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ABSTRACT Since its inception, COVID-19 has changed several dynamics in society, both on a personal and
professional level.Mobility was one of themost affected aspects, as a result of the necessary social distancing
and preventive measures that had to be enacted by the various countries and which restricted, at various
times, freedom of movement. The impact that COVID-19 had, and still has, on mobility is important to be
understood so that the necessary measures can be taken in order to return to normality and, for example,
not regress in the steps that were being taken in encouraging the use of public transport as a measure to
combat the carbon footprint as well as traffic congestion in cities. This paper intends to analyze the reality of
Spain and Portugal, in the period between May 10th and July 2nd, 2021, in which both countries had already
finished restricting mobility measures. The study used data from Google Community Mobility Reports and
was done by regions, taking into account the average age of inhabitants and the number of inhabitants in
each region. The analysis focused on different categories of places such as retail and recreation, groceries
and pharmacies, parks, transit stations, workplaces, and residential. One of the main conclusions of this study
is the lower use of public transports for fear of a greater risk of infection. This could be a problem in the
medium term if this trend continues. On the other hand, it is important to highlight a greater presence in parks
after the end of the lockdown, which promotes healthy habits that combat problems such as overweight or
obesity. COVID-19 can be seen as an opportunity to promote more active mobility through the creation of
infrastructure, such as for bicycles.

INDEX TERMS Mobility habits, COVID-19, mobility impacting factors, mobile devices data, road traffic.

I. INTRODUCTION
COVID-19 first emerged in Hubei province, in China, after
a cluster of viral pneumonia cases of unknown cause [1],
[2]. Given the high levels of contagion and seriousness of the
cases detected so far, the World Health Organization (WHO)
declared, on March 11, 2020, COVID-19 as a pandemic [3].
Ensuring a minimum distance between people and minimiz-
ing communication between people from different communi-
ties became necessary [4], [5].

As of September 7, 2021, there were approximately
220 million confirmed cases worldwide and approximately
4.5 million deaths from COVID-19 [6]. Since the beginning
of the pandemic, and considering the European continent,
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there has been a very strong impact in Italy, which became
the first country to report cases in mid-February. At the end
of the month, cases also started to appear in other European
countries such as Spain or Portugal.

From the moment WHO declared COVID-19 to be
a pandemic, restrictive measures began to be imposed
around the world, impacting various sectors of soci-
ety: commerce, health, education, public services, among
others [7], [8].

Consequently, and inevitably, the mobility of citizens was
severely affected [9], [10]. Some of the measures taken by
municipalities and governments included reducing the capac-
ity of transport services such as buses, subways, and trains to
a maximum capacity of 50%, closing buildings and public
services, and global limitations on mobility of people who
were advised to leave the home only for essential matters
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such as purchasing food, health related issues or to go to
work [11]–[13].

The main contribution of this work is to identify the impact
of two factors - average age of inhabitants and number of
inhabitants - on the mobility of citizens both in Portugal and
Spain, in the period between 10 May and July 2nd, where no
mobility restrictions existed in any of two the countries.

The rest of the paper is organized as follows. The next
chapter starts by introducing related work. Chapter III intro-
duces the methodology in terms of data characterization
and statistical analysis. Chapter IV presents the results of
the analysis carried out, organized by country (Spain and
Portugal) and by type (average age and number of inhabi-
tants). Chapter V presents the discussion of the results and
chapter VI presents the conclusions.

II. RELATED WORKS
Several studies have been developed focused on the relations
between citizen mobility and COVID-19, whether in terms
of the ease of transmission of the virus, in evaluating the
effectiveness of government measures that affected mobility
or in the impact that COVID-19 had on mobility. One of such
studies combined the mobility index and new case time series
for 80 of the most affected cities in China from Jan 17 to
Feb 29, 2020 with the purpose to quantify the time-lag effect
and therefore evaluate its influencing socio-demographic and
environmental factors [8].

Human mobility patterns during this period have in many
studies relied on the processing of data obtained from mobile
devices. Google Community Mobility reports was used,
namely data from 26 districts in Tamilnadu were consid-
ered for a study conducted [14] to analyse mobile patterns
using Fuzzy C-Means clustering. Anonymized mobile phone
data was also used in another study in Austria [13] where
the authors assess the effect of the lock-down quantitatively
for all regions and present an analysis of daily changes of
human mobility throughout Austria. In [15], the relationships
between containment and closure policies, disease trends,
and human mobility patterns in 40 countries in Western,
Eastern, Northern, and Southern Europe and North Amer-
ica is explored. Finally, in Rio de Janeiro, network usage
data was analysed and compared from pre-lockdown, during
lockdown, and post-lockdown phases to understand human
mobility patterns during the pandemic, and to evaluate the
effect of lockdowns on mobility.

The need to analyze data and present information quickly,
efficiently and intuitively also motivated another set of stud-
ies. Examples are a digital platform based in a multi-agent
system to plot the different mobility alternatives to counteract
the agglomerations in public transport was proposed in [16]
and a visual analytic tool that facilitates the investigation
of COVID-19 data including time series daily reports and
mobility trends [17].

Some of the latest studies in Spain and Portugal are pre-
sented next, as this paper specifically focuses on these two
countries.

In [11], authors assess the impact of mobility on epidemic
spreading in order to conclude on the effects of the mea-
sures taken by government entities to restrict the mobility
of citizens in Spain. Specifically, the authors refer to the
multi-seeding factor that occurs when several independent
individuals (non-clustered) come across a susceptible popu-
lation, which can enhance autonomous outbreaks. The study
is carried out in 52 provinces of Spain, showing that local
outbreaks of incidence and mortality are strongly correlated
with mobility occurring in the early-stage weeks from and
to Madrid, the main mobility hub and where the initial local
out-break unfolded.

In [18], authors make use of various private mobility data
collected essentially from the smartphones of Spanish citi-
zens. As private data, they focus more on the movement of
individuals and not on the means of transport, thus ensuring
the representation of a large portion of society. The study
illustrates how a direct comparison of different sources can be
misleading, as certain days (e.g., Sundays) exhibit a directly
adverse behavior. After understanding the different partic-
ularities, the authors concluded that there is a partial and
complementary correlation under proper interpretation. They
also concluded that mobile data can be used to assess the
effectiveness of implemented government policies as well as
detecting changes in mobility trends.

The impact of the containment and quarantine measures
imposed in the city of Santander onMarch 15, 2020, in Spain,
were studied in [19]. The data used was collected from traffic
counters, traffic cameras, public transport and environmen-
tal sensors in order to make comparisons between journey
flows and times before and during the confinement, which
allowed for an initial diagnosis of how mobility has reduced
and how the modal distribution and journey purposes have
changed. The main results pointed to an overall reduction in
mobility of 76%, not being so notorious in the case of private
vehicles. Public transport users were reduced by 93%, NO2
emissions were reduced by up to 60%, and traffic accidents
were reduced by up to 67%.

Data from Google COVID-19 Community Mobility
Reports was used in [20] to measure the effectiveness of
distance measures imposed in Portugal during the COVID-19
pandemic. The study allowed us to conclude that the imposed
mobility measures allowed the reduction of Rt from 3 to
1 in a period of 25 days. The most affected form of mobility
was the use of public transport, with a greater use of private
vehicles, with a view to reducing environments with large
crowds of people. The authors emphasize the importance
of promoting active mobility, as a way to combat possible
pandemic situations that may happen in the future, but that a
cultural change is required so that this can become a reality
in the future. Another conclusion of the study shows the great
affluence to parks when the alleviation of mobility restriction
measures were verified, reflecting the importance of these
places in the mental health of citizens.

In [21], authors present a study that used a tracking infras-
tructure in order to understand human mobility during the
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COVID-19 outbreak, in order to contrast its diffusion. The
infrastructure was deployed at 81 Points-of-Interests (POIs)
on Madeira Island, Portugal, in order to collect massive
amount of spatio-temporal data, supplemented with statisti-
cal data on infected people as well as crowd sourced data
collected from citizens. The objective of the implemented
infrastructure was 1) to provide stakeholders with a visual
tool that would allow to contrast COVID-19 diffusion through
human mobility monitoring and 2) to give more precise
information to citizens about the number of people gathered
in a given POI so citizens can plan their day more safely
and avoid large crowds of people. The study presents the
infrastructure and application of interactive data visualization
that the authors concluded to be adequate to provide citizens
with the necessary information about the flow of people
during the COVID-19 outbreak and illustrates the changes in
the mobility patterns of the island.

In general terms, COVID-19 has led to several signif-
icant changes in road conditions and drivers’ behavior in
transportation network. The impact observed on these vari-
ables during the pandemic was sudden and, in many cases,
unpredictable [22]. The main changes were noticed on the
values of traffic volume on the road and also on the street
network. In [22], the authors present road traffic volume
analysis in cities before and during the restrictions related
to COVID-19. With the purpose to characterize the daily,
weekly and annual variability of traffic volume in 2019 and
2020 and also to estimate daily traffic patterns at particular
stages of the pandemic, selected traffic characteristics were
compared for 2019 and 2020.

There are other studies in which other sociodemographic
and environmental aspects related with COVID-19 have been
analysed. For instance, [23] analyses the impact of the virus
on the population depending on their urban living environ-
ment. They use data gathered in Wuhan, China, and they
conclude that infection ratios are primarily affected by the
number of buildings and the density of the population, fol-
lowed by the characteristics of the surrounding environment.

In Spain, on May 9 at 00:00 the third state of alarm ended.
This meant that the curfew between 23:00 and 6:00 ceased
to be in force. The restrictions on mobility between regions
and the limitation on the number of people at indoor and
outdoor gatherings also disappeared. However, other types of
measures have remained, mainly focused on time restrictions
in the restaurants and nightlife [24]. On May 1st, the state
of emergency in Portugal ended and, with it, the closing
of the land borders with Spain. Mobility restrictions ended
up maintaining, similarly to what happened in Spain, some
restrictions on the hours of some establishments as well as
maximum capacity in some events.

III. METHODOLOGY
A. DATA CHARACTERIZATION
The data used to perform the analysis presented in this arti-
cle comes from Google Community Mobility Reports [25],
initially created to support critical decisions to combat

COVID-19, based on a process of data aggregation and
anonymization described in [26]. This report presents move-
ment trends over time by geography chart, across different
categories of places such as retail and recreation, groceries
and pharmacies, parks, transit stations, workplaces, and resi-
dential, which favors the analysis of the impact of COVID-19
on the mobility of citizens.

The data show how the number of visitors changes at
the categorized places compared to the reference days. The
reference day is the average number of visitors between
January 3 and February 6, 2020 considering the day of the
week.

B. STATISTICAL ANALYSIS
ANOVA tests were conducted in order to determine if there
are significant differences between the groups, in each coun-
try, taking into account the average of the inhabitants and
the number of inhabitants. This method is used because the
sample size allows to consider the normal approximation as
good. Tukey’s HSD tests were employed to compare means
found different using analysis of variance. A significance
level of p < 0.05 is fixed for all statistical tests. The groups
analyzed in each country were constructed using cluster
analysis. This statistical technique classifies elements into
groups, so that elements within the same cluster are very
similar, and elements in different clusters are distinct from
each other. In general, groups must satisfy the criteria of
homogeneity, internal cohesion, isolation of groups and het-
erogeneity between groups, which guide the formation of
clusters. Among the various grouping methods, the k-means
method was chosen because it uses the initial data matrix and,
generally speaking, it consists of transferring an individual
to the cluster whose centroid (group center) has a shorter
distance from it. Statistical analysis was performed using
IBM SPSS v25.

IV. RESULTS
A. MOBILITY ACCORDING TO AVERAGE AGE OF THE
INHABITANS IN SPAIN
Table 6 shows how all regions from Spain were included in
each group according to the average age of their inhabitants.
Figure 1 captures the percentage that mobility has increased
or decreased after the state of alarm in Spain compared to
the baseline and grouped by the mean age of the inhabi-
tants. In the case of retail and recreation areas the difference
between the three groups is not significant [F(2, 1023) =
0.275; p = 0.760]. Moreover, mobility in these locations is
lower than baseline.

In groceries and pharmacies, there are significant differ-
ences between the groups [F(2, 981) = 106.898; p < 0.05].
Group A, composed by the regions with the lowest mean age,
exhibits the lowest mobility in these places, while group C
presents the highest. Post hoc comparisons using the Tukey
HSD test indicates that the mean value for group A (M =
−5.12, SD= 7.84) is significantly different than the Group B
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FIGURE 1. Mobility in different areas according to the average age of the inhabitants in Spain: (a) Retail and recreation; (b) Grocery
and pharmacy; (c) Parks; (d) Transit stations; (e) Workplaces; (f) Residential.

TABLE 1. Regions of Spain grouped by average age of the inhabitants.

(M = 10.86, SD = 11.85) and Group C (M = 13.49, SD =
10.54). The same happens between groups B and C.

Mobility in the parks is also unequal across regions accord-
ing to the mean age of their inhabitants [F(2, 1023)= 76.174;
p < 0.05]. Post hoc comparisons using the Tukey HSD test
indicates that the mean value for group A (M = 3.05, SD =
19.80) is significantly different than the Group B (M =
27.51, SD = 34.01) and Group C (M = 48.48, SD = 37.64).
The same happens between groups B and C. Mobility has
increased in all three groups compared to the baseline.

Regarding mobility at transit stations, we have found sig-
nificant differences between the groups [F(2, 951) = 9.492;
p < 0.05]. Post hoc comparisons using the Tukey HSD test
indicates that the mean value for group B (M = −10.05,
SD= 15.78) is significantly different than the Group C (M=
−6.05, SD = 8.50). No other differences were statistically
significant. In all three groups, mobility is lower than the
baseline.

There are significant differences in mobility in the work-
places between the groups analyzed [F(2, 1923) = 5.540;

p < 0.05], although in all regions the values are lower than
the baseline. Post hoc comparisons using the Tukey HSD test
indicates that the mean value for group A (M = −16.80,
SD = 8.33) is significantly different than the Group B
(M = −13.67, SD= 9.80) and Group C (M=−14.10, SD=
7.27). No other differences are statistically significant.

Finally, when studying the data on presence in residen-
tial areas we have seen that there are significant differences
between the groups [F(2, 1009) = 28.992; p < 0.05]. How-
ever, in all cases the values are higher than the baseline. Post
hoc comparisons using the Tukey HSD test indicates that the
mean value for group A (M = 3.66, SD = 1.73) is signifi-
cantly different than the Group B (M= 1.43, SD= 3.32) and
Group C (M = 0.96, SD = 2.45). No other differences are
statistically significant.

B. MOBILITY ACCORDING TO THE NUMBER OF
INHABITANS IN SPAIN
Table 2 shows the regions included in each group.
Figure 2 captures the percentage that mobility has increased
or decreased after the state of alarm in Spain compared to the
baseline and according to the number of inhabitants. We can
observe that there are no significant differences between the
groups in the retail and recreation areas F(2, 1023) = 1.094;
p = 0.335]. Moreover, mobility in these locations remains
lower than the baseline.

Consideringmobility in groceries and pharmacies is higher
compared to the baseline in all regions. In addition, there
are significant differences between the groups [F(2, 981) =
3.322; p < 0.05]. Post hoc comparisons using the Tukey
HSD test indicates that the mean value for group A
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TABLE 2. Regions of Spain grouped by the number of inhabitants.

(M = 12.47, SD = 11.42) is significantly different than the
group B (M = 8.33, SD = 8.78). No other differences are
statistically significant.

In the parks, mobility is also higher than baseline in
all groups. Furthermore, there are significant differences
between groups [F(2, 1023) = 15.240; p < 0.05]. Post hoc
comparisons using the Tukey HSD test indicates that the
mean value for group A (M = 41.97, SD = 30.08) is signif-
icantly different than the group B (M = 18.30, SD = 15.29)
and group C (M = 31.41, SD = 39.42). The same happens
between groups B and C.

Regarding mobility in transit stations, we can observe
that in all regions it is lower than the baseline. In addi-
tion, there are significant differences between groups
[F(2, 951) = 34.507; p < 0.05]. Post hoc comparisons using
the Tukey HSD test indicates that the mean value for group C
(M = −6.50, SD = 15.32) is significantly different than the
group A (M = −12.15, SD = 7.18) and group B (M =
−15.75, SD = 7.21). No other differences are statistically
significant.

The presence in workplaces is lower than baseline in all
regions. In addition, there are significant differences between
groups [F(2, 1023) = 10.690; p < 0.05]. Post hoc compar-
isons using the Tukey HSD test indicates that the mean value
for group B (−17.08, SD = 10.53) is significantly different
than the group A (M = −14.10, SD = 8.81) and group C
(−13.48, SD = 8.67). No other differences are statistically
significant.

Finally, in all regions, the presence in residential areas
has increased. In addition, there are significant differences
between the groups [F(2, 1009) = 11.288; p < 0.05]. Post
hoc comparisons using the Tukey HSD test indicates that
the mean value for group B(2.53, SD = 3.26) is signifi-
cantly different than the group A (M = 1.04, SD = 2.41)
and group C (1.36, SD = 3.07). No other differences are
statistically significant.

C. MOBILITY ACCORDING TO AVERAGE AGE OF THE
INHABITANTS IN PORTUGAL
Table 3 shows the regions included in each group according
to the average age of inhabitants in Portugal. Figure 3 cap-
tures the percentage that mobility has increased or decreased
after the state of alarm in Portugal compared to the baseline
and grouped by the mean age of the inhabitants.

In the case of retail and recreation areas, the difference
between the three groups is significant [F(2,1576) = 29.72;

TABLE 3. Regions of Portugal grouped by the average age of inhabitants.

p < 0.05]. Group A, composed by the regions with the lower
mean age, exhibits the lowest mobility in these places, while
group C presents the higher. Post hoc comparisons using the
Tukey HSD test indicates that the mean value for Group A
(M = 20.33, SD = 0.57) is significantly different than the
Group B (M = 21.83, SD = 0.61) and Group C (M = 24.91,
SD = 0.64). The same happens between groups B and C.
In groceries and pharmacies, there are significant differ-

ences between the groups [F(2, 6308) = 8.863; p < 0.05].
Group A, composed by the regions with the lowest mean age,
exhibits high mobility in these places, while group B presents
the lowest. Post hoc comparisons using the Tukey HSD test
indicates that the mean value for group A (M = 33,60, SD=
0,878) is significantly different than the Group C (M =
27.93, SD = 0,415) and Group B (M = 26.26, SD = 0.467).
The same happens between groups B and C. Mobility has
increasing when compared with the baseline.

Mobility in the parks is also unequal across regions accord-
ing to the mean age of their inhabitants [F(2, 4257)= 134.93;
p < 0.05]. Post hoc comparisons using the Tukey HSD test
indicates that the mean value for group A (M = 28.00, SD =
1.09) is significantly different than the Group B (M = 46.11,
SD= 1.86) and Group C (M= 21.74, SD= 1.97). The same
happens between groups C and B. Mobility has increased in
all three groups compared to the baseline.

Regarding mobility at transit stations, we have found
significant differences between the groups [F(2, 2161) =
218.026; p < 0.05]. Post hoc comparisons using the Tukey
HSD test indicates that the mean value for group A (M =
−23.00, SD = 0.41) is significantly different than the
Group B (M = 0.55, SD = 1.11) and Group C (M = 11.91,
SD = 1.53). The same happens between groups B and C.
Mobility is lowest to the baseline in all three groups.

There are significant differences in mobility in the work-
places between the groups analyzed [F(2, 10148)= 100.374;
p < 0.05], although in all regions the values are lower than
the baseline. Post hoc comparisons using the Tukey HSD test
indicates that the mean value for group A (M = −16.48,
SD = 0.43) is significantly different than the Group B (M =
−11.54, SD = 0.50) and Group C (M = −9.29, SD = 0.58).
No other differences are statistically significant.

Finally, when studying the data on presence in residen-
tial areas we have seen that there are significant differences
between the groups [F(2, 6728) = 343.049; p < 0.05]. How-
ever, in all cases the values are higher than the baseline.
Post hoc comparisons using the Tukey HSD test indicates
that the mean value for group A (M = 7.22, SD = 0.12) is
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FIGURE 2. Mobility in different areas according to the number of inhabitants in Spain: (a) Retail and recreation; (b) Grocery and pharmacy;
(c) Parks; (d) Transit stations; (e) Workplaces; (f) Residential.

significantly different than the Group B (M = 4.89, SD =
0.15) and Group C (M = 3.26, SD = 0.15). No other differ-
ences are statistically significant.

D. MOBILITY ACCORDING TO THE NUMBER OF
INHABITANTS IN PORTUGAL
Table 4 shows the regions included in each group according
to the number of inhabitants. Figure 4 captures the percentage
that mobility has increased or decreased after the state of
alarm in Portugal compared to the baseline and grouped by
number of the inhabitants.

In retail and recreation, there are significant differences
between the groups [F(2, 1909) = 214.89; p < 0.05].
Group C, composed by the regions with the greater number
of inhabitants, exhibits lower mobility in these places. Post
hoc comparisons using the Tukey HSD test indicates that
the mean value for group A (M = 2.04, SD = 0.37) is
significantly different than the Group B (M = −4.51, SD =
0.45) and Group C (M = −15.58, SD = 0.59).

In groceries and pharmacies, there are significant dif-
ferences between the groups [F(2, 2174) = 474.772; p <
0.05]. Group C, exhibits lower mobility in these places, while
group B presents the biggest. Post hoc comparisons using the
Tukey HSD test indicates that the mean value for group A
(M = 22.19, SD = 0.53) is significantly different than the
Group B (M = 27.51, SD = 0.62) and Group C (M = 11.93,
SD= 0.60). Mobility has increasing when compared with the
baseline.

TABLE 4. Regions of Portugal grouped by the number of inhabitants.

Mobility in the parks is also unequal across regions accord-
ing to the number of inhabitants [F(2, 2025) = 16.070;
p < 0.05]. Post hoc comparisons using the Tukey HSD test
indicates that the mean value for group A (M = 34.25, SD =
1.48) is significantly different than the Group B (M = 32.93,
SD= 1.58) and Group C (M= 27.24, SD= 1.46). The same
happens between groups B and C. Mobility has increased in
all three groups compared to the baseline.

Regarding mobility at transit stations, we have found
significant differences between the groups [F(2, 2143) =
395.397; p < 0.05]. Post hoc comparisons using the Tukey
HSD test indicates that the mean value for group A (M =
12.30, SD= 1.00) is significantly different than the Group B
(M=−22.59, SD= 0.54) and Group C (M=−24.36, SD=
0.56). Mobility has increased in Group A when compared to
the baseline.

There are significant differences in mobility in the work-
places between the groups analyzed [F(2, 2528) = 263.432;
p < 0.05], although in all regions the values are lower than
the baseline. Post hoc comparisons using the Tukey HSD
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FIGURE 3. Mobility in different areas according to the average age of inhabitants in Portugal: (a) Retail and recreation;
(b) Groceries and pharmacies; (c) Parks; (d) Transit stations; (e) Workplaces; (f) Residential.

test indicates that the mean value for group A (M = −8.40,
SD = 0.40) is significantly different than the Group B (M =
−13.62, SD= 0.49) and Group C (M=−22.56, SD= 0.56).
Group C has lower mobility when compared with the other
groups. However, mobility has decreasing when compared
with baseline.

Finally, when studying the data on presence in residen-
tial areas we have seen that there are significant differences
between the groups [F(2, 2047) = 747.871; p < 0.05]. How-
ever, in all cases the values are higher than the baseline.
Post hoc comparisons using the Tukey HSD test indicates
that the mean value for group A (M = 3.13, SD = 0.10) is
significantly different than the Group B (M = 6.59, SD =
0.13) and Group C (M = 8.96, SD = 0.18). Also Group B
and Group C are significantly different. Group C has higher
mobility when compared with the other groups.

V. DISCUSSION OF THE RESULTS
When we compare the average ages of the inhabitants of the
regions in each group we can observe that minimum average
age is lower in Spain but maximum average age is lower in
Portugal. With regard to the number of inhabitants in each
group of regions, the difference between population density
is markedly notorious.

For the analysis of the groups constituted by the average
age of the inhabitants in each region, the main conclusions
are shown below and also summarized in Table 5:
• It is verified that in retail and recreation areas the mobil-
ity in Spain is reduced compared to the pre-pandemic
period. The difference between the three groups is not

significant in Spain. However, in Portugal there are sig-
nificant differences in mobility, with Group A (younger
regions) showing less mobility than the others. In addi-
tion, in older regions, mobility through these types of
places is higher than before the pandemic;

• In groceries and pharmacies, there are significant dif-
ferences between the groups in Spain and in Portugal.
In Spain, Group A, composed by the regions with the
lowest mean age, exhibits the lowest mobility in these
places, while group C presents the highest. In Portugal,
Group A, composed by the regions with the lowest
mean age, exhibits high mobility in these places, while
group B presents the lowest;

• Mobility in the parks is also unequal across regions
according to the mean age of their inhabitants, either
in Portugal or in Spain. Mobility, in both countries, has
increased in all three groups compared to the baseline.
In Spain, it is in the more aging regions where there
is a higher increase in mobility compared to the pre-
pandemic period. This does not happen in the case of
Portugal, where the greatest increase is in regions whose
average age is in the middle;

• Regarding mobility at transit stations we have found
significant differences between the groups and, in all
of them, mobility is lower than the baseline in both
countries. In Spain, the regions with the highest mean
age are those in which there is a lower reduction in the
presence at these places. On the contrary, in Portugal the
greatest decrease in mobility occurs in regions with a
lower average age
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FIGURE 4. Mobility in different areas according to the number of inhabitants in Portugal: (a) Retail and recreation; (b) groceries and
pharmacies; (c) Parks; (d) Transit stations; (e) Workplaces; (f) Residential.

• There are significant differences in mobility in the work-
places between the groups analysed and mobility is
lower than the baseline in both countries. The regions
with the lowest average age are the ones where are less
transit in these places;

• In residential areaswe have found significant differences
between the groups. However, in both countries and in
all groups, mobility values are higher than the baseline.
In addition, in both cases, the sharpest decrease is in the
less aged regions.

For the analysis of the groups constituted by number of the
inhabitants in each region, the main conclusions are shown
below and also summarized in Table 6:

• In retail and recreations areas, there are no signifi-
cant differences in mobility between groups in Spain,
remaining below the baseline, while in Portugal Group
C, composed by the regions with the greater number
of inhabitants, exhibits lower mobility in these places
(the region of Lisbon and Tagus Valley had exceptional
confinement measures during this period.);

• In groceries and pharmacies, mobility is higher com-
pared to the baseline in all regions and there are signifi-
cant differences between the groups in both countries;

• Mobility in parks areas has increased in all three
groups compared to the baseline, in both countries. Fur-
thermore, we found statistically significant differences
in mobility between groups of regions also in both
countries;

TABLE 5. Main conclusions considering the average age of the
inhabitants.

• In transit stations we have found, in both countries,
significant differences between groups. We can also
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TABLE 6. Main conclusions considering the number of inhabitants.

observe that, in all regions of Spain, mobility is lower
than the baseline while in Portugal it increased in the
regions of group A when compared to the baseline.

• In both countries, we found statistically significant dif-
ferences in workplace mobility between the three groups
of regions. However, there was also a decrease in mobil-
ity when compared to baseline.

• In residential areas we have found, in both countries,
that there are significant differences between the groups
of regions and the presence in residential areas has
increased.

VI. CONCLUSION
COVID-19 has caused a change in mobility in both Spain and
Portugal, which has been maintained even after the end of
the restrictions. In both countries we observed less traffic in
closed places such as retail and recreation areas and work-
places. Analysis of the data also shows a lower use of public
transport. The latter could be a problem if this trend continues
in the long term. In both countries, prior to the pandemic,
people had been adopting public transport as a means of
transportation for commuting to work and school. The fear
of possible infection has caused many of them to return to
using private vehicles. On the positive side, in both countries
there is a higher presence of people in parks. At the beginning
of the pandemic, many countries adopted confinement as a
measure against COVID-19, which lasted for several months.
This had a negative impact on health and increased problems
of overweight and obesity. However, with the end of these
measures many people have started to practice healthy habits
such as running.

As a conclusion, COVID-19 can be an opportunity to
replace mobility in cities by making it more pedestrian
friendly and promoting measures such as the building of
bicycle lanes. Outdoor activities should also be encouraged
to avoid negative consequences on the economy. The results
obtained in this study are only applicable to the two countries
analyzed. As future work it would be interesting to establish
a comparison with other countries, as well as to check if the
observed trends are maintained once the pandemic is over.
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