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ABSTRACT 
This paper aims to verify how the reorganization of the transport system promoted by local 
authorities to deal with the COVID-19 pandemic exposed people to contagion. The population 
researched lives in Recife, the capital city of the State of Pernambuco, Northeastern Brazil.  

The Covid-19 pandemic pointed out a mobility issue by public transport in large cities in Brazil. 
Isolation and social distancing were among the recommendations of the World Health 
Organization (WHO) to reduce the spread of the virus. In spite of that, only 22.7% of the 
Brazilian population is able to work from home (IPEA, 2021), showing that the majority of 
people continue to depend on commuting to access work. Even though a significant part of 
the poor population relies on public transport to access jobs, public transport companies have 
reduced the fleet, increasing the number of people at bus stops, integrated terminals and 
inside the vehicles. This fact is a concern since a study carried out in the city of São Paulo 
shows that the population most impacted by the deaths caused by Covid-19 was the one who 
had to leave for work and take long commuting routes (MARINO et al., 2020). 

Data from Grande Recife Consórcio de Transportes (GRCT) were used to compare the offer 
and demand of public transport by bus lines in different periods before and during the 
pandemic to observe if the variation in the service provision attended the areas that needed 
the most. From data collected, it was possible to obtain results of: (i) the location of the 
residences of the workers who rely on public transport, and (ii) the income distribution in the 
city based on socioeconomic data (iii) variations in the service provision of bus lines. 

1. Introduction 
Since the outbreak of COVID-19 in December 2019 in China, countries and health 
organizations are adopting measures to contain the spread of the disease worldwide. Travel 
restriction, quarantine, isolation and social distancing are the most commonly measures 
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applied in the globe in order to contain the transmission of the virus, avoiding the collapse of 
the healthcare systems and saving people’s lives. 

In Brazil, as in many other countries, disease containment plans were elaborated by local 
authorities, usually structured in phases, containing measures ranging from a total restriction 
situation to the resumption of socio-economic general activities. In the most restrictive phase, 
measures of lockdown are adopted during which only services considered essential are 
authorized to function with the presence of workers. All the others should be temporarily 
closed or should operate on remote mode. However, according to IPEA (2021), only 22.7% of 
the Brazilian population would be able to work remotely, showing that the majority of people 
continue to depend on commuting to access work. 

The effects of COVID-19's containment measures impacted the transport system and is 
observed, for instance, in the sharp reduction in demand for public transport, especially in 
periods of restriction in which commercial activities were temporarily closed. However, to 
maintain the economic-financial balance, companies operating public transport services in 
Brazil adjusted services by reducing the fleet, frequency and bus lines. Nevertheless, with less 
stringent restrictive measures and the increase in demand, these modifications resulted in 
crowding in terminals and vehicles, in addition to increased waiting times, putting its users at 
the risk of contagion, which makes public transportation operate contrariously to the measures 
adopted to control the spread of the disease. A matter of concern is that the majority of the 
public transport users in many cities in Brazil is from a low-income household. 

As a matter of fact, in the Metropolitan Region of Recife- RMR, the 2018 Origin-Destination 
Survey shows that 48% of commutes to work were made by public transport and that 55% of 
bus users had a household income of up to a minimum wage - equivalent to $ 209.44, at the 
quotation of September 10th, 2021 (ICPS, 2018). These numbers show the financial 
vulnerability of bus passengers in the city, people who possibly depend on public transport to 
make their trips. It is also important to emphasize the weight of transportation in the household 
budget in the country, which in 2018 was 18.1%, surpassing for the first time the amount 
spent on food (IBGE, 2019). 

Recent research on public transport and the COVID-19 pandemic indicates the importance of 
this topic. For example, Hu et al. (2020) approach the transmission of the virus on trains in 
China; a study carried out in the city of São Paulo shows that the population most impacted by 
the deaths caused by Covid-19 was the one who had to leave for work and take long 
commuting routes (MARINO et al., 2020); Quinino et al. (2021) analyze the aspects and 
factors associated with the interiorization of Covid-19 in the State of Pernambuco; and Da 
Silva et al. (2020) point out to the existence of a spatial relationship between the number of 
COVID-19 cases and the number of public transport passengers in Recife. From this later 
study, and as a way to complement it, this paper aims to verify how the reorganization of the 
transport system promoted by local authorities to deal with the pandemic impacted the mobility 
and exposed the poorer people to contagion. This study takes as an empirical basis the trips 
by public transport in the city of Recife. Despite its size, Recife is a very unequal city with poor 
areas in its urban periphery, as will be seen later on, and that is why it was chosen as the 
research site for this problematic.   

Besides this introduction, the paper is structured into four more sections: section 2 provides a 
brief review of the literature with data on public transport and COVID-19 in the world and 
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measures taken to deal with the pandemic; section 3 presents the methods used for data 
analysis; section 4 provides results and discussion and section 5 to final considerations. 

2. Literature Review 

2.2 Transport and Covid  
Many measures were adopted by governments to contain the spread of the COVID-19 
disease. Regarding mobility and accessibility, it is possible to observe a movement towards 
the promotion of active mobility, especially during periods of full restrictions such as 
quarantine. For instance, closing streets for restricted use of pedestrians and the increase of 
existing cycle paths networks in large urban centers were measures adopted in Paris, which 
results, in turn, the increase of cyclists by 62% in the last two years (El País, 2021). In Mexico, 
in addition to measures for pedestrians and cyclists, there was a plan to install exclusive lanes 
for public transport (GOVERNMENT OF MEXICO, 2020).  Some U.S. cities adopted a “Slow 
Street” concept, in which traffic calming measures were used from the partial closure of 
residential streets. This project uses temporary signals and cones to divert traffic and reduce 
the speed of vehicles in the area and prioritize sustainable active mobility (COUTO et al., 
2020; SFMTA, 2020). 

Many countries, among them Ecuador, Colombia, Peru and Argentina, have drawn up 
guidelines to contain the advance of COVID-19 in public transport, among them: (i) prioritize 
urban transport on roads, (ii) provide Personal Protective Equipment (PPE’s) for urban 
transport operators, (iii) regular cleaning; (iv) definition of maximum in-vehicle capacity; (v) 
mandatory use of masks; (vi) biosafety infrastructure at interconnection stations and transfer 
points, stops and land terminals (COCA et al., 2020). However, one of the problems observed 
is the difficulty of putting them into practice (ibid).  

In Brazil, the first case of COVID-19 was registered at the end of February 2020, in the state 
of São Paulo. At the beginning of the pandemic, the sharp political polarization, with 
disagreements between the different levels of governance regarding the norms to contain the 
pandemic, may have delayed the adoption of necessary measures, generating an 
unprecedented health crisis in the country (QUININO et al., 2021). According to a study 
conducted by the Lowy Institute (2021), at the end of January, Brazil was identified as the 
worst of 98 countries in the fight against the pandemic, considering the number of confirmed 
cases, deaths, and detection of the disease. By the end of August 2021, the total number of 
deaths was 581,150 (CORONAVIRUS BRASIL, 2021). 

The impact of the pandemic in the operation of public transport can be observed in the 
reduction of demand as well as in its supply. According to NTU (2021b), one year after the 
beginning of the pandemic, urban public transport systems throughout the country suffered 
accumulated losses of R$ 11.75 billion (around $2.24 billion at the quotation of 15th 
September, 2021) due to the drastic reduction in revenue resulting from the drop in passenger 
demand, aggravated by the lack of specific emergency relief measures by the federal 
government. The situation threatens the continuity of services and their future existence, even 
with the return to normality. 

According to Moovit (2021), Recife was the capital that had the longest average waiting time 
for public transport in Brazil in 2020 (31 minutes, with an increase of 6 minutes compared to 
2019) and the second capital with the longest average travel time (64 minutes, with an 
increase of 2 minutes compared to the previous year). In January 2021, there was a 40% 
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reduction in public transport demand and a 25% reduction in its supply in the Metropolitan 
Region of Recife (NTU, 2021a). It is noteworthy, however, that these variations do not portray 
the phases experienced since the beginning of the pandemic, which is characterized by 
alternating openings and closures of non-essential activities. Moreover, the difficulty to 
implement operational measures in the integrated terminals, such as social distance, resulted 
in crowding, in opposition to health recommendations in the fight against COVID-19. As 
mentioned by Cavalcanti et al. (2020), these problems directly affect the public transport 
users. 

Finally, it is important to highlight that, as claimed by Falquete et al. (2020), research results 
demonstrate that social asymmetries and inequalities in access to basic health services are 
determinants in this pandemic time. This does not mean that the virus has social prevalence, 
but that the precarious housing, the exposure to the virus in the continuity of the work routine, 
without the possibility of making isolation, the condition of operation of public transport, among 
other factors, make the vulnerable population more exposed and, in turn, become potential 
victims of the new Coronavirus. 

3. Methodology 

3.3 Recife, the case study 
Located in Northeastern Brazil, Recife is the capital of the State of Pernambuco (Figure 1). 
With more than 1.5 million inhabitants, an economic cluster of great density and regional 
leadership, Recife houses the main industries of the state and a modern center of services, 
with emphasis on medical services and the largest and most prominent technological park in 
the country, known as Porto Digital (Recife Prefeitura, 2021). 

 
      Source: Vieira et al. (2019) 

Figure 1: Location of Recife in Brazil 

Its HDI is 0.772, considered high. However, the Gini index of 0.68 shows the social inequality 
in the city. The process of urban expansion is characterized by the contrast between well-
served land and areas lacking infrastructure and land legalization which occurs throughout its 
territory.  

Although the city is the capital of a metropolitan region and has poor populations and areas 
spread throughout its area, the conglomerates with lack of proper infrastructure (identified as 
Community Interest Social - CIS by the City Hall) can be seen mainly in the southern and 
northern outskirts of the city, showing that the disparity can already be seen within the 
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metropolis, and is not restricted to the outer cities of the metropolitan region, as can be seen 
in Figure 2. In spite of responding for 20% of the territory, 53% of the population lives in CIS 
areas. The areas with fewer CIS areas, at the periphery, on the top and on the west side of 
the city, are due to the presence of natural vegetation in this area. 

.  
      Source: Recife (2016) 

Figure 2: Areas of Social Interest Communities of Recife 

Figure 3 shows the monthly household income per neighborhood. There are two major poles 
in which richer people live, in the poles of services of the city. On the other hand, the northern 
region of the city stands out for being one of the lowest income regions, and one of the 
concentrations of CIS area. 

 
Source: Authors, from data from IBGE the city of Recife 

Figure 3: Monthly family income map, by neighborhood, of the city of Recife 
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Based on data from the 2018 Origin Destination Survey, considering public transport travel for 
work purposes, the highest percentages of travel (darker color) are predominantly in hilly 
areas in the north and south of Recife (Figure 4), in localities with concentration of 
Communities of Social Interest- CIS (Figure 2) and with one of the lowest average monthly 
household incomes (Figure 3). For example, in the darker areas, around 80% of the trips to 
access work are made by Public Transport. This is the population that most needs its service. 

 
Source: Authors, from the data of the 2018 Origin-Destination Survey 

Figure 4:-Percentage of trips made by public transport in each neighborhood 

Public transport in Recife is managed by the Grande Recife Consórcio de Transportes 
(GRCT). It was created in September 2008, after the extinction of the Metropolitan Urban 
Transport Company (EMTU/Recife). It is the first consortium experience in the passenger 
transport sector throughout the country (GRCT, 2021). 

The public transport system in Recife is part of the Integrated Structural System (SEI) for the 
metropolitan area. SEI provides institutional, tariff, operational and physical integration. SEI 
consists of a public transport network of bus and metro lines; the integration between lines 
occurs through physical terminals, which enable the multiplicity of origin-destination 
connections. The system consists of radial and perimeter axes, and the integration terminals 
are located in their intersections (GRCT, 2021).  In total there are 185 lines of which 123 are 
feeders, three perimeters, 24 trunk lines, 18 interterminal, 6 transversal lines and 11 circular 
lines, serving 10 out of the 15 municipalities in the Metropolitan Region of Recife (ibid). Ten 
companies operate the system.  

According to Soriano et al. (2016), the main reasons people made use of physical integration 
are twofold:  the absence of direct lines that would take them to their destinations and the 
possibility of paying a single fare on the route. Therefore, the logic of the system concentrates 
people in the integrated terminals. If the authorities are not able to implement the safety and 
sanitary measures regarding the contention of COVID-19 in the terminals, their users are 
probably at risk of contamination. 
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3.2 Data collection and analysis 
Data from four different periods were provided by GRTC containing information about the 
number of trips made by each line on the selected day and the demand of passengers per 
line. The selected days chosen for the analysis were as follows:  

● Period 1 - 4th March 2020: day from a period before the outbreak of the 
pandemic in Brazil and Recife; 

● Period 2 - 6th May 2020: on this date only essential services were open, due to 
the first lockdown decreed in the city;   

● Period 3 - 15th July 2020: day of the progressive return of activities; 

● Period 4 - 16th June 2021: most recent data for analysis in the study, with full 
functioning of the activities. 

The data were processed in Excel and crossed with geographic data provided by the 
municipality of Recife. The Qgis software was used to provide maps in order to facilitate 
understanding and to support analysis. 

For the analysis, it is pointed out the limited access to information, as it was not possible to 
obtain the number of passengers or trips made per hour, so an average index for the entire 
day for the lines was used. A passenger/trip parameter (p/t) was calculated from the number 
of passengers and number of departures made by each line per day; from this parameter, a 
calculation was made to compare the ratio (p/t) of the days of the periods under study (May 
2020, July 2020 and June 2021), always compared with data from the pre-pandemic period 
(March 2020). Thus, this relation (p/t) serves as an approximation to indicate how the 
adequacy of each line to health protocols occurred. For this purpose, a second agglomeration 
coefficient parameter (ac) was defined, calculated as the ratio between (p/t) i and (p/t)0.  

ac = (p/t)i /(p/t)0 

As ac is the agglomeration coefficient, it indicates how many times the ratio (p/t) of each line in 
a given study month (period i) is greater than the ratio (p/t) of the pre-pandemic period (period 
0). When ac is greater than 1, it indicates that the line has an increase in an agglomeration 
that period compared to the pre-pandemic one: when ac is less than 1 it indicates otherwise.  

After calculation of ac, the lines were, then, separated into 3 groups:  

● Group 1 - lines with ac above 1 and below 1.5 (1 < ac < 1.5):  these lines presented an 
increase in the ratio (p/t), which means an increase in agglomeration;  

● Group 2 - lines with ac higher than 1.5 (ac > 1.5): lines with a 50% increase in 
passenger agglomeration;  

● Group 3 - lines with ac below 1 (ac < 1):  deagglomeration was considered. 

Applying Qgis, by visualizing the overlap of the bus lines in the city map, it was possible to 
verify which neighborhoods are served by each of these groups of lines both in the lockdown 
period (May 2020) and in the period of resumption of activities (July 2020). These are the 
most sensitive periods for people who depend on the public transport system. 
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4. Results and discussion 
Tables 1 to 4 summarize the lines that were selected as “lines of interest” in the two periods 
studied, namely the lockdown period in May 2020, in which there was a greater restriction on 
displacements, and the period of resumption of activities in July 2020, where a significant part 
of the population returned to presential activities. 

Tables 1 and 3 show, respectively, the lines of Group 2 during the lockdown period and during 
the resumption of activities. The calculation of ac for these lines shows that some of the lines 
even doubled the ratio (p/t) in relation to the pre-pandemic period. Tables 2 and 4 summarize 
the lines of Group 1. 

Table 1: Group 2 Lines (ac over 1.5) from Period 1 (May 2020) and calculation of the coefficient ac. 

 
  Source: Authors, based on data from GRCT 

 

Table 2: Group 1 Lines (ac between 1.0 and 1.5) from Period 1 (May 2020) and calculation of the  
coefficient ac. 

 

  Source: Authors, based on data from GRCT 

 

Table 3: Group 2 Lines (ac over 1.5) from Period 2 (July 2020) and calculation of the coefficient ac. 

 
  Source: Authors, based on data from GRCT 
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Table 4: Group 1 Lines (ac between 1.0 and 1.5) from period 2 (July 2020) and calculation of the  
coefficient ac. 

 
Source: Authors, based on data from GRCT 

As mentioned before, it is important to emphasize that ac values above 1 suggest that these 
lines had a ratio (p/t) higher than the pre-pandemic reference period, indicating deterioration 
of the service; that is, reduction of the travel offer by a value higher than the reduction of 
passengers. 

In Figures 5 and 6, these lines were represented in GIS files together with the neighbourhoods 
of Recife in order to verify which neighbourhoods are served by these lines. Figure 5 shows 
these lines for the lockdown period in May 2020, and Figure 6 shows the lines for the period of 
activity resumption in July 2020. 

 

Source: Authors, based on data from GRCT 

Figure 5: Group 1 and Group 2 of lines and the neighborhoods served by them 
 in lockdown period (May 2020) 
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Source: Authors, based on data from GRCT 

Figure 6: Group 1 and group 2 of lines and the neighborhoods served by them in period  
of resumption of activities (July 2020) 

The lines in Group 1 vary a little between the periods, but the Group 2 practically reach the 
same neighbourhoods located in the southern part of the city. When comparing Figures 5 and 
6 with Figures 2 and 3, it is possible to note that this region is a CIS area, suggesting that the 
areas most affected by the Group 2, in both periods analysed, were low-income community 
areas. 

When comparing Figures 5 and 6 with Figure 4, it is noted that these regions are the most 
dependent on public transport as the main mode of transportation, which implies a 
deterioration in the quality of urban mobility for these people. 

The neighbourhoods served by the lines in Group 1 changed considerably between the 
periods analysed: in the lockdown (May 2020) they were more distributed among the most 
dense neighbourhoods, but during the period when activities were resumed, a concentration 
can be seen again in neighbourhoods that have more CIS (as can be seen in Figure 2), and in 
lower income neighbourhoods, (as can be seen in Figure 3). 

5. Conclusions 
This paper aimed to verify how the reorganization of the transport system in response to the 
pandemic exposed people to contagion. Recife was the city chosen as the case study and it 
presents the highest GINI index amongst the capitals of Brazil (IBGE, 2020), presenting areas 
with lack of infrastructure spread all around the city, but with major conglomerates of poor 
areas located in its north and south urban periphery. 

Data from Grande Recife Consórcio de Transportes (GRCT) were used to compare the offer 
and demand of public transport by bus lines in different periods before and during the 
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pandemic to observe if the variation in the service provision attended the areas that needed 
the most.  

From the data analysed, it was possible to identify that, in the period of the COVID-19, there 
was a deterioration in the quality of urban mobility, particularly for the poor people living in the 
south and north peripheric regions of Recife. The adjustment in bus line services for this 
region resulted in a 50% increase in passenger agglomeration, exposing its users to the 
contamination of the disease.   

The reduction in the quality of mobility of these users in this particular context, in which lives 
need to be saved, probably helps to feed the negative circle of poverty, increasing inequalities 
in the city. The adjustment in the public transport lines which serve areas with precarious 
infrastructure should consider increasing its offer as a mean to contribute to lessening the 
dissemination of COVID-19 and its consequences.  

The suggestion to the local authorities would be to at least consider the variation of demand of 
passengers when adjusting the offer of bus services, but even so it would not be sufficient to 
attend the consensual health recommendations against the spread of COVID-19, as this 
would only keep the same crowding as pre-pandemic times. Thus, to meet the required 
distance, the increase in bus lines and the frequency should consider the variation in demand, 
but in a bigger percentage to reduce the occupancy in the vehicles. One more suggestion 
would be to expand the possibility of transport integrations outside the terminals, reducing  the 
agglomeration of passengers in these areas, thus reducing the amount of time in crowding 
and thus reducing the risk of contagion.  

As a limitation of this paper, the data obtained considered the travel departure and passenger 
demand for the entire day, without neither time discrimination nor embarkation and 
disembarkation information. Due to this limitation, it was necessary to use a passenger per trip 
(p/t) ratio to obtain a coefficient that represented the improvement or worsening of the service 
per line, since it was not possible to determine the capacity passengers were submitted during 
travel at peak hours.  

For future work, once more data is available, it is suggested to analyse the phenomenon 
taking into consideration the dynamics of the bus lines, considering embarkation and 
disembarkation data so that the analysis can be done by hour, especially the peak hours, 
comparing the areas more affected by the adjustments in different periods of pandemic time. 
With data by hour, it would be possible to subsidize propositions regarding the offer of bus 
services more precisely and regarding alterations in the hours of beginning and ending of 
work, in order to lessen the peak hour occupancy.  
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