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Abstract

From January 2020 onward, many countries around the world adopted govern-
ment measures with the purpose of restricting the COVID-19 pandemic. In this
thesis, initially a dashboard has been developed which provides interactive visualisa-
tions of the data related to the COVID-19 government measures. Subsequently, a
number of analyses were carried out to find out whether the Greek government was
taking measures in relation to the COVID-19 positive test rate and at what distance
of days, using the cross-correlation method. For some selected European countries
(Cyprus, France, Greece, Ireland, Malta and Norway), their correlation with regard
to their government measures is first estimated to determine how similarly they re-
acted to the tightening and the relaxing of measures and, secondly, at which distance
of days their measures had the highest cross-correlation. The Greek government's
measures showed a high correlation with the COVID-19 positive test rate, at a dis-
tance of +13 days. This behavior is explained by the fixed weekly-based reassessment
of the COVID-19 situation in that country. Mediterranean countries were found to
demonstrate similar behavior, a finding attributed to the fact that their economies
are mainly driven by the tourist sector.

Keywords: Dashboard, COVID-19 Positive Test Rate, COVID-19 Related Gov-
ernment Measures, Correlation, Cross-Correlation
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Chapter 1
Introduction

In December 2019 an epidemic of pneumonia emerged in Wuhan, China (1).
The virus began to spread to the rest of the world, with France being the European
country to report the first positive cases on January 24, 2020 (2).

On March 12, 2020 the World Health Organization declared COVID-19 as a
global pandemic (3). Many governments around the world, with the purpose of
restricting the COVID-19 pandemic and preserving lives, adopted measures such as
lock-downs, travel restrictions, quarantines and use of face masks.

Data mining and machine learning algorithms have been widely used to early
detect infected individuals, which is essential to combat this pandemic, for example
by studying chest X-ray images (4), and to analyze epidemiological data and forecast
the pandemic (5; 6; 7). Other studies focused on finding the main characteristics of
severely affected patients by COVID-19, such as age, gender, etc., and the epidemic
patterns that can be used in the decision-making of measures to reduce the spread
of the virus (8).

The restrictions that have been imposed to contain the pandemic have many
implications in other areas, that various researchers have shown great interest in
studying. The pandemic measures had mainly negative impact, especially on the
economy, where there was a strong correlation between COVID-19 and gross do-
mestic product (GDP), due to low economic growth rates, stock market and tax
revenues (9). In addition, the mental health of many people appeared to be af-
fected, with health-care workers showing higher rates of anxiety and depression (10).
Also, the lock-down reduced mental health and increased the gender gap in mental
health (11).

Despite the negative effects of the pandemic, there were also positive environmen-
tal and political impacts. Lock-down measures have been observed to significantly

improve air quality by reducing the concentration of air pollutants (12; 13), and there
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has been a high level of trust in government and satisfaction with democracy (14).

In this thesis, initially a dashboard was developed in the R programming language,
which provides interactive maps and bar plots to aid in the analysis and inference of
data related to the COVID-19 government measures. Subsequently, a number of
analyses were carried out and the focus is on the government measures taken at the
beginning of the pandemic, with the purpose of restricting it. The aim is to explore
the existence of similarities between different countries and whether epidemiological
data may indeed have influenced the decisions of governments. Specifically, two
analyses were carried out for the year 2020. The first analysis concerns Greece,
which confirmed the first positive case on February 26, 2020 (15), and explores
whether there is a correlation between the measures taken by the government and
the COVID-19 positive test rate (PTR) observed and at which distance of days the
highest correlation is found.

The second analysis examines for some selected European countries (Cyprus,
France, Greece, Ireland, Malta and Norway) whether (a) their governments reacted
similarly to the tightening and relaxation of the measures, and, (b) at which distance
of days their measures had the highest cross-correlation.

The Greek government’'s measures showed a high correlation with COVID-19
PTR, at a distance of +13 days, due to the fact that the measures were usually
taken for a period of week(s), until the next reassessment of the COVID-19 situa-
tion. Cyprus, France, Greece and Malta showed high correlation values without large
daily shifts, a behavior that can be attributed to the influence of tourism on their
economies. On the other hand, Ireland and Norway showed no correlation with any

other country.

The structure of this thesis is the following:

e Chapter 2 reviews the relevant literature.

e Chapter 3 presents other dashboards that provide visualizations relevant to
covid-19.

e Chapter 4 describes in detail the data and the sources used for this study, the
pre-processing applied on it, and, the rationale behind the choice of the analysis

methods.

e Chapter 5 presents the interactive visualisations developed for the dashboard.

14



CHAPTER 1. INTRODUCTION 15

e Chapter 6 presents all the analyses performed on the collected data and the

respective findings.

e Chapter 7 discusses the findings and gives pointers for further research on the

subject.

15



Chapter 2
Literature review

An extensive search on the literature using the keywords “covid”, “government”
and “measure or policy” did not identify other similar studies to this thesis. This
thesis examines the relationship between government measures and the COVID-
19 epidemiological data and compares some selected European countries (Cyprus,
France, Greece, Ireland, Malta and Norway) on the basis of government measures
taken before any immediate treatment such as vaccination of the population took
place. Additionally, it uses different data than previous studies, namely, the Ox-
ford COVID-19 government response tracker (16) for measures and numerical data
ranges.

For example, the study (17) used the above response data for some selected
countries (China, Germany, Austria and the USA) and compared the effectiveness of
the two COVID-19 lockdowns on virus spread and changing infection dynamics based
on time discontinuity and earlyR epidemic regression models. The analyses carried
out showed that the timing and strictness of measures, the cultural and economic
background of each country and people’s perception of risk influence the effectiveness
of measures and the authors suggests that lockdowns applied by state governments,
should be strict and brief because on the other hand long period or reintroduced late
in the pandemic would exert, at best, a weaker, attenuated effect on the circulation
of the virus and the number of casualties.

The development of technology, with the population’s access to the internet and
especially social media, has obviously contributed to raising awareness of COVID-19
and assessing how governments have responded to the pandemic. Relevant stud-
ies conducted to find relationships between COVID-19 measures and social media
responses are as follows:

The public sentiment on governmental COVID-19 measures in Dutch social media

(Twitter, Reddit and Nu.nl) from February to September 2020, appears in the study

16



CHAPTER 2. LITERATURE REVIEW 17

(18). The authors applied sentiment analysis methods in order to analyze polarity
and determine Dutch attitudes towards social distancing and the use of face masks
measures. The analysis showed that the polarity of comments related to COVID-19
was negative. Regarding the two measures, the Dutch appeared positive on social
distancing when the measure was announced in March and then support declined
until June. On the use of face masks, attitudes were positive regarding their use,
but not to the government measure.

Another interesting study is the (19), which tries to link government performance
to people's political expression on social media during the pandemic. The author,
with the help of a machine learning neural network model, classified over 8 million
tweets addressed to the governors of US states as civil or uncivil. The analysis showed
that there is an increase in uncivil tweets against state governors due to the increase
in COVID-19 cases. The study then discusses the implications of the findings from
two perspectives, the non-institutionalized political participation and the importance
of elections in democracies.

A similar study, investigates the perception of the Brazilian federal government
through a quantitative and qualitative analysis of 3,756 tweets of users to a time
window of 30 days before and 30 days after a tweet about a family member of them
that victimized by COVID-19. The study found subtle changes in the perceptions
of people who approve or disapprove of the federal government. In an analysis of
the word clouds it was noticed an increasing in the size of the words “pandemic”,
“protest”, “hate”, “death”, “hunger” and “shit”. In addition, new concerns for
example for hunger emerged after the base tweet (20).

However, technology was not only a tool for citizens to criticise the measures
taken by governments during the pandemic. It was also an opportunity to mod-
ernise the services provided to them. Study (21) examines the implementation of
best practices of digital transformation that were used by governments globally and,
more specifically, in the case of Greece. The analysis with the statistical program
PSPP of the 150 usable questionnaires answered showed that the majority of the
practices used by the government were well communicated, as most digital services
were acknowledged by the participants even if they had not used them. After a
thorough examination, the authors concluded that more or less all of the measures
taken around the world followed similar patterns, but in each case all governments
showed tremendous improvement in order to meet the needs of citizens. In the case
of Greece, e-government practices were well acknowledged by the public in relation
to the haste with which they were implemented.

Many countries are considered to have many political and cultural similarities. An

17
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example is the Scandinavian countries (Denmark, Norway and Sweden). Study (22)
examines how similarly they acted to contain the COVID-19 pandemic. However,
there are striking differences in the way these countries approached the pandemic.
Quantitative-ethnographic (QE) by the use of nCoder tools and ENA methodologies
aimed to understand similarities and differences in the four areas of reorganization
of population behavior, containment of viral transmission, preparation of health sys-
tems, and management of socioeconomic impacts. According to the survey, Sweden
differed from Denmark and Norway, which followed a stronger discourse around the
Health System along with accumulated information on statistics, symptoms and
characteristics of the virus, quickly adopted restrictive measures and held national
speeches to enforce isolation.

To best limit the spread of a pandemic, it is necessary to look in depth at previous
pandemics in order to choose the best policies and actions to be imposed by the
government and regions to safeguard the population and health. Most of the existing
literature on the COVID-19 pandemic deals with this, providing a different perspective
and analysis and trying to find ways to better predict the evolution of the pandemic
in order to better prepare humanity for a future similar situation. Some examples of
such research are presented below:

A preliminary data analysis to understand the rules followed by the virus during its
spread in Italy and the Region of Lombardy, through the investigation of the possible
correlation between the goods and transport routes and the citizen travels with the
spread of COVID-19 from a geographical perspective, and an empirical discussion on
how actions and decrees imposed by the Italian government over time have impacted
on the spread of COVID-19 are presented in (23). These analyses explained why
Codogno was the first site of the outbreak in Italy, due to the interpersonal distri-
bution of goods taking place in Lombard territory, as south of Lodi are located the
largest logistics and distribution hubs in Italy and among the largest in Europe.

Study (24), with survey data from 705 respondents in Indonesia, attempts to
understand how the quality of government information and citizens' partisanship
affect citizens’ well-being in terms of life satisfaction and stress during COVID-
19. The analyses conducted showed that the quality of government information is
crucial to help citizens prepare for the pandemic, and a reduction in the quality of
their anxiety leads to a greater ability to respond quickly to the crisis, as well as a
reduced level of information overload. While partisanship is an important predictor
of information overload, it did not have a significant effect on perceived ability to
respond quickly. Quick reaction ability and information overload, in turn, predicted

stress and life satisfaction.

18



CHAPTER 2. LITERATURE REVIEW 19

(25) tries to identify the most important strategy against the COVID-19 pan-
demic that governments should implement. For this purpose, orthopathic g-rung
fuzzy sets (q-ROFSs) are used because this decision making process is considered
a multiple criteria decision making problem (MCDM) and it is necessary to allow
decision makers to make their judgments in a wider space and to better deal with
ambiguous information. The results of the two different TOPSIS methods based on
g-ROFS used in the proposed approaches determine that the strategy of " mandatory
quarantine and strict isolation” is the most important strategy to be implemented
by governments.

Also, (26) studies the effectiveness of the local and state government restrictions
and closures in Texas in limiting the spread of COVID-19, with the use of a time-
dependent SIR model together with Lasso in order to monitor the trajectories of the
transmission and recover rates in relation to the government closures and restrictions
and to further predict the number of cases. The one-day prediction error for the
confirmed cases was approximately 2.47% and less than 1% for the recovered cases.
The authors also find that there are many intervention methods that corresponded
to changes in infection rate and population recovery rate.

Using a simulation of the spread of the COVID-19 pandemic in a population based
on a SEIR epidemiological model, a methodology based on either Deep Q-Learning
or Genetic Algorithms to help governments plan phases during a pandemic in order
to safeguard public health as well as mitigate the negative impact on the economy
is presented in (27). The actions of confinement, self-isolation, two-meter distance
or not taking restrictions were evaluated and according to the results of the study,
the Deep Q-Learning based approach outperforms that based on Genetic Algorithms
and is a valid tool for governments to mitigate the negative impacts of a pandemic.

In another study (28), the impact of government policy interventions on the
infection chain structure in Korea is measured using multiple linear regressions to
enable governments to identify and implement effective policies that could stop the
rapid spread of the virus. The analysis shows that implemented policies decrease the
high fluctuation in infection chain structures that were observed at the beginning of
the pandemic.

In (29), the authors, using data up to mid-April 2020 from five Countries (US,
India, UK, Germany and Singapore) that have different healthcare systems, run the
COVID-19 tests in different places and apply different policies. They developed a
model to forecast the evolution of the pandemic at the country level using statistics,
epidemiological models, machine and deep learning models and a novel hybrid pre-

diction method based on nearest neighbours and clustering. The forecasts estimate
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excess demand for products and services during a pandemic, using Google trends and
simulating government decisions in order to help policymakers and planners make
better decisions during current and future pandemics.

20



Chapter 3
Dashboard review

The dashboard is considered a visual representation of the most important infor-
mation needed to achieve one or more goals, their use in business is remarkable as
it can help save time and improve decision making by business owners. Dashboards
are often accessible via web browsers and are usually linked to regularly updated data
sources.

The COVID-19 pandemic has brought other dashboards to the forefront to better
analyse the pandemic and draw better conclusions. Some examples are the Johns
Hopkins coronavirus tracker, the UK government coronavirus tracker and the Covid-

DExp exploratory data analysis, which will be presented in this chapter.

3.1 Johns Hopkins coronavirus tracker

One of the best known dashboards for covid-19 and recognized by TIME as
the “go-to data source” for COVID-19 is the Johns Hopkins Coronavirus Resource
Center (CRC) (30), a continuously updated source of COVID-19 data and expert
guidance. The CRC collect and analyze data related to cases, deaths, tests, hospital-
izations, and vaccines to help the public, policymakers, and healthcare professionals
worldwide respond to the pandemic.

The main Visiualization shown in Figure 3.1 is an interactive map showing the
spread of the coronavirus and for each country or region the user can click to see
cases and deaths in 28 days and the total number of cases and deaths. Above the
map the cases, deaths and vaccine doses administered worldwide in total and over
28 days are shown. There are also three charts positioned to the right of the map
showing weekly cases, deaths and doses administered of coronavirus.

However, other interesting visualizations are also provided by CRC, for example

an examination of U.S. Hospital Capacity shown in Figure 3.2. This chart displays the

21



22 3.1. JOHNS HOPKINS CORONAVIRUS TRACKER

Total Deaths Total Vaccine Doses Administered

6.846.356 13.283.056.588

28-Day Cases 28-Day Deaths 28-Day Vaccine Doses Administered

134.547 130.191.807
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Figure 3.1: CRC interactive map

7-day trend in overall and Covid-19-specific hospitalization occupancy data, including:

e Beds occupied by Covid-19 patients (ICU and Inpatient), which appear in or-

ange.

e Beds occupied by non-Covid-19 patients (ICU and Inpatient), which appear in

teal.
e Beds not occupied (ICU and Inpatient), which appear in grey.

e Percentage of beds occupied overall (ICU and Inpatient), which will appear

when you hover the cursor over the chart.
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Hover for more detail.
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20—

0 —

Figure 3.2: CRC Examination of U.S. Hospital Capacity

3.2 UK government coronavirus tracker

Another interesting dashboard is the (31) being developed and maintained by
Public Health England. This dashboard is an up-to-date and authoritative summary
of key information about the COVID-19 pandemic. This includes levels of infections,
the impact on health in the UK and on measures taken to respond.

The main visiualization shown in Figure 3.3 is a interactive map showing the 7-day
case rate per 100,000 people, with different colouring per local authority. The case
rate is calculate by dividing the 7-day total by the area population and multiplying by
100,000. The dashboard provides additional visualizations for test, case, healthcare,
vaccination and death data categories. Some examples are as follows:

e Figure 3.4 shows the number of people who received a polymerase chain reac-
tion (PCR) test in the previous 7 days, and the percentage of those who had
at least one positive COVID-19 PCR test result in the same 7 days.

e Figure 3.5 shows the age breakdown of the number of COVID-19 patients
admitted to hospital since the start of the pandemic.

e Figure 3.6 shows the age and sex breakdown of the total number of people
who died within 28 days of being identified as a COVID-19 case by a positive
test since the start of the pandemic.

23



24 3.2. UK GOVERNMENT CORONAVIRUS TRACKER

Interactive map of cases

Case rate per 100,000 people for 7-day period ending on 28 January 2023:
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Figure 3.3: UK map shows 7-day case rate per 100,000 people
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Figure 3.4: Weekly number of people receiving a PCR test and positivity
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Figure 3.5: Patients admitted to hospital,

by age Figure 3.6: Deaths by age and sex
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3.3 CovidDEXP (Covid-19 Data Exploration)

CovidDExp (COVID-19 Data Exploration) (32) is an exploratory data analysis
tool with a visually presentation of the COVID-19 pandemic, launched and supported
by members of the Data and Web Science Lab (DATALAB) an active research group
engaged in ICT research and innovation on data science and multi scope analytics
under the Department of Informatics, Aristotle University of Thessaloniki, Greece.
This dashboard is developed in the R programming language, like the one in this
thesis.

The CovidDEXP (Covid-19 Data Exploration) platform presents through inter-
active graphs data collected from multiple open data sources from reputable interna-
tional institutions and organisations, which are not only epidemiological data at each
phase of the pandemic, but also how these are correlated with socio-economic indica-
tors, such as health expenditure and population vaccinations, and with the measures
adopted by governments to limit the spread of the coronavirus, collected from the
Oxford COVID-19 government response tracker (16).

Some of these interactive graphs are as follows:

Epidemic Plots:

e Cases per Country
This plot 3.7a presents the temporal evolution of the number of confirmed
cases on a global scale. The user can see the new number of cases, as well as
the total number of cases.

e Case Fatality
This plot 3.7b presents the temporal evolution of case fatality. Case fatality is
defined as the ratio between deaths due to COVID-19 and confirmed cases.

Socioeconimic Plots:

e Health Expenditure
This plot 3.8a presents the correlation between the Health Expenditure of
Countries and the number of Confirmed/Active Cases/Deaths and Recoveries.
e Life Expectancy

This plot 3.8b presents the correlation between the average life expectancy age
per country and the number of Confirmed/Active Cases/Deaths and Recover-

ies.

25



26 3.3. COVIDDEXP (COVID-19 DATA EXPLORATION)

Government Response:

e Government actions with respect to confirmed cases
This histogram 3.9a presents the distribution of government response times
worldwide for the selected indicator, with respect to confirmed cases.

e Government actions with respect to deaths

This histogram 3.9b presents the distribution of government response times

worldwide for the selected indicator, with respect to recorded deaths.

Since, the case of Greece is important for the lab, there is also a specialized
section that examines the evolution of the disease in Greece , as well as an analysis
of social media (Twitter) traffic.
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Figure 3.7: CovidDEXP Epidemic Plots
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Figure 3.8: CovidDEXP Socioeconimic Plots

Government actions with respect to confirmed cases

Number of countries
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(a) confirmed cases

Government actions with respect to deaths
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Figure 3.9: CovidDEXP Government actions with respect to:
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Chapter 4

Data and Methods

4.1 Data Sources and Pre-Processing

This thesis uses various data for both the dashboard and the analyses performed.
More specifically, the data used and presented in this section are as follows: Govern-

ment measures taken during the covid, positive test rate and health certificates.

4.1.1 Government measures

This thesis uses daily data of government measures that were adopted, before any
immediate treatment such as vaccination of the population took place, by different
countries around the world from January 2020 onward with the purpose of restricting
the COVID-19 pandemic. The data are collected by and is freely available from the
research program entitled “Observatory of Government Restrictive Measures for the
COVID-19 Pandemic (GovRM-COVID19)" of the Center for Research on Democracy
& Law (CEDLAW) of the Department of International & European Studies of the

University of Macedonia, Thessaloniki, Greece (33).
Table 4.1 shows the thirteen (13) types of government measures.

All the measures take integer values from 0 to 3, based on their “strictness”,
with 0 denoting no action taken and 3 denoting the most strict action taken for the
corresponding measure. For the analyses of this thesis, a single variable was created
as the average value of all measures on a daily basis, as equal importance to all

measures wanted to be given.
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Category Intensity | Description
1 Recommendation to avoid exiting
Freedom of individual movement the house
(excluding inner-country travel b Partial restriction on freedom of
and international transportation) movement
3 Complete restriction
1 Recommendation for use
Mandatory use In some in-
Use of Mask 2 y
door/outdoor spaces
5 Mandatory in all indoor and out-
door spaces
) Recommendation for avoiding
public gatherings
Public Gatherings 2 Ban some public gatherings
3 Ban of all public gatherings
1 Recommendation for closure
Partial closure (of some or all
Education :
2 grades, with some or no mea-
sures)
3 Total closure
1 Recommendation for closure
Food Services (restaurants, bars,
etc., excluding food retailers) 2 Partial closure
3 Total closure
1 Recommendation for closure
Food Retailers (supermarkets,
grocery stores, etc., excluding [p Partial closure
food services
3 Total closure
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30 4.1.

DATA SOURCES AND PRE-PROCESSING

Sports’ Facilities (indoor, out-

door)

Recommendation for closure

Partial closure

Total closure

Inner-country  travel (between
Municipalities, Regions, etc.,
excluding essential goods’ trans-

portation and trade)

Recommendation to avoid travel

Restriction of travel

Complete restriction of travel (all

areas of a country)

International transportation
(ships, planes, etc., excluding
essential goods’ transportation
and trade)

Mandatory test presentation or

check or quarantine

1 plus ban of travel from some

countries

1 plus ban of travel from all coun-

tries

Work and other interior spaces
not included in other categories
(civil service/public employees,
beauty salons, barber shops, etc.,)

Recommendation for working re-

motely

Partial closure of workplaces

Total closure of workplaces

Public Events (concerts, confer-

ences, festivals, etc.)

Recommendation for not holding

public events

Partial ban of public events

Ban of all public events

Retail stores (clothes shops, out-

lets, shopping malls, etc.)

Recommendation for closure

Partial closure

Total closure
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o n Recommendation for closure
Religious places and ceremonies

(churches, marriages, funerals,
etc.)

N

Partial closure

3 Total closure

Table 4.1: Types of Government Measures

4.1.2 Positive Test Rate

In order to study the spread of the pandemic, citizens were tested to diagnose
whether they were affected from covid or not. For the analyses, additional daily data
of the COVID-19 PTR (Positive Test Rate) based on a 7-day rolling average were
retrieved from the “Our World in Data” website (34).

4.1.3 Health Certificates

In an effort to contain the pandemic, the use of health certificates for COVID-19
was initiated, giving citizens certain freedoms based on whether they have been vac-
cinated, infected or tested negative for COVID-19. The type of certificates accepted

by each country is different, specifically:

e No need of Certifacate
e Vaccination/Recovery Certifacate only

e Vaccination/Recovery or test Certifacate

These data of the certificate used by each country and the date when its imple-
mentation started are also collected by research program entitled “GovRM-COVID19"
(33) and were only used in the dashboard.

4.2 Analysis Objectives and Chosen Methods

The thesis research had three objectives which are presented below.
First, the interest arose to analyse the year 2020 data for Greece in order to
determine the distance of days with the highest correlation value between the average

value of government measures and the observed COVID-19 PTR. To achieve this,
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the cross-correlation method was used. The method works by keeping the measures
time series constant and shifting to the left or to the right the COVID-19 PTR series
on a daily basis to calculate the corresponding correlations.

Second, a comparison of the behaviour of some selected countries, namely Cyprus,
France, Greece, Ireland, Malta and Norway were carried out, in terms of COVID-19
government measures taken. These countries were chosen because there were com-
parable data for the year 2020 that could be retrieved. Their similarity in terms of
government measures was calculated in order to find whether they reacted similarly
to the tightening and relaxation of measures in the time period Mar 12, 2020 to Dec
31, 2020.

Third, it was interesting to compute the time lag, measured in days, where the
various countries exhibited the highest possible correlation in terms of governmental
measures. Again, the cross-correlation method was used and was reported (a) the
time lag in days that achieves the highest correlation for all pairs of countries, and,
(b) the cross-correlation matrix.

Data analysis and visualization were performed using the Python programming
language and its libraries. The interested reader can reproduce the analysis using our

datasets and code provided at https://tinyurl.com/4mcxh3br.
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Chapter 5

Dashboard

For the needs of the laboratory " Center for Research on Democracy & Law (CED-
LAW)" of the Department of International & European Studies of the University of
Macedonia, Thessaloniki, Greece and more specifically for the data of the research
program entitled “Observatory of Government Restrictive Measures for the COVID-
19 Pandemic (GovRM-COVID19)" (33) a dashboard has been developed which
provides five interactive visualisations to assist the laboratory's needs for analysis

and conclusions.

The dashboard was developed in the R programming language and using the li-
braries it provides such as shiny, leaflet, ggplot2 etc. The visualisations included
will be presented below. Specifically, they are interactive maps with different col-
orations of the countries depending on the variable under consideration (the colours
change every 0.5), and additional bar plots which provide the possibility of comparing

countries.

For these visualisations, the user is given a number of options to draw different
conclusions. These are the time period of examination, where the user is given the
possibility to choose the time range of days between the earliest and most recent
date that appeared in the countries’ data, the indicator to study and the countries

for which the comparison can be made.

Most dashboard visualizations make use of data of the government measures that
were adopted with the purpose of restricting the COVID-19 pandemic. Except for
the last tab " Covid-19 Health Certificates” which uses the health certificate data for

covid as presented in the 4.1.3.
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34 5.1. RESTRICTIVENESS INDEX (RI)

5.1 Restrictiveness Index (RI)

The first tab, which is the main tab of the dashboard, presents an interactive
map that allows the user to select the time period to be examined and calculates the
Restrictiveness Index of each country as follows:

RI=2WY (Xi-a) + W (Xs-13) (51)
and W is calculated as:

1=2W=x4+W=x%9 (5.2)

Where W is the differential weighted average of 13 indicators; X;_4 refers to four
NPlIs: freedom of individual movement, public gatherings, inner-country travel, and
religious places and ceremonies; Xs_13 refers to the remaining nine NPIs. Solving
(4.2) and expressing it in percent, W = 5.88 percent.

Figure 5.1 presents an example of a test run of the " Restrictiveness Index (RI)"
tab, which has calculated the Rl of the countries for the period Jan 03, 2020 to May
01, 2022.

GovRM-COVID19  Restrictiveness Index (RI) Map Intensity per Indicator  Duration of Intensity per Indicator ~ Covid-19 Health Certificates ~ About

© EuroGeographics for the administrative boundaries

Figure 5.1: Restrictiveness Index (RI)

34



CHAPTER 5. DASHBOARD 35

5.2 Map

The next tab has a similar format to the one above, as again an interactive map is
presented. However, apart from the possibility to select the time period, the user can
selects one indicator to examine and compare countries based on. For the selected
Indicator, the average values of the countries are calculated.

For example, in Figure 5.2, the time period between Feb 06, 2020 and Apr
03, 2022 and the education indicator have been selected, allowing a comparison
of countries, based on the stringency of government measures on education for the
aforementioned time period.

GovRM-COVID19  Restrictiveness Index (RI) Map Intensity per Indicator  Duration of Intensity per Indicator ~ Covid-19 Health Certificates ~ About

Figure 5.2: Map

5.3 Intensity per Indicator

An interactive bar plot is presented in the " Intensity per Indicator” tab, where for
the selected country all the average values for the various Indicators for the period of
time selected to be examined are displayed. Below the bar plot an interactive table
is given which shows the average values to the first decimal place. Figure 5.3, shows
the average values of Greece for all indicators for the period Jan 03, 2020 to May
01, 2022.

But apart from examining one country, it is possible to study more than one
country in the given bar plot, for example Figure 5.4, presents the average values of

Greece, France and Cyprus for all indicators for the period Jan 03, 2020 to May 01,

35



36 5.4. DURATION OF INTENSITY PER INDICATOR

GovRM-COVID19  Restrictiveness Index (RI) Map RQICHSIVACIIIGI=IGIM Duration of Intensity per Indicator ~ Covid-19 Health Certificates ~ About i

Intensity per Indicator
Options
Choose Countries
Greece *
Date range 5
20200103 © 20220501
§ Countries
= W creece
| I I
0 I
o 2 g g ] g 0w 2 £ x £
s 2 S 2 = 5 5 28 8 = A
2 K H s z z £ 85 2 g
] 8 5 £ £ @ 5 g i £ H
i 3 g g g 2 3 2 2
8 8 : B & 3 2° © & R
2 £ 2 @
Indicator
Indicator Greece
Education 21
Food retailers 20
Food services 24
Freedom of individual movement 10
Inner-country travel 08
Intemational transport, 20

Figure 5.3: Intensity per Indicator (only Greece)

GovRM-COVID19  Restrictiveness Index (RI) Map Intensity per Indicator  Duration of Intensity per Indicator ~ Covid-19 Health Certificates ~ About

Intensity per Indicator

Options.
Choose Countries

Greece » France x Cyprus *

Date range
2020-01-03 © 20220501
Countries
B cpnus
M France
B I I creece

0

Mean

[ 8 E % 2 g “E » 2 H =
< £ g s = 5 5 g8 5 3 L]
- R ¢
Indicator
Indicator Greece France Cyprus

Education 21 20 =
Food retailers 20 19 20
Food services 24 24 23
Freedom of individual movement 10 11 11
Inner-country travel 08 0.0 01
International transport. 20 19 20

Figure 5.4: Intensity per Indicator (Greece, France and Cyprus)

5.4 Duration of Intensity per Indicator

The next tab has a similar format to the " Intensity per Indicator”. An interactive

bar plot and table are presented for the selected time period, Indicator and coun-
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try/countries. In this case, for each intensity value (0 to 3) the days for which the

indicator has the specific intensity value are added up and presented.

For example Figure 5.5, presents the total days for each indensity value for the
indicator " Food Services” of Greece, Ireland and France for the period Jan 03, 2020
to May 01, 2022.

GovRM-COVID19  Restrictiveness Index (RI) Map Intensity per Indicator  Duration of Intensity per Indicator ~ Covid-19 Health Certificates ~ About

Duration of Intensity per Indicator

Days

Intensity Greece Ireland France

0
1
2 318 98 256
3

272 181 278

Figure 5.5: Duration of Intensity per Indicator

5.5 Covid-19 Health Certificates

In this tab, differentiated from the previous ones, presents a non-interactive map,
as no option is given to the user. The map 5.6 displays in a different colour the type

of health certificate used by each country, and more specifically:

e Green for "No need of Certifacate”
e Yellow for " Vaccination/Recovery Certifacate only”

e Blue for "Vaccination/Recovery or test Certifacate”

Below the map there is a table 5.7 with two columns, "Vaccination/Recovery
Certifacate only” and " Vaccination/Recovery or test Certifacate” where if this type
of restriction is selected for a country in the row of tables, the date of application of

the measure is given as a hyperlink directing the user to the relevant legislation.
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38 5.5. COVID-19 HEALTH CERTIFICATES

GovRM-COVID19  Restrictiveness Index (RI) Map Intensity per Indicator  Duration of Intensity per Indica 9 Health Certificates

+ Type of Certificate
No Need of Certificate
Vaccination/Recovery Certificate Only
. Vaccination/Recovery or Test Certificate

Leaflet | Tiles & Esti — Esti, DeLorme, NAVTEQ
@ EuroGeographics for the administrative boundaries

Figure 5.6: Map Covid-19 Health Certificates

Leaflet | Tiles @ Esri — Esi, DeLorme, NAVTEQ
@ EuroGeographics for the administrative boundaries

Shn\.’n’| 10 v ‘eﬂtﬂES Search
Country Vaccination/Recovery Certificate Only Vaccination/Recovery or Test Certificate

Australia

Austria 28/05/2021

Belgium 02/08/2021

Brazil

Bulgaria

Canada 06110/2021

Croatia

Cyprus 1710712021

Czech republic 03/05/2021

Denmark 06/04/2021

Country | [Vaccination/Recovery Certificate Only | Vaccination/Recovery or Test Certificate
Showing 1 1o 10 of 35 entries Previous n 23 4 Next

Figure 5.7: Table Covid-19 Health Certificates
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Chapter 6

Analysis and Results

6.1 Cross-Correlation of Greece’s government mea-
sures and COVID-19 PTR

For the period of Apr 21, 2020 to Dec 31, 2020 the time series of Greece's
government measures and the COVID-19 PTR are shown in Figures 6.1 and 6.2,
respectively. The measures for COVID-19, while initially showing a tightening, seem
to be relaxed in the period from May to October. This is attributed to the lifting of
travel restrictions during the summer season (35). A period of very tight measures
is observed from October until December (Figure 6.1). The behavior of COVID-
19 PTR appears to follow a similar pattern, with low values until October and a

significant increase afterwards (Figure 6.2).

24 1

22

201

15 4

2020-05
2020-06
2020-07 4
2020-08
2020-09
2020-10
2020-11
2020-12 4
2021-01

Figure 6.1: Time series of Greek government measures.
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40 COVID-19 PTR
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Figure 6.2: Time series of Greek COVID-19 positive test rate.

Using the cross-correlation method, correlations with a single day sliding window
were calculated for a range of -20 to 20 days. The highest value of correlation was
found at +13 days (r = .85, P < .001), which was statistically significant. The
conclusion that can be drawn is that the changes in government pandemic measures
followed the changes in COVID-19 PTR with a 13-day period delay. (Figure 6.3).

(.85 1

(.80 1

075 1

070 1

(.65 1

Figure 6.3: Correlations between Greek government measures and COVID-19 PTR
for various distance of days.
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CHAPTER 6. ANALYSIS AND RESULTS 41

6.2 Correlation of selected European countries gov-

ernment measures

For the selected countries (Cyprus, France, Greece, Ireland, Malta and Norway)
and for the time period from Mar 12, 2020 to Dec 31, 2020, the correlation values
of the measures taken were calculated as shown in the heatmap of Figure 6.4.

-10
CrPRUS - 1 073 072
-0.8
FRAMCE - 073 1 067 - 0.6
— GREECE - 0.72 0.4
g
5 0.2
2 IRELAMD
0.0
NORWATY Sl 0.2 0025 056 E -0.4

i
CYPRUS FRANCE GREECE IRELAND MALTA NORWAY
country2

Figure 6.4: Correlations between government measures for Cyprus, France, Greece,
Ireland, Malta and Norway.

Cyprus, France, Greece and Malta have similar behavior in terms of their reaction
to the tightening and relaxation of measures, with their correlations having values
greater than 0.5 (between 0.59 and 0.83), which indicates a positive correlation.

Correlations in descending order:

1. Cyprus and Malta (r = .83, p-value < .05)
2. Cyprus and France (r = .73, p-value < .05)
3. Cyprus and Greece (r = .72, p-value < .05)
4. France and Greece (r = .67, p-value < .05)
5. France and Malta (r = .67, p-value < .05)
6. Greece and Malta (r = .59, p-value < .05)

Figure 6.5 shows the time series of the government measures taken for all the
examined countries in the specific time period. An observation that can be made is

that Cyprus, France, Greece and Malta indeed demonstrate similar behaviour, with
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Figure 6.5: Time series of government measures for Cyprus, France, Greece, Ireland,
Malta and Norway.

the relaxation of measures starting in May and the tightening of measures starting
after August or September.

In contrast, Ireland and Norway seem to have no or very low correlation with the
above countries (correlations between 0.025 and 0.4), and even a negative correlation
of -0.56 is observed among these two countries (Figure 6.4). This behavior can also

be observed in Figure 6.5.

6.3 Cross-Correlation and time lag of selected Euro-

pean countries government measures

For the same European countries and the time period from Mar 03, 2020 to Dec
31, 2020, the cross-correlation method was used to find the distance of the days with
the highest correlations among countries with respect to their government measures.
The results are shown In the heat map in Figure 6.6.

Cyprus, France, Greece and Malta still have similar behavior in terms of their
reaction to the tightening and relaxation of measures. The greatest distance in days
is equal to 5. More specifically, the following similarities among these countries with

absolute distance of days in ascending order:

1. Cyprus and France 0 days
2. Cyprus and Greece 2 days
3. Cyprus and Malta 3 days
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- 60
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Figure 6.6: For Cyprus, France, Greece, Ireland, Malta and Norway: government
measures highest cross-correlation in distance of days.

4. France and Greece 4 days
5. France and Malta 4 days

6. Greece and Malta 5 days

In contrast, Ireland and Norway not only show the least similarity among them
since they are 63 days apart, but also with the rest of the countries, with Norway
showing the greatest distances. An interesting finding is that both countries are
closer to Greece than the rest of the countries (10 and 14 days respectively).

In order to better evaluate the above similarities, the cross-correlation values
among the countries was used (Figure 6.7). In other words, it may be the case that
Norway is only 14 days away from Greece in terms of highest cross-correlation, but
the question is what is the value of that correlation?

Again, Cyprus, France, Greece and Malta have the highest cross-correlation val-
ues. Below, they were reported on separately in the order of Figure 6.6 and values
greater than 0.5 (between 0.61 and 0.84) that were observed, which indicates a
positive correlation:

1. Cyprus and France (r = .73, p-value < .05)
2. Cyprus and Greece (r = .73, p-value < .05)
3. Cyprus and Malta (r = .84, p-value < .05)
4. France and Greece (r = .74, p-value < .05)

5. France and Malta (r = .73, p-value < .05)
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Figure 6.7: For Cyprus, France, Greece, Ireland, Malta and Norway: government
measures cross-correlation.

6. Greece and Malta (r = .61, p-value < .05)

Ireland and Norway show little or no correlation with the rest of the countries.
For example, Norway shows no correlation with Greece and Ireland and the relatively
good correlation values with Cyprus, France and Malta (0.59, 0.55 and 0.68) happen
at a distance of 30, 21 and 31 days respectively. Obviously, such long day distances
cannot be considered as meaningful in terms of correlation. Similarly, Ireland shows
low correlation despite the relatively lower day distances it has with most of the
countries.
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Chapter 7

Discussion

7.1 Summary and conclusions

The dashboard as presented in Chapter 5 has been developed following sugges-
tions for visualisations given to the lab " Center for Research on Democracy & Law
(CEDLAW)" of the Department of International & European Studies of the Univer-
sity of Macedonia. The selected visualisations were chosen based on the needs of
the lab for the analyses they will be interested in carrying out.

The Greek government'’s measures to restrict the pandemic showed a high corre-
lation with the COVID-19 PTR, at a distance of 413 days. This can be explained by
the fact that the measures were usually taken for a period of week(s), until the next
reassessment, as documented in the “Official Government Gazette, of the Hellenic
Republic”. Thus, the value of 13 (14 if the day without a shift is included) is a
multiple of 7, which corresponds to a distance of two weeks from the reassessment
of the measures.

Cyprus, France, Greece and Malta that showed high correlation values without
large daily shifts, have similar behavior with the relaxation of measures starting in
May and their tightening starting after August. This similarity can be explained by
the fact that all these countries are Mediterranean countries, rely on tourism during
the summer periods, with a large percentage of the their GDP being contributed by

travel and tourism (36).

7.2 Future extensions

Regarding the dashboard, it could be enriched in the future with new visualisations
or upgrading of existing ones, based on lab needs in terms of analyses or potential

additional data collection.
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46 7.2. FUTURE EXTENSIONS

It would be interesting to perform all the above analyses on all or most coun-
tries of the world, a difficult feat considering the (non) availability of the required
data. Such an extended study would probably reveal more and interesting clusters of
countries with regard to their government measures during the COVID-19 pandemic.
Another possibility would be to include a numerical time series reflecting the qual-
ity of weather for each country during the examined periods so that countries and
their government measures are correlated not only with COVID-19 PTR but with

the weather conditions, too.
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