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1 INTRODUCTION

Housing locations in intra-urban areas derive from a set of factors, encompassing 
family decisions, corporate decisions and labor relations arising from economic 
activities. Furthermore, spatial configurations and historical developments also 
result in a set of urban facilities and infrastructure that also influence family deci-
sions on where to live. 

This paper focuses on the issue of work, with much of the Brazilian job 
market split between formal (registered with benefits) and informal (unregistered 
without benefits) employment. 

It is important to stress the expansion of registered jobs on the metropoli-
tan labor market, which is a relatively recent process. During the 1990s, Ramos4 
(2002) highlighted an increase in casual work in metropolitan areas. However, 
the proportion of employees in the informal sector shrank from 2003 through to 
2012 (Ipea/MT5 p. A29, 2014). Nevertheless, this increase in formal employment 
did not encompass poorly-educated workers living in non-metropolitan areas 
(Barbosa Filho and Moura, 2012) with registered work available more easily to 
higher-income segments of the population. 

This paper attempts to analyze and measure different types of urban appropriation by 
individuals, depending on the types of jobs that they hold, in an attempt to prove possible 
tradeoffs made between housing location and transportation costs. This assumption of 
substitution is the core principle underpinning the monocentric urban model proposed 

1. The authors thank Alex Rodrigues do Nascimento for his help with research activities. 
2. Researcher – tenured. Department of Regional, Urban and Environmental Studies and Policies (Dirur)/Ipea.
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by Alonso, Muth and Mills (Nadalin, 2011), where people choose to live closer to their 
workplaces in order to shorten their commuting times. 

The hypothesis is that formal (registered) jobs would lessen the need to live 
closer to the workplace with shorter commutes, compared to informal (unregis-
tered) workers earning similar incomes. This analysis addresses five metropolitan 
regions (MR), not necessarily monocentric, one in each macro-region, defined as a 
case study: Belém, Salvador, São Paulo, Porto Alegre and Brasília (Federal District 
Integrated Development Region – Federal District and surrounding areas).

The issue addressed by this paper is highly relevant and up-to-date, as 
commuting times are rising steadily, along with the expansion of formal em-
ployment in major Brazilian cities. Prompted by the distribution of this type of  
employment link, this chapter attempts to understand the commuting charac-
teristics of this group of people. Future public policies that seeks to reduce traffic 
congestion and its costs must pay close attention to commuting patterns of formal 
and informal workers, as well as the logic of their location in metropolitan contexts. 

In addition to this introduction, this paper is divided into seven sections. 
The second section presents the construct underpinning the paper’s hypothesis, 
together with its justification. Section 3 offers a brief review of the literature, 
highlighting work that indicates variables to consider when characterizing the 
commuting patterns of the group addressed by this paper. Section 4 presents 
the methodology developed for this project, identifying the variables used in 
the model, while Section 5 offers a descriptive analysis of the urban location of 
homes, employment links and incomes. Section 6 undertakes an econometric 
analysis of the urban areas listed above ascase studies, relating travel times to the 
individual and family parameters of people commuting to and from their jobs 
each day. The final section contains the conclusions of this paper.

2 FORMAL EMPLOYMENT AND URBAN LOCATION

The monocentric city model developed by Alonso, Muth and Mills (AMM) 
(Nadalin, 2011) assumes that families choose where to live on the basis of their 
incomes, distances between their homes and central business districts (CBDs), 
and the costs of commuting to jobs clustered in these downtown areas. Together, 
these decisions shape the bid-rent curve, which shows how much a family is will-
ing to pay to rent a plot of land at a specific location. Consequently, the location 
of family homes is the outcome of a set of decisions steered not only by income, 
but also by commuting costs between home and the workplace.

It is worthwhile to mention the work by Abramo (2007), which shows that 
families pay far more attention to positive external factors deriving from interactions 
with other nearby families, and real economic opportunities, than to downtown 
commuting costs. 
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Further, Flores (2006) notes that poor spatial adjustment6 functions through 
three mechanisms: i) distances between job supplies and demands resulting in ex-
ternal factors that nibble away at net incomes; ii) prejudices and stigmas adversely 
affecting people living in certain areas, limiting the spatial scope of this group to 
jobs in places outside their areas of residence; and iii) asymmetrical information 
on job availability, as minority groups are able to access information only through 
formal routes, such as classified advertisements and employment agencies, thus 
curtailing the capillarity of their activities. 

Consequently, when considering the relation between transportation costs 
and decisions on where to live, external factors linked to interactions with neigh-
bors and spatial mismatches between jobs and homes, access to employment for 
poor and vulnerable segments of the population is limited not only by their social 
status, but also by their location within metropolitan areas. This means that access 
to work – especially formal (registered) jobs that ensure a set of social and labor 
benefits for workers – directly affects the location of people in urban areas and the 
ways in which they relate to their neighbors. 

Along these lines, a “cumulative circular course” effect may be noted, as 
described by Myrdal (1957 apud Lima and Simões, 2009), through which inter-
connections between the social system and exogenous effects shape and intensify 
the specific phenomena in a circular process. In this process, the state serves as an 
element that is exogenous to the system, either by creating social welfare policies, 
providing urban infrastructure or housing, and stirring or soothing current con-
flicts. When this exogenous force fails to act positively, a negative circular effect 
appears, where poverty, the spatial concentration of vulnerabilities and meager job 
openings worsen intra-urban inequality. 

Consequently, the residents of underprivileged areas tend to continue at the 
same level, or their living conditions may deteriorate even further due to their 
neighborhoods, which have similar characteristics. Following this line of logic, 
moving one’s home (residential mobility) to a better-developed district would 
constitute a high-potential step towards social change, as the exogenous effects of 
the characteristics of the new place of residence could generate positive external 
factors for the family as a whole. 

In terms of the formal job market and the spatial distribution of housing, the 
cumulative, circular cause process and spatial mismatches adversely affect commut-
ing times for specific areas if the resident workforce profile does not fit closely to 

6. As noted by Ihlanfeldt and Sjoquist (1998), the spatial mismatch hypothesis initially included a strong racial component, 
structured on three assumptions: i) the creation of demands for jobs shifted from places with largely black populations to 
suburban areas with high growth rates; ii) racial discrimination in housing and mortgage markets, which hampered the 
ability of the black population to move closer to workplaces; and iii) prejudice among consumers, insufficient information 
on job opportunities, and poor public transportation between minority living areas and places with surging employment.
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available work. Registered jobs tend to be further away from homes, especially for 
lower-income segments of the population, due to the spatial clustering of formal 
employment opportunities.

Consequently, this chapter explores the hypothesis that registered jobs (jobs 
in the formal sector) relativize the need for well-located homes, meaning in this 
case living close to work, especially for lower-income segments of the population, 
with direct effects on daily commuting times. 

In the specific case of Brazil, informal (unregistered) employment is directly 
related to income, meaning that registered workers earn higher incomes than those 
in the informal sector (IBGE,7 2014). Overall, the mean monthly income earned 
from their main jobs by people over sixteen years old nationwide is R$ 1,921.00 
(±US$ 480) for registered workers and R$ 1,093.00 (±US$ 273) for their unreg-
istered counterparts: a mean difference of 75% (op. cit., p. 140, 2014). 

It is important to remember that, under Brazilian Labor Law, employers 
must cover the commuting costs of their employees through travel vouchers. This 
benefit is assured to the portion of the population in formal work relationships. 
These additions to their incomes may prompt people to forgo including travel 
times and costs when deciding on where to live, as the extra amounts resulting 
from this subsidy are included in family incomes. 

An indicator reflecting the importance of this subsidy for low-income seg-
ments of the population appears quite clearly in the analyses of outlays for public 
and private transportation presented in the Family Budgets Survey, examined by 
Carvalho and Pereira (2012). At the nationwide level, a link was found between 
income and spending on transportation, reflecting a certain inequality in mobility 
among the population.8 The first income decile spends more of the family budget 
on transportation than the last decile (21.83% and 15.77% of family incomes re-
spectively). Looking at the public and private transportation expenditure categories, 
outlays are equivalent for the first decile, with almost no difference (respectively 
10.3% and 11.53% of income), while the last decile spends only 0.71% on public 
transportation options and 13.83% on private transportation. Consequently, should 
a person in the first decile be employed in the formal sector of the economy, this 
10.3% may be considered as an amount available to the family, as travel vouchers 
form part of family incomes, while the incomes of unregistered workers do not 
include this component.

7. Available at: <http://biblioteca.ibge.gov.br/visualizacao/livros/liv91983.pdf>.
8. Yet another example of commuter inequality in Brazilian Metropolitan Regions, according to Pereira and Schwanen 
(2013), based on the National Household Sampling Survey (Pnad), is the shrinking ratio between worker incomes and 
travel times: the higher the income, the shorter the travel time. The commute time for the lowest income decile is 20% 
higher, on average, than that of the highest income decile. 
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3 INTRA-URBAN MOBILITY AND OPPORTUNITIES

Analyzing the issue of urban mobility is certainly a challenging task, particularly 
as it involves many different factors, including home and job locations, as well as 
the availability of public transportation infrastructure. Furthermore, consideration 
must be given to aspects influencing choices by families of where they live and 
work. This section presents studies addressing this topic.

Issues of space and urban structures are among the factors that determine 
trip times and types of commutes. Along these lines, Villaça (2011) rebuts the 
classic monocentric city model where the poor population lives in underprivileged 
outlying areas, while more prosperous segments reside closer to downtown areas, 
instead proposing a more complex urban structure that better reflects segregation, 
with income being one of the main means of highlighting this. 

We have seen several studies that show how decisions on where to live 
are shaped by many different factors, such as income and transportation costs,  
the spatial location of families in neighborhoods and housing costs, as well as the 
relative location of homes and jobs. However, in order to analyze real-life cases, 
the principle of substituting commute times for housing costs underpinning the 
AMM model must be extended in order to analyze polycentric cities as well. This 
paper is grounded on an understanding that metropolitan clusters may well encom-
pass subsidiary hubs that complement metropolitan areas. In these regions, each 
municipal hub is a potential core district that will be upgraded through relations 
defined on the basis of people’s homes and their workplaces. 

On the other hand, transportation is generally a means of accessing the city 
and, if available and affordable in spatial or financial terms, it is a way of creating 
opportunities to increase income by allowing people to move beyond the spatial 
boundaries of their immediate neighborhood, accessing services, facilities, ameni-
ties and realities that differ from those in their everyday lives. 

In a study of metropolitan regions in the United States, Glaeser et al. (2008) 
noted that individual transportation costs were among the reasons steering decisions 
on where to live for lower-income segments of the population, thus encouraging 
them to opt for areas with better public transportation infrastructure. In this study, 
the authors also found that public transportation was twice as, to three times 
more, important than individual income for explaining the location of povertyin 
US metropolitan areas. 

Other authors rate transportation as a way of reducing poverty, with links to 
the dimension of individual and collective well-being. As an example, Gannon and 
Liu (1997) mentioned two approaches: direct and indirect. The direct approach 
links the formation of social capital (education and healthcare facilities) to better 
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accessibility, along with easier access to social and economic opportunities, includ-
ing services and the labor market. The indirect approach requires more efficient 
resource allocation, particularly within the global and systemic mobility context. 
According to these authors, high transportation costs lead to spatial, social and 
economic exclusion for the poor. 

In order to measure the issue of mobility, commute times and vehicle ownership 
are particularly noteworthy among a range of possible indicators, used by Pereira and 
Schwanen (2013). These authors use the following justifications for the importance 
of commute times in transportation and mobility analyses: i) impacts on forms of 
social and economic organization of urban space (Alonso, 1964 apud Pereira and 
Schwanen, 2013); ii) effects on individual and corporate decision-making processes 
related to homes and workplaces (Gordon et al.,1991 apud Pereira and Schwanen, 
2013); and iii) as a possible indicator for analyzing inequalities (Crane apud Pereira 
and Schwanen, 2013). 

Exploring the relevance of residential segregation and employment oppor-
tunities in urban areas, Ribeiro, Rodrigues and Corrêa (2010) conducted a study 
of seventeen Brazilian cities in order to identify territorial effects by using factor 
analysis techniques to examine the links among the following dependent variables: i) 
unemployment situation; ii) weakness of employment links – whether self-employed 
workers pay social security dues, whether domestic workers are registered or un-
registered, and if unregistered workers pay social security dues; iii) income from 
main job. Additionally, the authors use the following variables as controls: gender, 
age, education, market connections, per capita household incomes and attitudes 
towards education in the home. The findings of this study (Ribeiro, Rodrigues 
and Corrêa, 2010) indicate a heterogeneous intra-urban labor market resulting 
from living areas, linking individual opportunities to the opportunities of their 
places of residence, with few opportunities related to places with low social capital. 

In another study, Ettema et al. (2007) noted that – in addition to social 
and demographic factors such as gender, job status, presence of children in the 
home and car availability, as well as job characteristics such as commutes types 
and durations (Gliebe and Koppelman, 2005; Zhang, Timmermans and Borges, 
2004), location-specific factors (high and low density neighborhoods) also shape 
the ways in which people travel and allocate their time in space. These factors are 
important as different contexts offer their residents different time allocation op-
portunities or constraints.

In an analysis comparing realities in the United States and the United King-
dom, Giuliano and Dargay (2006) relate vehicle ownership, trip distance and 
land use, using regression techniques. The main findings for both countries were: 
i) higher incomes are linked to longer trips; ii) being employed implies lengthier 
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commutes; iii) increased density has a negative effect on distances covered; iv) 
the presence of automobiles implies lengthier commutes; and v) not being in a 
metropolitan area shortens trip distances in the United States. 

As a case study of a developed country, the issue of unregistered labor does 
not appear. Including employment/unemployment analysis does not provide any 
information on the issue of formal (registered) jobs and commutes, as travel by 
jobless people seeking work is quite different from trips by informal (unregistered) 
workers. This prompts the need for a specific analysis of this aspect in Brazil.

Earlier studies underscore the need to consider metropolitan areas – whether 
more or less polycentric – in addition to more complex types of spatial and in-
come segregation. Mobility is a complex topic, and it must be emphasized that 
each study explores an element influencing this phenomenon. In other analytical 
paradigms, there are studies spotlighting more elements, other than those already 
mentioned. Nevertheless, the literature analyzed here underscores the importance 
of public transportation as a means for accessing the cities and the opportunities 
that it offers, particularly for poorer segments of the population. It thus appears 
valid to focus on two factors that influence mobility: urban location and formal 
(registered) labor relations.

4 EMPIRICAL APPROACH

The hypothesis explored in this survey was tested through alinear regression model 
that assessed the determining factors for commuting to work, including the ur-
ban location of individuals and distance to the workplace, in addition to a set of 
independent variables identified in reference literature. We then explain in greater 
detail how this literature relates these variables to trip durations. This survey uses 
secondary data from Brazil’s 2010 Population Census.

It should be noted that this is an econometric model designed to conduct an 
exploratory analysis of the data, not derived from a theoretical model striving to iden-
tify all the variables involved in this phenomenon and their causal links. Important 
dimensions not encompassed by the Population Census are not taken into consid-
eration, including trip mode: walking, bicycle, automobile or public transportation.

This chapter uses the weighting areas of the population census within official 
metropolitan districts as the reference for the spatial location of families, calculating 
the distance between the center of each weighted area (WA) and the CBD of the 
core municipality of the metropolitan region.9 

9. The CBDs are established on an ad hoc basis by the authors of this paper, as the municipal boundaries are taken 
from a Territorial Mapping and Location Registration Research Project (Mapeamento das unidades territoriais, cadastro 
de localidades) conducted by the Brazilian Institute for Geography and Statistics (IBGE) and available at: <http://goo.
gl/2oHe6x>. Accessed on: June 11, 2015. 
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In addition to Euclidean distances from the CBD and municipal border, 
the analysis also addresses the metropolitan location of the domicile – as either 
central or outlying (Pereira and Schwanen, 2013; Giuliano, 2003; Giuliano and 
Dargay, 2006). 

The commute time variable to be explained by the econometric model was 
adjusted, making this categorical variable continuous from the midpoint among 
the time categories listed in the questionnaire. 

For the income variable, the incomes of people stating that they worked 
during the period were used. Income brackets were defined using the minimum 
monthly wage as reference, allowing direct comparisons with public housing 
policies, in addition to streamlining analyses of the effects of registered employ-
ment links for lower-income segments of the population making heavier use of 
travel vouchers. 

The dimension of poverty is also important this constitutes supplementary 
income information that may influence people’s commuting patterns. Conse-
quently, family vulnerability will be assessed through the income dependence 
relation – in other words, the extent to which the family depends on the income 
brought in by the head of the household. 

As proposed by Ettema, Schwanen and Timmermans (2007), Giuliano 
(2003), and Giuliano and Dargay (2006), the model considers the presence of 
an automobile or motorcycle in the home. 

For formal jobs, a concept is used similar to the one proposed by Ribeiro 
Rodrigues and Corrêa (2010) in terms of formality (registered employment) and 
informality (unregistered work). The informal job sector consists of individual 
workers in the informal sector, other than the self-employed,10 not paying dues 
into the government-run social security system. 

Additionally, only jobs actually within the metropolitan region were taken 
into consideration, discarding people living in regions that indicated they worked 
in some other municipality outside the metropolitan region of reference or in 
another country. The analyses presented in section 5 and 6 address workers with 
positive financial incomes commuting to work every weekday. Other than for 
tables 1 and 2, the analyses do not encompass workers engaged in economic 
activities within their own homes. 

10. Self-employed workers were ranked in the same category as workers in the informal sector, due to similarities in 
income distribution and payment of social security dues.
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5  EMPLOYMENT LINKS AND URBAN INSERTION IN THE METROPOLIS IS 
UNDER ANALYSIS

In the five regions under analysis, 10.565 million workers are registered in formal 
jobs, with 4.405 million people in the informal sector. Table 1 shows the variations 
in informal jobs by worker income levels. Proportionately, unregistered workers 
are clustered in lower income brackets: 70.7% of workers earning less than half a 
minimum monthly wage (MW) are not registered. Similarly, among more than 4 
million casual workers, 43.3% earn up to one minimum monthly wage, compared 
to only 15.4% of registered workers. 

TABLE 1 
Total number of workers by income bracket. Set of metropolitan regions: Belém, 
Salvador, São Paulo, Porto Alegre and the Federal District (2010)

Up to 0.5 MW 0.5 - 1 MW 1 - 3 MW 3 - 10 MW More than 10 MW Total

Formal 221,284 1,405,188 5,846,831 2,413,527 678,551 10,565,381

Informal 535,107 1,371,285 1,879,785 535,544 84,100 4,405,821

Informal 
(%)

70.7 49.4 24.3 18.2 11 29.4

Source: 2010 Census.
Elaborated by the authors. 
Obs.:  In order to calculate the total number of employed persons, only those with positive financial incomes were taken into 

consideration, commuting to work each day in the same metropolitan region that they live in, or those performing 
economic activities in their homes. 

Table 2 shows how these workers are distributed in each metropolitan re-
gion under analysis. The workforce in the largest mega-city in Brazil, the São 
Paulo metropolitan region, is on a far larger scale, as its total number of workers 
far outstrips the other regions examined in this paper. Nevertheless, its informal 
employment rate is among the lowest, below even the figures for Porto Alegre. In 
simple terms, regions with lower mean incomes post higher informal employment 
rates, except for Brasília, with a higher mean wage for its workers, and a midline 
casual employment rate.

The number of people working from home is certainly not a negligible 
phenomenon; to the contrary, it is commonplace and evenly distributed in each 
region. The proportions of people working from home does not vary widely,  
hovering between 21% and 24%.11 Finally, among unregistered workers, a slightly 
higher proportion work out of their homes. With only minor variations among 
the metropolitan regions, this information on informal jobs is of much interest, as 
it may be assumed that unregistered workers operate mainly out of their homes.

11. The 2007 survey on trip origins and destinations for the São Paulo subway found 10.1% proportion of “working 
from home” for this metropolitan region, which is far lower than the 27.4% found by the 2010 Population Census. The 
total number of 9,065,974 jobs recorded in the survey does not differ greatly from the figures in the 2010 Population 
Census. See: <http://goo.gl/SQxxVi>. Accessed on: June 17, 2015. 



City and Movement: mobilities and interactions in urban development248 | 

TABLE 2 
Descriptive statistics for workers in Belém, Salvador, São Paulo, Porto Alegre and Federal 
District – Brasília (2010)

Belém Salvador São Paulo Porto Alegre Federal District

Total no workers 828,508 1,528,149 9,111,724 1,887,246 1,615,575

Total no unregistered workers 380,121 514,004 2,495,276 499,426 516,994

Unregistered workers (%) 45.88 33.64 27.39 26.46 32.00

Mean worker incomes (R$) 1,226 1,333 1,847 1,583 2,123

Total number of people working from home 197,240 362,210 2,325,387 400,324 348,760

People working from home (%) 23.81 23.70 25.52 21.21 21.59

Unregistered people working from home (%) 31.19 30.74 32.43 30.84 28.95

Source: 2010 Census.
Elaborated by the authors. 
Obs.:  In order to calculate the total number of employed persons, only those with positive financial incomes were taken into 

consideration, commuting to work each day in the same metropolitan region where they live, or those performing eco-
nomic activities in their homes. 

For the other dimensions explored by this paper, table 3 offers a comparative 
overview of the metropolitan regions under examination. With regard to urban 
location, distances to the CBD of each metropolitan region and workplaces varied 
widely, reflecting geographical and topographical differences, as well as one or 
more job-clustering hubs. 

TABLE 3 
Urban location, mobility, employment and income in Belém, Salvador, São Paulo, Porto 
Alegre and the Federal District (2010)

Belém Salvador São Paulo Porto Alegre Federal District

Distances to CBD (km) 10.91  23.10 17.62 22.91 29.3

Distances to CBD – registered workers (km) 10.25 22.24 17.46 22.78 27.14

Distances to CBD – unregistered workers (km) 11.82 24.88 18.14 23.38 34.55

Distances to workplace (km) 7.74 8.5 11.51 8.6 19.58

Distances to workplace-registered workers (km) 7.71 9.05 11.67 8.92 19.85

Distances to workplace-unregistered workers (km) 7.79 7.36 11.05 7.59 18.99

Commute time (min.) 33.54 40.12 47.5 31.83 37.79

Commute times -registered workers (min.) 36.04 42.87 49.72 32.63 39.35

Commute times-unregistered workers (min.) 30.02 33.86 40.79 29.17 33.95

Workers living nearby (%) 32 22 41 63 29

Unregistered workers living nearby (%) 34 25 41 64 38

Source: 2010 Census.
Elaborated by the authors. 
Obs.:  The statistics are based on the mean variables, considering only workers with positive financial incomes, commuting to 

work each day in the same metropolitan region where they live. 
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A very interesting aspect is that the mean distance traveled by workers to the 
São Paulo CBD is the second shortest of all, although this metropolis is far larger 
than the others by number of workers, although not by geographical size. The only 
possible explanation is that this metropolis is more densely populated than the 
others, with more compact urban structures. In Brasília, longer distances traveled to 
the CBD and workplaces are not surprising, due to the satellite towns and nearby 
municipalities that have sprung up around the Brazilian capital, far away from 
the original planned area that encompassed its CBD and nearby neighborhoods. 

For the distance to workplace variable, São Paulo ranks second, indicating that 
people travel more, despite living closer to the CBD. This reversal may also indicate 
that jobs are better distributed in spatial terms, scattered throughout employment 
hubs other than the CBD, due to the economic dynamics of this metropolis. Porto 
Alegre and Salvador apparently follow this same logic, with the largest differences 
between mean distances to their CBDs and mean distances to workplaces. 

Commuting times vary significantly among these cities, ranging from 32 
to 47 minutes. On the one hand, there is a scale effect in metropolitan regions, 
where tighter clusters generate longer traffic jams. As a result, larger cities (such 
as São Paulo) post lengthier commutes, with shorter trips in smaller cities such as  
Belém. On the other hand, multi-hubbed cities also tend to have shorter com-
mutes. As a higher percentage of workers in metropolitan regions live outside the 
main municipality in Porto Alegre, it seems likely that jobs are also more evenly 
distributed, which would help explain its short mean commute times. 

Exploring the issue of employment links, it is noted that registered workers 
have lengthier commutes and live further away from CBDs than their unregistered 
counterparts in all these metropolises. This proves one of the hypotheses addressed 
in this paper, which is that travel vouchers for registered workers encourage them 
to accept housing options that are further away from their jobs, resulting in longer 
trips. If this is true, the commute times of registered employees should be longer 
than those of unregistered workers. 

Interestingly, registered and unregistered workers are not tightly clustered 
in the core municipality or surrounding areas, as a percentage of unregistered 
workers living in surrounding areas is very similar to the percentage of all work-
ers living in surrounding areas. Brasília merits special attention; it is an unusual 
scenario with more unregistered workers living nearby in municipalities outside 
the Federal District boundaries, due to the striking aspect of satellite towns and 
spatially-motivated income inequalities. 
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6 TIME-RELATED DETERMINING FACTORS FOR INTRA-METROPOLITAN TRIPS

Multiple linear regression was used to analyze the trip time determining factors 
in the Federal District and all the metropolitan regions under analysis, together 
with their surrounding areas, in order to identify links between the dependent 
and independent variables of the model, also showing the significance of their 
determining factors. Based on the methodology defined in Section 4, variables 
were identified leading to the following equation, which was estimated through 
ordinary least squares, using the SPSS software: 

 (1)

Where the dependent variable is the commute time and “Dep” indicates 
dependence on income, the “Income2” to “Income5” binary variables indicate 
income brackets or 0.5 MW to 1 MW, 1 MW to 3 MW, and 3 MW to 10 MW. 
Indicating the lowest income bracket to 0.5 MW, income variable1 was omitted. 
The variable “Distwork” indicates the Euclidian distance (km) between the home of 
a person to its workplace municipalities and the variable “DistCBD” the Euclidian 
distance to the metropolitan CBD. The “Core” is a binary variable that indicates 
if a person lives at the administrative center of the metropolitan region or on its 
outlying area. The “Informal” is a binary variable and indicates if a person is an 
unregistered employee. The automotive vehicle ownership is identified by the 
binaries variables “Car” and “Motorcycle”. The variable “Rent” refers to the hous-
ing status if a person rents or lives in some other type of home situation - either 
owned or borrowed12.

The findings of the regression analysis are presented on the basis of com-
mute times calculated through the estimated model parameters applied to the 
characteristics of a reference worker. All the variables are statistically significant, 
except the last income bracket for Belém and Porto Alegre. The commute time 
estimated for this reference worker is then compared to its variations when one of 
the dependent variables changes. For binary variables, for example, the commute 
time of a reference worker owning an automobile is compared to the commute 
time of a worker with the same characteristics who does not have a car. 

We stress that reference worker characterizations vary significantly among the 
metropolitan regions. The reference values for the continuous variables are their 
respective averages, presented in table 4. 

12. The borrowed expression refers when someone else who owns a house and lends it to another person. Others similars 
expressions could have the same comprehension such as gift apartments”or“rent-free tenancies.” 
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TABLE 4 
Reference worker characterization by metropolitan region 

Belém MR Salvador MR São Paulo MR Porto Alegre MR
Federal District and 
surrounding areas

Distance work (average) 6.06 6.22 9.87 5.78 20.68

Distance CBD (average) 9.74 23.44 16.27 19.58 24.69

Source: IBGE, 2010. 
Elaborated by the authors. 
Obs.:  The statistics refer to the mean values of the variables. Only workers with positive financial incomes were taken into 

consideration, commuting each day to work in the same Metropolitan Regions in which they live. 

In order to categorize the reference worker by the binary variables, the propor-
tion of all individuals with a specific characteristic was used, as shown in table 5. 
Thus, when a metropolitan region presents a proportion of more than 50%, this 
was rated as a characteristic of the reference worker. In order to identify income 
brackets, those with the largest proportion of workers were used, not necessarily 
encompassing more than half of them. 

TABLE 5 
Total number of people with specific characteristics – selected metropolitan regions (2010)
(In %) 

Metropolitan 
regions 

Core area 
resident 

Rented 
homes 

Owns  
motorcycle

Owns  
automobile

Unregistered 
worker

Income brackets (a) 

1 2 3 4 5

Belém MR 66 14 12 26 41 7 35 41 13 3

Salvador MR 77 19 9 33 31 8 33 41 14 4

São Paulo MR 56 22 12 59 25 2 13 57 22 5

Porto Alegre 
MR

35 15 16 59 23 3 16 58 19 4

Federal District 
and surround-
ing areas

70 27 13 59 29 4 22 45 21 9

Source: IBGE (2010). 
Elaborated by the authors. 

Yi^= 36.4= 34.2+ 0.06*6.06 + 0.06*9.74 + -6.38*1 + -6.07*0 + -5.71*0 + 
-3.54*0 + 2.25*0 +5.85*0 +7.62*1 +5.22*0 -0.44*0 -2.84*0 +0 

Altering only the unregistered work variable from “0” to “1”, the estimated 
reference worker commute time drops by 6.07 minutes: 16.68% shorter at 30.32 
minutes. In this case, equation (1) becomes:

Yi^= 30.32= 34.2 + 0.06*6.06 + 0.06*9.74 + -6.38*1 + -6.07*1 + -5.71*0 + 
-3.54*0 + 2.25*0 +5.85*0 +7.62*1 +5.22*0 -0.44*0 -2.84*0 +0. 
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TABLE 6 
Regression findings of travel time for unregistered work, housing status and vulnerability 
variables compared to reference workers – selected metropolitan regions 

Metropolitan regions
Unregistered work Housing status Vulnerability

Variation (%)  (min.) Variation (%)  (min.) Variation (%)  (min.)

Belém -16.68 -6.07 -5.85 -1.81 2.33  0.72 

Salvador -12.38 -4.60 -4.30 -1.60 2.16  0.80 

São Paulo -16.22 -7.33 -5.52 -2.49 2.35  1.06 

Porto Alegre -7.71 -2.28 -7.79 -2.08 -0.72 -0.19 

Federal District -18.69 -5.03 -6.80 -2.71 0.94  0.37 

Source: Regression findings by the authors, with data from Brazil’s 2010 Population Census.
Obs.: T hese comparisons were based on the reference workers and the regression parameters estimated for each metropolitan 

region (Annex 1). The variation is given by alterations to the variables under analysis. 

These are the findings for all the metropolitan regions and the other commute 
time variables. It is noteworthy that among the variables analyzed, employment 
links are in the group with the strongest impacts on home-to-work commute times, 
together with incomes, metropolitan location and distance to work. 

In all the metropolitan regions, commute times to unregistered jobs were 
shorter, proving one of the hypotheses explored by this research. Travel vouchers 
available only to registered workers may mean that their unregistered counter-
parts live closer to the places where they work, with shorter travel times. Another 
plausible hypothesis is that the higher wages earned by registered workers allow 
heavier expenditures on lengthier commutes.

6.1 Housing status

Housing status shows whether a person rents or lives in some other type of home –  
either owned or borrowed. In all the metropolitan regions, trip times for employ-
ees with all reference worker characteristics living in rented homes are 5.85% to 
7.79% shorter (table 6). This behavior underscores a perception that renters are 
more open to change than homeowners, due to their housing status in terms of 
distances between homes and workplaces. The spatial mobility inherent to work 
and more flexible housing status opens up a set of choices that allow better ad-
justments to the spatial needs of families, with repercussions on commute times. 

6.2 Family vulnerability

For the purposes of comparing vulnerability and dependence on income, a de-
pendence value of 1 was used, benchmarked to reference workers. In general, this 
indicator had little effect on trip times in all the metropolitan regions, which were 
lengthier, except in Porto Alegre (table 6). 
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6.3 Automotive vehicle ownership

Vehicle ownership is defined by the presence of an automobile or motorcycle in 
the home. The impacts of this component are among the strongest for reducing 
commute times in the metropolitan regions under analysis (table 7). In all these 
cities, motorcycle ownership shortened commute times. 

TABLE 7 
Regression findings of travel time for motorcycle and automobile ownership variable 
compared to reference workers –  selected metropolitan regions 

Metropolitan areas
Motorcycle Automobile

Variation (%) Time (min.) Variation (%) Time (min.)

Belém -16.26 -5.04 -8.47 -2.62 

Salvador -5.68 -2.11 -9.34 -3.47 

São Paulo -9.88 -4.46 +9.27 +4.61 

Porto Alegre -12.23 -3.26 +13.99 +4.34 

Federal District -9.87 -3.93 +8.41 +3.66 

Source: Regression findings by the authors, with data from Brazil’s 2010 Population Census.
Obs.:  These comparisons were based on the reference workers and the regression parameters estimated for each metropolitan 

region (Annex 1). The variation is given by alterations to the variables under analysis, namely: the presence of a motorcycle 
or automobile in the home. The reference workers for São Paulo, Porto Alegre and the Federal District own automobiles. 

As reference workers in the São Paulo, Porto Alegre and the Federal District 
metropolitan regions own automotive vehicles, the impact of this variable was 
calculated for the absence of an automobile in the home, thus altering the inter-
pretation and resulting in longer trip times. For the other cities, the transition 
from homes without automobiles to those with automobiles resulted in shorter 
commute times. Although use was not measured, the availability of these assets 
allow their potential use, resulting in the difference noted in the analysis.

6.4 Space-related variables

The spatial effect is broken down into two continuous variables: one related to 
metropolitan location based on distances between homes and the main CBD, with 
the other addressing distances between homes and municipal areas where workers 
are employed. Additionally, consideration was given to the location of the domi-
cile, in either the core municipality or surrounding areas. Based on the literature, 
negative effects on trip times are expected, with shorter distances to metropolitan 
employment hubs and distances to municipalities where people work, in addition 
to homes located in downtown districts. 
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6.4.1 Resident in outlying metropolitan districts

This variable produced some of the strongest impacts on commute times in the 
metropolitan regions. For all of them, workers living in the core municipalities 
reported shorter trip times, except for Salvador (table 8). 

TABLE 8 
Regression findings of travel time for living in core municipality variable compared 
to reference workers – selected metropolitan regions 

Metropolitan areas Variation (%)  (min.)

Belém -31.23 -14.06 

Salvador 11.54  3.84 

São Paulo -9.14 -4.54 

Porto Alegre -9.93 -2.94 

Federal District -21.74 -11.08 

Source: Regression findings by the authors, with data from Brazil’s 2010 Population Census.
Obs.:  These comparisons were based on the reference workers and the regression parameters estimated for each metropolitan 

region (Annex 1). The variation is given by shifting from not resident to resident in core municipalities.

6.4.2 Distances from weighted home area centroids to metropolitan CBDs

As this is a continuous variable, its impact refers to the reference worker distance com-
parison for a single ten kilometer increment, with 95 percentile distance alterations.

All the metropolitan regions presented shorter trip times when moving ten 
kilometers away from the metropolitan CBD, in addition to the reference worker 
distance, with the other variables remaining unchanged, such as distance to work 
(table 9). In other words, if two people each live a kilometer away from their work-
places, the person living closer to the CBD will have lengthier commute times. 
Possible reasons for this include longer traffic jams in streets leading to downtown 
areas and also perhaps job decentralization in metropolitan areas. 

TABLE 9 
Regression findings of travel time for urban location variables compared to reference 
workers – selected metropolitan regions

Metropolitan Areas

Distance to MR Distance to work

10 km 95th percentile 10 km 95th percentile

Variation 
(%)

(min.)
Variation 

(%)
(min.)

Variation 
(%)

(min.)
Variation 

(%)
(min.)

Belém -28.16 -8.72 -44.86 -13.89 72.27 22.38 84.63 26.21

Salvador -12.56 -4.66 -31.93 -11.85 40.64 15.08 76.53 28.40

São Paulo -8.99 -4.06 -16.88 -7.62 42.33 19.12 69.34 31.32

Porto Alegre -14.11 -4.18 -44.15 -13.08 50.17 14.86 96.68 28.64

Federal District -5.87 -2.34 -33.95 -13.54 26.86 10.71 56.54 22.54

Source: Regression findings by the authors, with data from Brazil’s 2010 Population Census.
Obs.:  These comparisons were based on reference workers and regression parameters estimated for each metropolitan region 

(Annex 1). The variation is given by a ten kilometer alteration in the distance, together with workerdistance in the 95th 
percentileof this variable. 
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Furthermore, the commute times of people living the average distance away 
with those represented by the 95th percentile for distance (table 10) in order to 
offer a comparison with workers living almost on the boundaries of these metro-
politan areas. This relativizes impacts resulting from the specific characteristics of 
the areas under analysis, as ten kilometers may be far in Belém but not in Porto 
Alegre, for example. This is clearly apparent when analyzing the values for workers 
in the 95th percentile presented in table 10. 

TABLE 10 
95th percentile reference value for the following variables: distance to work and 
distance of the CBD (km)

Belém
MR

Salvador 
MR

São Paulo 
MR

Porto Alegre 
MR

Federal District and 
surrounding areas

Distance to work (95th percentile) 17.77 25.05 26.25 25.05 41.73

Distance to CBD (95th percentile) 25.67 48.86 35.05 50.86 82.55

Source: Regression findings by the authors, with data from Brazil’s 2010 Population Census.

Commute times based on 95th percentile distances step up the impacts of this vari-
able for reference workers. Nevertheless, there are still differences for each city (table 9). 

It is important to stress the variation between the two analyses undertaken – 
increases in fixed distances and effects of location in outlying metropolitan districts. 
Cities that sprawl more widely13 present larger variations between these two analyses, 
reaching 478% in the Federal District and surrounding areas and 213% in the Porto 
Alegre metropolitan region. In both these cases, urban sprawl and the resulting low 
population densities reflected more widely scattered urban development, leading 
to the possibility that workers are more closely tied to outlying municipalities than 
CBDs as places of employment. 

6.4.3 Distances from weighted home area centroids to CBD in workplace municipalities

In contrast to the behavior noted for the territorial location of homes, the relation 
between distances from homes to CBDs in workplace municipalities, measured from 
weighted home area centroids, is more homogenous for the cities under analysis, 
with this variable having the strongest impacts on trip times. Like the previous 
component, the comparison is based on a single ten kilometer increment in the 
distance between the home and workplace CBD, as well as the relative distance 
for the 95th percentile, and its interpretation must take into account the fact that 
the distances between homes and metropolitan CBD remain unchanged. 

13. The footprints and populations of the metropolitan regions and the Federal District and surrounding areas analyzed 
are: i) Belém MR –  3,566,222 km² and population of 2,581,661 inhabitants; ii) Salvador MR –  4,375,123 km² and 
population of 3,919,864 inhabitants; iii) São Paulo MR –  7,946.84 km² and population of 20,284,891 inhabitants; iv) 
Porto Alegre MR –  10,346.00 km² and population of 4,181,836 inhabitants; and v) Federal District and surrounding 
areas – 56,433.60 km² and population of 4,118.154 inhabitants. 

https://pt.wikipedia.org/wiki/Quil%C3%B3metro_quadrado
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For the fixed in kilometer increment and the 95th percentile, impacts on trip 
times in metropolitan regions were positive for longer distances to work.

7 INCOME

The effects of income on trip time analysis is grounded on the assumption that 
higher incomes are correlated with shorter trip times. In general, regardless of the 
metropolitan area, reference workers earning between one and three minimum 
wages posted lengthier commute times than other income brackets. The difference 
is greater for lower and higher incomes, meaning the extremes (table 11). 

TABLE 11 
Regression findings of travel time for income brackets compared to reference workers –  
selected metropolitan regions 

Metropolitan 
regions

Class 1 – up to 0.5 MW Class 2 – 0.5 to 1 MW Class 4 – 3 to 10 MW
Class 5 – more than 
10 MW

Belém -21.01% -6.51 -3.67% -1.14 -6.61% -2.05 -18.17% -5.63

Salvador -8.57% -3.18 -1.32% -0.49 -7.01% -2.60 -10.79% -4.00

São Paulo -22.86% -10.33 -3.19% -1.44 -6.38% -2.88 -11.86% -5.36

Porto Alegre -16.48% -4.88 -0.82% -0.24 -13.83% -4.10 -22.01% -6.52

Federal District -26.42% -7.11 -3.28% -0.88 -15.14% -4.08 -27.38% -7.37

Source: Regression findings by the authors, with data from Brazil’s 2010 Population Census.
Obs.:  These comparisons were based on the reference workers and the regression parameters estimated for each metropolitan 

region (Annex 1). The variation is given by alterations to reference worker income brackets. 

The influence of income on trip times reflect social and economic status, as 
well as spatial location. The greatest reductions in trip times occurred in the lowest 
income bracket – possibly because of poor access to transportation services, due 
either to their (un)availability or for financial reasons – and for the highest earn-
ers who can afford private transportation, with better spatial location, as already 
noted above.

8 CLOSING REMARKS

This chapter analyzes the relationship between commute times, employment links 
and the urban location of homes in major Brazilian cities. The chapter aims to 
achieve a better understanding of how these variables interact, thereby paving the 
way for the creation of public mobility policies focused on specific groups.

The decision to analyze five metropolitan regions proved a necessary step. 
Each region displayed its own specific characteristics in terms of their job markets 
(unregistered labor and worker income levels) as well as the urban configurations. 
The urban location patterns of registered and unregistered workers were analyzed 
within their specific metropolitan contexts. A related issue requiring further  
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in-depth examination is the spatial distribution of jobs, to discover whether they 
are tightly clustered or spread out among multiple hubs. This dimension was not 
analyzed here, although circumstantial evidence indicates that it is important to 
justify many of the differences noted in these cities.

The empirical analysis of information taken from Brazil’s 2010 Popula-
tion Census showed that income, urban location, employment links and vehicle 
ownership are the variables with the strongest impacts on the commute times of 
metropolitan workers. Formal (registered) employment implies shorter commute 
times, with this finding apparent not only in the mean commute times for these 
two groups, but also in the multiple regression analysis, as a control factor for the 
other variables. 

For income, greater reductions in commute times were noted for reference 
workers in the lowest and highest income brackets of this analysis. Among workers 
earning up to 0.5 minimum wages, shorter times are due to budget constraints, 
while briefer commutes for top-bracket earners result from their locations within 
the metropolis, as well as their financial status.

The impacts of urban locations on worker commute times were aligned with 
expectations: downtown residents posted shorter trip times than those living in 
neighboring towns, while longer distances to workplace CBDs resulted in lengthier 
commute times. The multiple regression highlighted the effect of distance from 
the metropolitan CBD, with distances from workplace municipalities remaining 
constant. Consequently, shorter commute times were found further away from 
metropolitan hubs, when distances to workplace were held constant. Possible reasons 
may well include heavier traffic in downtown areas, and a possible decentraliza-
tion of jobs, which may be scattered more widely throughout metropolitan areas. 

The hypothesis that formal (registered) employment leads people with mid-
level incomes (under 0.5 MW and up to 10 MW) to a specific appropriation of 
metropolitan space is proven in this chapter, either because they live further away 
or have lengthier commutes. Specifically in terms of time, investment policies 
focused on public transportation infrastructure, along with the rationalization of 
public transit operations, helps upgrade the mobility conditions of this specific 
segment of the population.

For unregistered workers, shorter commute times and living closer to their 
jobs may be related to families deciding to live closer to these workplaces. Never-
theless, for earners in the lowest income bracket, trip durations are related more to 
an inability to pay fares and limited job opportunities near their homes. Specific 
policies are required for this group, breaking away from the “circular causality” 
effect and opening up access to the city for members of this group. Individual or 
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systemic transportation system subsidies could well be suggested as valid alterna-
tives for this segment.14

Other policies – including better opportunities for finding formal employ-
ment, more housing units in downtown areas, and investments in non-motorized 
mobility infrastructure – are all valid alternatives for improving the urban location 
of this segment of the population in major Brazilian cities. 
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ANNEX 1

TABLE A.1 
Estimated regression coefficients for metropolitan areas 

Belém Salvador São Paulo Porto Alegre Federal District

R2 230 (a) .259(a) .309 (a) .417(a) .365 (a)

R2 Adjusted 0.053 0.067 0.095 0.174 0.133

Variables Coefficients t Coefficients t Coefficients t Coefficients t Coefficients t

(Constant) 34.20 183.67 32.84 139.74 29.70 312.78 33.31 202.59 41.65 245.92

Distance_work 0.06 55.56 0.08 68.24 0.45 544.39 0.75 371.00 0.35 292.12

Distance_CBD 0.06 11.35 -0.14 -29.26 0.21 136.69 -0.38 -203.27 -0.19 -129.41

Core -6.38 -68.49 7.75 51.23 6.88 230.05 -2.24 -27.55 -8.65 -119.88

Informal -6.07 -82.36 -6.27 -60.34 -8.68 -289.79 -3.01 -48.62 -6.52 -111.73

Motorcycle -5.71 -54.57 -3.50 -24.90 -4.69 -124.33 -3.62 -56.41 -5.24 -70.91

Car -3.54 -38.61 -2.18 -19.20 -5.02 -177.22 -4.49 -82.23 -4.74 -79.74

Dep 2.25 17.89 2.13 13.25 3.97 81.94 0.54 5.34 2.94 30.81

Income2 5.85 41.40 3.29 17.98 9.62 108.33 5.13 32.28 7.78 53.39

Income3 7.62 52.08 4.35 22.69 11.58 134.88 5.65 36.33 9.18 63.20

Income4 5.22 29.10 4.14 18.03 7.69 84.45 1.90 11.15 2.20 13.85

Income5 -0.44 -1.71 4.26 14.65 3.08 29.23 -0.13 -0.51 -5.87 -33.02

Rent -2.84 -29.07 -2.65 -22.87 -4.05 -131.74 -3.05 -42.13 -3.80 -66.00

Source: Regression findings by the authors, with data from Brazil’s 2010 Population Census.


