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ABSTRACT

The COVID-19 pandemic has had a dramatic impact on the demand of public transport systems.
Nevertheless, the global decrease and recovery of users has been uneven both in time and
space. It is important to understand the extent of the unequal resilience of service areas with
different characteristics. The objective of this study is to map the patterns of variations in the use
of public bus at different scales, urban and regional. The data used were collected by an
Automated Fare Collection system based on the use of smart travel cards in the Camp de
Tarragona region (Southern Catalonia, Spain). Our approach has the potential to be applied in
multiscale studies in other areas with similar data sources. This study also illustrates the potential
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that data generated by Automated Fare Collection systems have for a better understanding of
uneven spatial and temporal patterns of public bus ridership during crises such as a pandemic.

Key Policy Highlights

o Data collected by Automated Fare Collection systems allow longitudinal analyses to be

carried out at different scales and resolutions.

e Such analyses are key to understanding unequal territorial patterns and the evolution of the

public bus system.

o Automated Fare Collection data can be used to measure the resilience of public bus to

disruptions such as the COVID-19 pandemic.

e The construction of data visualizations can provide new insights in mobility studies, making

them useful tools in the decision-making process.

1. Introduction

In recent decades, great progress has been made in pro-
moting public transport, but the path towards more sus-
tainable mobility can be compromised by the recent
impact of the pandemic in public transport demand
(Eisenmann et al., 2021; Gutiérrez et al., 2021; Jenelius &
Cebecauer, 2020; Liu et al, 2020). COVID-19 deeply
modified human behaviour and everyday activities. Mobi-
lity suffered major impacts during lockdown periods and
also during the return to the ‘new normal’ (Alml6f et al.,
2021; Dong et al., 2021; Jenelius & Cebecauer, 2020; Vick-
erman, 2021). In this sense, to determine the needs for
transport policies and planning, it is important to analyse
and understand the process of recovering mobility during
the reopening phase (Gkiotsalitis & Cats, 2021). Moreover,
it is necessary not only to understand the variations in the
number and type of travellers, but it is also of great interest
to analyse the spatial and temporal variability of trips
during the pandemic (Orro et al., 2020).

Fortunately, there are various data sources for the
study of mobility during the different phases of the
pandemic, and there have even been interesting
initiatives to facilitate access to data. Mobile phone
data has been proven to be successful in gathering
the evolution of mobility during the pandemic (Hu
et al, 2021), though it still has the drawback of
difficulty identifying modes of transport (Chin et al.,
2019). In the case of mobility using public transpor-
tation, few sources provide a more detailed approxi-
mation than data from Automated Fare Collection
(AFC) systems using smart travel cards (Miravet
et al., 2021). Among the advantages of AFC as a data
source, its completeness and quality stand out. How-
ever, as it is the case of other technology-based data
sources, to maintain the anonymity of the users
there is an almost total absence of socioeconomic
data or in most cases the data has to be anonymized
or summarized before the analysis. Access to this
sort of data is normally restricted for these reasons
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and different types of agreements are necessary to use
these data for research (B. Zaragozi, Trilles, Gutiérrez,
et al., 2021).

The main objective of this study is to produce new
maps that facilitate analysing the large amount of
information collected by AFC and help to understand
the spatial and temporal patterns of the variation in
public bus ridership during the different phases of
the COVID-19 pandemic. According to this, the
specific objectives of our study are as follows:

(1) To create an easily readable visual resource that
technicians, researchers and citizens can use to
track the public bus system recovery.

(2) To introduce a new data visualization system that
combines a bivariate choropleth map, a graduated
symbols map and the use of sparklines facilitating
the understanding of changes in ridership in
different temporal and spatial scales.

(3) To showcase the potential value of the data col-
lected by AFC systems.

2, Study area, data and methodology
2.1. Study area

The study area corresponds to the region in Southern
Catalonia, Spain, where public transport services are
managed by the Camp de Tarragona Public Transport
Consortium (ATMCAT). The ATMCAT coordinates
the public transport service — mainly bus — in 132
municipalities, that according to the data of the stat-
istical records of Idescat (Institute of Statistics of Cat-
alonia) had a total population in 2021 of 640,928
inhabitants and an area of 2999.02 km?. Tarragona
(136,496 inhabitants) and Reus (106,168 inhabitants)
are the major cities of the area, while the region also
includes other smaller coastal cities, characterized by
an intense seasonal activity associated with tourism.
About 73% of the population of the area is concen-
trated in these two main cities and in the 13 remaining
coastal municipalities.

By focusing on the Camp de Tarragona, we aimed
to explore the consequences of the COVID-19 pan-
demic in a high tourist area where the extreme
effects of tourism shrinkage were predictable. This
region was chosen due to its well-studied nature
prior to the pandemic and the availability of compre-
hensive data (Anton Clavé, 2010; Anton Clavé &
Wilson, 2017). Additionally, the region’s dependence
on tourism, coupled with temporary regulations
imposed by the EU and Spanish authorities — Regu-
lation (EU) 2021/953, further accentuated the impact
of the pandemic on public transportation. Previous
studies have analysed public bus ridership in this
region under normal conditions, particularly focusing
on seasonal variations driven by sun-and-beach

tourism (Domeénech et al., 2020; Gutiérrez et al,,
2020; Gutiérrez & Miravet, 2016). Recent research
has also explored the impact of the COVID-19 pan-
demic on public bus ridership, with specific attention
given to tourist behavior and its relation to residents’
safety perceptions (Delclos-Alié et al., 2022; Vich
et al., 2022).

The ATMCAT offers a range of transport passes
that can be used on urban and interurban buses of
the Camp de Tarragona. The system favours frequent
travellers, as the price per journey is much lower for
the fares that allow a larger number of journeys. The
range of fares entails T-MES (unlimited use of public
transport for 30 days); T-50/30 (50 journeys in 30
days); T-10/30 (10 journeys in 30 days); T-10 (10 jour-
neys through the end of the year). The rest of the
options, single tickets in the case of the interurban
buses and transport passes, are run by local transport
operators of urban buses of Tarragona and Reus, and
fall into the category TP. While T-MES, T-50/30, and
T-10/30 are unipersonal, and hence, they can only be
used by one person, T-10 allows the use of the passes
by groups. This characteristic together with the lack of
time limitations make T-10 the transport pass most
frequently chosen by tourists. Single tickets are also
used by tourists due to a lack of time limitations
(Gutiérrez et al., 2020).

Figure 1 shows that there are 423 interurban bus
stops in the area, 207 urban bus stops in Reus and
398 urban bus stops in Tarragona. The ATMCAT
also manages 65 urban bus stops in the municipalities
of Vendrell and Roda de Bera, but these records have
been discarded on the main maps due to their limited
representativeness in the dynamics of the study area.

In this study, we define ‘transactions’ as the
recorded instances when a user validates their ticket
or pass while boarding a bus, indicating their utiliz-
ation of the public transportation service. The
ATMCAT recorded 21,661,014 transactions in the
study area in 2019, while these fell to 10,724,511 in
2020 — a decrease of 49.51% — mainly due to the health
emergency caused by the pandemic. The greatest
decrease in absolute terms occurred in the month of
April 2020, with 1,590,879 transactions less compared
to the same month in 2019 (—80.37%). These
decreases are mainly related to the declaration of the
First State of Alarm throughout the Spanish territory
to deal with the health emergency situation caused
by COVID-19. This First State of Alarm was extended
until 21 June 2020, with the arrival of the so-called
‘New Normal’ period. However, shortly after, the
Government of Spain approved a Third State of
Alarm for the entire Spanish territory on 25 October
2020, which lasted until 9 May 2021. It can be men-
tioned that the Second State of Alarm is not men-
tioned here because it only comprised a few Spanish
regions. In 2021, the number of transactions started
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Figure 1. Context maps of bus stops managed by ATMCdT.

to recover, but still were far from the figures of 2019.
Besides, this recovery was uneven across the territory.
The overall number of journeys that were registered in
2021 was 14,586,810, which still was 33.38% below the
transactions registered in 2019.

During the COVID-19 pandemic, adjustments were
made to the number of bus services and vehicle capacity.
The nature of these adjustments varied depending on
the stage of the pandemic. Initially, from March to
June 2020, there were significant reductions in the num-
ber of buses as a logical response to the lockdown. Sub-
sequently, as the situation evolved and certain
restrictions were lifted, bus lines gradually began to
restore their pre-pandemic service levels. Therefore,
from July 2020 until the end of 2021, adjustments pri-
marily focused on limiting vehicle capacity to mitigate
the risk of contracting the illness on-board. These
measures were in line with public health guidelines
and aimed to ensure the safety of both passengers and
staff. According to the data provided by the ATMCdAT,
in 2019 the number of seat-kilometers offered were
1070.3 M. This figure shrank by 33.9% to 707.5 M
seat-kilometers in 2020. In 2021, it grew to 973.1 M,
but still remained 9.1% below the 2019 levels.

Although demand levels remained significantly
below those of 2019, service provision was not

Table 1. Description of the variables contained in the dataset
facilitated by ATMCdT.

Variable Description

Year The year (2017-2021)

Month Month of the year

Stop Name of the stop

Lon Stop longitude in decimal degrees

Lat Stop latitude in decimal degrees

Type Whether the stop is interurban or urban

Municipality One of the N municipalities in the study area

Single ticket One column summarizing the use of single tickets,
transactions per month and stop

ATM fare 7 columns representing the transactions per ATM

transactions fare type (T10, T10/30, etc.), per month and stop

© Urban stops (n=639)
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optimized to minimize operators’ losses. Instead, the
focus was on preserving individuals® right to use public
transport. It is important to note that mobility restric-
tions continuously changed based on the incidence
rates of COVID-19 cases, resulting in fluctuations in
bus ridership. Nevertheless, the adjustments made
during this period prioritized public health consider-
ations. Service reductions only occurred if there was a
substantial drop in demand; otherwise, services were
maintained despite the significant decrease in ticket
revenue.

2.2. Data

To comply with current regulations on the protection
of personal data — Regulation (EU) 2016/679 — the
ATMCAT provided a data set aggregated by stops
and by months, organized in 14 columns, distinguish-
ing the dimensions of space, time, type of stop and the
type of rate used (see Table 1).

This data set can be converted to a GIS point layer
based on the geographical coordinates of each stop
(Lon and Lat columns) and that layer can be enriched
performing spatial joins and queries with other con-
text layers. Given the large concentration of stops in
some areas, the journey transactions were spatially
aggregated using the layer of municipal limits (Centro
Nacional de Informacién Geografica, 2021) in the
analysis of interurban stops, while the layers of Tarra-
gona (https://mapes.tarragona.cat/) and Reus (https://
geoportal.reus.cat) neighbourhoods were used for pre-
paring the maps of each city.

According to the available data, 2017, 2018, and
2019 were typical years in terms of the use of public
bus in the study area. Taking 2019 as a reference,
Figure 2 shows an important increase in the volume
of transactions during the summer period. In contrast,
since the start of the pandemic there has been a gen-
eral drop in the number of transactions in all fares.
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Figure 2. Temporal distribution of transactions carried out on ATMCAT buses between 2019 and December 2021. This bar plot
shows the significant differences between journey transactions on urban and interurban bus lines.

In 2020, TP and T-10 — the types of fares most used by
tourists — are the most affected by the pandemic.
Finally, since the beginning of the pandemic, there is
a gradual recovery in the use of public bus. However,

this recovery has not been the same in all areas man-
aged by the ATMCdT.

2.3. Cartographic methods

To show the uneven recovery of the ATMCAT public
bus ridership, the two main maps have combined the
use of different cartographic techniques, namely
graduated circles, bivariate choropleths, and spark-
lines. These methods were used to represent the spa-
tio-temporal variations in the total number of
transactions at each bus stop, that is, without dis-
tinguishing between types of fares.

The main maps were created at relatively large scales
(regional and urban scales) but showing all bus stops at
the same scale would hinder map readability. Because
of this, it was necessary to aggregate the data spatially
using different administrative units. This was done by
calculating the interannual percentual variations in
the total number of transactions by month and bus
stop. In the case of interurban stops, the transactions
were aggregated by municipalities, while the data for
urban stops were aggregated by neighbourhoods.
After this process was completed, the data was ready
for mapping by combining different thematic layers.

First, graduated circle maps show spatial hetero-
geneity and contrasts in an area very clearly. To facili-
tate the temporal analysis, a faceted map was created,
that is, a set with a simple map for each month but
with a common legend. We experimented with differ-
ent colour palettes and symbols, aiming to avoid over-
lapping issues by means of transparencies or symbols
with no fill colour (see Figure 3). Although graduated
circle maps make it easy to understand the uneven
geographical distribution of smart card transactions,
these maps do not help to represent the temporal evol-
ution of the number of transactions during the pan-
demic in each area in the same way.

Second, the maps with overlapping sparklines show
the evolution of ridership in each zone in a more readable
way. Sparkline is a term for a small, high-resolution,

simple-design, data-intensive graphic embedded in a
context of words, numbers, and images (Tufte, 2006).
An interesting example of the use of this type of represen-
tation with sparklines on a map is the ESRI CovidPulse
Living Atlas (https://livingatlas.arcgis.com/covidpulse/),
which is a dynamic map that shows the evolution of
the pandemic in the United States of North America at
different scales. We created these sparklines to show
the loss of public bus demand within the area where
ATMCAT is in charge of the fare integrated system.
Each sparkline is structured from a black horizontal
axis showing the base situation in 2019; four different
dates are highlighted as overlapping points to indicate
different phases of the management of the pandemic—
red points for the beginning of application of severe
restrictive measures and blue points for the relaxation
of those restrictions. Finally, sparklines are sized accord-
ing to the total number of journey transactions in each
administrative area in 2019. This way the area enclosed
between the sparkline and the horizontal axis represents
the relative loss or gain in the number of transactions
when compared to the situation considered normal.
Finally, the main maps — changes in urban and inter-
urban public bus ridership — also show a base layer of
bivariate choropleths to help visually clustering munici-
palities or neighbourhoods with similar patterns of
public bus use and the magnitude of the effects of the
public health emergency. The color palette was selected
to contrast with the sparklines and it is also color blind
safe. The class intervals were initially calculated using
the Natural Jenks method but were later adjusted
manually in order to clearly show the important differ-
ences between the central area of the Camp de Tarra-
gona and the peripheral municipalities (Figure 4).
Upon further evaluation, it became apparent that
attempting to consolidate the bivariate legends into a
single legend for both maps was not a suitable
approach, as it resulted in significant distortions in
the patterns observed in the central areas of each map.

3. Discussion and conclusion

In this study, we presented a new type of representation
showing the recovery of the public bus service. This type
of map allows one to visually analyse a large amount of
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Figure 3. An example of a graduated symbols map showing all interurban bus stops. It showcases the reduction in the use of
public bus per stop and month during the first year of the pandemic. Evolution of the service recovery is not easily readable.

information collected by AFC systems and to track the
decrease and recovery of public bus use during the differ-
ent phases of the COVID-19 pandemic.

The preparation of the data has been essential so that
the final maps are legible and adequately show the con-
trast between municipalities or neighbourhoods. These
types of tasks and the creation of the base visualizations
have been completely automated thanks to the tools
available from the R GNU platform. Figure 2 and the
main maps show some of the territorial and mobility
changes that had already been explained in the presen-
tation of the study area. Mainly, we observed that: (1)

Trips in 2019

[2M, 2.2M)

0% change
~ from 2019
2020 2021
(100K, 1M) \ O
/YX
[20K, 100K) / \ End of
: restrictions

Lockdowns
New Normal

(1M, 2M)

(<<

~— [0, 20K)

Tarragona

Vila-seca

Salou
Cambrils

Figure 4. Design of the sparklines and choropleth layer
legends. (Top left) Bivariate colour legend, (Top centre) key
of sparkline proportional sizes and (Top right) Example of a
sparkline.

there is a strong contrast between the use of urban
and interurban bus lines, (2) there is a very pronounced
summer increase in the number of journey transactions
on interurban lines, (3) T-10 fares and single tickets —
the most common fares among tourists — are the ones
that tend to increase the most during the summer
period, and (4) although the decrease in the use of pub-
lic bus has affected all fares and zones, the greatest
impact occurred in the areas of highest tourist activity,
while in the rest of the areas there has been a noticeably
faster recovery of the ridership. The latter can be seen
by observing the sparklines of the elaborated maps.
Graduated symbol maps and sparklines are deemed
suitable for assessing variations in public bus use during
the pandemic. On the one hand, the graduated symbol
maps show an overview of the spatial distribution of
transactions in public transport, making it easy to ident-
ify the largest drops in bus use. However, the represen-
tation by facets requires more space and makes it
difficult to establish a longitudinal view of what hap-
pened at a bus stop or a specific area. For this reason,
it makes sense to combine this type of representation
with the sparkline map, in which the temporal evolution
of each zone can be easily interpreted—although in this
case it is not feasible to represent all the stops as spark-
lines and it is necessary to apply a spatial aggregation by
municipality (interurban services) or neighbourhood
(urban services). One significant challenge inherent to
our design lies in the reliance on intricate legends to rep-
resent various facets of a single variable, the number of
trips. Furthermore, as we seek to push the boundaries of
visual representation in our field, another avenue to
explore in future research could involve the investi-
gation of more complex symbols. For instance, the 3D
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symbols proposed by Zuniga et al. (2012) offer an intri-
guing potential approach, expanding the dimensional-
ity and depth of information that can be conveyed in
our maps.

The main disadvantage of AFC data is associated
with having to overcome the necessary limitations to
protect the privacy of public bus users (B. Zaragozi,
Trilles et al., 2021). Another drawback lies in the fact
that this sort of data lacks specific individuals’ socio-
demographic information (Shoval & Ahas, 2016).
Despite these limitations, this type of data provides a
unique view, transversely and longitudinally, that no
other source can provide. The main advantage of
AFC data comes from the opportunity to study
human mobility during a specific period and at differ-
ent geographical scales, and thus is particularly suit-
able to assess the continuous evolution of demand in
contexts of disruption (Miravet et al., 2021).

The limitations of this study include the fact that it
is a descriptive analysis of the data on the use of public
bus from the AFC of the ATMCAT. Future studies
could algorithmically analyse the spatio-temporal pat-
terns of public bus ridership variations. However, our
approach was useful to better understand the charac-
teristics of the available data. In this data extraction
provided by ATMCAT, we only used the data for
one year before the pandemic, while it would have
been interesting to have several years to establish
what a normal year means in the study area, such as
Orro et al. (2020) did by using a period of 5 years.
The temporal resolution of the data could also have
been finer. Having monthly aggregated data made it
difficult to add more events of interest to understand
the evolution of the pandemic from the sparklines. A
weekly aggregation would better fit the available data
on key issues of the pandemic (e.g. deaths, infections,
number of tests or vaccination, among others). Many
of these difficulties are associated with the privacy
requirements of accessing this type of data.

According to previous studies (Pelletier et al., 2011;
Sobral et al.,, 2019), we agree that the data from AFC
represent an alternative data source for mobility
studies to other traditional sources such as surveys,
but also provide a level of detail that other more cur-
rent sources such as mobility data from mobile phones
cannot provide (e.g. the fare type used). While AFC
data may provide a better representation of mobility
through public transport systems, cross-referencing
these data with mobile data and additional qualitative
research on selected case studies may help circumvent
the limitations from each source.

In a territory where the use of public transport is
highly dependent on the tourist activity, the demand
of bus services is more sensitive to disruptions in com-
parison to those territories where the demand is based
on daily commuting (Delclos-Alié et al., 2022). More-
over, as showcased by the maps, demand shocks in this

context tend to acquire an asymmetric distribution.
For this reason, the exploitation of continuous data
provided by AFC systems is highly valuable to face
scenarios like the one caused by the pandemic. The
recovery of public bus demand in those services
characterized by a higher proportion of tourists’ use
requires specific actions and accurate knowledge of
users’ flows. The analysis of these data, which allows
total flexibility related to the time and space dimen-
sions, is critical for public transport authorities to
properly design the necessary actions to recover the
pre-COVID-19 levels of users. As a final consequence,
it will be possible to examine the outcomes of the pol-
icies implemented, which are also likely to yield
uneven outcomes.
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