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v'Investigar as desigualdades socioespaciais

no transporte urbano

v'Buscar evidéncias empiricas em diferentes
contextos urbanos, a partir de Spatial Data

Science, como suporte as politicas publicas
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Ciclo do uso do solo e transportes (traduzido de Paquette et al., 1972) 5



Acessibilidade como “potencial de
alcancar oportunidades
espacialmente distribuidas”,
relacionando informacdes de uso do

solo e de transporte
(Paez; Scott; Morency, 2012)



Qual indicador
de acessibilidade devo usar?
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Fonte: Slide adaptado de Beatriz Moura Santos 8
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Acessibilidade cumulativa
(Wachs & Kumagai, 1973)
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J=1

Acessibilidade gravitacional
(Hansen,1959)
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Acessibilidade 2SFCA (STEP 1)

(Luo & Wang, 2003)
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(Luo & Wang, 2003)
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Acessibilidade gravitacional
(Shen,1998)
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ai= 0 r(eh)

J=1

Acessibilidade gravitacional
(Giannotti et al., 2021)
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Acessibilidade cumulativa
(Giannotti et al., 2021)
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(Giannotti et al., 2021)



Qual indicador
de desigualdades devo usar?
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GINI adaptado para acessibilidade

(Delbosc e Currie, 2011)
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pseudo-Palma adaptado para acessibilidade
(Guzman & Oviedo, 2018)



As desigualdades socioespaciais no sistema
de transporte urbano constituem uma
barreira adicional no contexto das
desigualdades cumulativas enfrentadas pela
populacao com baixa renda nas cidades
brasileiras?
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Multi-temporal transport network models for
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Brazil Vehicle tracking is a spatio-temporal source of high-granu-
|larity travel time information that can be used for transpor-
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Paulo 05508-010, Brazil, network, while allowing for network modifications over
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data from heterogeneous sources into a dynamic transport

time. This article uses conceptual modeling to develop
multi-temporal transport networks in geographic informa-
tion systems (GIS) for accessibility studies. The proposed
multi-temporal network enables accessibility studies with
different temporal granularities and from any location inside
the city, resulting in a flexible tool for transport and urban

planning. The implemented network is tested in two case
28
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Diego Bogado Tomasiello © and Mariana Giannotti
Center for Metropolitan Studies and Laboratory for Geospatial Analysis at Polytechnic School, University of Sio Paulo, Sio
Paulo, SP, Brazil

Abstract

The access to leisure activities is an important element to understand the potential participation and
integration of individuals in the society. Despite its importance, urban planners in large urban
centers in developing countries seek to prioritize access to mandatory activities. This study
quantifies the accessibility to leisure and its inequalities in the municipality of Sao Paulo, considering
the opening hours of leisure opportunities and racial and class population groups. Tracking data
from buses and TomTom speed profile were used in the publicand the private transport networks,
respectively, to analyze and compare accessibility to parks and cultural equipment. A multitemporal
analysis was performed to better understand the fluctuation of accessibility to leisure through
different hours considering the opening hours of parks and cultural equipment. The population was
stratified into four groups according to race and class (higher black, higher white, lower black, and
lower white) to perform accessibility inequalities analysis. Results show that accessibility to leisure is
higher for private transport users, it decreases from the central to the peripheral areas, and it
changes significantly during the day due to traffic conditions, transit supply, and leisure oppor-
tunities opening hours. The Lorenz curves, Gini, and the Palma coefficients showed a highly unequal
level of accessibility to leisure for different population groups, with the low-black population having
the lowest level of leisure accessibility. Our findings may support policy makers in designing
strategies to provide more spatial equity in the access to leisure opportunities.

31



rede de transporte temposde

viagem
: ‘o —> Gg o > [

equipamentos
culturais

acessibilidade

Rl

horario de sabado,
funcionamento domingo e quarta

24



Desigualdades, acessibilidade e mobilidade

10 AM 2PM 6 PM 10 PM

r f‘ 1 : i' 1
domingo.

v Usudrios de transporte publico l ‘ ‘ ‘
mal conseguem atingir 30%,

chegam a 60%. ! ! i i i i

v Consideradas as restricoes

temporais dos servicos de lazer

entage f achable
PP” nitie 0/ 10% 20% 30% 40% 50/ w

33

v’ Areas centrais com alta
acessibilidade se quarta ou

sjuswdinbg |eunynn

syled

enguanto de transporte privado

sjuswdinbg jeinyny
1nd Aq Ayjiqisseody 1 nd Aq Ajjiqisseooy  1id Aq Ajiqisseody  11d Aq Ajjiqisseooy

syled

Fonte: Tomasiello & Giannotti., 2022.



IS N ~
(e] o o o

Percentage of accessible opportunities in 30 minutes
N
o

10 15 20 0 5 10
Hour

— High White (PuT) — High Black (PuT) —
— High White (PrT) — High Black (PrT) —

15 20 0

Low White (PuT) =
Low White (PrT) -

Wednesday

sjuaswdinb3 jeinynH

syled

Low Black (PuT) Fonte: Tomasiello &

Low Black (PrT) Giannotti., 2022.

34



Journal of Transport Geography 96 (2021) 103199

Contents 1ists avallable at SciencelDirect

Journal of Transport Geography

FLSEVIER journal homapagea: www . elsevier.com/focataftrangeo
B * * 5 F = + + ® + Cpgok: ipw

Qualifying accessibility to education to investigate spatial equity e

a a, a a = | & . l
Bruna Pizzol ™ , Mariana Giannotti ", Diego Bogado Tomasiello ™
" Department of Transparation Erginecring Polytechric School, Universiny af Sto Paulo, 530 Pauls, Braai
® Center for Metropaliton Seudies and Laboratory for Geospatial Anelysiz ar Polytechnic School, Undversity of Sto Pawda, Sao Paulo, Brazid
ARTICLE INFO ABSTRACT
Keywords: Most accessibility studies are usually related to the number of potential reachable opportunities, disregarding
Patential accessibility attributes related to quality, Schools are usually distributed in the city, but does the guality of the service in these
R”‘“""l'_"d mobility schools provide spatial equity to access the educational system? This study investigates accessibility to education
Edu:'i::nirt_ S considering different modes of transport and the guality of schools. It calculates and compares potential
ﬁpatlarmnilm geoessibility and revealed mobility in a highly unegual context, focusing on elementary schools in 580 Paulo, the

largest city in Latin America, The empirical resesarch reveals disparities between public and private schools
regarding the quality and transport mode, unfolding spatial inequity. We hope that these Andings provide further
insights into better planning our cities for voung people to move, study and live.
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Big data for big issues: Revealing travel patterns of low-income population =&
based on smart card data mining in a global south unequal city

a,b

Caio Pieroni™ , Mariana Giannotti ", Bianca B. Alves", Renato Arbex "

* Depariment of Transport Ergineering, Polytechnic School o Universiny of Sae Poule, Sto Pawlo 05508070, 5P, Brazl

= Ceneer for Metropaliten Surdies and Laboraroey for Geospaiol Anelyiiz ar Polyvtechnic School ar University of 5ao Pouly, Sto Palo 05508-070, 5P, Brasil
© World Bank Groap, 1818  Street NW, Washington, D00, 20433, United States

ARTICLE INFOQ ABSETRACT

Keywords: Smart card data (SC0) allow analyzing mobility at a fine level of detail, despite the remaining challenges such as
Tranzpartation planning identifying trip purpose. The use of the SCD may improve the understanding of transit users’ travel patterns from
Smart card precarious settlements areas, where the residents have historically limited aceess to opportunities and are usually

Clustering methods

Travel behavior underrepresented in surveys, In this paper, we explore smart card data mining (o analyze the tempaoral amd

spatial parterns of the urban transit movements from residents of precarious settlements areas in Sao Paulo,
Brazil, and compare the similarities and differences in travel behavior with middle high-income-class residents.
One of our concerns is to identify low-paid employment travel patterns from the low-income-class residents, that
are also underrepresented in transportation planning modeling due o the lack of data. We employ the kmeans
clustering algorithm for the analysis, and the DESCAN algosithm s used to Infer passengers’ residence locations.
The results reveal that most of the low-income residents of precarious settlements begin their first trip before,
between 5 and 7 AM, while the better-off group begins from 7 to 9 AM. At least two clusters formed by com-
miuters from precarious settlement areas suggest an association of these residents with low-paid employment,
with thelr activities placed in medium / high-income residential areas. 5o, the empirical evidence revealed in this
paper highlights smart card data potential to unfold low-paid employment spatial and temporal patterns,

38



smart-card, GPS,
GTFS

inferir local de
residéncia (DBScan)
®

associar a uso do
solo

N

estruturarbd

!

%

clusterizacdo
(k-means)

!

padrdes
de mobilidade

!

avaliar
desigualdades

e e . . e e e e e e . S S S S e e e e e e e e - - - - -

Parque Taipas

Paraisopolis

Cantinho do Céu

Sao Francisco Global

39



Desigualdades, acessibilidade e mobilidade

as Artes

Brericd
Serra

\Q/_ ECT LS y
- E
Csesc’ = %

']

\

f Precarious settlements \

010
Joraim oo gy
Fortoleza
Gu
y SP-050
" . BR 113
. 77
y > i
»

S30 C3etano
do Sulr *

Y

S3o 3ernardo
do Campc

Santo)\nc FE_ s

2?*
‘ (
\.
348 T
, - (s
SP-07) W It
P . o
/ T —
/ 14
b2 :
Csesco
Fer,
.
70 .
Tabcéo
Serra ¥
as Artes
Maua
\ PO
\
Ribeirdo Piras pcerica '

+ Proportion of transactions

@ First % (SART)

S50

® Last 8

64

/

Middle/high-income-class

\
N\
JarGim (;. ’”
Fortaleza
S« 7he9h
J oy
78 PN It
y A3 o
/"I T
” "o
\_,‘ ) e
® fer.
\”
L.
Sao &E'ewqo : Rewd 19
do Sul: ® i
\\ &
Santo\/\ncré_ M
Maua
\ PO
Sao Rernardo \

Fonte: Pieroni et al., 2021.

do Campc

\

Ribeirdo Pires
v -
N Y WRiu St th

'dd Serra




Habitat International 110 (20217 102346

Contenis lists available at Sciencelirect

G,
RS e
s b : .
S0 Habitat International
FLSEVIER journal homepage: http.www elsevier.com/locate’habitating
& 3 Bl - ® & & & Chgck v
Measuring mobility inequalities of favela residents based on mobile e
phone data
André Leite Rodrigues "', Mariana Giannotti ", Matheus H.C. Cunha Barboza ™",
Bianca Bianchi Alves®
“ Podytechnic Scheol of the University of Sto Pawlo (Poll/UEF), Sae Faule, Brozil
* Conter for Metropaliton Studies (CEM), Sto Pealo, Bresil
* World Bank Goup, Washington, 154
® Frstitee of Geograply and Spasiol Manning of the University of Lishon (IGOTAUL), Lisbon, Portugal
E Center for the Study of de Pofilics end Ecomonrics of the Public Sector, Gemblio Yorpes Foundotion (CEPESR/FGVE, Saa Pawln, Brazil
ARTICLE INFOQ ABSTHRACT
Keywords: This study investigared the mobility patterns of favela residents based on an analysis of thelr dally movements
Mokile phone data derived from high-frequency mobile phone data. Daily movements were measured considering the distance

Space-tinse analysis
Favelas

Urban mobling
Muohdlity inegqualities

traveled at different times of day over the course of more than two months, Potential trip purposes for the most
frequently visited locations were inferred based on land use data from property taxes, The high volume of
geocoded data from mobile phones enabled the analysis during multiple days, also covering weekends, usually
not considered in traditional transport surveys. The mobile phone data indicated that, on average, favela resi-
dents go farther from home during business days and perform less out of home activities during weckends when
compared with non-favela residents, Further, distinet patterns for favelas and non-favela residents were mapped,
considering different geographical areas, revealing space and time mobility inequalities.

41



)

dados de telefonia

!

() (p)

(((ﬁi)'

coordenadas por
triangulacao

.@H

inferir local de
residéncia e de
atividades

=

estruturarbd

!

mobilidade revelada

padrdes
de mobilidade

!

((f'

associar a usodo
solo

avaliar
desigualdades

Parque Taipas

Paraisopolis_
Sdo Francisco Global

Cantinho do Céu

42



Desigualdades, acessibilidade e mobilidade

\

) 6,43 km as 5h
E
<
o 61
=
2 — Favela Residents
E ——  Other
@ 4-
5]
c
4]
17} — Weekday
2
® - Weekend
o
© 21
2
<C

0-

0 4 8 12 16 20
Hour

43
Fonte: Rodrigues et al., 2021.



46"500"W 467400"W
1 1

46°300"W
1

46"20'0"W
1

23°300"S
1

23°400°S
1

Kilometers

Legend
- Favelas

Origin
——» East
» North
West
» South

Fonte: Rodrigues et al., 2021.

44



Como modelar os mecanismos
interdependentes entre os sistemas de
transporte e uso do solo, para avaliar o

impacto distributivo de politicas de
transporte?
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ARTICLE INFO

Article history:

Recelved 2 April 20149
Received in revised Form

12 June 2019

Acceprted 21 July 2019
Available online 22 July 20049

Hamndling editor. Zheming Tong

ABSTRACT

Keywards:

Accessibdling

E-means

Sustainable development
San Paule

Urban planning

Transportation systems can be conceptualized as an instrument of connecting people and their activities
over the terntory, plaving an important cole in developing sustainable cities. The current rationale of
transport provision is based on population demand and rarely considers the potential of minimizing
spatial disparities and wneven distribution of services. To meet the challenge of supporting a more
equitable resources distribution, this work aims at identifying and descnibing patterns of urban services
supply. their accessibility, and household income. By using a multidimensional approach, the spatial
inequalities of a large city of the global south reveal that the low-income population has low access
mainly to hospitals and cultural centers, & low-income group presents an intermediate level of acces-
silnliy 1o public schools and sports centers, evidencing the diverse condition of citizens i the periph-
eries, These complex outcomes generated by the interaction of land use and public ransportation
emphasize the importance of comprehensive methodological approaches to support decisions of urban
projects, plans and programs, Reducing spatial mequalities, especially providing services for deprived
groups, is flundamental to promote the sustainable use of resources and optimize the daily commuting

£ 2019 Elsevier Lod. All rights reserved.
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Dynamic modeling to support an integrated analysis among land use change, | W

oy 5qs 5 . Chnch Tor
accessibility and gentrification s
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Camilla Almeida Silva™", Mariana Giannotti™’, Claudia Maria de Almeida’
" Polytectinic School of the Universily of Sdo Panle (USFL Av. Profl Abmeida Prodo, 83 - 05508-070, S0 Podo, Brazil
bEﬂﬂnrforHﬂrqlnﬁ.l‘an Fhudres (CEM), Av. Prof. Locone Guolherto, 315 - Sola 176 B, 05508-010. Sdo Porde, Bromi
= Nanonal fnsticute for Space Research (INFE), Av, dos Astromautes, 1758 - 12227010, Sdo Josd dos Campos, 5F, Frazil
ARTICLE INFOQ ABSTRACT
Keywords: The gentrification phenomenon is characterized by the replacement of the prevailing social class living in a
Urban land use transition residential area by another one with a higher income due to improvements in technical and social infra-
Gentrification structures, such as upgrades in the accessibility conditions, Gentrification is a matter of great concern, especially
Accessibilicy in big eities of developing countries, where infrastructure provision should nor reinforce patterns of sociospatial

Cellular automata segregation. The main motivation of this work is to verify if land use transitions could lead to possible gentri-

fication, under the influence of sccessibility-related variables - such as the public transportation network,
education and health squipments and the availability of employment. In order to represent o phenomenon that
varies over time and space, the study proposes a dynamic madeling via cellular automata, using the validation of
past simulations to measure the suitability of each accessibility variable to explain the observed land use
transitions. The probability of each cells transition was calculated using the weights of evidence method con-
sidering the explanatory variables, based on the Bayes” Theorem. The proposed model is applied in a case study
that comprises distriets in the southwestern sector of Sio Paule city, Brazil, an area marked by the heterogeneity
of its land use, with a considerable predominance of low-income dwellings. The work was based on spatial data
from more than a decade (2000 2016), which besides providing information on land use, also enable the
categorization of residential and retail buildings according to their standard and size, The modeling process
rewealed that for different ranges of each variable, transition trends usually associated with gentrification took
place, such as the increasing presence of retail and services, the eonstruction of new buildings in previously non-
residential areas, the occupation of vacant land and the reduction of industrial use. However, observing the
orcurrence spots of those changes, it is reasonable to state that most of the ocoupation patterns found in each
area tended 1o remain throughout the vears, which means that low-income areas were not totally eliminated.
Distinet levels of added value granted to the urban tissue were observed as a function of the predominant land
use in each area — highlizhting the complexity of the relationship between urban form and gentrification. The
satisfactory results in the model validation confirmed the good performance of the explaining variables in
modeling the urban lorm dynamics within the stoudy area,
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ACCESS: An agent-based model to explore job accessibility inequalities )

Diego Bogado Tomasiello™, Mariana Giannotti®, Flavia F. Feitosa”

st fir
updatas

? Laben - Lohoratory far Geospafial Anelysiz, Polwtechinde School, Untverslny of 580 Paule, Av. Profl Admeida Frado, orav 2 n'. 83, Edificio Poule Sowsa (Prddio da

Engenhana Cinl), S Poule, SP 5508070, Bresl

" Federal Unrversity of ABC, Center for Engineening. Madeling and Applied Social Sciences, Alamedn da Universidade, Anchieta, £ Bernards do Caompa, 5P ORHN045,

Brazil

ARTICLE INFO

Keywords

Jobr accessibdlity
Inequality

Ginl eoefficient
Agent:hased mpdel

ABSTRACT

This paper presents ACCESS, an agent-based model for exploring job accessibility inequalities among different
soclal groups, ACCESS allows for investigation en the impact of public transport and land use policles on the
residential lecation of the working population and their accessibility to job opportunities. ACCESS can be
adapted to different realities, allowing to represent societies with diverse socioeconomic disparities. A utility
function composed of job accessibility and neighborhood status i maximized by agents during the residential
lacation chalee process. The model outputs include Lorenz curves considering the accessibility dimension, as
well as Gind mefrics to support the analysis of interventions impacts on accessibility inequalities. An empirical
cise study is performed on the municipality of a0 Paulo, which is characterized by high levels of ineguality.
Five experiments were simulated considering three different socio-occupational groups, The first experiment
includes (1) new public mass rall rransport lines, and the other four experiments consider the new transport
infrastructure from the first experiment and add (i) new social housing location strategies; (iii) new job loca-
tions; (v} new jobs and different social houwsing supplies and location strategies; and (v] provision of social
housing based on a government housing program. The results show that ACCESS allowed the residential location
of different social starus groups te be depicted with a high correlation o the observed situation, Regarding the
case study, the results indicate that only having interventions on transpost system is insufficient to provide a
significant change in terms of ineguality. Better results that impact ineguality are reached with public mass rail
tramsport interventions associated with land use policies with different social housing and job location programs.
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Estudos comparativos, incluindo cidades do
sul global, permitem a investigacao dos
mecanismos estruturantes das
desigualdades, bem como o questionamento
sobre meétodos e teorias originalmente
propostos com base em evidéncias empiricas
do norte global?
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ABSETHACT

Acceszibility metrics have been increasingly emploved as a ool (o explore the social impacts of transport systems
and policies, However, few empirical studies of accessibility involve comparisons between cities from countries
with different levels of development, in particular, across the Global South and North, This paper attempts to
bridge this gap by forusing on two very distinet, but similacly sized, large metropelitan egions: Sao Paulo and
London, for which we develop comparative metrics.

These metrics are weed to identify patterns for different occupational groups (used as a proxy 10 SOCioGeCOnGmic
groups) and discuss transit accessibility inequalities, The issues imposed by a comparative study of urban regions
with particular characteristics are discussed, The study applies the results of one metropolitan region to contrast
with the ather and explore how characteristics of each region’s public transport system and spatial mismarch
betwean residential and workplace locations are related to inequalities,

Group’s condition was represented in the Lorenz curve, also revealing a new strategy to be adopted by
comparability studies on inequalities, The results from Lorenz curve and Gini coefficient reveal larger transit
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Abstract

The inequalities that mark global society have been deepening worldwide. They materialize in
cities, putting pressure on public transport systems for spatial and temporal supply, at the same
time as mobility itself generates multifaceted inequalities, From empirical evidence of four socially
and spatially distinct Brazilian cities — S5ao Paulo, Rio de Janeiro, Curitiba, and Fortaleza — we
explore how differences in scale, geography, class, and race are related to spatial segregation,
leading to different levels of access to jobs by public transport in the global peripheral context,
These juxtaposed and combined inequalities create highly unfair and strongly cumulative effects
on some social groups, contributing to the reproduction of inequality. Based on public and open

data and combining methodologies of spatial analysis to enhance comparability and reproducibil-
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AESTRACT

Inequalities are structured and reproduced in multiple dimensions and scales. From countries to nelghborboods,
spcio-spatial strocoure interacts with urban and public ransportation development and resulis in uneven access
to opportunities in manifold aspects. By looking at cities in distinet positions of the globalized world, Sao Paulo,
Mew York City and London, we demonstrate that travel times, costs and transfers have different impacts on job
accessibility of soclal classes and ethnle-racial groups living in different areas of citles in different parts of the
wiorld. At the global scale, while the monetary cost of ravel relative to income has a small impact on aecessibility
in central amd developed countries, it substantially diminishes the access to opportunities of a large share of the
population in peripheral and developing countries. Also, social class has a strong influence on accessibility levels
among whites, and upper classes are far better than middle and lower classes, Among blacks, however, historical
trajectories of development have a major role in explaining accessibility. The analysis of socio-spatial inequalities
in multiple dimensions and scales highlights the centrality of the affordability dimension in transport studies and

al=o its importance to the evaluation and formulation of contextualized policies, particularly in the peripheral
wiorld.
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ARTICLE INFO ABSTRACT

Keywords: Accessibility measures have been extensively used o explore the outcomes of the spatial distiribution of trans.
Accessibility measures port, jobs, and populaton groups in cities. Despite it wide uge, identifying the population groups that most
Inequalities

benefit from accessibility is not straightforward and different metrics might result in different conclusions. The
present work aims to amalyze the potential biss of using gravity-based measures based on revealed mobilities to
identify job accessibility inequalities. By looking at two large and very different regions, the municipality of Sio
Faulo (5F) and the Greater London Avea (GLA), we argue that distance decay functions built from ewrrent trip
behaviors should be carefully used in evaluations of accessibility inequalities because it may underestimate
disparities between socio-orcupational groups and also result in s misleading interpretation of impedance fac-
tors, Two distinet approaches were implemented 1o support those claims. We first estimate group-specific dis-
tance decay functions, considering only travel dme. Secondly, we consider both teavel time and teavel cost
relative to income to estimate zone-specific and city-specific distance decay functions for each one of the study
areas, The population of both cases studies was stratified according to the NS-5EC standard to select the highest
and the lowest socio-occupational groups and o explore job accessibility inequalities. It was found that higher-
level and lower-level socio-occupational groups of 8P and GLA present striking differences in terms of travel
times and relative travel costs, with 5P being more unequal. By applying the distance decay function of the
lowest level socie-occupational group o the caleulations of the job accessibility of the highest level group, and by
adding ravel cost to the analysis, we highlight inconsistencies between gravity-based accessibility caleulations 60
and theory, as trlps taken by diﬂ’erent gmum can be mistakenly associated with willingness o travel. From a
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