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Abstract: The COVID-19 pandemic led to restrictions on activities and mobility in many parts of the
world. After the main peak of the crisis, restrictions were gradually removed, returning to a new
normal situation. This process has impacted urban mobility. The limited information on the new
normal situation shows changes that can be permanent or reversible. The impact on the diverse urban
transport modes varies. This study analyzes the changes in transit ridership by line, the use of stops,
the main origin-destination flows, changes in transit supply, operation time, and reliability of the city
bus network of A Corufia. It is based on data from automatic vehicle location, bus stop boarding,
and smart card use. Data from the first half of 2020 were compared to similar data in 2017-2019,
defining suitable baselines for each analysis to avoid seasonal and day of week effects. The impact on
transit ridership during the lockdown process was more significant than that on general traffic. In the
new normal situation, the general traffic and the shared bike system recovered a higher percentage of
their previous use than the bus system. These impacts are not uniform across the bus network.

Keywords: COVID-19; urban mobility; transit demand; transit supply; sustainable modes

1. Introduction

1.1. Context and Literature Review

In December 2019, an unknown type of pneumonia was detected in Wuhan City, People’s Republic
of China [1]. The new disease was named COVID-19, and the virus that caused it was designated
as SARS-CoV-2 [2]. After a fast spread of the virus to 20 other countries, the WHO (World Health
Organization) Director-General declared on 30 January 2020 that the COVID-19 outbreak constituted
a Public Health Emergency of International Concern [3].

On 21 February, there were 47 confirmed cases in the WHO European Region [4]. On 13 March,
Italy, France, and Spain were the European countries where the virus had struck the hardest,
with 17,660 confirmed cases and 1268 deaths in Italy, 3640 infections and 79 deaths in France,
and 2965 infections and 235 deaths in Spain [5]. The pandemic evolution led to lockdowns within these
countries: starting on 10 March in Italy [6], although with partial lockdowns in the North of the country
prior to 10 March; on 15 March in Spain [7]; and on 23 March in France [8]. On 17 March, the European
Union closed all its external borders for nonessential travel to contain the virus spread [9].
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A wide range of papers have already been published on the spread of COVID-19 and mobility;
some focus on the effect of travel bans in the spread of the virus [10-13]. Other papers study the
relation between international travel and the spread of the virus [14,15].

Several mobility data sets have been used to study the effects of COVID-19 related lockdowns
on mobility patterns. These data sets are based, in general, on aggregated and anonymized data
from mobile phones. Google reports about mobility during the pandemic [16] refer to changes in
mobility, related to baseline days, representing a normal value for that day of the week, given as
median value over the five weeks from 3 January to 6 February 2020. Values are assigned per category:
retail and recreation, with a maximum drop of baseline of 96% in Spain and 95% in the Galician
region; supermarket and pharmacy, a decrease of 90% in Spain and 94% in Galicia; park, 90% and
86%, respectively; transit stations, 92% for both; workplace, 92% and 88%, respectively; and residential
visits, 3% and 4%, respectively. Apple mobility trend reports [17] are based on user requests to location
services across the world, using as baseline 13 January 2020. The minimum percentage of mobility
during the whole lockdown for Spain by mode was driving, 10.93%; transit, 7.04%; and walking, 5.82%.
At the national level, the Spanish National Statistics Institute [18] also shared information about changes
in mobility, based on data obtained from 80% of Spanish mobile phones. They compared the latest
information with data from 18 to 21 November 2019. Finally, the Spanish Ministry of Transportation,
Mobility and Urban Agenda published data about the effect of COVID-19 on mobility, using the period
from 14 to 20 February 2020, as seen in [19]. For the province of A Corufia, the maximum decrease in
passenger-kilometer was 93.05%, on 10 April 2020.

Nevertheless, there are not many papers related to the effects of lockdown or COVID-19 outbreak
on mobility and even less on the most sustainable modes of transport. Pepe et al. [20] analyzed a
large-scale dataset on de-identified, geo-located smartphone users to assess the impact on mobility
during the Italian lockdown. Beria and Lunkar [21] used data provided by the Facebook Data
for Good program to assess information on mobility at a regional and provincial level for Italy.
Fraiberger et al. [22] studied changes in mobility in Colombia, Mexico, and Indonesia, uncovering
differences in mobility reduction between wealth groups, also using smartphone location data.
Bonaccorsi et al. [23] also observed differences in mobility changes depending on each municipality’s
fiscal capacity in a study based on mobility data provided by Facebook. Schlosser et al. [24] analyzed
mobile phone data to determine mobility changes in Germany, detecting not only a reduction but also
structural changes in the mobility network. Pullano et al. [25] measured mobility patterns alterations
due to lockdown, on both local and country scales for France, also using mobile phone trajectories.

Although a strict lockdown had not been declared for all of the United States, Klein et al. [26]
studied commuting and individual mobility during the COVID-19 outbreak, using mobility data from
the Cuebiq Data for Good initiative. Lee et al. [27] also focused on the United States, using mobile
device location data, detecting an increasing number of people staying at home after the national
emergency declaration on 13 March. Gao et al. [28] detected a decrease in mobility and increased
median stay-at-home time using smartphone location-derived aggregated mobility data.

Yabe et al. [29], also using anonymized mobile phone data, analyzed the temporal changes in
mobility behavior, social contact rates, and their correlations with the transmissibility of COVID-19 in
Tokyo. Galeazzi et al. [30] conducted a comparative study of mobility patterns in France, Italy, and the
United Kingdom, based on geolocalized data from Facebook users, detecting a massive reduction in
long-range connections, and differences based on the initial mobility structure of each country.

As can be seen in the previous paragraphs, most of the existing papers are mainly based on mobile
phone data and mobility changes that have been studied at the national or regional level. Aloi et al. [31]
approached it differently, studying the effect of lockdown on urban mobility in Santander (Spain) city,
using data collected from traffic counters, public transport ITS (Intelligent Transportation Systems),
environmental sensors, and videos from traffic control cameras.

This paper is based on data from transit records about Automatic Vehicle Location, the number
of passengers boarding at each stop, and smart card operations. With these data, a detailed analysis
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in changes of stop demands, origin—destination flows as well as operation speeds, travel times,
and reliability can be performed. In this paper, a comparison of the impact of lockdown and,
more importantly, the recovery process on the general traffic, bus, and shared bicycle system is
presented. There is a risk that the COVID-19 crisis could lead to a loss of use of sustainable modes,
which would be a setback for the stimulus given in recent decades.

The case study focuses on the transit services of A Corufia, a mid-sized city located in the province
with the same name, in the autonomous region of Galicia, Northwest of Spain. Some singularities
raise the interest of the case: Spain was one of the countries with the highest death rate per inhabitant
attributed to COVID-19 in the period from March to June 2020, and one of the strictest lockdowns in
the world was imposed in this country. Galicia was a relatively mildly affected area and the first region
in Spain to complete the reopening process and move to the so-called new normal.

1.2. The Process of Lockdown and Reopening in Spain and Galicia

On 31 January 2020, there were eight confirmed cases of COVID-19 in Spain, increasing to 1841
on 29 February. During the first days of March, there was a dramatic peak, reaching 38,956 active cases
on 13 March. The distribution among autonomous regions was not even, with Madrid Community
ahead (16,329 cases, 42%), followed by Catalonia (6235, 16%). Galicia had 963 confirmed cases (2.5%)
at the time. Figure 1 shows the spike of newly confirmed COVID-19 cases in Spain and in these 3 of
the 17 existing autonomous regions. Among Galician provinces, A Corufia was hit with the most cases
(42.0%), followed by Pontevedra (28.6%), Ourense (18.5%), and Lugo (10.9%).
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Figure 1. New confirmed COVID-19 cases in Galicia, Madrid, Catalufia regions, and the whole country,
February to June 2020. Source: data from the Spanish Healthcare Ministry [32].

This critical situation forced the Spanish Government to establish a quarantine or lockdown to
reduce the spread of the virus and flatten the curve in an effort to avoid the collapse of the healthcare
system. The timeline of the lockdown and reopening was as follows:

13 March: The President announced the declaration of “State of Alarm”, which allowed the
government to limit some rights, including mobility. Initially, the country was in lockdown for 15 days
starting 14 March [7], but it was extended several times [33-38], finally lasting until 20 June 2020.
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15 March: Following the State of Alarm declaration, strict mobility restrictions were imposed with
the exception of attendance to work, buying groceries and essential goods, and a few other activities [7].
Remote working was advised where possible [39]. Nonessential shops, including bars, restaurants,
nightclubs, cinema theatres, museums, libraries, hair and beauty salons (since 18 March), and churches
were closed [7]. The passenger transport supply for state competence services was reduced to at least
50% of the usual [7].

28 March: An even severer lockdown was imposed, which was enforced from 30 March to 9 April,
partially coinciding with Easter Week. Only essential workers could travel to work. A recoverable
paid leave was mandatory for nonessential workers who could not work remotely [40]. Since 9 April,
the situation returned to something similar to the period from 15 to 28 March.

28 April: The plan for returning to the “new normal” was announced by the Government,
implementing 4 phases where restrictions were lifted gradually. In general, each phase (0 to 3) would
last two weeks, although it could be adjusted by the Regional Government (with the approval of the
Spanish Government) if the evolution of COVID-19 cases was favorable.

For each consecutive phase, new activities were allowed. For example, in phase 0,
some establishments started to open again, such as hair and beauty salons, take away restaurants,
dentists, optical shops, or physiotherapy centers. Professional services and retail trade centers with
areas less than 400 square meters reopened to the public with limited capacity, except businesses in
malls and shopping centers without independent access [41]. Individual outdoor sports were allowed,
as well as walks in a radius of 1 km around the place of residence, for a maximum period of an hour [42].
In phase 1, only bars’ terraces could open with a limited 50% capacity, while churches started to officiate
mass with 30% of venue capacity, and outdoor sports were allowed at specific hours, depending on the
person’s age; retail trade centers could open an area less than 400 square meters, except locals in malls
and shopping centers without independent access [43]. In phases 2 and 3, restaurants could open their
indoor areas with a minimum distance of 2 m between tables. All retail trade centers and malls could
open with limited capacity [44,45]. Face masks were mandatory during the whole period, both indoors
and outdoors, whenever a minimum distance of 2 m could not be guaranteed [46].

Concerning mobility, only journeys inside provinces’ territory were allowed [43,44]. The wearing
of face masks was mandatory when using public transportation. From phase 1 onwards, city bus
transport systems had a limited capacity: every other seat could be occupied, and a maximum of
2 passengers per square meter was allowed for standing passengers. This capacity was increased to
every seat, keeping the same reference value for standing passengers on 6 June [47].

Galicia entered phase 0 on 4 May, phase 1 on 11 May, passed to phase 2 on 25 May, and to phase 3
on 8 June. Finally, on 15 June, it was the first Spanish autonomous region to reach the “new normal”.
The new normal is characterized by the lifting of restrictions on mobility and the number of people
meeting at home. The use of face masks is still mandatory when a minimum distance of 1.5 m in public
spaces cannot be guaranteed for people who do not live in the same household [48]. Nevertheless,
remote work is still recommended where feasible, and in-person classes are not resumed at universities
and schools, with the exception of final-year High School students, who could attend classes on a
voluntary basis from 25 May to 5 June. In terms of transit supply, it should be adapted as demand
increases, considering the restrictions that apply, as discussed in the previous paragraph [48].

2. Case Study Description: A Coruiia and Its Mobility

According to the Spanish National Statistics Institute [49], the extensive metropolitan area of A
Corufa consists of 11 municipalities with an area of 749.91 km?, a population of 415,144 (year 2017),
an average age of 45.6 years, and 168,242 households with an average of 2.45 inhabitants per household.
The unemployment rate was 12.9% in 2018. Trade and services provide employment for 82.4% of
the employees. The municipality of A Corufia, on the other hand, has an area of 37.69 km?, with a
population of 245,711 inhabitants in 103,063 households, and an average of 2.36 inhabitants per
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household (2019). The unemployment rate was 11.9% in 2018, while trade and services provided
employment to 89.4% of the employees in 2018.

Main figures in relation to mobility are included in [50] for 2017. In the metropolitan area of
A Corufia, an average of 2.5 trips per person per day were made. In the municipality of A Corufia,
46.5% of the mobility was conducted by walking, 18.2% by transit (bus), and 35.4% by private motorized
transport. The average travel time for motorized trips within the municipality was 22 min for transit
and 15 min for private transport. Regarding travel motives, 29.3% were work trips, 29.1% leisure trips,
4.5% study trips, 4.6% were related to health care, 19.3% were shopping trips, and 13.2% for other
motives. The percentage of captive transit riders was 15.5%.

The city bus network of A Corufa consists of 22 regular lines, plus a special service to the university,
as well as a night line that operates only on weekends. The number of stops is approximately 460,
although active stops change each year. The total ridership of the network was 21,735,460 passengers
in 2017, increasing to 21,890,790 in 2018, and reaching 23,003,516 in 2019.

In the city of A Corufia, a set of sustainability-oriented policy measures has been implemented over
recent decades. The measures applied have been: parking charges (since 1989), public transportation
infrastructure (with bus lanes that have been implemented and removed in different periods), bicycle
infrastructure (with a relevant extension in last years), bicycle-sharing system, real-time passenger
information for bus transit, etc. Several technical documents related to sustainable mobility have been
redacted through the last ten years, although the lack of political continuity has not allowed a consistent
implementation of a complete set of measures. In consequence, no dramatic changes in mobility and
emissions have been accomplished so far. Some new measures are in study or implementation in 2020,
such as speed limit reduction (implementation of 30 km/h general limit in the city, except for the main
arterial roads and avenues) and new bus lanes.

The impact of these measures on traffic-related air pollution (TRAP) in A Coruria has not been
thoroughly studied (see [51] for a suggested protocol). There are two complete stations for air quality
measures dependent on the local council, one of them theoretically oriented to TRAP, although it is
located in one of the main parks of the city (Santa Margarita). The main urban station dependent on
the state government has been closed during recent months due to civil works. It is well established
that transport policy measures can be related to carbon emissions and other pollutant emissions such
as nitrogen oxides (NOy), carbon monoxide (CO), and particulate matter (PMy), among others (for
example see [52] for a general review of indicators, and [53] for road pricing schemes influence on CO;).

2.1. City Bus Network Demand

Figure 2 shows the evolution of city bus lines’ total ridership during the year 2019. This figure
shows the usual weekly trend, with Saturdays’ demand dropping to values around 50% of the
weekdays’ average, and Sundays and bank holidays (the last ones marked with a red dot) about
30%. The school year beginning and end are identified at the bottom of the graph, as well as each
university semester period and holiday seasons along the school year (Christmas, Carnival, and
Easter). Animportant ridership decrease was observed during holiday seasons and during the summer.
In summer, this decline started around mid-May (end of the second semester at the university) and
continued steadily until reaching the minimum values in August, without a noticeable effect of the
end of school year. This behavior is usual in Spanish transit systems, as August is the preferred
holiday month for most workers. The summer and holidays ridership decrease is coherent with the
trip purposes stated in the user survey of the city bus system: 41.7% were work trips and 25.1% study
trips [54].
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Figure 2. Combined daily demand for city bus lines in the year 2019.

2.2. Traffic Volume

Figure 3 shows the total traffic volume (outwards and inwards) during 2019 in the main arterial
road of the city of A Corufa (station located at kilometer 0.77 of road AC-11). The usual weekly trend
was also observed in this figure, although with weaker variations than those of the city bus network
demand. Traffic volume decreased to around 80% of weekday values for Saturdays and around 65%
for Sundays or bank holidays. A decrease in traffic volume was also present in summer, especially
in August, although it was not as important as the decrease in bus ridership. The decline in traffic
volume at weekends during the summer was less accentuated than that of other seasons, probably due
to daily trips to the beaches outside the city and the tourist and leisure traffic.
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Figure 3. Traffic volume in main urban arterial (station AC-11 0.77) in year 2019.



Sustainability 2020, 12, 7206 7 of 30

2.3. Shared Bicycle Use

In A Corufia, there is a bicycle-sharing system called Bicicorufia, managed by the company
Empresa Municipal Vivenda, Servizos e Actividades S.A.U. (EMVSA). The bicycle share in the city’s
urban mobility is still low, but it has experienced a relevant increase over the last few years. On the
one hand, because of the bicycle-sharing system, and on the other hand, due to the new bicycle
infrastructures being built. Figure 4 shows the number of uses of the Bicicorufia system in 2019, as a
small sample of bicycle use in the city. In this case, even though a weekly pattern could still be observed,
variations among days were proportionally more important than those for traffic volume. This can be
due to weather effects, as A Corufia is a rainy city, and some of the shared bicycle users may choose
other modes on wet days [55].

o ©
8 ]
—
E—_
E—
——

g

&

Shared bicycle system use, year 2019
o
g 3
——

&

g

8

Beginning First Spmester

Beginning Second Semester University
(January 29)

o

End Second Semester University

(May 16) End School Year

University (September 9)
Beginning Primary School

End First Semester

. . (September 11) University (Dec. 20)
Christmas Carnival Easter (June 21) P Christmas

0 = Beginning Secondary School N
Holidays celebration Week (September 16) Holidays
(until January 7) (March 4 to 6) (April 15 to 22) P ince December 21)
- 3 - A

01/01/2019
07/01/2019
13/01/2019
19/01/2019
25/01/2019
31/01/2019
06/02/2019
12/02/2019
18/02/2019
24/02/2019
02/03/2019
08/03/2019
14/03/2019
20/03/2019
26/03/2019
01/04/2019
07/04/2019
13/04/2019
19/04/2019
25/04/2019
01/05/2019
07/05/2019
13/05/2019
19/05/2019
25/05/2019
31/05/2019
06/06/2019
12/06/2019
18/06/2019
24/06/2019
30/06/2019
06/07/2019
12/07/2019
18/07/2019
24/07/2019
30/07/2019
05/08/2019
11/08/2019
17/08/2019
23/08/2019
29/08/2019
04/09/2019
10/09/2019
16/09/2019
22/09/2019
28/09/2019
04/10/2019
10/10/2019
16/10/2019
22/10/2019
28/10/2019
03/11/2019
09/11/2019
15/11/2019
21/11/2019
27/11/2019
03/12/2019
09/12/2019
15/12/2019
21/12/2019
27/12/2019

o
=
@

Figure 4. A Corufia’s shared bicycle system use in year 2019.

3. Materials, Methods, and Results

3.1. City Bus Ridership Evolution

Figure 5 compares the combined ridership for the whole city bus network in 2020 with data from
the years 2017 to 2019.

The comparison was made considering normal working days (NWD) only. For the purpose of this
paper, NWD is defined as days from Monday to Friday, excluding bank holidays, when educational
establishments are open (that is, not considering educational short breaks either); however, the period
after the school year end was included. This avoided the effect of the observed demand fluctuation
due to weekends and exceptional days or holidays (as Easter) in the evaluation.

In Figure 5, for each day in 2020, a 5-NWD centered moving average (an average of the number
of passengers for the five centered NWD) was calculated for years 2017, 2018, and 2019. The mean
of these values for the three years was then calculated. The value presented in Figure 5 compared
the demand of each day in 2020 with the thee-year 5-NWD centered moving average for 2017-2019.
Making the comparison with a 5-NWD equivalent period, centered on 2020 calendar days, avoided,
on the one hand, the effect of the seasonal variations on the evaluation (summer days of 2020 will be
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compared to the average value for an equivalent summer period of years 2017-2019), and on the other
hand, other day of week effects besides the weekend.
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Figure 5. City bus demand percentage for 2020 concerning the 5-normal working day (NWD) centered
moving average for 2017-2019—all lines.

Only five NWD are presented in the figure for the “severer lockdown” period, as the week from 6
to 12 April 2020, was the Easter Week.

Figure 5 shows how, just after the State of Alarm Declaration, the demand plummeted and remained
around 10-16% of the 2017-2019 reference values during the initial lockdown, with a minimum of
8-9% in the severer lockdown, and remaining around 10-12% during the rest of the lockdown.

The decrease in the use of public transit was already noticeable a few days before the State of
Alarm declaration, probably as a result of the concern of a part of the population due to the news from
Madrid, the capital of Spain, where the virus stroke was more fierce and where the schools closed on
11 March. News from Italy may have also had an impact, as its Government imposed the lockdown
on 10 March [6]. It is noteworthy that on 13 March in-person teaching activities were suspended at
the university in Galicia, though schools were still open on the day with the recommendation not to
send the children if parents had an option to care for them (by the decision of the government of the
autonomous region). It is worth mentioning that the demand in January and February was appreciably
higher than the average of the previous years.

During the reopening process, the demand started to increase slowly but steadily, with total
compared ridership values around 13-14% in phase 0 (when the changes on allowed mobility were
minimum), increasing from 18 to 25% in phase 1, from 31 to 40% in phase 2, and from 43 to 45-47% in
phase 3. Finally, during the first weeks of the new normal period, demand rose from 49% up to 59% on
30 June. The value is coherent with the reports on the Moovit platform [56] for other Spanish cities for
30 June (values ranged from a drop in demand of 52.8% for Tenerife to 9.6% in Bilbao).

3.2. Traffic Volume Evolution

Figure 6 shows the evolution of traffic volume at the same station described in a previous section,
located in the main arterial road of the city of A Corufia. The trend was similar to that of city bus
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ridership, but with a lower decline during the lockdown period and faster recovery during the
reopening process and new normal period. During the initial lockdown, traffic volume declined
initially to 38% of the 5-NWD centered moving average for 2017-2019, reaching 23% before the severer
lockdown, when it bottomed to 16-18%. After that, traffic volume started to increase from 23 to 27%
during the rest of the lockdown, increasing from 31 to 34% during the reopening phase 0, then to 65%
during phase 1, reaching 77% on phase 2 and 3, and approximately 85% in relation to the equivalent
period of 2017-2019 at the end of June. It is noteworthy that parking fees on the city streets were
suspended from 16 March to 18 May.
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Figure 6. Traffic volume percentage for 2020 related to the 5-NWD centered moving average
for 2017-2019.

A 100% comparative traffic volume was not yet achieved in the new normal, probably due to
several factors, including: the decrease in tourism related to the fear still existing among the population;
the increase in unemployment associated with the economic crisis caused by the pandemic; the decision
to delay the reopening of some businesses by taking advantage of exceptional labor conditions
established by the government; and the maintenance of virtual working for some of the population,
combined with less use of kindergartens and elderly care centers. The number of unemployed people
in the municipality of A Corufia increased from 16,951 to 18,904 from January to June of 2020, while it
decreased during the same period the reference years [57].

3.3. Shared Bicycle Use Evolution

Figure 7 shows the evolution of shared bicycle use in the city. The comparison of the number
of uses for each NWD in 2020 in relation to the 5-NWD centered moving average for 2017-2019 is
indicated. Before the lockdown, there were days (for example 3 February) with values much higher
than the reference value, which could be due to the lack of rain during this period in 2020, contrary to
2017-2019, with significant rain in the reference period. The service was canceled since the beginning
of the lockdown until 23 April [58], explaining the 0 values for these dates. Finally, after the service
continuation, demand increased to approximately 50% during phase 1, 70% during phase 2, and up to
91% and 85% for the two last days of the studied period. The significant drop around 11 and 12 June
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may be associated, again, with weather conditions, as one of the meteorological stations of the city
(Torre de Hércules) registered 6.3 and 5.6 l/m?, respectively, for these dates [59].
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Figure 7. Shared bicycle use percentage for 2020 related to the 5-NWD centered moving average
for 2017-2019.

3.4. Changes in City Bus Supply During the Lockdown and Reopening Process

The city bus transit supply was reduced several times during the lockdown to adjust to the ridership
and mobility decrease and then recovered during the reopening process. The company’s supply
changes were appropriately announced through its website, social media, and newspapers [60-63].

Figure 8 shows the combined city bus network supply compared to the 5-NWD centered moving
average during 2017-2019. It shows both the information for the whole network (TOTAL), and without
considering the line to the university (TOTAL (no 245_)). It was considered important to include this
second graph, as university teaching activities were suspended during the lockdown. This led to
the first cancellation of the line until the middle of Phase 1 and to an offer of about 30% thereafter,
which reduced the network’s total supply value.

Excluding the service to the university, the Figure shows how the offer decreased to approximately
65% during the initial lockdown, dropping to approximately 54% during the severer lockdown, and
stabilizing at approximately 59% during the second phase of normal lockdown. After the reopening,
it grew to 61,73,98 and 99% during Phases 1, 2, 3, and the new normal, respectively. Thus, the supply
during the new normal period (excluding the line to the university) was the same as the supply before
the lockdown: approximately 99% of the reference value. The values taking into account the 245_ line
to the university were slightly lower, as can be seen in the graph. An analysis of the effect of removing
the university line data in demand was also performed, but the impact on the curve in Figures 5 and 9
is almost negligible.
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Figure 8. City bus supply percentage for 2020 in relation to the 5-NWD centered moving average for

2017-2019—all lines.
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Figure 9. Comparative percentage of NWD 2020 demand in relation to the 5-NWD centered moving

average for 2017-2019, for shared bicycles, traffic volume, and city bus.

3.5. Comparative Evolution by Modes

Figure 9 shows the comparative evolution of demand by mode for the first half of 2020.

The information is the same as that shown in Figures 5-7, but it was presented to highlight the
differences among modes. During lockdown, bike sharing disappeared and bus demand percentage
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was about a half of that for general traffic. Figure 9 clearly illustrates the rapid recovery for shared
bicycle services and traffic volume during Phase 0 and thereafter (even though there are lower isolated
values associated with weather conditions). The recovery of demand for city buses has a similar slope
but not the steep step during Phase 0 of the reopening process when there was an increased demand
for shared bicycle and larger traffic volumes. The final recovery value for bus services was much lower
than for traffic volume on the same date, probably due to the fear of contagion when using transit.

3.6. Evolution of Main Pollutants

Figure 10 shows the evolution of the monthly average concentration of NOy and PM;y from
January 2017 to June 2020 in Santa Margarita station [64]. The results showed a relevant reduction in
NOx during the COVID-19 lockdown; the values for March to June 2020 were the lowest of the series.
The April value was 13.0 g/m®N, while the minimum value before lockdown was 18.2 g/m®N (values
for NO, were 10.1 and 12.8 g/m®N,, respectively). Nevertheless, no clear effects could be observed for
particulate matter. These results are coherent with those presented in a general study for main cities in
Spain developed by the Spanish Goverment: mean NO, value of 12 g/m3 for April with a previous
minimum of 21 g/m3 in TRAP stations, and no clear reduction for PMyq [65]
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Figure 10. Evolution of month average value of NOx and PMj in Santa Margarita station.
3.7. Detailed Analysis of City Bus Services

Table 1 shows the ridership evolution of each city bus line from 2017 to 2020, for both the whole
and the first half of the year, without including the night line. It can be observed how the number
of passengers plummeted in the first half of 2020 compared to 2019 (the total figure for the first six
months of the year decreased by about 43.4%). The table shows that most lines had a ridership decline
between 39 and 46%, except for lines 200, 2300, and 245_, where the drop was 52-56%. The number of
each line is the one used in the company’s database, not the commercial one (for example, number
100 corresponds to line 1, while numbers 2300 and 2301 are lines 23 and 23A).
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Table 1. Ridership evolution of bus lines from year 2017 to 2020.

2017 2018 2019 2020
e Total hfll(:‘rslil?s Total hflgrsltﬂ?s MontF}:i;Srease Total hf[grsltt}?s Montl:lgirlgrease Total l\fll(:‘rslt}?s MontF}:s:lgrease
100 849,402 431,409 824,272 405,808 —5.93% 846,366 420,413 3.60% - 238,121 —43.36%
200 476,645 237,628 449,555 222,776 —6.25% 463,576 228,464 2.55% - 107,726 —52.85%
300 404,581 204,300 419,327 201,639 -1.30% 434,370 213,434 5.85% - 119,908 —43.82%
301 714,066 353,082 726,264 358,965 1.67% 746,605 372,868 3.87% - 205,896 —44.78%
400 1,847,264 925,785 1,771,951 885,490 —4.35% 1,787,451 900,806 1.73% - 502,892 —44.17%
500 1,144,536 561,284 1,155,467 558,113 —-0.56% 1,196,817 591,536 5.99% - 319,526 —45.98%
600 1,575,958 796,542 1,581,079 787,405 -1.15% 1,620,137 813,760 3.35% - 483,066 —40.64%
601 520,776 262,555 526,817 260,705 -0.70% 541,328 269,931 3.54% - 153,870 —43.00%
700 1,313,167 656,528 1,351,995 666,921 1.58% 1,439,935 710,013 6.46% - 393,269 —44.61%
800 503,351 256,019 480,235 233,415 —-8.83% 489,988 242,251 3.79% - 142,149 —41.32%
1100 1,841,742 878,857 1,942,156 922,857 5.01% 2,010,772 968,249 4.92% - 549,301 —43.27%
1200 1,076,662 543,866 1,107,951 562,828 3.49% 1,140,293 581,240 3.27% - 334,768 —42.40%
1400 2,533,809 1,276,071 2,593,738 1,298,762 1.78% 2,657,433 1,357,916 4.55% - 794,433 —41.50%
1500 720,602 365,733 738,318 376,577 2.97% 734,066 373,600 —0.79% - 229,241 —38.64%
1700 514,115 258,015 506,686 251,771 —2.42% 524,438 262,218 4.15% - 159,771 -39.07%
1900 1,121,207 545,545 1,085,843 531,033 —2.66% 1,184,141 552,026 3.95% - 313,277 —43.25%
2000 793,807 399,134 800,460 397,696 —-0.36% 820,686 412,681 3.77% - 254,261 —38.39%
2100 748,216 376,915 775,878 380,394 0.92% 790,227 405,040 6.48% - 238,185 —41.19%
2200 839,416 426,920 824,797 408,738 —4.26% 837,208 424,309 3.81% - 260,056 -38.71%
2300 159,179 77,314 162,104 77,918 0.78% 160,887 81,614 4.74% - 36,018 —55.87%
2301 153,261 73,794 154,457 74,865 1.45% 154,063 77,321 3.28% - 44,446 —42.52%
2400 323,688 157,851 327,680 157,292 —-0.35% 329,450 165,574 5.27% - 94,035 —43.21%
245_ 1,541,345 806,551 1,529,721 788,933 —2.18% 1,558,466 792,034 0.39% - 376,600 —52.45%
Total 21,716,795 10,871,698 21,836,751 10,810,901 —-0.56% 22,469,303 11,217,298 3.76% - 6,350,815 —43.38%

Night line is not considered in this table.
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For a more detailed picture of lines ridership behavior, Figure 11 compares the demand of each

city bus line with the 5-NWD centered moving average for years 2017 to 2019. In order to understand
the behavior of some lines in this figure, the following clarifications need to be made:

)

@)

®)

4)

Lines 2300 and 2301 have the same route, except for a short branch at the end of the line, to serve
a specific small residential area. Since the beginning of the lockdown until the start of phase 3,
line 2300 was canceled and only line 2301 was in service, which explains why its ridership level
grew faster than that for the other lines, as it is absorbing the demand of two lines.

The same applies to lines 200 and 800, with line 800 making a detour at the end of the route
to serve one of the public city hospitals. Only line 800 was in service since the beginning of
lockdown to phase 3, which led to an increase in ridership of this line, which is absorbing line 200
ridership as well.

Line denoted as 245_ is a special service to the university campus. It was canceled a few days
after the lockdown began, until the middle of phase 1. This explains the lack of passengers during
this period. After that, the demand grew at a much lower rate than that of the other lines, since
the university was not open for educational activities, and part of research and administrative
personnel had not yet returned to in-person work. In the previous period, peaks of reduced
demand were due to the Friday effect in comparison with mean weekday behavior considered in
previous years’ averages. There was a significant reduction in university lectures on Fridays in
A Corufia.

Line 1200 was affected by street works from 21 February, and this is why it presents a drop in
demand in the weeks prior to lockdown.
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Figure 11. City bus demand percentage in 2020 in relation to the 5-NWD centered moving average for
2017-2019 by line.

Figure 11 shows how, just after the State of Alarm Declaration, the demand of every bus line

plummeted to values in the range from 6-7% (line 301) to 19-20% (line 2200). This low level of demand
remained almost invariable until the reopening process began. The effect of the more severe lockdown
was almost imperceptible at each line level. The decrease in the use of public transit was already
noticeable a few days before the State of Alarm declaration, due to the reasons already mentioned.
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During the reopening process, the demand started to increase slowly but steadily, in the same
way that was shown for the whole network demand, but with an appreciable dispersion among lines.
Regardless of the previously indicated lines (2300, 2301,200, 800, and 245_), the maximum range of
variation was 15.7% during Phase 0, expanded to 21.4% in Phase 1, 27.4% in Phase 2, 18% in Phase
3, and reached 27.6% during the last days of the new normal period. These ranges are similar to the
previous situation in January (23.6%) and February (23.9% without line 1200).

Figure 12 shows the comparison of 2020 supply by line, in relation to the 5-NWD centered moving
average for 2017-2019. In this figure, some lines are presented jointly: lines 200 and 800 (as 200+800)
as well as 2300 and 2301 (as 23_), due to their similar routes and the cancellation of one of them during
the lockdown and part of the reopening period.
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Figure 12. City bus supply percentage for 2020 in relation to the 5-NWD centered moving average for
2017-2019 by line.

The figure shows that the supply decrease was not homogenous throughout the whole network.
Lines over 65% supply during the whole period were 1200, 1500, 1700, 2000, and 2200, which serve the
main public hospital in the city, in addition to line 100. On the other hand, line 600 had values of about
47% during the lockdown until Phase 1 (dropping to 23% during the severer lockdown), reaching 66,
82, and 96%, respectively, in Phases 1, 2, and 3 together with the new normal during the reopening
phase. Finally, of course, line 245_ (university) was canceled during the initial lockdown until the
middle of Phase 1, growing in different steps to values of about 40% at the end of June.

Line 1200 dropped to values around 80% of the usual supply before the lockdown, due to the
above-mentioned works on one of the main streets of its route, but it reached a value around 96% in
the new normal period. The line 1900 new normal supply was a little higher than usual (around 110%),
probably because it serves one of the closer beaches outside the city.

3.8. Analysis of Use of Urban Bus Stops

Although the process affected all stops in the city, there were relevant differences among their
demand variation for the different phases of the lockdown and reopening process. In the first half
of 2020, there were 464 active stops in A Corufia. After accounting for stops with historical data
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of previous years, 454 stops were analyzed. A total of 23% of the stops had less than 10 average
daily users in NWD for the 2017-2019 period; 63% between 10 and 300 users and 14% over 300 users.
Most analyses focused on stops with more than 300 average NWD daily users in 2017-2019 to avoid
problems due to insufficient data. Days with unusual conditions, such as works on a street affecting
stops during short periods, were not considered in the average calculation. The location of each stop in
the city is presented in Figure 13, with a color code reflecting its use in the reference period. Several
relevant areas of the city are also shown in the image.
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Figure 13. Average NWD daily use at each stop for 2017-2019.

The first half of 2020 was divided into twelve time periods, considering only NWD. Figure 14
shows the 2020 NWD average use percentage in comparison to the reference values, for the most
demanded stops. As expected, it showed an analogous behavior to the general ridership curve.
The focus of this section was to analyze the differences between stops.

Two periods were selected for detailed analysis. The stops that were more affected by changes in
mobility patterns were studied during the severer lockdown. The stops’ recovery was analyzed in the
new normal period.
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Figure 14. NWD stop average use percentage for 2020 in relation to NWD mean for 2017-2019, for the
most demanded stops (mean 2017-2019 > 300).

Figure 15 shows the average use percentage in the severer lockdown for the same set of stops.
On the one hand, the stops less affected by the lockdown (demand over 15%) were related to the main
hospital (#59, 21%), main ring outside CBD (#95, 15%), train station (#99, 17%), and one hypermarket
(#369, 21%, only some sections are open for basic needs). On the other hand, most affected stops
(demand under 2%) were associated with the university (#460 and #462: 0%) and its line (#398 and
#344: 1%) or the main mall (#550, 2%). The activities of these areas (in-person teaching or work
at the university, nonessential purchases) were not allowed or were highly reduced in this period.
Stops in downtown and other commercial areas of the city presented low use. Other areas of the
city with a lower proportion of white-collar jobs and commercial or banking activity presented an
intermediate use.

Figure 16 shows the same analysis for the new normal period. The two stops with the worst
recovery (#460:12% and #462:14%) were in the university main campuses, which is coherent with the
circumstances of activity in the university (virtual exams for most of the subjects, virtual working for
some of the employees). The other two stops with 24% (#344) and 36% (#398) of 20172019 demand
were also part of the university line and were related to transfers to that line from interurban and city
lines, respectively (#344 is very close to the interurban bus station, while #398 is the university line
terminal at the city center and the main hub for city lines).

The stops with better recovery among the ones analyzed were #99 (67%), located in a zone outside
CBD near the Train Station, #550 (Main Mall, 68%), and #369 (Hypermarket, 72%). These figures are
less than those for general traffic recovery.
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Figure 15. NWD stop average use percentage for 2020 in relation to mean for 2017-2019 during NWD
of the severer lockdown period. Most demanded stops (mean 2017-2019 > 300).

The evolution curves for a selection of stops are shown in Figure 17. It includes all stops over
1000 NWD average users in 2017-2019, in addition to some of the stops highlighted in this section.
There was a group of stops with similar behavior among them (#3, #5, #20, #40, #42, #46, #95, #181,
#183, #185, #186, and #197). Again, the stops associated with the university line (#344, #398, #460, and
#462) were under the average for the whole period. The Main Mall stop (#550) suffered an important
reduction during lockdown but a remarkable recovery since reopening in Phase 2. The Main Hospital
stop (#59) was among the less affected by the lockdown but remained among the average after Phase 1.
The stop associated with a hypermarket presented the best performance (#369). The peak of stop #460
(university) in the 1-12 March period could be due to NWD around Carnival break and March the 8th
bank holiday in previous years, which are not holiday days exactly, but university activity is reduced.
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3.9. Analysis of Evolution of Main Transit Flows

The crisis also had an impact on origin—destination (OD) flows across the city. The daily average
OD relationships were estimated from smart card information for NWD in February, April, and June
2020. These months characterized the situation previous to the COVID-19 outbreak, the lockdown,
and the progressive transition to the new normal situation. Users with two validations for different
stops on the same day accounted for 15.9% of the total number of users in February 2020, 21.0% in
April 2020, and 16.1% in June 2016. These two validation users were taken as a sample of the whole
user population at a stop level to estimate total flows. This sample could be biased due to the different
penetration of smart cards among users and the differences in mobility patterns between those who
have or do not have a smart card. However, since the criterion was homogeneous throughout the three
periods analyzed, it was considered a suitable approximation to the OD evolution.

The 0.025% larger values for each period were considered for the graphical representation of these
flows as the main OD relationships. They accounted for 52 of a total of 208,849 OD pairs in February,
with 100 or more average daily trips. Only 4.8% of the pairs had more than 1 average daily trip in this
month. As stated in previous sections, during April 2020, there was a drastic reduction in mobility,
and only 0.99% of the OD pairs had 1 or more daily average trips. Relationships with 10.7 or more
average trips represented the percentage considered (0.025%). In June 2020, a significant recovery
of mobility was achieved, and 2.86% of the matrix cells had 1 or more trips. The 0.025% threshold
represented 42.1 daily trips in this month.

Figure 18 shows the main OD relationships in February 2020, representing the usual situation
in the city. Main flows connect downtown and the train and bus stations area with university main
campuses and the main mall of the city. There are relevant flows to the main hospital, connections of the
neighborhoods with the city center and trips to the Business/Industrial Park in the South. The biggest
flow of 750.5 daily average trips links the city center (stop #398 in Figure 13) with the university
(stop #460).
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Figure 18. Main origin—destination (OD) average NWD daily flow in February 2020 (prior to the
COVID-19 outbreak).

Figure 19 presents the situation during the lockdown. The normal situation’s main flow practically
disappeared as malls were closed, and in-person activities were canceled at the university. As stated
in previous sections, the university line that serves stop #460 was canceled during the whole month.
The most important flow in April was 34.2 daily average trips to the main hospital (stop #129-stop
#59), which amounted to 35.7% of the trips in this relationship in February 2020. The flows were minor
and spread across the city, with relevant participation of the main hospital.
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Figure 19. Main OD average NWD daily flow in April 2020 (lockdown).

Figure 20 shows the situation in June, comprising the last phases of the reopening and the
beginning of the new normal. The reopening of the main mall made it the destination of the largest
flows. The highest value was 401.6 average daily trips from stop #186 (downtown) to #550 (main mall),
amounting to 80.9% of the February value. The University remained with virtual working and exams
(mobility to the university usually decreases in June as students only attend exams during this month).
In any case, the flow between stops #398 (downtown) and #460 (university) was 23.8 average daily
trips, while in June 2019, it was 252.1. The hospital remained a relevant attractor of trips but with a
much lower relative weight: #129-#59 daily trips were 55.0 (57.5% of the February value).
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Figure 20. Main OD average NWD daily flow in June 2020 (end of reopening and new normal).
3.10. Impact on Bus Operations

The process also affected bus operations. Supply reductions led to an increment in headways and,
consequently, in waiting times. Conversely, general traffic and demand reduction led to improvements
in travel time and reliability that are analyzed in this section.

Figure 21 shows a comparison of the daily average journey time means throughout all lines,
in relation to NWD average value for January 2020. In this case, the comparison in relation to the
2017-2019 5-NWD centered moving average did not seem appropriate, because traffic conditions differ
significantly along years, with an effect on journey times. It was checked that journey time did not
differ appreciatively along the year for lines that were not affected by works or other events.

The figure shows how the journey time mean started to decrease a few days before the initial
lockdown (probably due to the same reasons as for the demand decline stated previously), stabilizing
around a value of 75% until Phase 1, and then increasing to a value of around 93-94% at the end of June.
The decrease in journey time during the lockdown was due to the decline in traffic (less congestions
led to faster trips) and ridership (less demand led to lower dwell time at each stop). Journey time has
not reached a 100% value due to the fact that traffic volume, and especially ridership, have not yet
undergone a full recovery.

Figure 22 is also related to journey time, and in this case, it presents the daily average standard
deviation of journey time throughout all lines, in relation to the average standard deviation for January
2020 NWD. It is an indicator of bus reliability, which is an important factor in mode choice. The figure
shows how the standard deviation (that is, the variability) of journey time decreased to values around
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4. Discussion and Conclusions

The COVID-19 pandemic has profoundly affected human lives. Mobility suffered large impacts
during lockdown processes that are well worth studying. It is even more important to analyze and
understand the recovery of mobility during the reopening process and the new normal period to
forecast the future evolution and needs for transport policies and planning. Plenty of efforts have been
made in recent decades to promote public transportation, but the path towards sustainable mobility
can be jeopardized by the fear of contagion when using transit.

To perform a fair comparison of urban mobility during the lockdown, reopening process, and the
new normal period, a careful definition of baselines was established. These baselines are based on the
centered moving average for several equivalent days in the three previous years to avoid seasonal and
day of week effects that could be present in other studies.

Several conclusions can be drawn from the analysis of the detailed data of transit use in the city of
A Corufa. The impact on use of transit during the lockdown process was larger than that on general
traffic, coherently with the process observed in other cities. Bus use values were 8-16% of those related
to the equivalent period of 2017-2019, while general traffic values were 23-38% of previous ones in
the same time frame. This can be due to several reasons, such as fear of contagion, reduced traffic
jams, suspension of fees for parking on streets, and easier to find parking spaces. The reduction in
supply during this period could also have affected ridership, but this may have been partially offset by
a reduction in travel times and improvements in reliability.

The process of reopening in Spain was developed in four phases until returning to the new normal
situation. The recovery of transit use was lower than that for general traffic and shared bicycles,
as expected due to the tendency to avoid crowded conditions and close-range contacts with unknown
people. In the new normal situation, at the end of June 2020, general traffic and shared bikes had
risen to around 85%, while transit reached only about 60% of the use in the previous reference period.
At that moment, bus supply had completely recovered, and travel time and reliability were higher
than usual. This change in modal share is relevant despite the better attributes of the transit system.

The impact on city bus demand is not uniform across stops and OD flows, but it is of concern
for sustainable mobility achievement. Detailed analysis by lines shows differences in the impact of
lockdown and reopening situations. Ridership during the lockdown process plummeted to a range
from 6 to 20% of reference values for the different lines. Nevertheless, except for special cases due to
specific changes in supply, the range of variation during the reopening process and new normal period
remains analogous to that of the previous situation, despite differences in the supply between lines.

Differences in use are larger at the stop level, and they are related to activities near the stop
location, as expected. During the severer lockdown period, stops in malls and universities practically
disappeared, and stops in downtown and other commercial areas presented low use. Conversely,
stops associated with the main hospital and essential purchases, presented a lower impact, maintaining
values in the range of 15 to 21%. In the new normal period, important differences remain in relation to
the period before the COVID-19 outbreak. Stops associated with hypermarkets and the main mall in
the city regained about 70% of previous use, while those related to the university line remain between
12% for campus stops and 36% for other stops with significant university activity. Nevertheless, even
the stops with better figures present values clearly below the general traffic recovery, which is a flawless
indicator of the problem’s relevance for sustainable mobility. The analysis of OD flows allows the
identification of changes in mobility patterns along the studied period, reinforcing the conclusions of
the stop analysis.

Although these main trends are expected, it is relevant to present accurate values of reduction
and recovery, that will allow future comparison across different cities in order to research differences
and possible strategies to improve transit recovery.

There is a need for research to associate impacts on mobility with specific activities and users
to better adjust future policy measures to promote the return to public transportation. In addition,
restoring confidence in transit is critical to improve sustainable mobility from now on. On the one hand,
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adequate information campaigns about COVID-19 related measures should be implemented. On the
other hand, findings about the real risk of public transport use should be disseminated among citizens.
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