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Abstract: The COVID-19 emergency forced cities worldwide to adopt measures to restrict travel and
implement new urban public transport solutions. The discontinuity and reduction of services made
users recognize public transport systems as contamination vectors, and the decrease in the number
of passengers can already be seen in several places. Thus, this study assessed the impact of the
COVID-19 pandemic on urban public transport. We used hybrid choice models (HCMs) to identify
the new barriers and potential solutions to increase users’ perception of safety, considering preexistent
perceptions of public transportation quality. We used data from an online survey with users of public
transportation in a metropolitan area in southern Brazil. We identified that the main barriers to using
public transport during virus transmission are related to the system characteristics that force constant
interaction with other passengers. Crowded vehicles and crowded stops/stations were considered
the most detrimental factor in feeling safe while riding in the COVID-19 outbreak. Countermeasures
that reduce the contact with other passengers—directly (limit the number of passengers in vehicles)
or indirectly (operate with large vehicles)—and increase offers are possible solutions to make users
feel safe while riding. The results of this research might help reduce passenger evasion and migration
to more unsustainable transport modes.

Keywords: COVID-19; public transport; hybrid discrete choice models; infection prevention policies

1. Introduction

At the end of 2019, an aggressive virus with the ability to spread worldwide ap-
peared to change the norms for social relations, consumption, and mobility patterns. The
SARS-CoV-2 virus, which caused a worldwide COVID-19 (Coronavirus Disease 2019) pan-
demic, has infected more than 100 million and killed more than 2 million people worldwide,
with numbers still rising [1]. While scientists were still learning about this new virus behav-
ior, cities adopted different strategies to prevent its spread, acting to restrict travels with
measures such as controlled distance and more severe ones, such as the lockdown [2,3].

During the pandemic, passenger transport stopped or suffered a drastic reduction [4],
either due to reduced demand or due to the users’ perception that transport systems
are potential transmission vectors. However, it is necessary to emphasize that reducing
supply affects a fundamental citizen’s right: access to transport. About a third of Brazilian
citizens, the case study analyzed in this paper, are users of urban public transport (PT)
and rely on this transport mode for daily commuting [5]. The offer reduction also results
in reduced access to health services. A study performed in the twenty largest cities in
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Brazil showed that more than half of the vulnerable population could not walk to health
assistance, requiring public transport services [6].

The main risks in the use of PT are associated with: (i) confined spaces and limited
ventilation of vehicles; (ii) scarce access control to identify passengers who may be ill;
and (iii) the existence of multiple surfaces, such as seats, handrails, doors, and ticketing
machines, which easily transfer the virus and are inevitably touched [7]. Due to the risk
perception associated with the use of PT, studies have shown that this scenario favors
the greater use of private motorized vehicles to the detriment of collective transportation
modes to avoid contact with unknown people [8]. Even regular PT passengers tend to
change their travel behaviors, replacing transit for motorcycles, rides with on-demand
service apps, or bicycles [9]. In Brazil, the National Association of Bus Operators reported
an average reduction of 71% in demand for public bus passengers during the first wave.
That is, 30 million passengers stopped traveling across the country [10].

The PT sector perspective is even darker since it was already suffering from passenger
reduction before the pandemic. The number of paying passengers reduced by more than
25% in Brazil from 2017 to 2019 [11]. The evasion is due to low service quality, an unpleasant
environment, and public-security-related problems that affect the overall satisfaction of
users of different age groups [12]. Brazil is not an exception. The number of users of public
transport is also decreasing in other countries around the world [13–16]. The pandemic
aggravates this scenario, creating new obstacles to choose commuting by PT and making it
necessary to implement actions and policies to maintain the service financially [17].

As a result of the COVID-19 pandemic, major transport authorities around the world
have reported up to a 95% reduction in users [18]. Thus, researchers and specialists strive
to analyze the consequences and impacts of SARS-CoV-2 and their different variants in
PT [19]. Subbarao and Kadali [20] suggested a methodology for post-lockdown PT system
operation: (a) creating a public database for screening, (b) strategy for the public transport
operating system, (c) control measures for the public at transit stations and vehicles,
(d) public transport disinfection system, and (e) strengthening of the public transport
system and addressing ridership issues. Mesgarpour et al. [21] used a machine learning
approach that violated an optimal range of temperature, humidity, and ventilation rate to
maintain human comfort while minimizing the transmission of droplets.

Aghdam et al. [22] investigated COVID-19-related behaviors in the public transport
system; their results suggest that gender, type of vehicle, age, and SES were significant
predictors of nonadherence to COVID-19 preventive behaviors in public transport during
the pandemic. Still, some authors have attempted to understand public transport satis-
faction after the COVID-19 pandemic [23]. Other several studies evaluated the impact of
COVID-19 on the sustainability of the transport system and human mobility [24–30].

Although these research studies brought relevant contributions, it is essential to iden-
tify new barriers and potential solutions that prevent user migration to less sustainable
transport modes. To the best of our knowledge, most studies were carried out in other con-
texts. Perceptions and cultural issues can vary in different contexts, as can the dependence
and quality of the public transport system. In this way, researchers and experts in public
transport could use scarce resources more accurately.

In this context, three questions arise. First, which are the new barriers to the use
of PT created by the COVID-19 disease? Second, which immediate measures (counter-
measures) can increase users’ perception of protection while riding PT? Finally, how do
the preconceived perceptions of PT quality affect the perception of safety for the barriers
and countermeasures under study? Answering these questions can help governments
and operators implement more effective actions to increase user perception that PT is
COVID-19-safe. This research assessed the impact of the COVID-19 pandemic on PT under
the users’ perspective in the context of Latin American cities. The general perception that PT
is unreliable and unsafe, the long commuting hours, and the more restrictive transportation
option due to the strong impact of transportation cost on families’ budget [31] brings to the
discussion local specificities that affect user experiences before and after COVID-19. We
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aimed to control the effects of the previous experiences with latent variables constructed
from PT quality indicators. Using these data from an online survey applied to PT users
throughout a metropolitan area in southern Brazil, we estimated three different hybrid
discrete choice models to understand the barriers and countermeasures to contain the
SARS-CoV-2 outbreak.

2. Background on COVID-19 in Public Transport

COVID-19 is a relatively new disease. Different research areas are struggling to
understand its consequences on health and its social and economic impacts in various
communities. This section presents a brief background focused on its implications in
PT. This item offers a small discussion about countermeasures implemented in different
countries and how perceptions play a central role in travel behavior. Since the subject is
still new and more research is continually being published, we do not pretend to exhaust
the scientific information hitherto known but highlight points that are essential for further
discussions.

2.1. The Roles of Urban Public Transport: From High Risk to Essential Service

Since the beginning of the COVID-19 crisis, public transport has been seen as an
infectious disease vector.

The transmission can occur in two ways: (i) by inhalation and (ii) by contact [32].
These ways of infection bring pieces of evidence about the need for constant surface
hygiene and ventilation. Inhalation is the primarily responsible type of contagious indoor
infections [33]. The contact, on the other hand, can be direct or indirect. Direct contact is
related to close contact and direct fluid exchange. Indirect contact infection occurs when a
healthy individual touches the mouth, nose, or eyes after touching a contaminated surface
touched and infected by sick individuals. Studies with other SARS-CoV family viruses
demonstrated that the virus could persist on inanimate surfaces for nine days, depending
on temperature and surface materials [34].

During the pandemic, a few solutions to identify ill individuals and prevent infection
are proposed based on these symptoms such as the use of facial masks, trying to avoid
droplets spread by cough, or fever screening. Screening is a solution used in different
countries as a way to prevent disease spread. However, this is an “imperfect barrier
to spread”, missing 50–75% of the infected cases [35]. During the incubation period,
the symptoms cannot be detected, and some individuals might be asymptomatic [36].
The possibility of contaminated individuals being asymptomatic makes it challenging
to recognize them and forces governments to promote preventive actions such as social
distance or lockdown.

Experience with other respiratory viruses has shown that some infection clusters
originated in transport systems [37,38]. This assumption is based on the fact that closed
environments can increase the contamination value (R0), reaching a number close to 2.8 [39].
These values indicate that vehicles and terminal passenger transport stations can produce
“overspread” events contaminating a large number of users. Other studies conducted in
New York City (USA) and Wuhan (China) reported a high correlation between the rail
system and new infections [40,41]. However, the studies missed some critical factors to
attest cause–effect and did not significantly correlate to other PT modes. Therefore, there is
still no evidence that PT is responsible for increasing infections, perhaps due to the rapid
response of operators and governments to introduce countermeasures that prevent virus
spread. However, it is true that the transport public system environment bunches a set of
conditions that can favor the virus transmission.

PT vehicles (e.g., buses, trams, rails, and subways) usually are closed spaces with
deficient ventilation [37]. System operators also admit, and expect, a high concentration
of users during peak hours, where the recommended social distancing is not possible to
maintain. The high number of passengers makes the control system more complicated, and
there is a probability of not detected ill individuals being close to non-ill. Finally, users
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need to contact different surfaces that can be contaminated, such as handrails, turnstiles,
and even ticket money [7].

In Latin American cities, the risk could be higher due to the long journey trips and
the length of the exposure time window [37]. Long commuting is already associated with
different health impacts, such as depression [42]. It is related to unequal patterns in access to
jobs and public services, generating a substantial effect on the population travel pattern [43].
Groups with lower incomes are usually spatially segregated and limited regarding mobility
and accessibility conditions [44]. Additionally, the PT service offered is unreliable, and
transport costs substantially impact the family budget [31]. However, in some cases, public
transportation is the main or the only option for vulnerable communities.

Since the mobility pattern and opportunity distributions are not equal in different
populations, it is expected that lockdown measures would not have the same impact [45].
The equity implications are significantly higher for essential workers that do not have tele-
working as an option. Many of these workers are in low-income groups (e.g., supermarket
employees) and depend on public transit to keep working [41,46]. A study conducted in
seven regions in Colombia reinforced these arguments [47]. The authors found a lower
demand reduction in public transit than car trips, mainly because essential workers use PT
to continue working.

Therefore, improving travel conditions on public transport is a matter of social equity
and public health. Studying solutions to guarantee safe journeys and increase the percep-
tion of safety by users is essential. It is vital to organize robust emergency management
programs to ensure that essential services keep working, and managing a resumption of
economic activities is necessary for social well-being [48].

2.2. Making Transit Systems COVID-19-Safe

There is an effort to establish procedures that guarantee the safety of users and onboard
crew in PT. Experiences worldwide have helped create a portfolio of countermeasures that
focus on cleaning vehicles and stops/stations, mask use, and providing social distancing
between users. There are examples of vehicle hygiene procedures in different parts of the
world [49,50]. Pilots with ultraviolet light were conducted on buses and trains in New York
City in an effort to make the transit system safer [51]. However, the effectiveness of this
sanitized effort on vehicles is undermined. They also are human-resources-consuming and
time-demanding [45,47].

Regarding vehicles, another vital measure is ventilation, which is particularly essential
for an onboard crew that spends many hours a day inside the vehicles [7]. Ventilation can
be a particular issue in metro systems, where natural ventilation is not possible. There are a
few pieces of evidence of air conditioning spreading contaminated droplets [52], but no
studies have been conducted so far on an inside vehicle environment.

Extensively used in some Asiatic cultures, the use of masks is passing through a
popularization process during the COVID-19 pandemic. Studies show that face covers can
be more effective in reducing virus spread than disinfection and frequent handwashing [53].
This measure relies on the user’s response to a social appeal since they are responsible for
having their own proper mask and wearing it correctly [37]. In different countries, their
use became mandatory in closed spaces and public transit to guarantee users’ protection.

Another essential countermeasure is the maintenance of social distancing. It is one
of the solutions that have the most consensus in the scientific community. Studies show
that a 1–2 m distance is enough to reduce virus transmission by droplets [54], and public
transit operators are trying to adapt their vehicle layout to this parameter. For instance,
this means that a standard-size 12 m bus will only be allowed to transport 18–20 users
because the position of seated and standing passengers matters [55]. As a consequence
of the capacity reduction, there are expected revenue impacts since it will be necessary
to maintain a certain level of service to meet demand [9], and it might be unsustainable
for massive systems. Despite the financial impact and the difficulty of inspecting, several
Brazilian cities have adopted passenger capacity limits for bus transit systems [56–59].



Sustainability 2022, 14, 2945 5 of 19

There is still a group of measures that seek to avoid the demand for transport and
thus guarantee a smaller number of passengers in the system. Some examples are actions
that encourage telework, virtual meetings, and distance learning. The pandemic forced
many companies to adopt this type of strategy during the lockdown. Experience in practice
can help companies understand teleworking not as an emergency measure but as an
opportunity to improve working conditions and reduce commuting [45]. Other actions,
such as different work schedules, can also prevent crowding at the peak hour, spreading
demand over the day and on different days of the week. Some Brazilian cities adopt
staggered hours as a countermeasure and a peak spreading strategy. The city of Fortaleza
identified a demand reduction of 26% in the morning peak and 19% in the afternoon peak.
The city of Goiânia also found positive impacts: terminal overcrowding reduction and
reduction in public transport complaints [60].

Finally, there are other types of countermeasures with a few pilot experiments in
different cities. Pre-booked seating, temperature checks, only virtual payment, and better
information to passengers regarding bus occupation and location are a few examples of
other possible solutions to make public transit COVID-19-safe [7,55]. However, since all of
these solutions impact operation and costs, it is essential to understand the user’s safety
perceptions and what would make them rely on PT when they need to use it.

2.3. User’s Perception of Transport Quality and Transport Safety

In some cities, public transport usage was reduced by up to 90% during the pan-
demic [61]. Although part of this reduction is a consequence of social distancing and
lockdown restrictions, the other part derives from the perception that public transportation
is not safe [47]. Perceptions play a central role in travel attitudes. They help measure the
individual’s cognitive ability to represent and evaluate the levels of attributes of different
alternatives. The choice process depends on how the levels of attributes are perceived by
individual beliefs [62].

During the pandemic, the choice of using public transport is related to (i) the impos-
sibility of traveling using other modes due to financial, social, or housing restrictions or
(ii) the positive perception of quality and safety. Some authors believe that service quality
results from comparing consumers’ expectations with their perception of the actual service
received [63]. However, there are often gaps between different perceptions of quality, and
these gaps can be significant obstacles in trying to deliver a service that consumers perceive
as a good service. Hence, it is crucial to implement measures that prioritize the quality and
level of safety perceived by users [64].

Since COVID-19 is a new disease and information is continually changing over time,
the users may have misperceptions about how safe it is to use PT. Therefore, communication
plans are essential to provide information on how safe users are during the ride and promote
safer behaviors [37].

3. Data

The data used in this study came from an online survey built using the Google Forms
platform. In an initial stage, a pilot survey was performed to verify the applicability
and test question understanding. After that, the final survey was conducted between
20 June and 24 July 2020. The online survey was disseminated through email lists and
social media networks. In total, 700 responses were obtained across the country. We
selected residents from the Metropolitan Region of Porto Alegre (RMPA) in southern Brazil.
The RMPA was chosen for the significant proportion of answers and to maintain the PT
service characteristics locally since they might vary across the country. Finally, from the
314 residents in the select area, we used the 150 individuals that use PT service at least once
a week.

In order to identify countermeasures to increase safety for users regarding COVID-19
infections in PT systems, the questionnaire included the following items.
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1. The general impact of COVID-19: identification of respondents’ perceptions regarding:
(i) belonging to the risk group, (ii) living with people from the risk group, (iii) fear of
contagion, and (iv) the pandemic situation in the city of residence.

2. Description of mobility patterns during the pandemic: assessment of changes in
mobility pattern, including mode and the main reason for travel.

3. Description of mobility patterns before the pandemic: analysis of the main reason for
travel, transport mode, and PT users’ identification.

4. Description of travel using PT: identifying the type of PT used and week and daily
frequency and evaluating PT quality attribute perception—using a four-point Likert
scale (strongly disagree, disagree, agree, strongly agree).

5. Barriers to the use of PT (perception of risk): ordering from 1 to 7 of the barriers that
make users feel unsafe regarding COVID-19 infections when using PT.

6. Countermeasures to eliminate the barriers (perception of safety): ordering 1 to 7 the
two groups of solutions that users perceived as the safest regarding virus transmission
while using PT.

7. Respondent profile: identification of socioeconomic characteristics of the individuals.

Questions related to travel on PT and barriers and countermeasures that increase the
feeling of safety were applied only to respondents who declared using public transportation
at least once a week. Concerning the countermeasures, they were presented to respondents
divided into two categories. Group 1 of measures is the most commonly adopted in public
transport systems—users who continue to use public transport during the pandemic may
already have experiences with them in place. Group 2 is composed of less applied measures,
generally because they have higher implementation costs or greater operational complexity;
therefore users might be less familiar with them. Table 1 presents the descriptive statistics
of the variables used in the models.

Table 1. Variables’ descriptive statistics.

Variable Group Variable Frequency/Mean—Std.

Individual socioeconomic
characteristics Income

0—Without income: 5 (3%)
1—Up to 1 Brazil minimum wage: 4 (3%)
2—Between 1 and 2 Brazil minimum wages: 21 (14%)
3—Between 2 and 5 Brazil minimum wages: 42 (28%)
4—Between 5 and 8 Brazil minimum wages: 33 (22%)
5—More than 8 Brazil minimum wages: 44 (30%)

Explanatory variables

Risk group proximity 1—Yes: 64 (43%)
0—No: 85 (57%)

Pandemic controlled in the city 1—Yes: 30 (20%)
0—No: 119 (80%)

PT use weekly frequency 1—4 or more times a week: 101 (68%)
0—less than 4 times a week: 48 (32%)

PT use daily frequency 1—3 or more times a day: 61 (41%)
0—less than 3 times a day: 88 (59%)
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Table 1. Cont.

Variable Group Variable Frequency/Mean—Std.

Latent indicators

PT is good

1—Totally disagree: 21 (14%)
2—Disagree: 73 (49%)
3—Agree: 53 (36%)
4—Totally agree: 2 (1%)

PT users are polite

1—Totally disagree: 23 (15%)
2—Disagree: 68 (46%)
3—Agree: 57 (38%)
4—Totally agree: 1 (1%)

PT is comfortable

1—Totally disagree: 24 (16%)
2—Disagree: 71 (48%)
3—Agree: 52 (35%)
4—Totally agree: 1 (1%)

PT is clean

1—Totally disagree: 24 (16%)
2—Disagree: 70 (47%)
3—Agree: 54 (36%)
4—Totally agree: 1 (1%)

PT is usually empty

1—Totally disagree: 68 (46%)
2—Disagree: 70 (47%)
3—Agree: 10 (7%)
4—Totally agree: 1 (≈0%)

I feel safe from robbery while I’m
using PT

1—Totally disagree: 74 (50%)
2—Disagree: 38 (26%)
3—Agree: 35 (23%)
4—Totally agree: 2 (1%)

I feel safe from traffic crashes while
I’m using PT

1—Totally disagree: 23 (16%)
2—Disagree: 33 (22%)
3—Agree: 78 (52%)
4—Totally agree: 15 (10%)

We tested different explanatory variables collected in the questionnaire in the models.
The only four that presented significant results are shown in Table 1. The Risk group proximity
variable aimed to identify if the respondents fear contagion not only for themselves but also
for the risk group individuals they may live with. On the other hand, Pandemic controlled in
the city aimed to identify which respondents consider the pandemic uncontrolled in their
towns, representing high-contamination-risk perception.

4. Method

In order to assess the impact of COVID-19 on the use of PT under the perceptions
of safety, we used hybrid choice models (HCMs). Hybrid choice models are a rational
choice to accomplish the study’s goal. Beyond the ambition of identifying the relative
importance of a set of alternatives for barriers and countermeasures that led to using a
hierarchical choice model, we wanted to evaluate how pre-conceived perception of public
transportation affects how users perceived the COVID-19 response. Therefore, it was
necessary to construct latent variables to incorporate attitudinal attributes into the utility
function. The possibility to address unobserved heterogeneity between respondents has
increased the use of the method in transport models. Perceptions and attitudes influence
the decision-making process, and the incorporation of latent variables that represents these
psychological factors into the model structure helps to understand choice behavior [62,65].

The HCM is composed of two parts: a latent variable model and a choice model. The
choice model differs from the usual only by incorporating the latent construct. However,
the choice probability is derived from both latent variables and observed variables [66].
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The random utility of alternative formulation is represented by Equation (1), (Vi) refers to
the deterministic portion of the utility, and εi is the error [67].

Ui = Vi + εi (1)

In the case of the HCM, Vi is presented in two parts: the observable (X) and unobserv-
able (X∗) (Equation (2)).

Vi = Vi (X, X∗; β) (2)

The unobservable part is accounted for in the latent model, and the structural relation
is described in Equation (3), where X∗ is a function of the explanatory variables (X) and
random disturbance terms (η).

X∗ = h (X; y) + η (3)

Finally, Equation (4) presents the MNL formulation. The utility function’s random
term is identically and independently distributed according to a Gumbel distribution
(Extreme Value type I) [68].

P(yi = 1| X, X∗; β, Σε) =
e(Vi)

∑jεC e(Vji)
(4)

Three different responses were modeled: (i) user’s perception of barriers to the use of
public transport while there is an active virus transmission (Model 1); (ii) user’s security
perception regarding common countermeasures applied to reduce transmission (Model 2);
and (iii) user’s security perception regarding bold countermeasures to reduce transmission
(Model 3). Figure 1 presents the theoretical framework proposed for the models.
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Figure 1. Theoretical framework of the study models (Observable (X) and unobservable (X∗)
independent variables).

The results were evaluated based on the significance of the loads (γ, ζ, λ, δ, β). We
tested significance using robust t-ratio values. T-ratios are calculated by dividing the
load per standard errors. Values over 1.96 indicated the load is statistically significant at
95% confidence level. The log-likelihood and the Akaike information criterion (AIC) are
presented to compare the model in different contexts further.

Models 1, 2, and 3 focus on public transport users. The two latent variables used
in the model aim to represent preview perceptions regarding the transportation system’s
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overall quality before the pandemic. The Subjective Quality Perception (SQP) latent variable
indicator represents subjective quality characteristics, such as perception if the PT service is
good and comfortable, if the other users are polite, and if they like to use PT. On the other
hand, the Operational Quality Perception (OQP) latent variable indicators focus on vehicle
and security characteristic perception regarding operation quality. Vehicle cleanliness and
crowdedness, together with personal security and road safety, are the indicators of the
latent variable OQP.

The choice variable represents the respondent ordering (ranking) of a set of charac-
teristics related to insecurity (barriers) and security (countermeasures) presented in the
questionnaire. The ranking responses were modeled using HCMs after exploding ranking
responses into N-1 statistically independent choices [69], reconfiguring the answers as
a series of decision-making processes. Applications of the exploded ranking technique
could be found in other studies, such as those performed by [70–72]. However, the use of
exploded ranking and HCMs to identify barriers and countermeasures is considered a new
approach.

5. Results and Their Implications for Transport Policies

This section presents and discusses the results of the three models estimated.

5.1. Model 1: Barriers That Increase Risk Perception of Using PT during COVID-19 Pandemic

Emphasizing that public transport users perceive transport as a contamination vector,
Model 1 aims to identify which operation intrinsic features can act as barriers to the use of
PT during the COVID-19 pandemic. Table 2 presents the HCM results, separated into three
parts: the latent model, the choice model’s utility function, and the choice order results.

The latent model comprises two latent variables (Subjective Quality Perception (SQP)
and Operational Quality Perception (OQP)) with three and four indicators, respectively. The
most important indicator was the perception that PT is good (−1.293) for the SQP latent
variable and the perception that PT is usually empty (not crowded) (1.440) for the OQP
latent variable. All the indicators are significant, but the SQP indicators present a negative
load. The negative loads mean that the latent variable represents the disagreement with the
sentence proposed for the respondents, indicating a negative perception about the service
quality. Regarding the socioeconomic characteristics, only income was significant for the
two latent variables but with opposite signs compared to the indicator. In this case, the
opposite signs mean that the wealthiest individuals have lower quality perceptions over
operational and subjective perspectives (−0.342; 0.252). The other explanatory variables
tested (age and gender) did not result in significant estimates. This means that individuals
form different gender and different age ranges evaluating the quality of the PT differently,
and then the models could not capture any tendency of these characteristics clearly.

Regarding the utility function, we estimated the latent variables with specific parame-
ters for each function. All of the loads represented a positive effect on barriers’ utility. The
bigger loads for both latent variables are in the barrier number 2 utility function (SQP: 4.024;
OQP: 3.090). Barrier 2 represents crowded vehicles. Therefore, the lower the users perceive
the subjective quality of transport to be, the more important the level of crowdedness
in the vehicle is for users to feel insecure, compared to the other barriers. In the case of
the operation quality, the lower they perceived the quality of operational features to be
(cleanliness, loaded levels, safety, and security), the more critical it is to spend more time
inside of the vehicle (B7).

The crowded vehicles (β: 3.835, 1st) and stops and stations (β: 3.137, 2nd) that regularly
happened in PT daily operations are the main barrier for the interviewed users. Users
might be less likely to use PT, especially in situations where the presence of a high number
of users in the same vehicle is intrinsic to the operation, such as in high-capacity systems
and at peak hours. Therefore, recommended solutions for infectious diseases that seek
social distance might make users feel more confident that PT is safe.
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Table 2. Result for Model 1—Barriers.

Latent Model

Latent Variable Indicators Loads (ζ) Robust t-Ratio

SQP
PT is good. −1.293 −2.382
PT’ users are polite −1.151 −3.700
PT is comfortable −0.749 −2.791

OQP

PT is clean 0.885 2.804
PT is usually empty 1.440 3.090
I feel safe from robbery while I’m using PT 0.977 2.918
I feel safe from road crashes while I’m using
PT 1.256 2.451

Latent Variables Indiv. Characteristics Loads (γ) Robust t-Ratio

SQP Indv. Characteristics Income 0.252 2.085
OQP Income −0.342 −3.125

Choice Model—Utility Function

Utility Function Latent Variables Loads (λ) Robust t-Ratio

B1
SQP Latent variable 3.430 3.705
OQP Latent variable 2.473 3.306

B2
SQP Latent variable 4.024 5.670
OQP Latent variable 3.090 4.833

B3
SQP Latent variable 2.797 4.556
OQP Latent variable 2.187 4.726

B4
SQP Latent variable 1.939 4.011
OQP Latent variable 1.436 3.372

B5
SQP Latent variable 1.215 3.004
OQP Latent variable 0.965 2.467

B6
SQP Latent variable 1.035 3.815
OQP Latent variable 0.767 3.355

Choice Model—Choice Ranking Results

Order Choice Alternatives Loads (β) Robust t-Ratio

1◦ B2—Crowded vehicles 3.835 2.592
2◦ B1—Crowded stops and stations 3.137 2.605
3◦ B3—Circulation of many different people 2.860 2.724
4◦ B4—Vehicles are closed places 2.312 3.039

5◦ B6—Need to touch where other people have
touched 1.510 3.063

6◦ B5—Air conditioning always on 1.352 2.481
7◦ B7—Need to stay a long time in the vehicle 0.300 Fixed

LL: −3841.53, AIC: 7779.07.

The third barrier in the rank also refers to interaction with other users. The presence
and exposure of many different people (β: 2.860, 3rd), followed by the need to touch
places where other people touched (β: 1.510, 5th), reinforce the idea that the unsafe feeling
on PT is based on mistrust of other users. They may not believe that other individuals
will respect the COVID-19 social agreement since the virus can be transmitted between
people through direct, indirect, or close contact. Realizing that the other user is taking the
necessary measures to prevent infections can make users feel safe.

The fourth important barrier is vehicles are closed spaces (β: 2.312, 4th), which might
help to spread the virus. Although air conditioning is also a possible enhancer for air
transmission, this barrier only appears in the sixth position (β: 1.352, 6th). Finally, the
last important barrier is the time spent in the vehicle (β: 1.352, 7th). However, it is
noteworthy that the practical risk and the perception of risk are different measures. Thus,
it is necessary to address solutions beyond guaranteeing social distancing to increase
users’ safety regarding infection and spread of SARS-CoV-2 and incorporate measures that
increase security perception.
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5.2. Model 2: Countermeasures That Increase the Perception of Safety on Using PT during
COVID-19 Virus Pandemic—Group 1

After identifying the barriers of use, it is essential to evaluate what countermeasures
operators and public authorities can implement to guarantee that users will continue using
PT and avoid migration to private modes. Thus, Model 2 seeks to rank a repertoire of
countermeasures according to users’ perception of safety regarding infections by SARS-
CoV-2. This model represents the first group of countermeasures that comprise solutions to
reduce contagion comprehensively applied. Users who continue to commute during the
pandemic may have already experienced it or are familiar with this countermeasure group.
Table 3 presents the estimation results for Model 2.

Table 3. Results for Model 2—Countermeasures Group 1.

Latent Model

Latent Variable Indicator Loads (ζ) Robust
t-Ratio

SQP
PT is good. −1.145 −2.864
PT’ users are polite −1.571 −3.472
PT is comfortable −0.967 −2.937

OQP

PT is clean 0.611 2.160
PT is usually empty 1.200 3.253
I feel safe from robbery while I’m using PT 1.085 3.135
I feel safe from road crashes while I’m using PT 1.187 2.593

Latent
Variables Indiv. Characteristics Loads (γ)

Robust
t-Ratio

SQP Indv.
Characteristics Income 0.313 2.731

OQP Indv.
Characteristics Income −0.290 −3.044

Choice Model—Utility

Utility
Function Latent Variables Loads (λ)

Robust
t-Ratio

C1.1
SQP Latent variable 1.730 2.594
OQP Latent variable 1.734 2.086

C1.2
SQP Latent variable 1.626 2.621
OQP Latent variable 1.553 1.933

C1.3
SQP Latent variable 1.464 2.304
OQP Latent variable 1.051 1.171

C1.4
SQP Latent variable 1.062 2.280
OQP Latent variable 1.193 2.023

C1.5
SQP Latent variable 0.210 0.310
OQP Latent variable 0.056 0.071

C1.6
SQP Latent variable 0.175 0.442
OQP Latent variable 0.243 0.584
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Table 3. Cont.

Latent Model

Explanatory Variable (Is Fixed for All the Utility Functions) Loads (δ)
Robust
t-Ratio

PT use weekly frequency −1.020 −2.456

Choice Model—Choice Results

Order Choice Alternatives Loads (β)
Robust
t-Ratio

1◦ C1.3—Limit the number of people in vehicles 4.793 4.994
2◦ C1.5—Use of mask 4.237 5.526
3◦ C1.2—Vehicle hygiene 3.830 4.090
4◦ C1.4—Turn off the air conditioner 3.018 3.842
5◦ C1.1—Blocking and demarcation of places 2.889 2.992
6◦ C1.6—Availability of alcohol gel 2.555 3.943
7◦ C1.7—Temperature measurement 0.300 Fixed

LL: −3800.25, AIC: 7710.5.

The latent variables were estimated once again in Model 2. Equally to Model 1, all the
indicators are significant and with the same indicator signs. The most important indicator
was the perception that users are polite for the SQP latent variable (−1.571). As occurred
in Model 1, PT is usually empty (not crowded) and is the most important indicator for
the OQP latent variable (1.200). Regarding the socioeconomic characteristics, again, only
income was significant for the two latent variables (SQP: 0.313; OQP: −0.290).

In Model 2, the latent variables are not significant for countermeasures 5 and 6, com-
pared to countermeasure 7 (robust t-ratio < 1.96). These three countermeasures represent
the use of masks, alcohol gel availability, and temperature measurement. These three
countermeasures are probably the most COVID-19-dependent. In other words, they are the
most directly related to the disease. Despite having an impact on the virus spread, the other
four countermeasures are more related to PT users’ routine demands and, therefore, more
connected with the system’s perceived quality before the pandemic. The OQP variable was
also not significant for countermeasure 3, which aimed to limit the number of people in
the vehicle.

We aggregated one explanatory variable to understand user countermeasure choice:
their weekly PT use frequency. The variable presented a negative sign (−1.020). Frequent
users show to be less likely to feel safe even with the countermeasures in place.

5.3. Model 3: Countermeasures That Increase the Perception of Safety on Using PT during
COVID-19 Virus Pandemic—Group 2

Model 3 aims to test additional countermeasures that are less common, and few users
have seen them applied in practice. The results are presented in Table 4. The latent variables
in the model also presented significant indicators. The perception that users are polite
(1.298) and that the PT vehicle is usually empty (1.400) is the most important SQP latent
variable and OQP latent variable. This is consistent with the previous results. Different
from Model 2, for Model 3, the SQP latent variable indicators presented positive signs,
showing that the latent variable represents a high perception of subjective quality.
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Table 4. Results for Model 3—Countermeasures Group 2.

Latent Model

Latent Variable Indicator Loads (ζ) Robust
t-Ratio

SQP Indicators
PT is good. 1.106 3.076
PT’ users are polite 1.298 3.181
PT is comfortable 0.882 3.131

OQP Indicators

PT is clean 0.887 3.332
PT is usually empty 1.400 3.549
I feel safe from robbery while I’m using PT 1.103 3.570
I feel safe from road crashes while I’m using
PT 1.242 3.004

Latent Variables Indiv. Characteristics Loads (γ)
Robust
t-Ratio

SQP Income 0.269 2.511
OQP Income 0.285 2.828

Choice Model—Utility

Utility Function Latent Variables Loads (λ)
Robust
t-Ratio

C2.1
SQP Latent variable 1.758 4.752
OQP Latent variable −1.581 −3.052

C2.2
SQP Latent variable 1.546 4.857
OQP Latent variable −1.755 −3.898

C2.3
SQP Latent variable 0.910 2.981
OQP Latent variable −1.324 −3.295

C2.4
SQP Latent variable 0.536 1.902
OQP Latent variable −1.293 −3.736

C2.5
SQP Latent variable 0.208 1.129
OQP Latent variable −0.654 −3.373

C2.6
SQP Latent variable −0.057 −0.222
OQP Latent variable −0.429 −1.465

Explanatory Variables (Are Fixed for All the Utility
Functions) Loads (δ)

Robust
t-Ratio

Risk group proximity 0.717 2.336
Pandemic under control in the city 0.863 2.300
PT use daily frequency −0.655 −1.979

Choice Model—Choice Results

Order Choice Alternatives Loads (β)
Robust
t-Ratio

1◦ C2.5—Operate with larger vehicles 2.574 3.384
2◦ C2.7—Increase offer 2.480 2.550
3◦ C2.2—Change activity start time 2.289 6.034

4◦ C2.3—Inform the number of passengers in
vehicles 2.145 5.109

5◦ C3.6—Separation of seats with acrylic
protection 1.985 2.469

6◦ C2.4—Seat reservation 1.774 3.146
7◦ C2.1—Discount for off-peak travel 0.900 NA

LL: −3902.802, AIC: 7915.6.

The latent variables presented to be most significant for the choice utility function
of the countermeasures from Group 2. The exceptions are the SQP latent variable for
countermeasure 5 (operate with large vehicles) and latent variables SQP and OQP for
countermeasure 6 (separation of seats with acrylic protection), where the robust t-ratio
preset values are lower than 1.96. Therefore, in these cases, it is impossible to say if the
latent variables contribute to the choices’ utility more than for countermeasure number
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7 (increase offer). The other three explanatory variables included in Model 3 were also
significant.

Countermeasures from Group 2 contribute to users with risk group individuals in
their family units to feel safe using PT (0.717). Those who believe the pandemic is under
control in their cities will also feel safer (0.863). These results might indicate that insecurity
levels depend on how the individuals perceived the pandemic situation as a whole. The
same is not valid for those who use PT three times or more on the same day. The negative
sign (−0.655) shows that frequency affects the perception of countermeasure safety.

Looking at the countermeasure ranking results, Model 3 shows that the most important
countermeasure was the availability of larger vehicles (β: 2.574, 1st), followed by increase
in frequency (β: 2.480, 2nd). These countermeasures may have stood out since they are old
demands of users, even during a typical situation, without the fear of getting the disease.
This result is contrary to what has been adopted in many Brazilian cities, where service
offers were reduced. The reduction in supply can make the system less reliable and still
contribute to increased contagion by promoting crowded vehicles in the remaining hours
as well as the high presence of users at stop points and stations [6]. Together with the
third-placed countermeasures, changing start times of activities (β: 2.289, 3rd), they are
also related to the understanding that it is necessary to reduce contact with other users.
C2.2, being the third countermeasure in the rank results, shows that users can also perceive
value in an indirect public transportation solution that can reduce crowdedness in public
transportation. In addition, public transport operators participate in regulatory agencies so
that they can be regulatory agents of a flexible schedule policy.

In the fourth position is the information regarding the number of passengers in the
vehicles (β: 2.145, 4th). This solution may not have been identified as more important
since some users cannot wait, for example, for an empty vehicle due to time and frequency
restrictions. Its implementation may be more accepted by users who use the subway or
train services since its frequency is higher than in bus systems. The least safe measures are
separating seats with acrylic protection (β: 1.985, 5th), seat reservation (β: 1.774, 6th), and
discount for off-peak travel (β: 0.900, 7th).

6. Countermeasure Implementation and Policy Implications for Public Transport in a
COVID-19 Reality

The COVID-19 pandemic promoted disruptive social changes in different aspects
of our daily lives. In transportation, although there are shreds of evidence of commute
reduction based on teleworking strategies and cycle lanes are popping up in different
cities, policies to keep urban transit operating are crucial to Brazilian cities’ resilience [73].
Especially for low-income groups in developing countries, public transportation is essential,
and a key player in promoting equity [44]. Therefore, the discontinuity of the service in a
few Brazilian cities during the pandemic should not be an option.

Regarding this study’s results, some countermeasures cannot be implemented by
operators without legal sustenance (e.g., the use of masks). Therefore, public authorities
need to work closely with operators to legislate and make mandatory specific actions that
rely on users’ behavior when applicable. However, operators can support monitoring
compliance, support guidance, and act as an information source to passengers. Measures
such as vehicle hygiene and the inclusion of separators in the seats, on the other hand, can
be implemented on operators’ initiatives, and the results show that they are in line with the
users’ desire and increase their perception of safety.

The perception of safety is also high in solutions that significantly impact service offer
and, consequently, operation costs. High frequency, use of larger vehicles, and limiting
the number of passengers might be suitable for users but unbalance the financial system.
This solution directly impacts services costs, and this risk is allocated to operators in
most Brazilian contracts [17]. Negotiation with public authorities is an alternative for
operators who have failed to maintain the service since circulation restrictions and capacity
limits reduce operators’ revenue [74]. The number of passengers will also decrease, either
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because of the economic crisis or working habits [75]. Therefore, it is urgent to find ways
to guarantee the financial viability to keep the service operating. More than resorting to
economic aid packages, the governments at local and national levels need to work on
public policies that guarantee system sustainability in the long term. Public urban transport
should be a priority agenda. It is urgent to retain passengers, and this study’s results can
help attract new users and change the direction of allocating indirect public subsidies.

The bright side is the opportunity that arises with the demand reduction during a
lockdown or while no one has returned to normal activities. There is an open door to
rethink routes and redesign vehicle internal layout. Creating more internal space can
respond to users’ demand for larger vehicles in bus and rail systems, guaranteeing so-
cial distance. Especially for bus systems, route optimization, new integration points,
and stop reallocation can increase the frequency and, consequently, the offer to address
users’ demand.

It is essential to highlight that our results are based on users’ perceptions. That is, users
need to be informed of all the initiatives to reduce COVID-19 infections. Countermeasures
such as vehicle hygiene may not be perceived easily by users, and a positive impact on
the perception of safety might be missed. Therefore, communication plays a central role in
avoiding passenger evasion.

Other measures included in this study require a more comprehensive social agreement,
such as peak spreading strategies. This countermeasure was already advocated in many
opportunities by urban mobility specialists, but it may now be enhanced by the benefits
linked to public health. Local governments can support these initiatives with fiscal incen-
tives to companies. Indeed, many of the solutions proposed in this study need the support
of public policies. However, citizens’ collective actions are determinant to the success of
these policies that have been tested during the pandemic [76].

It is also essential to highlight that frequency results as a negative factor to the coun-
termeasure models. Individuals who use PT more often were even more exposed to Latin
American transport systems’ everyday problems in the pre-pandemic period. Reinforced
by the latent variable results, it is possible to say that users who have more discredit of the
PT quality are also more insecure about the countermeasures’ efficiency. The same is true
for those whose cities’ situations are uncontrolled, showing that external factors matter.
The importance of macro policies to control the pandemic and reduce the level of contagion
is crucial to a new normal that supports the use of public transportation.

7. Final Remarks

PT has been suffering from user losses and the consequent reduction in the service’s
quality. With the arrival of a viral disease, characteristics intrinsic to the PT service make
public transport a potential vector for transmitting the virus, and the fear of infection can
further reduce the number of users. Therefore, it is essential to analyze which variables
contribute to users’ feeling unsafe riding and what is necessary to make them feel safe
during commuting. In this context, this study used hybrid discrete logit choice models
to identify the new barriers to the use of PT that arise with the new disease and the
possible solutions to make users feel safe using PT systems, considering prior attitudes and
perceptions regarding PT quality.

The results answered the three research questions proposed for this study. Firstly,
we identified the new barriers to the use of PT created by COVID-19. The high number
of users in the vehicles and the need to interact with many different people are the users’
primary concerns. Crowded vehicles (first) and crowded stops and stations (second) are the
two most important barriers to users feeling safe on PT. These results extend the existing
evidence to the Brazilian context.

Secondly, we identified which immediate measures (countermeasures) can increase
users’ perception of protection while riding PT or those they perceive as safer. The coun-
termeasure rank is one of the big contributions of the work since we could not identify
other studies specifically focused on public transportation measures. Analyzing the results,
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we can say that the unsafe perceptions were reinforced when we looked at the perception
related to countermeasures. Measures to prevent contagion inside the vehicle, such as
limiting the number of people in the vehicles (first), masks (second), and vehicle hygiene
(third), were perceived as the safer countermeasures that PT operators more commonly
implement. Users demonstrate that they would feel safer onboard larger vehicles (first), if
the offer increased (second), and if authorities implemented more comprehensive mobility
policies to change activity start time (third) and consequently reduce peak demand.

Finally, we can say that the preconceived perceptions of PT quality affect the perception
of safety for the barriers and countermeasures under study. As more users positively
evaluated the operational quality of PT, they considered the measures to be safer. On the
other hand, those who negatively evaluated the subjective quality believed that PT is not
good and is uncomfortable, and they did not see the other users as polite or perceived the
measures as safe. The same is true for barriers. Therefore, COVID-19 measures are essential
to regain users’ trust and increase the quality perception. The result of this study might
help operators and policymakers target actions during or after the COVID-19 outbreak to
increase confidence in PT quality.

PT provides, indeed, an essential service. It promotes access to health systems and
transports workers that guarantee the maintenance of essential services. Identifying mea-
sures that prevent infections in PT systems and are valued by users allows investments
to be directed to provide a high-quality perception of the service. Users must identify
the implemented solutions in such a way that they recognize that the public transport
environment is not the primary transmission vector. This way, governments and operators
can maintain PT users and seek to attract new users.

The present study complements the evidence available on the impact of COVID-19
in public transportation. It brings an insight on how to overcome the challenges imposed
by the pandemic for the users. With the evolution of the pandemic, it is expected that
changes in users’ perceptions and attitudes and new technologies might increase the set
of countermeasures available. Therefore, longitudinal studies that assess the progress of
these aspects over time are needed. Still, studies can be carried out in other contexts for
cross-region comparison and to evaluate the influence of the developing world context on
the study results.

Author Contributions: Conceptualization, S.T.L., V.B.T. and M.K.R.; methodology, S.T.L. and A.M.L.;
formal analysis, S.T.L. and V.B.T.; investigation, S.T.L., V.B.T., M.K.R. and A.M.L.; writing—original
draft preparation, S.T.L. and V.B.T.; writing—review and editing, M.K.R. and A.M.L.; supervision,
A.M.L. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Ethical review and approval were waived for this study in
accordance with CNS/MS num. 510/2016 resolution of the Federal University of Rio Grande do Sul,
surveys will generate aggregated information, without the possibility of individual identification, do
not need to be reviewed by the ethics committee.

Informed Consent Statement: Informed consent was obtained from all subjects involved in
the study.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. WHO. WHO Coronavirus Disease (COVID-19) Dashboard. 2020. Available online: https://covid19.who.int (accessed on 28

January 2021).
2. Nafees, M.; Khan, F. Pakistan’s Response to COVID-19 pandemic and efficacy of quarantine and partial lockdown: A review.

Electron. J. Gen. Med. 2020, 17, em240. [CrossRef]
3. Sangiorgio, V.; Parisi, F. A multicriteria approach for risk assessment of COVID-19 in urban district lockdown. Saf. Sci. 2020,

130, 104862. [CrossRef] [PubMed]
4. Jenelius, E.; Cebecauer, M. Impacts of COVID-19 on public transport ridership in Sweden: Analysis of ticket validations, sales

and passenger counts. Transp. Res. Interdiscip. Perspect. 2020, 8, 100242. [CrossRef] [PubMed]

https://covid19.who.int
http://doi.org/10.29333/ejgm/7951
http://doi.org/10.1016/j.ssci.2020.104862
http://www.ncbi.nlm.nih.gov/pubmed/32536749
http://doi.org/10.1016/j.trip.2020.100242
http://www.ncbi.nlm.nih.gov/pubmed/34173478


Sustainability 2022, 14, 2945 17 of 19

5. Barcelos, M.; Lindau, L.A.; Pereira, B.M.; Danilevicz, Â.D.M.F.; ten Caten, C.S. Inferindo a importância dos atributos do transporte
coletivo a partir da satisfação dos usuários. Transportes 2017, 25, 36. [CrossRef]

6. Pereira, R.H.M.; Gouveia, C.K.V.B.; Servo, L.M.; Serra, B.; Amaral, P.; Gouveia, N. Mobilidade Urbana e o Acesso ao Sistema de Saúde
para Casos Suspeitos e Graves de COVID-19 nas Vinte Maiores Cidades do Brasil; Nota Técnica N.14; Instituto de Pesquisa Econômica
Aplicada: Brasília, Brazil, 2020.

7. Tirachini, A.; Cats, O. COVID-19 and public transportation: Current assessment, prospects, and research needs. J. Public Transp.
2020, 22, 1–34. [CrossRef]

8. Dente, S.M.R.; Hashimoto, S. COVID-19: A pandemic with positive and negative outcomes on resource and waste flows and
stocks. Resour. Conserv. Recycl. 2020, 161, 104979. [CrossRef]

9. De Vos, J. The effect of COVID-19 and subsequent social distancing on travel behavior. Transp. Res. Interdiscip. Perspect. J. 2020,
5, 100121. [CrossRef]

10. NTU. COVID-19 e o Transporte Público por Ônibus: Impactos No Setor e Ações Realizadas; Associação Nacional das Empresas de
Transportes Urbanos: Brasília, Brazil, 2020.

11. NTU. Anuário NTU 2018–2019; Associação Nacional das Empresas de Transportes Urbanos: Brasília, Brazil, 2019.
12. Tavares, V.B.; Lucchesi, S.T.; Larrañaga, A.M.; Cybis, H.B.B. Influence of public transport quality attributes on user satisfaction of

diferente age cohorts. Case Stud. Transp. Policy 2021, 9, 1042–1050. [CrossRef]
13. Bishnoi, M.M.; Suraj, S. Sustainability of public transportation during the pandemic: A descriptive study. J. Green Eng. 2020, 10,

9472–9491.
14. Kakar, K.A.; Prasad, C.S.R.K. Impact of Urban Sprawl on Travel Demand for Public Transport, Private Transport and Walking.

Transp. Res. Procedia 2020, 48, 1881–1892. [CrossRef]
15. Swianiewicz, P.; Brzóska, A. Demand Elasticity for Local Public Transport in Polish Cities: Do Local Policies Matter? Transylv. Rev.

Adm. Sci. 2020, 16, 125–142. [CrossRef]
16. Tembe, A.; Nakamura, F.; Tanaka, S.; Ariyoshi, R.; Miura, S. The demand for public buses in sub-Saharan African cities: Case

studies from Maputo and Nairobi. IATSS Res. 2019, 43, 122–130. [CrossRef]
17. Costa, G.; de Souza, L.; Stumpf, G.; de Carvalho, D. Incomplete contracts for bus service during the COVID-19 pandemic. Conseq.

Propos. 2020, 54, 1–16.
18. Kreetzer, A. The Future of Public Transport in A Post COVID-19 World—Iomob’s Scott Shepard. Auto Futures. 2020. Available

online: https://www.autofutures.tv/2020/05/07/the-future-of-public-transport/ (accessed on 27 December 2021).
19. Dzinamarira, T.; Murewanhema, G.; Musuka, G. Different SARS-CoV-2 variants, same prevention strategies. Public Health Pract.

2022, 3, 100223. [CrossRef] [PubMed]
20. Subbarao, S.S.V.; Kadali, R. Impact of COVID-19 pandemic lockdown on the public transportation system and strategic plans to

improve PT ridership: A review. Innov. Infrastruct. Solut. 2021, 7, 97. [CrossRef]
21. Mesgarpour, M.; Abad, J.M.N.; Alizadeh, R.; Wongwises, S.; Doranehgard, M.H.; Jowkar, S.; Karimi, N. Predicting the effects

of environmental parameters on the spatio-temporal distribution of the droplets carrying coronavirus in public transport—A
machine learning approach. Chem. Eng. J. 2022, 430, 132761. [CrossRef]

22. Aghdam, F.B.; Sadeghi-Bazargani, H.; Shahsavarinia, K.; Jafari, F.; Jahangiry, L.; Gilani, N. Investigating the COVID-19 related
behaviors in the public transport system. Arch. Public Health 2021, 79, 183. [CrossRef] [PubMed]

23. Dong, H.; Ma, S.; Jia, N.; Tian, J. Understanding public transport satisfaction in post-COVID-19 pandemic. Transp. Policy 2021,
101, 81–88. [CrossRef]

24. Ando, T.; Sato, T.; Hashimoto, N.; Tran, Y.; Konishi, N.; Takeda, Y.; Akamatsu, M. Variability in Human Mobility during the Third
Wave of COVID-19 in Japan. Sustainability 2021, 13, 13131. [CrossRef]

25. Campisi, T.; Basbas, S.; Skoufas, A.; Akgün, N.; Ticali, D.; Tesoriere, G. The Impact of COVID-19 Pandemic on the Resilience of
Sustainable Mobility in Sicily. Sustainability 2020, 12, 8829. [CrossRef]

26. Ismael, K.; Duleba, S. Investigation of the Relationship between the Perceived Public Transport Service Quality and Satisfaction:
A PLS-SEM Technique. Sustainability 2021, 13, 13018. [CrossRef]

27. Kłos-Adamkiewicz, Z.; Gutowski, P. The Outbreak of COVID-19 Pandemic in Relation to Sense of Safety and Mobility Changes in
Public Transport Using the Example of Warsaw. Sustainability 2022, 14, 1780. [CrossRef]

28. Monterde-i-Bort, H.; Sucha, M.; Risser, R.; Kochetova, T. Mobility Patterns and Mode Choice Preferences during the COVID-19
Situation. Sustainability 2022, 14, 768. [CrossRef]

29. Nian, G.; Peng, B.; Sun, D.J.; Ma, W.; Peng, B.; Huang, T. Impact of COVID-19 on Urban Mobility during Post-Epidemic Period in
Megacities: From the Perspectives of Taxi Travel and Social Vitality. Sustainability 2020, 12, 7954. [CrossRef]

30. Petrov, A.I.; Petrova, D.A. Sustainability of Transport System of Large Russian City in the Period of COVID-19: Methods and
Results of Assessment. Sustainability 2020, 12, 7644. [CrossRef]

31. Roberts, B.H. Managing Systems of Secondary Cities; Cities Alliance/UNOPS: Brussels, Belgium, 2014.
32. Vijayalakshmi, S. Recent developments in corona virus disease-2019 (COVID-19). Res. J. Biotechnol. 2020, 15, 159–169.
33. Morawska, L.; Cao, J. Airborne transmission of SARS-CoV-2: The world should face the reality. Environ. Int. 2020, 139, 105730.

[CrossRef]
34. Kampf, G.; Todt, D.; Pfaender, S.; Steinmann, E. Persistence of coronaviruses on inanimate surfaces and their inactivation with

biocidal agents. J. Hosp. Infect. 2020, 104, 246–251. [CrossRef]

http://doi.org/10.14295/transportes.v25i3.1336
http://doi.org/10.5038/2375-0901.22.1.1
http://doi.org/10.1016/j.resconrec.2020.104979
http://doi.org/10.1016/j.trip.2020.100121
http://doi.org/10.1016/j.cstp.2021.04.018
http://doi.org/10.1016/j.trpro.2020.08.221
http://doi.org/10.24193/tras.61E.7
http://doi.org/10.1016/j.iatssr.2018.10.003
https://www.autofutures.tv/2020/05/07/the-future-of-public-transport/
http://doi.org/10.1016/j.puhip.2021.100223
http://www.ncbi.nlm.nih.gov/pubmed/34927108
http://doi.org/10.1007/s41062-021-00693-9
http://doi.org/10.1016/j.cej.2021.132761
http://doi.org/10.1186/s13690-021-00702-4
http://www.ncbi.nlm.nih.gov/pubmed/34674753
http://doi.org/10.1016/j.tranpol.2020.12.004
http://doi.org/10.3390/su132313131
http://doi.org/10.3390/su12218829
http://doi.org/10.3390/su132313018
http://doi.org/10.3390/su14031780
http://doi.org/10.3390/su14020768
http://doi.org/10.3390/su12197954
http://doi.org/10.3390/su12187644
http://doi.org/10.1016/j.envint.2020.105730
http://doi.org/10.1016/j.jhin.2020.01.022


Sustainability 2022, 14, 2945 18 of 19

35. Gostic, K.M.; Gomez, A.C.R.; Mummah, R.O.; Kucharski, A.J.; Lloyd-Smith, J.O. Estimated effectiveness of symptom and risk
screening to prevent the spread of COVID-19. ELife 2020, 9, e55570. [CrossRef]

36. Mizumoto, K.; Kagaya, K.; Zarebski, A.; Chowell, G. Estimating the asymptomatic proportion of coronavirus disease 2019
(COVID-19) cases on board the Diamond Princess cruise ship, Yokohama, Japan, 2020. Eurosurveillance 2020, 25, 1–5. [CrossRef]

37. Pan, L.; Wang, X.; Zhao, K.; Ying, B.; Tang, S.; Zhang, J. Prevention and control of COVID-19 in public transportation: Experience
from China. Environ. Pollut. 2020, 266, 115291. [CrossRef]

38. Troko, J.; Myles, P.; Gibson, J.; Hashim, A.; Enstone, J.; Kingdon, S.; Packham, C.; Amin, S.; Hayward, A.; Van-Tam, J. NIs public
transport a risk factor for acute respiratory infection? BMC Infect. Dis. 2011, 11, 2–7. [CrossRef]

39. Liu, Y.; Gayle, A.A.; Wilder-Smith, A.; Rocklöv, J. The reproductive number of COVID-19 is higher compared to SARS coronavirus.
J. Travel Med. 2020, 27, 1–4. [CrossRef]

40. Harris, J.E. The Subways Seeded the Massive Coronavirus Epidemic in New York City; Working Paper 27021; National Bureau of
Economic Research: Cambridge, MA, USA, 2020.

41. Zhao, F.; Gustafson, T.; Florida International University, M.; Federal Transit, A. Transportation Needs of Disadvantaged
Populations: Where, When, and How? Federal Transit Administration: Washington, DC, USA, 2013; 91p.

42. Wang, X.; Rodríguez, D.A.; Sarmiento, O.L.; Guaje, O. Commute patterns and depression: Evidence from eleven Latin American
cities. J. Transp. Health 2019, 14, 100607. [CrossRef]

43. CAF. Desarrollo Urbano y Movilidad en América Latina; Banco de Desarrollo de America Latina: Caracas, Venezuela; CAF: Dallas, TX,
USA, 2011.

44. Guzman, L.A.; Oviedo, D. Accessibility, affordability and equity: Assessing ‘pro-poor’ public transport subsidies in Bogotá.
Transp. Policy 2018, 68, 37–51. [CrossRef]

45. Mussel, C.; Avineri, E.; Susilo, Y. Editorial JTH 16–The Coronavirus Disease COVID-19 and implications for transport and health.
J. Transp. Health 2020, 16, 100853. [CrossRef]

46. Cash, R.; Patel, V. Has COVID-19 subverted global health? Lancet 2020, 395, 1687–1688. [CrossRef]
47. Arellana, J.; Luis, M.; Cantillo, V. COVID-19 Outbreak in Colombia: An Analysis of Its Impacts on Transport COVID-19 Outbreak

in Colombia: An Analysis of Its Impacts on Transport Systems. J. Adv. Transp. 2020, 2020, 16. [CrossRef]
48. Fletcher, K.; Amarakoon, S.; Haskell, J.; Penn, P.; Wilmoth, M.; Matherly, D.; Langdon, N. A Guide for Public Transportation

Pandemic Planning and Response, A Guide for Public Transportation Pandemic Planning and Response; The National Academies Press:
Washington, DC, USA, 2014. [CrossRef]

49. Australian Government. Principles for COVID-19 Public Transport Operations; Australian Government, Department of Health:
Canberra, Australia, 2020.

50. UITP. Public Transport Authorities and COVID-19: Responses from the Front Line; Australia/New Zealand, International Association
of Public Transport: Brussels, Belgium, 2020.

51. Romine, T.; Sgueglia, K. New York Transit Agency Launches UV Light Pilot Program in Effort to Kill COVID-19. CNN.
2020. Available online: https://edition.cnn.com/2020/05/20/us/new-york-transit-uv-light-trnd/index.html (accessed on 29
August 2020).

52. Lu, J.; Gu, J.; Li, K.; Xu, C.; Su, W.; Lai, Z.; Zhou, D.; Yu, C.; Xu, B.; Yang, Z. COVID-19 Outbreak Associated with Air Conditioning
in Restaurant, Guangzhou, China, 2020. Emerg. Infect. Dis. 2020, 26, 1628–1631. [CrossRef]

53. Wang, J.; Pan, L.; Tang, S.; Ji, J.S.; Shi, X. Mask use during COVID-19: A risk adjusted strategy. Environ. Pollut. 2020, 266, 1–6.
[CrossRef]

54. Chu, D.K.; Akl, E.A.; Duda, S.; Solo, K.; Yaacoub, S.; Schünemann, H.J.; El-harakeh, A.; Bognanni, A.; Lotfi, T.; Loeb, M.; et al.
Physical distancing, face masks, and eye protection to prevent person-to-person transmission of SARS-CoV-2 and COVID-19: A
systematic review and meta-analysis. Lancet 2020, 395, 1973–1987. [CrossRef]

55. Parashar, L. “Standard Operating Procedures (SOPs)” for Bus Transp. Post COVID-19 Lockdown; Integrated and Sustainable urban
Transport Systems in Smart Cities: New Delhi, India, 2020; Available online: https://sutp.org/publications/standard-operating-
procedures-sops-for-bus-transport-post-covid19-lockdown/ (accessed on 29 August 2020).

56. DOM—Diário Oficial do Município. Dispõe Sobre Medidas Voltadas à Prevenção da Disseminação da Epidemia de COVID-19 No Serviço
Público de Transporte Coletivo de Passageiros por Ônibus do Município; Diário Oficial do Município: Belo Horizonte, Brazil, 2020.

57. DOM—Diário Oficial do Município. Dispões Sobre Medidas Restritivas Regionalizadas para o Enfrentamento da COVID-19; Diário
Oficial do Estadodo Paraná: Curitiba, Brazil, 2020.

58. DOM—Diário Oficial do Município. Estabelece Medidas a Serem Adotadas pelo Transporte Coletivo Urbano e Metropolitano, Transporte
Privado de Passageiros, Transporte Individual Público e Privado, Para Enfrentamento da Emergência de Saúde Pública de Importância
Internacional Decorrente do n; Diário Oficial do Município: Porto Alegre, Brazil, 2020. [CrossRef]

59. DOM—Diário Oficial do Município. Reconhece a Situação de Emergência na Saúde Pública do Estado do rio de Janeiro em Razão do
Contágio e adota Medidas Enfrentamento da Propagação Decorrente do Novo Coronavírus (COVID-19); e dá Outras Providências; Diário
Oficial do Estado: Rio de Janeiro, Brazil, 2020.

http://doi.org/10.7554/eLife.55570
http://doi.org/10.2807/1560-7917.ES.2020.25.10.2000180
http://doi.org/10.1016/j.envpol.2020.115291
http://doi.org/10.1186/1471-2334-11-16
http://doi.org/10.1093/jtm/taaa021
http://doi.org/10.1016/j.jth.2019.100607
http://doi.org/10.1016/j.tranpol.2018.04.012
http://doi.org/10.1016/j.jth.2020.100853
http://doi.org/10.1016/S0140-6736(20)31089-8
http://doi.org/10.1155/2020/8867316
http://doi.org/10.17226/22414
https://edition.cnn.com/2020/05/20/us/new-york-transit-uv-light-trnd/index.html
http://doi.org/10.3201/eid2607.200764
http://doi.org/10.1016/j.envpol.2020.115099
http://doi.org/10.1016/S0140-6736(20)31142-9
https://sutp.org/publications/standard-operating-procedures-sops-for-bus-transport-post-covid19-lockdown/
https://sutp.org/publications/standard-operating-procedures-sops-for-bus-transport-post-covid19-lockdown/
http://doi.org/10.1016/j.solener.2019.02.027


Sustainability 2022, 14, 2945 19 of 19

60. Cabral, H.; Petzhold, G. Cidades Fazem Escalonamento de Horários por mais Segurança nos Ônibus durante a Pan-
demia. WRI Braz. 2020. Available online: https://wribrasil.org.br/pt/blog/cidades-escalonamento-de-horarios-seguranca-
onibus-pandemia-covid-19#:~{}:text=Cidades%20fazem%20escalonamento%20de%20hor%C3%A1rios%20por%20mais%20
seguran%C3%A7a%20nos%20%C3%B4nibus%20durante%20a%20pandemia,-por%20Henrique%20Cabral&text=A%20ado%
C3%A7%C3%A3o%20do%20distanciamento%20social,frente%20do%20combate%20%C3%A0%20pandemia (accessed on 29
August 2020).

61. Dublin City Council. Enabling the City to Return to Work: Interim Mobility Intervention Programme for Dublin City; Dublin City
Council: Dublin, Ireland, 2020.

62. Ben-Akiva, M.; McFadden, D.; Train, K.; Walker, J.; Bhat, C.; Bierlaire, M.; Bolduc, D.; Boersch-Supan, A.; Brownstone, D.; Bunch,
D.S.; et al. Hybrid Choice Models: Progress and Challenges Massachusetts Institute of Technology. Mark. Lett. 2002, 13, 163–175.
[CrossRef]

63. Dell Olio, L.; Angel, I.; de Ona, J.; de Ona, R. Public Transportation Quality of Service: Factors, Models, and Applications; Elsevier:
Amsterdam, The Netherlands, 2017.

64. Machado-León, J.L.; de Oña, R.; Baouni, T.; de Oña, J. Railway transit services in Algiers: Priority improvement actions based on
users perceptions. Transp. Policy 2017, 53, 175–185. [CrossRef]

65. Kim, J.; Rasouli, S.; Timmermans, H. Hybrid Choice Models: Principles and Recent Progress Incorporating Social Influence and
Nonlinear Utility Functions. Procedia Environ. Sci. 2014, 22, 20–34. [CrossRef]

66. Ben-Akiva, M.; Walker, J.; Bernardino, A.T.; Gopinath, D.A.; Morikawa, T.; Polydoropoulou, A. Integration of Choice and Latent
Variable Models. In Perpetual Motion: Travel Behaviour Research Opportunities and Application Challenges; Pergamon: Oxford,
UK, 2002.

67. Ortúzar, J.D.D.; Willumsen, L.G. Modelling Transport; John Wiley & Sons, Ltd.: Hoboken, NJ, USA, 2011. [CrossRef]
68. McFadden, D. The measurement of urban travel demand. J. Public Econ. 2011, 3, 303–328. [CrossRef]
69. Luce, R.D.; Suppes, P. Preference, Utility and Subjective Probability, Handbook of Mathematical Psychology; Wiley: New York, NY,

USA, 1965.
70. Arellana, J.; Saltarín, M.; Larrañaga, A.M.; Alvarez, V.; Henao, C.A. Urban walkability considering pedestrians’ perceptions of the

built environment: A 10-year review and a case study in a medium-sized city in Latin America. Transp. Rev. 2020, 40, 183–203.
[CrossRef]

71. Arellana, J.; Saltarín, M.; Larrañaga, A.M.; Henao, C. Developing an urban bikeability index for different types of cyclists as a tool
to prioritize bicycle infrastructure investments. Work. Pap. 2019, 139, 310–334. [CrossRef]

72. Palma, M.A. Improving the prediction of ranking data. Empir. Econ. 2017, 53, 1681–1710. [CrossRef]
73. Azolin, L.G.; Rodrigues da Silva, A.N.; Pinto, N. Incorporating public transport in a methodology for assessing resilience in

urban mobility. Transp. Res. Part D Transp. Environ. 2020, 85, 102386. [CrossRef]
74. Lima, G.C.L.S.; Schechtman, R.; Brizon, L.C.; Figueiredo, M.Z. Transporte público e COVID-19. O Que Pode ser Feito? 2020.

Available online: https://ceri.fgv.br/sites/default/files/publicacoes/2020-05/covid_e_mobilidade_urbana_0.pdf (accessed on
29 August 2020).

75. Koehl, A. Urban transport and COVID-19: Challenges and prospects in low- and middle-income countries. Cities Health 2020, 1–6.
[CrossRef]

76. Budd, L.; Ison, S. Responsible Transport: A post-COVID agenda for transport policy and practice. Transp. Res. Interdiscip. Perspect.
J. 2020, 6, 100151. [CrossRef] [PubMed]

https://wribrasil.org.br/pt/blog/cidades-escalonamento-de-horarios-seguranca-onibus-pandemia-covid-19#:~{}:text=Cidades%20fazem%20escalonamento%20de%20hor%C3%A1rios%20por%20mais%20seguran%C3%A7a%20nos%20%C3%B4nibus%20durante%20a%20pandemia,-por%20Henrique%20Cabral&text=A%20ado%C3%A7%C3%A3o%20do%20distanciamento%20social,frente%20do%20combate%20%C3%A0%20pandemia
https://wribrasil.org.br/pt/blog/cidades-escalonamento-de-horarios-seguranca-onibus-pandemia-covid-19#:~{}:text=Cidades%20fazem%20escalonamento%20de%20hor%C3%A1rios%20por%20mais%20seguran%C3%A7a%20nos%20%C3%B4nibus%20durante%20a%20pandemia,-por%20Henrique%20Cabral&text=A%20ado%C3%A7%C3%A3o%20do%20distanciamento%20social,frente%20do%20combate%20%C3%A0%20pandemia
https://wribrasil.org.br/pt/blog/cidades-escalonamento-de-horarios-seguranca-onibus-pandemia-covid-19#:~{}:text=Cidades%20fazem%20escalonamento%20de%20hor%C3%A1rios%20por%20mais%20seguran%C3%A7a%20nos%20%C3%B4nibus%20durante%20a%20pandemia,-por%20Henrique%20Cabral&text=A%20ado%C3%A7%C3%A3o%20do%20distanciamento%20social,frente%20do%20combate%20%C3%A0%20pandemia
https://wribrasil.org.br/pt/blog/cidades-escalonamento-de-horarios-seguranca-onibus-pandemia-covid-19#:~{}:text=Cidades%20fazem%20escalonamento%20de%20hor%C3%A1rios%20por%20mais%20seguran%C3%A7a%20nos%20%C3%B4nibus%20durante%20a%20pandemia,-por%20Henrique%20Cabral&text=A%20ado%C3%A7%C3%A3o%20do%20distanciamento%20social,frente%20do%20combate%20%C3%A0%20pandemia
http://doi.org/10.1023/A:1020254301302
http://doi.org/10.1016/j.tranpol.2016.10.004
http://doi.org/10.1016/j.proenv.2014.11.003
http://doi.org/10.1002/9781119993308
http://doi.org/10.1016/0047-2727(74)90003-6
http://doi.org/10.1080/01441647.2019.1703842
http://doi.org/10.1016/j.tra.2020.07.010
http://doi.org/10.1007/s00181-016-1169-2
http://doi.org/10.1016/j.trd.2020.102386
https://ceri.fgv.br/sites/default/files/publicacoes/2020-05/covid_e_mobilidade_urbana_0.pdf
http://doi.org/10.1080/23748834.2020.1791410
http://doi.org/10.1016/j.trip.2020.100151
http://www.ncbi.nlm.nih.gov/pubmed/34173454

	Introduction 
	Background on COVID-19 in Public Transport 
	The Roles of Urban Public Transport: From High Risk to Essential Service 
	Making Transit Systems COVID-19-Safe 
	User’s Perception of Transport Quality and Transport Safety 

	Data 
	Method 
	Results and Their Implications for Transport Policies 
	Model 1: Barriers That Increase Risk Perception of Using PT during COVID-19 Pandemic 
	Model 2: Countermeasures That Increase the Perception of Safety on Using PT during COVID-19 Virus Pandemic—Group 1 
	Model 3: Countermeasures That Increase the Perception of Safety on Using PT during COVID-19 Virus Pandemic—Group 2 

	Countermeasure Implementation and Policy Implications for Public Transport in a COVID-19 Reality 
	Final Remarks 
	References

