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Abstract: This study analyzes the relationship between the spread of the SARS-CoV-2 virus
(COVID-19) and the mobility patterns of the Portuguese population. By reducing mobility, the idea
is that contacts are reduced, countering the spread of the virus in the community. As an indicator
of the spread of the virus, the reproduction number (Rf) was used. Data from Google's Community
Mobility Reports was used to evaluate changes in mobility patterns. This report uses location data
from Android mobile phone users. The locations are divided into retail and recreation, grocery and
pharmacy, parks, transit stations, workplaces and residential. In this year of the COVID-19 crisis in
Portugal, population mobility patterns have changed over the various phases of the pandemic. At
first, all mobility was affected uniformly, with the population avoiding much of the activity outside
the home. In a second phase, there was some adaptation, and the areas considered to be of lower
risk had less impact, emphasizing the changes in the relationship between daily life and the work-
place.
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1. Introduction

The world has been living with SARS-CoV-2 (C OVID-19) for over a year. In Portugal,
the first confirmed case was on 2 March 2020 [1]. The virus spread around the world and
is considered a pandemic [2]. Since then, there has been a significant effort by the academic
community to help fight Covid-19. However, there is a lack of knowledge about the im-
pact of government measures and policies on reducing contagions. This study is a contin-
uation of the article published on 23 November 2020 [3]. This new article intends to
deepen the discussion and analyze trends one year after the first case. As a way of meas-
uring the efficacy of actions to combat COVID-19, the effective reproduction number (Rt)
was used. This value represents the average number of secondary cases per infected case
at time ¢ [3,4]. Consequently, an Rt equal to 3 means that, on average, each infected person
contaminates another three people. Hence, this value must be below 1 (number of infected
people decreasing with time), to control the pandemic [5].

In the first year of the pandemic, the Portuguese government adopted a series of
measures to control the disease. The world started vaccination in late 2020 yet it will still
take some time for most countries to achieve herd immunity at the current rate. So, at this
point, the best alternatives to control the pandemic remain physical distance, frequent
handwashing, and the use of personal protective equipment [5,6]. Based on this principle,
this study investigates the influence of the mobility of the Portuguese population on the
spread of COVID-19.

Portugal is now at the end of its third wave, which started right after the Christmas
and New Year celebrations of 2020. In the first wave of COVID-19, in March 2020, the
measures adopted managed to contain the spread of the pandemic, and we believe that
this is mainly due to the quick response adopted by the government, which approved the
lockdown at an early stage of the pandemic [7]. However, the first wave was followed by
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a second wave that started in September 2020. This may have been caused by the relaxa-
tion of measures in the summer, by the greater mobility of people during the summer
holidays, and the feeling of relative success in controlling the pandemic's first wave. De-
spite the apparent success of the initial measures to combat COVID-19, the value of Rt
persistently remained above 1 for months, which led to a slow but steady increase in the
number of people infected. The prolonged period of pandemic and the inability to reduce
the contagion rates created a sense of exhaustion among those responsible for fighting the
pandemic directly and in the general public.

This research used exploratory data analysis to provide insights into the mobility
patterns of the Portuguese people during the COVID-19 pandemic. So far, until 10 March
2021, more than 16 thousand deaths in Portugal related to cases of COVID-19 have been
confirmed [8]. The easing of the mobility restrictions during the period of time related to
Christmas and the end of 2020 led to an increase in new cases of COVID-19, corresponding
to the beginning of a third wave that overlaps with the final part of the second wave.

2. Materials and Methods

2.1. Events

During the COVID-19 pandemic in Portugal, the government adopted several
measures to mitigate the spread of the disease. The main measures are grouped in Table
1. In November 2020, a control plan was adopted in Portugal by municipalities [1]. Pro-
fessionals in epidemiology and public health joined forces to define the criteria for identi-
fying municipalities with the most significant contagion risk.

Table 1. Main public policies to mitigate the spread of COVID-19 in Portugal [1,9-11].

Intervention Description Date

Gatherings with more than 100 people are
forbidden.
Capacity restrictions in bars and restaurants,
Physical distancing  closed night clubs, limiting people in closed =~ 12 March 2020
spaces are recommended.
Schools and universities Schools and universities closed. 14 March 2020
Decrease in capacity to 1/3 and maintain a
Physical distancing minimum distance of 1 m (ideally 2 m) in 17 March 2020

Public events 12 March 2020

public services.
Self-isolating of ill peo- Isolation is mandatory for sick people or be-

ple ing monitored by health authorities. 19 March 2020
First lockdown starts Start of the first lockdown. 22 March 2020
Public gatherings Gatheri.ngs of more than five pec‘)}.)le prohib- 2 April 2020
ited, except for large families.
First lockdown end End of the first lockdown. 3 May 2020
Use of masks Mandatory masks in all spaces. 28 October 2020
Adoption of risk levels Municipalities of Portugal classified by levels 11 November
at national level of contagion risk by COVID-19. 2020
Start of vaccination First vaccine applied in Portugal. 27 December 2020
Second lockdown start Start of the second lockdown. 15 January 2021
Tightening of measures Increased policing. and punishments for 22 January 2021
breaking rules.
Schools and universities Schools and universities closed. 22 January 2021

The government adopted a measure of the cumulative incidence level at 14 days,
which corresponds to the number of new cases in the last 14 days per 100,000 inhabitants.
The metric is similar to that adopted in Europe [12]. Municipalities with more than 240
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cases per 100,000 inhabitants are included in the risk list, with special restrictive measures.
More details for each risk level can be seen in Table 2.

Table 2. Measures based on the risk of contagion by COVID-19 [1].

Classification Threshold Measures
Moderate cases/100,000 Inhabitants < 240.
High 240 < cases/100,000 Inhabitants < 480. 1
Very high 480 < cases/100,000 Inhabitants < 960. 1,2,3
Extremely high cases/100,000 Inhabitants > 960. 1,2,3,4

1. Curfew between 11 pm and 5 am every day; 2. Curfew between 1 pm and 5 am on Saturday and
Sunday. 3. Curfew on the holidays of December 1 and 8; 4. Closing of stores at 3 pm on 30 Novem-
ber and 7 December.

In addition, measures for suspension of face to face teaching, mandatory use of masks
in the workplace, teleworking, the prohibition of travel between municipalities, closure of
shops at 10 pm, and restaurants and cultural facilities at 10:30 pm were defined nationally.
During Christmas, restrictive measures were relaxed, travel was allowed, restaurants
could stay open until 1 am, and there was no limit to the number of people in gatherings.
The result was that in January, the number of infections skyrocketed and so a second lock-
down was enforced on 15 January 2021. There was no significant decrease in mobility in
the first few days, so more severe measures were adopted on January 22, 2021, with
schools being closed and the tightening of the policing and punishments for non-compli-
ance with the rules.

2.1. Data

The data supporting this study was based on mobility patterns, cases of COVID-19,
and the number of vaccines administered. This study used data from three main sources:

e  Mobility data is based on the Google COVID-19 Community Mobility Reports [12];
e  Daily cases of COVID-19 are from Roser et al. [13];

e Vaccines and tests performed are from Data Science for Social Good Portugal [9].

The mobility report consists of data collected from mobile devices to quantify peo-
ple's movements during the pandemic. These values are anonymous and aggregated
based on Google's algorithm. Also, an artificial noise sample is added to ensure that no
individual can be identified based on their location information. More details on the data
processing and anonymization process can be seen in [13]. The information present in this
report is grouped into six categories, as shown in Table 3.

Table 3. Mobility report categories [9,14].

Category Subcategories
Restaurants, cafes, shopping centers, theme parks, museums, li-
braries, and movie theaters.
Grocery markets, food warehouses, farmers markets, specialty
food shops, drug stores, and pharmacies.
National parks, public beaches, marinas, dog parks, plazas, and

Retail and recreation
Grocery and pharmacy

Parks

public gardens.
Transit stations Public transport hubs such as subway, bus, and train stations.
Workplaces Places of work.
Residential Places of residence.

The values presented for these categories are related to a baseline, which corresponds
to 3 January and 6 February 2020 [14]. In Figure 1, these values represent the Portuguese
public's adhesion to the isolation measures during the first year of the pandemic. Values
close to zero are considered normal for the baseline; higher values show increased con-
centration of people in these areas. Values below zero mean decreasing concentration of


https://doi.org/10.20944/preprints202103.0689.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 29 March 2021 d0i:10.20944/preprints202103.0689.v1

people in these areas. The other figure used to understand the evolution of the pandemic
is the number of daily cases detected in Portugal (Figure 2).
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Figure 1. Mobility patterns for Portugal (from 2020-02-02 to 2021-03-06).
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Figure 2. Cases COVID-19 Portugal (from 2020-03-02 to 2021-03-09)

In all images used in this study, the ticker represents the first day of the month to
facilitate graphic representation. In this graph, it is possible to identify the three waves in
Portugal. The first was between March and May 2020. The second wave was between Oc-
tober 2020 and December 2020. The third wave, graphically overlapping the second wave,
initiated at the beginning of 2021. These data are essential to understand the pandemic.
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However, they must correspond only to the detected cases. Studies indicate that a consid-
erable percentage of the infected people are asymptomatic and difficult to detect [15-18].

Measures such as physical distance, hand washing, and even the lockdown were es-
sential to slow down the spread in the community, but appear not to be a definitive solu-
tion for Portugal. The best option would be to achieve herd immunity. Then, vaccination
against COVID-19 in Portugal started on 27 December 2020 [8]. Figure 3 shows the vac-
cination phase in Portugal on 9 March 2021. On 9 March 2021, 7,34% of the Portuguese
population had received at least one dose of the vaccine against COVID-19, and 2.90%
had already received two doses. The Portuguese population is just over 10 million, and
the vaccines administered so far require two doses. Therefore, considering a vaccination
rate of 14,470 vaccines applied per day (average value), it would take 2 years and 6 months
from now to immunize 70% of the population. If the calculation is done based on the av-
erage of vaccines applied in the last 14 days, that period would change to 1 year and 5
months. Thus, the goal of vaccinating 70% of the population is still far away.
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Figure 3. Vaccines against COVID-19 administered in Portugal (from 2020-12-27 to 2021-03-09)

2.3. Methods

As mentioned before, this study used data from various sources. To generate value
for the study the data needed to be prepared. Thus, the workflow used for data pre-pro-
cessing can be seen in Figure 4.

« Google COVID-19 Community Maobility Reports
s COVID-19 cases for Portugal
« Vaccines and tests performed in Portugal

[ Data mining H Data cleaning HDatatranaf-:urmatic-nH Data aggregation ]

Processed data

Figure 4. Pre-processing workflow.

The data is collected in its raw form, cleaned, transformed, and finally aggregated.
This entire process is done using the R programming language [19,20], and the codes are
available in the supplementary material.

The main idea of this study is that the spread of COVID-19 can be limited by decreas-
ing the contact between infected and susceptible individuals. This decline in contact is a
challenging measure for the government to implement and often encounters privacy
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issues. Therefore, aggregated location data were used in this study. These values are anon-
ymous and represent a portion of the population. Thus, it is considered that if the popu-
lation decreases its presence in parks, restaurants, transport hubs, among others, the num-
ber of risk contacts will drop [9].

The statistical methods, calculations, and graphs were developed with R program-
ming language [19,20] support. To calculate the value of Rt in Portugal, the EpiEstim
framework was used [21]. As mentioned, Rt is the average number of secondary cases that
each infected individual would infect if conditions remained as they were at time ¢ [3,4].
Thus, the value of Rt can be determined according to Equation (1) [21].

R(t) = XiiL_sws, 1)

where [ is the number of people infected at any given time, and ws corresponds to the
probability of infection distribution. To determine the ws, the method adopted was non-
parametric serial interval (SI). The model parameters used were u = 4.6 days (median se-
rial interval) and o = 2.9 days (standard deviation) [22]. This means that the average time
for infected people to generate a second infection is 4.6 days. However, as COVID-19 var-
ies for each infected individual, a serial interval is used to consider this infectious period.
Consequently, an infected individual's infectious window can last up to 14 days [23].
Then, it is used to identify the spread of an infectious disease in a given population. For
example, an Rt of 3 means that each infected person, on average, transmits the disease to
three other people. On the other hand, an Rt of less than 1 indicates that the spread tends
to decrease over time, as each infected person transmits the disease to less than one person
[3,4]. This is an important indicator and has been widely used during the COVID-19 pan-
demic. The objective is to keep this value as low as possible, with values less than 1 as an
ideal value.

The changepoint framework [24] was also used to detect changing mobility values
over time. Using this framework, it was possible to determine (approximately) the day
when the mobility values trend changed. The Binary Segmentation (BINSEG) method
[24,25] was used to find the changepoints in mobility patterns in the six categories men-
tioned above. The binary segmentation method consists of calculating a single change-
point, dividing it into two subsets of data. Then the point of change is recalculated again
for each subset [25,26]. This process is repeated until the model parameters are satisfied.
In this study, the framework was used as a parameter to search no more than three points
of change in the sample under analysis.

3. Results

The collected data were processed and generated the Rt value in Portugal and the
changepoints for the mobility categories as outputs. The result of the Rt, based on epide-
miological modeling developed for the COVID-19 pandemic in Portugal, is shown in Fig-
ure 5. Also, the complete result of the epidemiological modeling is presented in Appendix
A. As the framework uses the first seven days for the calculation and the first case of
COVID-19 in Portugal was on 3 March 2020, the results for Rt are from 10 March 2020
through 9 March 2021. According to [9], at the beginning of the pandemic, transmission
occurred exponentially, with Rt greater than 3. With the rapid response of the Portuguese
government, this value quickly dropped to less than 1. However, the transmissibility of
COVID-19 in Portugal has rarely decreased from 1. In December 2020, there was a down-
ward trend, leading up to the Christmas and New Year festivities. Many people were
tested before Christmas (Figure 6). Only a small number of cases were found resulting
from these tests. Nevertheless, there was an explosion of contagions at the beginning of
2021. The strategy of increasing the number of tests seems to have been ineffective in pre-
venting the spread of the virus at the end of the year. The result was a rapid turnaround
in the trend, which lasted until strict measures were adopted in the middle of January
2021. After this second lockdown, cases are rapidly decreasing. Nonetheless, the down-
ward trend in February is already being reversed in March, so it is necessary to resist the
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idea of abruptly releasing restrictions. Otherwise, the same situation as that which oc-
curred at the end of 2020 will be repeated.

4

Marf2020  Apr/2020 May/2020 Jun/2020 Juli2020 Aug/2020 Sep/2020 Oct/2020 MNov/i2020 Dec/2020 Jan/2021  Feb/2021 Mar/2021

Figure 5. Estimated Rt for Portugal (from 2020-03-10 to 2021-03-09).
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Figure 3. COVID-19 cases and tests in Portugal (from 2020-03-02 to 2021-03-09)

Focusing on mobility data, it was possible to calculate the changepoints in the popu-
lation's behavior. These changepoints represent shifts in mobility trends and for this study
three changepoints were considered. The first three graphs correspond to the retail and
recreation, grocery and pharmacy, and parks categories (Figure 6). The following graphs
(Figure 7) show the changepoints for the categories transit stations, workplaces, and resi-
dential. Analyzing the graphs, at the beginning of the pandemic (March 2020), the mobil-
ity pattern for Portuguese population was similar in all categories. There was a sharp drop
with the adoption of the first restrictive measures, and people remained at home, with the
residential category rising sharply. The changepoints were consistent and the restrictive
measures were effective. It is noteworthy that most of the parks were closed in the first
lockdown (between 22 March and 3 May). Furthermore, the places with the most signifi-
cant drops were transit stations, with values above 80% for the baseline.

After this first impact of the containment measures, the public mobility patterns
changed. The retail and recreation category was a portrait of governmental measures, and
the variations are correlated to the current restrictive measures. The grocery and phar-
macy category had no further sharp falls. The parks peaked during the summer and


https://doi.org/10.20944/preprints202103.0689.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 29 March 2021 d0i:10.20944/preprints202103.0689.v1

holiday months. An important point, which may have repercussions in the future, is the
transit stations, which have had a sharp decline since the beginning of the pandemic. Pub-
lic transport will have to reinvent itself with ideas that can guarantee the public's safety
and maintain an efficient operation.

This year of pandemic has changed the population's relationship with mobility, with
telework becoming an alternative for many professions. This new way of working will
change the entire transport matrix and how people move [27,28]. The post-pandemic mo-
bility of COVID-19 should not be as it was before, and decision-makers should take this
into account.
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Figure 6. Changepoint for the retail and recreation, grocery and pharmacy, and parks categories in
Portugal (from 2020-02-15 to 2021-03-06).
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Figure 7. Changepoint for the transit stations, workplaces, and residential categories in Portugal
(from 2020-02-15 to 2021-03-06).

4. Discussion

There was an apparent slowdown of the covid-19 pandemic in Portugal last month.
The Rt value is currently below the threshold of 1, but it is growing slightly. If this trend
continues, this phase of declining cases may soon reverse. On the other hand, it is neces-
sary to resume business activities without losing all the progress achieved. On March 15,
2021, a relaxation plan for restrictive measures was initiated. This planning will be more
cautious than the previous ones and will take a month and a half. This plan has two thresh-
olds: Rt value less than 1, and the number of 120 cases per 100 thousand inhabitants. If
either of these two values is exceeded, the plan will be reevaluated, and further restrictive
measures may be adopted [1].

Analyzing the fight against COVID-19 for a year in Portugal shows the public follow
the rules when there are restrictive measures. However, when restrictions are eased, there
has been a tendency to exaggerate the increase in mobility, and contacts are quickly re-
sumed. Thus, Rt tends to rise. This factor has led to the exhaustion of Portuguese society
in general. Observing the pandemic phases in Portugal, the adoption of restrictive
measures to ensure a low number of infected people was essential in the first wave [7].
Nevertheless, the speed of taking measures was not so evident in the subsequent waves.

Currently, there are new variables in the equation, which are the possibility of im-
munizing a portion of the population and the appearance of new variants. Vaccination
started on December 27, 2020, but the vaccination rate is not as high as expected in Portu-
gal, with only 2.90% of the population being fully immunized (two doses) and only 7.34%
receiving at least one dose.

Regarding the mobility patterns of the Portuguese population during the pandemic,
there has been a change over the various phases. There was linear confinement at first,
with the population avoiding all sorts of places and staying at home. After that period,
when the virus was unknown, it was understood that parks and green areas were low-
risk areas and provide physical and mental well-being during the lockdown [29-32].
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Among the six categories used as a mobility proxy, those which maintained a stricter re-
lationship with the government's restrictive measures were retail and recreation and
transit stations. Finally, during this pandemic, the relationship between work and work-
places changed. This is clear when we look at the mobility patterns for the residential and
workplace categories. Even when restrictive measures were lifted, these locations did not
return to the reference values.

5. Recommendations

The first recommendation is to accelerate the production of vaccines already ap-
proved by the European Medicines Agency (EMA) and other international drug agencies
to vaccinate about 70% of the population so we will have herd immunity. All pharmaceu-
tical companies must sign agreements to produce vaccines under license from the com-
pany that holds the international patent. The European Commission should promote
profit-sharing agreements with the production and sale of approved vaccines.

The public transport system needs to be improved to allow the users' physical dis-
tancing during the COVID-19 pandemic. Telecommuting (working from home) must be
promoted even as restrictions are eased so that only necessary travel occurs. The hours of
starting and finishing work in institutions and companies could be staggered to lower the
number of employees traveling at the same time. Active mobility (cycling, walking) must
be promoted because it improves the environment (reduces GHG emissions), reduces the
necessary number of public transport vehicles, and increases public health. The road space
in cities should be reallocated to accommodate active mobility and increase the physical
distance between cyclists and pedestrians. The utilization of electric bikes must be pro-
moted to allow more extended trips.

In a pandemic situation like the COVID-19 crisis, there is a rare opportunity to create
disruptive actions. In this sense, cities should be reinvented, with more green spaces, more
space for pedestrians (ensuring a safe distance), more space for active transport, and less
need for extensive commuting. Therefore, one must fight the virus with vaccines, medi-
cations, social distancing, masks, hygiene measures, and more human and green cities.

6. Conclusions

There is a dichotomy between the need to contain the virus's spread and the desire
to reopen the economy. Thus, there is a discourse of hope with the beginning of vaccina-
tion. This may be good for the economy, but a fourth wave may occur in Portugal if this
opening is too fast. To avoid repeating the mistakes of May and September 2020, the gov-
ernment adopted a phased plan to resume face-to-face activities. The resumption of mo-
bility and contacts between people are expected to increase the spread of COVID-19 again.

Our study shows a correlation between population mobility and the number of
COVID-19 cases. Thus, restricting mobility is a way of limiting the spread of the virus.
Lockdown is not a popular measure, it is not the first option, and it is not desired. How-
ever, it is the medicine that existed at the time, and it proved to be effective. Also, it was
observed that there must be clear rules with few exceptions, as mobility has decreased
little with the first "softer measures".

Mobility patterns and the population's demands are changing rapidly, and new
forms of mobility can be a tool to improve the quality of life in cities. Therefore, policy-
makers and transport researchers now have an excellent opportunity to work together
and design new transport policies for a healthier and more sustainable life.

7. Limitations

The main limitation encountered during this study is the lack of open raw data re-
lated to the cases of COVID-19 in Portugal. The numbers used in this study are values
processed from the Directorate-General of Health (DGS) and, in this sense, we must thank
Data Science for Social Good Portugal for realizing this task. Another critical point is that
the Rt value was obtained based on the number of infected people confirmed daily. These
numbers may not correspond to the reality of the disease, as the number of confirmed
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infections depends on the number of tests performed [33] and the ability to track existing
cases. The values reported by the DGS do not indicate the day of infection or when the
case was detected. They tell us only which day the data were computed in the system.
Therefore, it is expected that there will be some mismatch between detection and notifi-
cation and also underreporting of cases.

Supplementary Materials: The code developed in R can be accessed at the repository
github.com/tamagusko/mobility_portugal_first_year_covid19.
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Appendix A
The result of the epidemiological modeling (Figure Al).
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Figure A1. Result of epidemiological modeling (from 2020-02-15 to 2021-03-09).
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