility index is given by Equation 2 for the three trip purposes.

Ak
i =
∑

j

W k
j e x p(−β1.tβ2

i j ) (2)

Once the impedance function was defined, the next step is setting the associated parameters that
best fit the observed data. From a linear regression analysis, the parameters were estimated for each
type of trip (Table 2). e curves of the respective functions for work, education and leisure can be
observed in Figure 5. e functions have the characteristics of: i) being flattened at the top; ii) have
a so decay; and iii) tend to zero at infinity. ese three characteristics are pointed out by Ingram
(1971) as desirable characteristics for a function of the degree of accessibility.

Table 3: Parameters values for the impedance function by trip purpose

Trip Purpose β1 β2

Work 0.0019 2.3
Education 0.0001119 4.272
Leisure 0.0004038 3.329

Figure 5: Generalized negative exponential function estimated for travel times to jobs, education and
leisure.

Toanalyze accessibility fromtheperspective of households, the indicators ofEquation2 areweighted
by the distribution of a particular household arrangement (Ph) in the region.

Ak
h =
∑

i

Pi h .Ak
i

(3)

with h = 1, 2, …, 11, for each type of household composition defined above. e result gives the
general accessibility for an amenity k of a particular household composition h in the SPMA.
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Taking the ratio between the accessibility indexes in Equation 4, we have a relative accessibility
indicator (RAI) for the households and we are able to compare the accessibility through the different
household compositions.

RAI k
pq =

Ak
p

Ak
q

(4)

Ak
p is the general accessibility of a household of type p to facilities of type k; and Ak

q is the general
accessibility of a household of type q to facilities of type k.

A similar indicatorwas proposedbyPáez et al. (2010). e relative accessibility deprivation indica-
tor (RADI), takes the form of a ratio of two cumulative opportunities accessibility indexes. However,
in the RADI the threshold varies with the type of household (p) and its residential location (i). us,
Páez et al. (2010) can estimate the differences between groups within the area. However, in our case,
the result cannot be used to compare household accessibility between areas and it instead produces a
general result for the whole region.

4 Results and Discussion

e results for accessibility to jobs, education and leisure are presented in Figures 6, 7 and 8, respec-
tively. e accessibility values measured for each travel purpose were normalized to a range of 0 to 1
and divided into deciles. In addition, the outliers of job and education identified were treated sepa-
rately and were not included in the normalization.

e highest levels of accessibility to jobs are found in the center of the SPMA and the lowest levels
in the border areas, with a regular concentric shape. Accessibility to education and leisure presents a
less clear pattern, with areas of high and low accessibility mixing throughout the SPMA.

Another important factor to note here is the discrepancy between the accessibility values pre-
sented in each area. Figure 9 shows the frequency of the index values. It would be desirable to observe
no preponderance of areas with very low accessibility. However, in the index of accessibility to jobs
we have a large number of areas in the range of 0 to 0.1. With an average of 0.13, the index has a high
standard deviation of 0.17.

e index of accessibility to leisure presents a similar concentration pattern, although notwith the
same intensity. About 38 of the areas are in the range of 0 to 0.1 and 84 of the areas have indices below
0.3. We verified a large number of areas with low indexes with very few areas with high indexes, which
reflects on a low average of 0.18 and a high standard deviation of 0.16.

Accessibility to basic education has the best distribution in the region. Despite the low concentra-
tion indexes, we find that 84 of areas are in the range of 0 to 0.4, indicating a better distribution than
the previous cases.

ese results show that there are regions with high accessibility, well above the other areas. It
remains now to analyze which groups of families reside in these areas and to determine if there is an
association between household composition and the observed accessibility. Due to its nonparametric
nature, the Spearman rank-order correlation coefficientwasused tomeasure such association (Table 4).

e results reveal a deep inequality of accessibility to jobs among household types, as their correla-
tionmeasures presented thewidest range of significant coefficient, from0.7 (Single) to -0.41 (Nuclear-
III). e measures concerning accessibility to education suggest a less unequal distribution, since the
correlation coefficients were positive and significant for most household types, except for Nuclear-III
and SingleParent-III.

While Singles, Couples and Extended-I presented the highest positive correlation coefficients
with accessibility to jobs, education and leisure, Nuclear-III and SingleParent-III showed the most
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Figure 6: Potential accessibility to jobs, SPMA. e map shows the normalized potential accessibility
to jobs, estimated with an exponential shaped function and divided into decil.

Figure 7: Potential accessibility to education, SPMA. e map shows the normalized potential acces-
sibility to education, estimated with an exponential shaped function and divided into decil.
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Figure 8: Potential accessibility to leisure, SPMA.emap shows thenormalized potential accessibility
to leisure, estimated with an exponential shaped function and divided into decil.

Figure 9: Frequency of accessibility indexes.
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disadvantageous results, with negative or non-significant correlation between their presence and the
accessibility indicators.

Table 4: Spearman Correlation between accessibility and household types.

Households Jobs Education Leisure

Single 0.696* 0.589* 0.429*
Couple 0.608* 0.640* 0.480*
Nuclear-I 0.287* 0.560* 0.355*
Nuclear-II 0.091** 0.458* 0.268*
Nuclear-III -0.407* - -0.087**
SingleParent-I 0.418* 0.541* 0.336*
SingleParent-II -0.106* 0.165* -
SingleParent-III -0.318* - -0.156*
Extended-I 0.616* 0.570* 0.420*
Extended-II 0.260* 0.482* 0.315*
Extended-III -0.085** 0.201* 0.104*

* significant at 1 level; ** significant at 5 level; - not significant.

We now turn to the question of the accessibility differential levels among household composition
in jobs, education and leisure. Our comparison relies on the analysis of the ratio of the overall acces-
sibility faced by the groups in the SPMA, defined in Equation 4. If the value of the RAI is equal to
1, we have parity between the groups; values greater than 1 indicate that the group in the numerator
has access to more facilities of the type k than the group in denominator; the opposite happens if the
RAI’s value is lesser than 1.

Figures 10, 11 and 12 show the comparisonmatrix among household types to accessibility to jobs,
education and leisure, respectively. Cells marked in yellow represent that the households are indistin-
guishable (RAI value from 0.96 to 1.04); cells in green indicate that the household in the column have
a lower accessibility level in relation to the household in the row; meanwhile, cells in orange represent
a higher accessibility to the household in the column in relation to the household in the row. We also
highlight in red the RAIs that have values greater than 2, displaying a wide disparity.

For the accessibility to job, Single households experience relatively high levels. Comparing it to
households of type SingleParent-II, SingleParent-III, Nuclear-III and Extended-III, the RAI is higher
than 2, which indicates that Single households have access to more than two times as many jobs than
these households.

e Couple and Extended-I households also present a superior relative RAI with respect to the
other households, except in the case of Single households. It is noteworthy that job deprivation occurs
for households with more members, which is aligned with the negative correlation that was found
previously.

e RAI for accessibility to education does not vary too much among households. As we can see
in the matrix of Figure 11, many cells are market in yellow. Nonetheless, the values of all others cells
do not stay too far from 1. However, low RAIs are present for SingleParent-II, SingleParent-III and
Nuclear-III households.

For accessibility to leisure there is also no great disparity between households (Figure 12). Mean-
while, a relative superiority of access to leisure areas is observed for Single, Couple and Extended-I
households. Again, SingleParent-II, SingleParent-III andNuclear-III households have the lowestRAI.

e analysis of the three RAI indexes seems to show that family size exerts an important influence,
decreasing the accessibility level the greater the number of members in the household. As mentioned
by Fujita (1989), places with good accessibility demand a high price for space. is could be the case
of areas with good accessibility in the SPMA, implying in a trade-off for households that require large
dwellings.
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e composition of the household also has an impact, with the SingleParent group being themost
deprived and Single household being the most privileged.

In Section 3.2 we showed a spatial concentration of single households in the center of SPMA.e
center of the SPMAhas a high concentration of jobs, education and leisure inmost of the areas. In this
way, single households have, in general, better access to a set of facilities due to their choice of living
near the city center. In addition, because this is a residence of only onemember, they can live in smaller
spaces as a way to afford the higher prices in the area. To better understand these results an analysis of
the housing market and the factors that influence the residential location choice of these households
becomes necessary.

Also, if we look at the household with the same number of members, the results show that Ex-
tended households present superiority in accessibility to their counterparts in size. e result may
indicate a strategy for families that strengthen them, allowing to cooperate and live in places with bet-
ter accessibility compared to others.

Figure 10: RAI to jobs by household type.

Figure 11: RAI to education by household type.

5 Conclusions

e household structure has been pointed in the literature as an important element to shape housing
location. Considering 11 types of households’ groups, separated according to the position occupied by
theirmembers and by the number of individuals, we confirm that SPMApresents clear spatial patterns
in the residential location of these different household groups.

e same pattern describe by Jung and Yang (2016), and Ferrari et al. (2019) was found, with
Single and Couple households more common in the central area and the Nuclear and Single Parent
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Figure 12: RAI to leisure by household type.

households living in peripheral areas. e size, related to the presence of children, plays an important
aspect in the configuration; as the larger the family, the further away from the city center they tend to
be located.

e meaning and implications of such spatial outcome is closely related to the local context and
opens a range of desirable studies for the area. Our main interest was to understand how this spatial
configuration could give rise to differentials in terms of urban life and opportunities. To investigate
this, we sought to analyze the differences in accessibility among the households’ groups.

e gravitational accessibility index estimated the job, education and leisure accessibility to each
weighting area of the SPMA. e results point to a high disparity between accessibility levels in the
region. Accessibility to jobs has its highest levels concentrated in the central area, meanwhile leisure
and education present a less clear pattern, but their dispersion between areas is also quite high. e
most worrisome conditions are found in the north, which displays the lowest accessibility indexes.

e Spearman’s coefficient reveals a deep inequality to job accessibility between household types
and a less unequal distribution for education activities.

e accessibility index was weighted by the distribution of household types and the ratio allows
a comparison to be made between the different households. e RAI ratios confirm the large dif-
ferences in accessibility to jobs between the household types, with Single, Couple and Extended-I
households being the most favored. e most worrisome situation occurs in relation to household
types SingleParent-II, SingleParent-III and Nuclear-III, which always presented the worst conditions
in comparison with other groups. is result should be further investigated since it suggests the exclu-
sion of these groups from places with better opportunities. is is important because single-parenting
has been growing relative to other household types in the last decades.

e contrast between the levels of accessibility of single-parent and extended households raise dis-
cussion about the role of family cohabitation in the country. Family cohabitation represents one of the
main components of the Brazilian housing deficit, constituting approximately 30% of the 5,572,700
urban households in housing deficit conditions (Fundação João Pinheiro 2018). Nevertheless, this
study shows that family cohabitation represents, in fact, an important survival strategy for poor fam-
ilies, with positive impacts on their accessibility to different activities. Such result corroborates crit-
icisms of the official housing deficit statistics (Alves and Cavenaghi 2016) which argue that family
cohabitation does not represent a disadvantage in itself.

e number of familymembers was a crucial factor in determining the level of accessibility among
households. In the three cases that we observed, the RAI decreases as the number of members in
the family increases. is result suggests the existence of a trade-off between space and accessibility
as stated by Beckmann (1973). However, Ferrari et al. (2019) shows that the movement of bigger
families to the borders of São Paulo city was not translate in gains of house space and it was closely
related to a decrease inhousehold income. erefore, this condition if oen related to an accumulation
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of disadvantages in precarious areas at the outskirts of the metropolis. In the city of São Paulo, it
was found that low job accessibility areas, which are located predominantly on the periphery of the
municipality, are associatedwithworse socioeconomic conditions, shorter life expectancy, lowerHDI
and precarious infrastructure (Slovic et al. 2019).

e integration of transport and housing policies have an important role in the urbanization pro-
cess. e characteristics of households’ arrangements and its interactionwith the accessibility to differ-
ent facilities is fundamental in the assessment of the use of the urban space and the pace and quality of
the on-progress urbanization. Our results raise questions about the relationship between the changes
inhousehold structure that occurredover the last decade, thedynamics of the real estatemarket and the
production of the urban space. In relation to the first point, important changes that can have impact
on accessibility and residential choice are the fall in the average household size, the fall in the num-
ber of traditional-family households and the increasing proportion of single-person and single-parent
households (Cavenaghi and Alves 2012; Champion 2001).

e difference in the accessibility levels among household types are related to the heterogeneity of
their spatial distribution. It demonstrates the importance of integrated transport and housing policies
to consider the housing demands of different household types. us, for future studies it would be
interesting to: 1) investigate the dynamics of the housing market related to the variation of price and
size of the dwellings in themetropolitan area; 2) investigate which attributes are linked to the residen-
tial location choice of the different types of household arrangements and to analyze the influence that
accessibility to different opportunities has on their choice of location and; 3) investigate the house-
hold’s location patterns considering different types of housing settlements (such as favelas and gated
communities), and accessibility by public transport. ese are important aspects for urban planning
investments in transport systems and transport policies especially in relation to their possibilities to
counter balance the asymmetric dispute for residential locations by making a more fair distribution of
the potential access to the matrix of urban opportunities.
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