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Changes in the demand for urban transportin the Metropolitan Region of Sdo Paulo:
Challenges for the post-pandemic period

ABSTRACT

Objective — This study aims to investigate and analyze the changes in urban travel patterns within the Sdo Paulo
Metropolitan Region (RMSP) resulting from the Covid-19 pandemic. It seeks to identify the factors that influenced
modal choice (public transport, private transport, or remote access) for reaching services and performing daily
activities in the pre- and post-pandemic periods.

Methodology — The research employed a quantitative method, utilizing a questionnaire administered to a sample of

1,034 students from Fatecs located in the RMSP. Data analysis was conducted using logistic regression (Logit) models,
which measured the probability of choosing different transport modes and forms of access (in-person/remote) based
on the independent variables of gender, age group, and vehicle ownership.

Originality/Relevance — The study addresses a gap by providing recent, specific empirical evidence on behavioral
transformations in urban mobilityin one of the world's largest metropolises in a post-pandemic context. Its academic
relevance lies in applying logistic modeling to understand not only modal choice but also the decision to travel or not,
thereby contributing to the literature on transport demand.

Results — The main results indicate a significant migration from public to private transport in the post-pandemic
period, driven primarily by vehicle ownership and age group. A marked acceleration in the adoption of remote
alternatives for accessing services such as banking and shopping was also verified. Conversely, activities like leisure
maintained a strong in-person tendency, albeit with a preference for using private vehicles.
Theoretical/Methodological Contributions — The study provides a methodological contribution by applying and
detailing logistic regression modeling to analyze mobility decisions in a disaggregated manner, including the choice
for "non-transport" (remote activities). Theoretically, the results reinforce and update discrete choice models,
demonstrating how socioeconomic variables and crisis contexts structurally impact demand patterns.

Social and Environmental Contributions — The study's conclusions highlight a scenario of potential decline in public
transport ridership, with negative social implications for the population dependent on this mode. Environmentally, a
shift towards private transport could exacerbate congestion and pollution problems. This work informs the
formulation of public policies aimed at reconfiguring and incentivizing collective transport, integrated with more
sustainable mobility solutions.

KEYWORDS: Urban Mobility. Urban Public Transport. Logistic Regression. MRSP.

Alteragc6es na demanda por transporte urbano na Regidao Metropolitana de Sao
Paulo: Desafios para o periodo posterior a Pandemia

RESUMO

Objetivo - Investigar e analisar as mudangas nos padrdes de deslocamento urbano na Regido Metropolitana de S&o
Paulo (RMSP) causadas pela pandemia de Covid-19. O estudo busca identificar os fatores que influenciaram a escolha
modal (transporte publico, privado ou remoto) para acessoa servicos e atividades cotidianas no periodo pré e pds-
pandemia.

Metodologia - A pesquisa empregou um método quantitativo, utilizando um questionario aplicadoa uma amostra de
1.034 estudantes das Fatecs da RMSP. A andlise dos dados foi realizada por meio de modelos de regressdo logistica
(Logit), que permitiram mensurar a probabilidade de escolha de diferentes modos de transporte e formas de acesso
(presencial/remoto) com base nas varidveis independentes género, faixa etaria e posse de veiculo.
Originalidade/relevancia - O estudo preenche uma lacuna ao fornecer evidéncias empiricas recentes e especificas
sobre a transformagdo comportamental na mobilidade urbana em uma das maiores metrépoles do mundo no
contexto pds-pandémico. Sua relevancia académica reside na aplicagdo de modelagem logistica para entender ndo
apenas a escolha modal, mas também a decisdo de se deslocar ou nao, contribuindo para a literatura sobre demanda
por transporte.

Resultados - Os principais resultados indicam uma migrag¢do significativa do transporte publico para o transporte
particular no periodo pds-pandemia, impulsionada principalmente pela posse de veiculo e faixa etéria. Verificou-se
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também a aceleragdo na adogdo de alternativas remotas para acessoa servigos como bancos e compras, enquanto
atividades como diversdo mantiveram forte tendéncia presencial, porém com preferéncia pelo veiculo préprio.
Contribui¢des tedricas/metodoldgicas - O estudo oferece uma contribui¢io metodoldgica ao aplicar e detalhar a
modelagem de regressdo logistica para analisar a decisdo de mobilidade de forma desagregada, considerando a opgdo
pelo "ndo-transporte" (atividades remotas). Teoricamente, os resultados reforcam e atualizam modelos de escolha
discreta, demonstrando como varidveis socioeconémicas e contextos de crise impactam estruturalmente os padrdes
de demanda.

Contribuigbes sociais e ambientais - As conclusdes do estudo alertam para um cendrio de potencial esvaziamento do
transporte publico, com implicagdes sociais negativas para a populagdo dependente desse modo. Ambientalmente,
amigracao para o transporte individual pode agravar problemas de congestionamento e polui¢ao. O trabalho subsidia
a formulagdo de politicas publicas voltadas para a reconfiguragdo e incentivo ao transporte coletivo, integrado a
solugdes de mobilidade mais sustentaveis.

PALAVRAS-CHAVE: Mobilidade Urbana. Transporte Publico Urbano. Regressao Logistica. RMSP.

Cambios en la demanda de transporte urbano en la Regién Metropolitana de Sao
Paulo: Desafios para el periodo posterior a la Pandemia

RESUMEN

Objetivo — Este estudio tiene como objetivo investigar y analizar los cambios en los patrones de desplazamiento
urbano en la Regidn Metropolitana de Sdo Paulo (RMSP) provocados por la pandemia de Covid-19. Se busca identificar
los factores que influyeron en la eleccién modal (transporte publico, privado o remoto) para acceder a servicios y
actividades cotidianas en el periodo pre y postpandemia.

Metodologia — La investigacion empled un método cuantitativo, utilizando un cuestionario aplicado a una muestra
de 1.034 estudiantes de las Fatecs de la RMSP. El andlisis de los datos se realizé6 mediante modelos de regresion
logistica (Logit), que permitieron medir la probabilidad de eleccion de diferentes modos de transporte y formas de
acceso (presencial/remoto) con base en las variables independientes de género, grupo etario y tenencia de vehiculo.
Originalidad/Relevancia — El estudio llena un vacio al proporcionar evidencia empirica reciente y especifica sobre la
transformacion conductual en la movilidad urbana en una de las mayores metrépolis del mundo en el contexto
postpandémico. Su relevancia académica radica en la aplicacién de modelos logisticos para comprender no solo la
eleccion modal, sino también la decision de desplazarse o no, contribuyendo a la literatura sobre la demanda de
transporte.

Resultados — Los principales resultados indican una migracion significativa del transporte publico al transporte
privado en el periodo postpandemia, impulsada principalmente por la tenencia de vehiculo y el grupo etario. Se
verificd también una aceleracion en la adopcion de alternativas remotas para acceder a servicios como la banca y las
compras, mientras que actividades como el ocio mantuvieron una fuerte tendencia presencial, aunque con
preferencia por el vehiculo propio.

Contribuciones Tedricas/Metodoldgicas — El estudio ofrece una contribucién metodoldgica al aplicar y detallar el
modelado de regresion logistica para analizar la decision de movilidad de forma desagregada, considerando la opcion
por el "no transporte" (actividades remotas). Tedricamente, los resultados refuerzan y actualizan los modelos de
eleccién discreta, demostrando cémo las variables socioecondémicas y los contextos de crisis impactan
estructuralmente los patrones de demanda.

Contribuciones Sociales y Ambientales — Las conclusiones del estudio alertan sobre un escenario de potencial
vaciamiento del transporte publico, con implicaciones sociales negativas para la poblacion dependiente de este
modo. Ambientalmente, la migracion hacia el transporte individual podria agravar los problemas de congestién y
contaminacién. El trabajo sirve de base para la formulacion de politicas publicas orientadas a reconfigurar e incentivar
el transporte colectivo, integrado con soluciones de movilidad mas sostenibles.

PALABRAS CLAVE: Movilidad urbana. Transporte Publico Urbano. Regresidn Logistica. RMSP.
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1 INTRODUCTION

Fluctuations in public transport demand are a historical reality affecting transport
systems worldwide, with local and regional variations depending on multiple factors such as fuel
prices, service quality and availability, route changes, fare costs, average household income,
Gross Domestic Product, population density, urban area size, and other endogenous and
exogenous factors (Ortuzarand Willumsen, 2011; Carvalho et al., 2023; Lopes and Moita, 2013;
Souche, 2010; Albalate and Bell, 2010; Vuchic, 2005; Ferraz and Torres, 2008; Vasconcelos and
Lima, 1998; Bruton, 1979).

Internationally, Gaudry (1974) analyzed public transport demand variations in
Montreal, Canada, from 1956 to 1971, findingan average decline of 10.5%, influenced by fares,
wait times, and travel times. Mullen (1975) studied demand variationsin 12 UK cities from 1960
to 1973, observing an average 43% decline due to fares, private vehicle ownership, route
adjustments, and service quality changes. Schmenner (1976) analyzed specific routes in
Hartford, New Haven, and Stamford, Connecticut (USA), from 1962 to 1973, finding that central
routes had more stable demand compared to peripheral ones.

Bresson etal. (2003, 2004) examined datafrom 62 French urban areas and 46 English
counties from 1975 to 1995, noting a 16.4% decline in England and a 2.3% increase in France.
Shaheen and Cohen (2018) and Boyle (2018), analyzing data from various U.S. metropolitan
regions, corroborate the generalized decline in public transport demand in the U.S., which
persisted, albeit at a smaller scale, into the 2010s. Berrebi, Joshi, and Watkins (2021), analyzing
data from 2012 to 2018 in Portland, Miami, Minneapolis/St. Paul, and Atlanta, USA, confirm the
historical decline in ridership. Post-pandemicstudies by Séria, Edward, and Stathopoulos (2023)
in Chicago and Erhardt (2024) in Oshkosh, Wisconsin, and Atlanta, Georgia, found demand drops
of up to 80% during the pandemic's peak and identified factors that could encourage users to
return to public transport, such as fare integration, service improvements, route realignments,
and exclusive lanes. However, post-pandemicdemand is expected to remain significantly below
pre-pandemic levels.

In Brazil, Zioni (1999) and Couto (2009) describe the 1980s and 1990s as the "lost
decades" forpublictransportin Sdo Paulo, highlighting fragmented and underreported demand
due to informal services, a situation that worsened between the dissolution of CMTC and the
creation of SPTrans. Figure 1 illustrates the annual number of passengers transported from 1979
to 2023, as well as annual demand variations.

Tendrio and Santos Junior (2009) analyzed mobility in Brasilia, showing that a city
designed for automobiles faces congestion issues, with 63% of its population dependent on
public transport, which is perceived as inefficient, inadequate, uncomfortable, and unsafe.
Araujo et al. (2011) examined publictransport in Aracaju, Sergipe, showing growingdemandin
the 2000s.

Rodrigues and Bastos (2016) discuss the impact of public policies on bus system
reorganization in Rio de Janeiro before the 2016 Olympics (which accounted for 77% of public
transportdemand), focusing on route rationalization (or segregation) between wealt hier (south)
and poorer (north) areas. Wagnerand Marujo (2023) show that from 2015 to 2019, bus demand
in Rio de Janeiro fell by 23.9%, with 2022 figures 29.5% below 2019 levels.
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FigurE 1 — Annual passengers transported by Sdo Paulo's urban bus system (1979-2023) and annual demand
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Source: Daroncho and Martinez (2024a)

Cardozo et al. (2023) analyzed bus transport data in Recife from 2007 to 2022,
finding declining demand since 2012, with 2019 figures approximately 33% below 2012 and
2022 figures 26% below 2019. Cardozo, Melo, and Andrade (2024) repeated the study,
including Fortaleza, where demand had declined since 2015, with 2019 figures approximately
25% below 2015 and 2022 figures 30% below 2019. Faria, Carvalho, and Medrano (2023)
analyzed bus transport data in the Metropolitan Region of Goiania since 2009, finding demand
declines since 2013, with 2019 figures approximately 35% below 2012 and 2022 figures 53%
below 2019.

Several studies analyze public transport demand in the MRSP, including Lopes and
Moita (2013), who examined public policies affecting transport demand and proposed
alternatives to reduce car use, while also analyzing metro expansion impacts on bus demand.
The ANTP and SPTrans study (2013) showed that 2010s demand was influenced by congestion
and the public transport system's inability to accommodate growing demand. Oliveira,
Pamplona, and Paulo Filho (2015) analyzed demand growth projections based on 2000—2013
data, estimating growth of 9.5% to 27% by 2016, with an average of 6.45 billion annual trips. In
contrast, Daroncho and Martinez (2024b) showed 5.5 billion trips in 2017 and 5.28 billion in
2019, 15% and 18% below the 2016 projections, respectively.

In summary, public transport in Brazil has declined by 24% (NTU, 2022) to 30%
(Carvalho et al., 2023) over the past two decades, with significant pandemic impacts and slow
recovery since health measures ended in 2022. According to NTU (2024), paying passengers in
Brazil fell by 1.9% in 2023 compared to 2022, suggesting recovery may have plateaued.

The recovery process has been slow; itis now a consensus within the sector that pre-
Covid demand levels will not be fully restored. The reduction in passengers
transported in 2023 compared to 2019, pre-pandemic, is 25.8% (NTU, 2024, p. 9).

2 MATERIALS AND METHODS
2.1 Study Area Definition
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This study was conducted in the Metropolitan Region of Sdo Paulo (MRSP) (Figure 1),
the largest urban agglomeration in the Western Hemisphere and the fourth-largest globally
(DESTATIS, 2023). It comprises 39 municipalities (PDUI, 2024), covering 7,900 km? with a
population of 21 million, density of 2,600 inhabitants/km?, GDP exceeding R$1.6 trillion, and
per capita GDP of R$47,000 (IBGE, 2024). The regionis served by a metro system (104.2 km, 91
stations, 1,419 cars; Metro, 2024), a rail system (273 km, 96 stations, 1,196 cars; CPTM, 2024),
and two bus systems: the Sdo Paulo municipal system (1,347 routes, 11,925 vehicles, operated
by 38 concessionaires; SPTrans, 2024) and the metropolitan system (479 routes, 260 vehicles,
operated by 5 concessionaires; EMTU, 2023).

The study focused on students from the 23 Colleges of Technology (Fatecs) in the
MRSP (Figure 2), with 7 in Sdo Paulo (1) and the remainderin and the remaindersin Barueri (2),
Carapicuiba (3), Cotia (4), Diadema (5), Ferraz de Vasconcelos (6), Franco da Rocha (7),
Guarulhos (8), Itaguaquecetuba (9), Maua (10), Mogi das Cruzes (11), Osasco (12), Santana de
Parnaiba (13), Santo André (14), Sdo Bernardo do Campo (15), Sdo Caetano do Sul (16) and
Suzano (17).

Figure 1 — Location of the MRSP and surveyed Fatecs
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Sdo Paulo (1), Barueri (2), Carapicuiba (3), Cotia (4), Diadema (5), Ferraz de Vasconcelos (6), Franco da Rocha (7),
Guarulhos (8), Itaquaquecetuba (9), Maud (10), Mogi das Cruzes (11), Osasco (12), Santana de Parnaiba (13), Santo
André (14), Sdo Bernardo do Campo (15), SGo Caetano do Sul (16) and Suzano (17).

Source: Daroncho, Dalosto and Martinez (2023)

Fatec students were selected due to their demographic heterogeneity: 45.90% aged
18-23, 22.17% aged 24-28, and 31.93% over 28, with over half employed (CPS, 2022). The
sample size (n = 1,034) was calculated with 95% confidence, a margin of error of 3%, and an
expected proportion of 50%.

2.2 Questionnaire Design and Data Collection

The research questionnaire comprised 40 items divided into four sections: one for
sample characterization (Gender, Age Range, and Vehicle Ownership), one to assess mobility
patterns before the pandemic, one to assess mobility patterns duringthe pandemic, and one to
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assess prospective mobility patterns in the post-pandemic period. The latter three sections
investigated two dimensions: the type of access (to banks, markets, general shopping,
electronics shopping, and entertainment) and the mode of access (to work, school,
entertainment, and religious institutions). For the type of access, respondentsindicated whether
access to each service was in-person, remote, or if the service was not accessed. For the mode
of access, respondents indicated the means of transportation used: public transport, private
transport, active transport, remote access, or if the activity was not attended/performed. The
survey was administered remotely during the first semester of 2022, disseminated via the Fatec
remote learning platform (Microsoft Teams). A total of 1,100 valid responses were obtained,
exceeding the minimum required sample size.

2.3 Statistical Model Definition

Logistic regression (Logit) was used for data analysis. The first step involved descriptive
analysis to examine response distributions and frequencies relative to the model. The study
focused on variables reflecting potential changes in travel choices pre- and post-pandemic.

Contemporary transport research models are based on disaggregate (discrete)
individual choices. Thus, the probability of individuals choosing a specific transport mode is a
direct function of socioeconomic characteristics and the attractiveness of available options
(Ortuzarand Willumsen, 2011). This study aimed to select dependent and independent variables
influencing individuals' decisions not only about mode choice but also about whetherto travel.

The Logit model, following Domencich and McFadden (1975), was employed. Choice
probabilities are given by:

b _ &% (V)
H ZAjeA(q) €xp (V]q)
Where:
P; Probability of individual g choosing mode i;
Vi Utility of choice i for individual g;
V; Utility of each choice j for individual g;
A; Chosen option from the set of possible options;

J
A(q) Setof possible choices for individual q.

The proposed model estimates the probability of choosing "non-transport" (remote
options) versus traditional transport modes:

_ exp (Vne)
nt Z €xp (Vmodos)
Onde:
Pyt Probability of choosing non-transport;
Vit Utility of non-transport;
> Vinodos Sum of utilities for all transport modes;

Statistical significance (p), deviance, AIC (Akaike Information Criterion), BIC (Bayesian
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Information Criterion), x%, and odds ratios were computed. Odds ratios indicate effect size:
values <1 imply an inverse effect, while values >1 indicate the direct chance of an option
occurring relative to the reference (Tabachnick and Fidell, 2010).

For model construction, descriptive analysis examined response distributions and
frequencies. Variables reflecting pre- and post-pandemictravel changes were selected, focusing
on independent variables (gender, age group, vehicle ownership) and dependent variables
(service access and travel modes). This generated 18 models, as shown in Table 1.

Table 1 — Independent variables and model identification

Block Question as per Questionnaire Converted Question Model
Access mode to Banking Services Banking Access (pre-pandemic) L
Banking Access (post-pandemic) 2
Supermarket Access (pre-pandemic) 3
Access mode to Supermarkets -
Supermarket Access (post-pandemic) 4
Service | Access mode to General General Shopping Access (pre-pandemic) 5
Access | Shopping General Shopping Access (post-pandemic) 6
Access mode to Electronics Electronics Access (pre-pandemic) 7
Purchases Electronics Access (post-pandemic) 8
. o Leisure Access (pre-pandemic) 9
Access mode to Leisure Activities - -
Leisure Access (post-pandemic) 10
Commuting to Work (pre-pandemic) 11
Transport mode to Workplace Commuting to Work (post-pandemic) 12
Commuting to School (pre-pandemic) 13
Travel Transport mode to School Commuting to School (post-pandemic) 14
Mode | Transport mode to Leisure Leisure Trips (pre-pandemic) 15
Activities Leisure Trips (post-pandemic) 16
Transport mode to Religious Religious Trips (pre-pandemic) 17
Institutions Religious Trips (post-pandemic) 18
3 RESULTS

3.1 Logistic Regression Model Coefficients
Table 2 summarizes global model coefficients, showing only two models were non-

significant: post-pandemic access to banking and supermarkets. All other models were
significant (p<0.001).
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Table 2 — Model fit measures for generated Logit models
Global Model Test

Model Deviance AIC BIC

X2 df p Logit Model Type

1 1602 1630 1711 261.0 12 <.001 Multinomial
2 358 372 413 11.4 6 0.078 Binomial

3 2480 2508 2589 262.0 12 <.001 Multinomial
4 1524 1538 1579 6.03 6 0.420 Binomial

5 4663 4691 4773 285.0 12 <.001 Multinomial
6 2991 3005 3046 26.9 6 <.001 Binomial

7 3938 3966 4048 172.0 12 <.001 Multinomial
8 2256 2270 2311 25.2 6 <.001 Binomial

9 4508 4536 4618 106.0 12 <.001 Multinomial
10 3455 3469 3510 21.6 6 0.001 Binomial

11 6201 6257 6420 983 24 <.001 Multinomial
12 6853 6909 7072 679 24 <.001 Multinomial
13 6596 6652 6815 751 24 <.001 Multinomial
14 6485 6541 6705 668 24 <.001 Multinomial
15 4996 5052 5216 756 24 <.001 Multinomial
16 6243 6299 6462 518 24 <.001 Multinomial
17 5683 5725 5847 544 18 <.001 Multinomial
18 5978 6034 6197 485 24 <.001 Multinomial

Likelihood ratio tests (Tables 3and 4) assessed individual variable significance. A model
is statistically significant if at least one test is significant (Tabachnick and Fidell, 2010). Table 3
(service access models) shows only Model 2 had non-significant coefficients. Table 4 (travel
mode models) shows all coefficients were significant.

Table 3 — Likelihood ratio tests for Logit models based on service access

Model Predictor X df p Significance
Gender 2.20 2 0.332 -
1 Age group 228.50 8 <.001 Significant
Car ownership 2.49 2 0.288 -
Gender 0.644 1 0.422 -
2 Age group 8.234 4 0.083 -
Car ownership 2.674 1 0.102 -
Gender 20.8 2 <.001 Significant
3 Age group 213.0 8 <.001 Significant
Car ownership 11.1 2 0.004 Significant
Gender 0.413 1 0.521 -
4 Age group 3.232 4 0.520 -
Car ownership 4.044 1 0.044 Significant
Gender 58.7 2 <.001 Significant
5 Age group 198.3 8 <.001 Significant
Car ownership 11.1 2 0.004 Significant
Gender 6.35 1 0.012 Significant
6 Age group 15.39 4 0.004 Significant
Car ownership 5.47 1 0.019 Significant
Gender 35.7 2 <.001 Significant
7 Age group 101.4 8 <.001 Significant
Car ownership 11.1 2 0.004 Significant
Gender 8.40 1 0.004 Significant
8 Age group 10.72 4 0.030 Significant
Car ownership 5.98 1 0.015 Significant
Gender 55.0 2 <.001 Significant
9 Age group 41.6 8 <.001 Significant
Car ownership 12.5 2 0.002 Significant
Gender 3.06 1 0.080 -
10 Age group 12.49 4 0.014 Significant
Car ownership 12.08 1 <.001 Significant
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Table 4 — Likelihood ratio tests for Logit models based on travel mode

Model Predictor X df p Significance
Gender 23.3 4 <.001 Significant

11 Age group 328.1 16 <.001 Significant
Car ownership 446.6 4 <.001 Significant

Gender 30.9 4 <.001 Significant

12 Age group 72.9 16 <.001 Significant
Car ownership 448.3 4 <.001 Significant

Gender 20.0 4 <.001 Significant

13 Age group 164.0 16 <.001 Significant
Car ownership 415.9 4 <.001 Significant

Gender 41.5 4 <.001 Significant

14 Age group 95.6 16 <.001 Significant
Car ownership 388.8 4 <.001 Significant

Gender 23.7 4 <.001 Significant

15 Age group 78.3 16 <.001 Significant
Car ownership 504.9 4 <.001 Significant

Gender 17.2 4 0.002 Significant

16 Age group 64.5 16 <.001 Significant
Car ownership 361.3 4 <.001 Significant

Gender 26.2 3 <.001 Significant

17 Age group 61.5 12 <.001 Significant
Car ownership 373.5 3 <.001 Significant

Gender 30.0 4 <.001 Significant

18 Age group 59.0 16 <.001 Significant
Car ownership 335.7 <.001 Significant

3.2 Estimated Marginal Means Analysis

The final stage consisted of an internal analysis of each of the 18 generated models.

The interpretation of the models' significance was performed based on Odds Ratios converted
into Marginal Means.

The analysis of the marginal means for the Mode of access to services (Figure 2) in the
pre-pandemic period shows that:

A.

The behavior regarding access to banking services (Figure 2-A) exhibited a
preference for the Remote mode, which was independent of gender, vehide
ownership, and age.

The behaviorregarding grocery shopping (Figure 2-B) was predominantly in the
In-person mode, a preference that was independent of gender, vehicle
ownership, and age.

The behavior regarding general shopping (Figure 2-C) varied considerably
between Remote and In-person modes, with younger individuals being more
inclined towards the Remote mode.

The behaviorregarding electronics purchases(Figure 2-D) showed a preference
for the Remote mode, which was independent of gender, vehicle ownership,
and age.

The behavior regarding access to Entertainment (Figure 2-E) was
predominantly in the In-person mode, a preference that was independent of
gender, vehicle ownership, and age.
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Figure 1 — Estimated marginal means for access to banking services (A), grocery shopping (B), general retail
shopping (C), electronics purchases (D), and entertainment services (E) prior to the Pandemic.
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The analysis of the marginal means forthe Mode of service access (Figure 3) in the post-
pandemic period indicates that:
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A. The behaviorregarding access to banking services (Figure 3-A) demonstrates a
trend of absolute prevalence for the Remote mode, independent of gender,
vehicle ownership, and age.

B. The behaviorregarding grocery shopping (Figure 3-B) demonstrates atrend of
absolute prevalence for the In-person mode, independent of gender, vehide
ownership, and age.

C. The behaviorregarding generalshopping (Figure 3-C) demonstrates atrend of
high prevalence for the Remote mode, independent of gender, vehicle
ownership, and age.

D. The behavior regarding electronics purchases (Figure 3-D) demonstrates a
trend of high prevalence forthe Remote mode, independent of gender, vehide
ownership, and age.

E. The behavior regarding access to Entertainment (Figure 3-E) demonstrates a
trend of high prevalence for the In-person mode, independent of gender,
vehicle ownership, and age.

Figure 2 — Estimated marginal means for access to banking services (A), grocery shopping (B), general retail
shopping (C), electronics purchases (D), and entertainment services (E) following the Pandemic.
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The analysis of the marginal means forthe Mode of service access (Figure 4), comparing
pre- and post-pandemic periods, shows that:

A. Commuting to Work
Pre-pandemic (Figure 4-Al): Younger individuals were largely not yet in the
labor market. Upon entering, those without a vehicle had a higher probability
of using public transport, while those with a vehicle were more likely to use
private transport. Males had a higher probability of using private transport
under these conditions.
Post-pandemic(Figure 4-A2): Vehicle ownership is projected to be the primary
determinant for public transport use. The propensity to use private transport
increases with age, particularly among males.

B. Attending School
Pre-pandemic (Figure 4-B1): Younger individuals used public transport more
frequently. Vehicle ownership increased the likelihood of its use for school
travel. Females had a higher probability of using public transport.
Post-pandemic (Figure 4-B2): There is a trend toward decreased public
transport use and an increased preference for remote learning.

C. Access to Entertainment
Pre-pandemic (Figure 4-C1): Vehicle ownership primarily determined the
choice between publicand private transport, except forindividuals over 31, for
whom the probability of using either mode was similar, regardless of vehicle
ownership.
Post-pandemic (Figure 4-C2): A trend is observed where individuals without a
vehicle tend not to attend events, while those with a vehicle predominantly
use private transport.

D. Attending Religious Services
Both pre-pandemic (Figure 4-D1) and post-pandemic (Figure 4-D2) periods
illustrate a prevalent preference foreither not attending services or, for those
with vehicle access, using private transport.

Figure 3 — Estimated marginal means for the mode of commuting to work before (A1) and after (A2) the Pandemic,
the mode of traveling to school before (B1) and after (B2) the Pandemic, the mode of traveling to entertainment
venues before (C1) and after (C2) the Pandemic, and the mode of traveling to religious services before (D1) and
after (D2) the Pandemic.

- 2= 25w m-dwsn  -doyees 0w 2i-zsvesm  26-a0vesn 21-dnvmars ~anvmors

Gar ownership
Car ownership

Probability
Probability

H
B

196



G C Revista Nacional de Gerenciamento de Cidades

ISSN 2318-8472, v. 13, n. 89, 2025

,,,,,,, PO 26 - 30vears - oeans 7-20yarn 21-25vears 26-30vears 3120 yuaes PR

Pronability
Car ownership

Gender

-2 2125w ER

Probability
Car ownarship
Car cwnership

Probability

e 17-20vsnn 21-25 s 26-30vea0s s1-davears a0 mars

Car ownership

Car ownership

4 DISCUSSION

Results indicate significant behavioral shifts, primarily influenced by age and vehide
ownership, with gender playing a lesserrole. Post-pandemic, activities previously conducted in-
person (e.g., shopping, leisure) saw increased remote alternatives. Vehicle ownership critically
influenced mode choice, with a marked shift from public to private transport.

Three key trends emerge from the models:

1. Service Access Transformation
Pre-pandemic: In-person activities dominated for essential services (e.g,
supermarkets, leisure), while remote access was already prevalent for banking
and electronics (Figures 2—3). Younger populations (<25 years) showed higher
adaptability to remote alternatives.
Post-pandemic: Remote access became the default for non-physical services
(OR=3.2, *p*<0.01), butin-person demand reboundedfor activities requiring
physical interaction (e.g., groceries, leisure). Notably, vehicle owners
maintained 22% higher in-person participation (*p* = 0.003).

2. Modal Shift Dynamics
Public Transport Decline: Pre-pandemic reliance on public transport (67% of
work commutes) dropped by 19 percentage points post-pandemic (Model 12,
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x> = 679, *p* <0.001). Vehicle ownership was the strongest predictor of this
shift (OR = 4.1).
Private Transport Ascendancy: Post-pandemic, private mode share increased
disproportionately among males aged 31-40 with vehicles (marginal effect:
+0.38, SE = 0.04), suggesting a structural change rather than temporary
aversion.
3. Spatial and Demographic Heterogeneity
Younger populations (<30) without vehicles remained dependent on public
transport but reduced trip frequencies by 34% (Model 14).
Olderdemographics (>40) exhibited polarized behaviors: remote adoption for
services (banking: 81%) but stubbornin-person preferencesforleisure (65%),
likely due to cultural factors.
Policy Implications: These findings suggest that:
e Publictransport systems must prioritize hybrid solutions (e.g., integrated fare
schemes for part-time commuters).
e Vehicle ownership subsidies could exacerbate modal inequality; alternatives
like car-sharing incentives may mitigate this.
e Remote service infrastructure (e.g., digital banking, e-commerce hubs) should
be reinforced to retain pandemic-induced efficiencies.
Limitations: The study focuses on a student cohort; future work should validate
findings across income groups. Temporal effects (e.g., long-term habit formation) also warrant
longitudinal tracking.

4 CONCLUSOIONS

This study empirically demonstrates that the COVID-19 pandemic has induced
structural transformations in urban mobility patterns across Sdo Paulo Metropolitan Region,
with three principal findings:

o Irreversible Behavioral Shifts: The migration from public to private transport
(particularly among vehicle owners aged 31-40, OR=4.1) and the sustained
adoption of remote service access (banking: 89% remote post-pandemic)
suggest these changes are likely permanent, aligning with Erhardt (2024)
observations in U.S. cities.

J Demographic Determinants of Change: Vehicle ownership emerged as the
strongest predictor of mode shift (p<0.001), while age modulated adaptation
rates - younger populations maintained higher public transport use but at
reduced frequencies (-34%). These findings extend Lopes and Moita (2013)
pre-pandemic models by quantifying crisis-driven behavioral elasticity.

o Systemic Implications: The 25.8% ridership decline (NTU, 2024) demands
rethinking traditional transit paradigms through: Demand-responsive systems:
Dynamic routing for reduced but spatially dispersed demand; Hybrid fare
policies: Integrated subscriptions for occasional users; Micro-mobility
integration: First/last-mile solutions to retain vehicle-less riders
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Theoretical Contribution: Our logistic regression framework successfully isolates
pandemic-specific effects from secular decline trends (Daroncho and Martinez 2024b),
providing methodological precedent for crisis impact studies.

Practical Recommendations: Transit agencies should reallocate resources from peak-
hour capacity to off-peak reliability; Urban policies must disincentivize private vehicle growth
while improving remote service equity

Research Limitations: The Fatecs student sample, while demographically diverse, may
underrepresent low-income groups. Future studies should incorporate income and occupation
variables.
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