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Abstract
This thesis describes measures taken by the EU countries during spring 2020
in response to the COVID-19 pandemic and explains the effects of these measures
on unemployment and economic growth using panel data regression analysis. We
compare different approaches of the countries. Most of the restrictions caused
unemployment to increase and economic growth to decrease. The effects on unemployment were often delayed for up to three months. Bans on indoor events,
stay-at-home recommendations and closures of non-essential shops had the largest
negative effects on employment in the EU. Closures of primary schools, closures
of accommodation facilities and bans on indoor events had the biggest negative effects on GDP growth. The changes in economic growth were not directly
proportional to the number of people infected by COVID-19. Countries that imposed wide restrictions were not proven to suffer from larger economic losses than
countries introducing less strict interventions.
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Abstrakt
Tato práce popisuje opatřenı́ přijatá zeměmi EU během jara 2020 proti pandemii COVID-19 a vysvětluje vlivy těchto opatřenı́ na nezaměstnanost a ekonomický růst s využitı́m regresnı́ analýzy na panelových datech. Porovnáváme
rozdı́lné přı́stupy těchto zemı́. Většina restrikcı́ způsobila růst v nezaměstnanosti
a pokles v ekonomickém růstu. Vlivy na nezaměstnanost se často projevily se
zpožděnı́m, někdy až po třech měsı́cı́ch. Největšı́ záporný vliv na zaměstnanost
v EU měly zákazy shromažďovánı́ ve vnitřnı́ch prostorech, doporučenı́ k omezenı́
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HDP. Změny v ekonomickém růstu nebyly přı́mo úměrné počtu osob nakažených
nemocı́ COVID-19. Nebylo prokázáno, že země, které zavedly rozsáhlá opatřenı́,
se potýkaly s většı́mi ekonomickými ztrátami než země s mı́rnějšı́mi opatřenı́mi.
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sociálnı́ strategie

Název práce
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Preliminary scope of work:
Research question and motivation
The research question that I am going to study is how the different attitudes of countries in the European Union to the current
Covid-19 pandemic and the measures they took in spring 2020 impact their economic and social state from a medium-term
perspective. The aim is to observe the changes in selected economic and social indicators before, during and after the chosen
period that were caused by the countries’ strategies in response to the pandemic.
My motivation is to analyse the current situation that affected the whole world and to make a clear opinion on which
measures were the most appropriate for fighting coronavirus without harming the economy too much, i.e. which countries
managed to balance stopping the virus from spreading and preserving their economy.
Contribution
As the situation is now new for everyone, there is not much information about how countries should react to such a crisis.
We can see that on the different attitudes of different countries. Because of that I would like to come up with a comparison of
those attitudes and analyse their medium-term economic consequences based on current data to get the information about
appropriate reactions on this type of crisis.
Methodology
I use selected economic and social indicators, such as growth of GDP, share of export and import on GDP, unemployment
rate, and information about taken measures, such as restrictions on the movement of persons, closing public institutions, state
support for businesses and self-employed. I obtain data from Eurostat and also from official institutions in each country (for
example local statistical offices, ministries, government reports), and I process the data using statistical and econometric
tools (descriptive statistics, hypotheses testing, linear regression – OLS) to observe the impacts of the different attitudes on
the countries' economies.
Outline
1.
2.

3.

4.

Abstract
Introduction
a. About current situation caused by the pandemic
b. Aim of the thesis (comparison of the different attitudes, observing the impact of measures taken on
economic situation in different countries)
c. Organization of the thesis
Institutional perspective
a. How countries fight the virus, what measures they use, the differences in attitudes
b. Expected consequences of the various taken measures
c. Stating hypotheses about different measures in different countries
Methodology

5.
6.

a. Where and how I obtained data
b. How I analysed data
c. Testing the stated hypotheses
Results
a. Interpretation of the results of the analysis and rejecting or not rejecting the tested hypotheses
Conclusion
a. Interpretation in broader context
b. What we can generally take from the analysis
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Introduction
The COVID-19 pandemic is a historic event that affected the whole world.

It shows how vulnerable humans are, despite the development in medicine and
technology. The disease has caused damage not only to the health of many
people, but it has also worsened our overall economic and social standard of living.
Together with the unprecedented state of the world, many crucial questions have
been brought up, and we should try to answer them in order to be able to learn
from the past and avoid such a crisis in the future. What strategy should be
taken by countries against such a dangerous disease? How can they preserve the
health of their citizens and their economy? What measures should be introduced?
These are examples of the crucial questions, which we are going to answer in this
thesis from an economic point of view.
The research question of this thesis is how the different approaches of the
countries in the European Union to the current COVID-19 pandemic and the
measures they took in spring 2020 impact their economic and social state from a
medium-term perspective. The aim is to observe the changes in selected economic
and social indicators before, during and after the chosen period that were caused
by the countries’ strategies in response to the pandemic. The spring 2020 wave
of the pandemic was chosen for two reasons. The first reason is that not all data
is available immediately, so we need to focus on a past time period. Because the
pandemic is still in progress, it would be impossible to analyse it as a whole at this
time. The second reason is that spring 2020 was the first wave of the pandemic in
the EU, and countries were shocked by the virus. Therefore, the data from this
period should include the most drastic changes in various economic and social
indicators, which is what we want to explore.
Our motivation is to analyse this situation and make a clear opinion on which
measures were the most appropriate for fighting COVID-19 without harming the
economy too much, i.e. which countries managed to balance stopping the virus
from spreading and preserving their economy. As the situation is still new for
everyone, there is not much information about how countries should react to such
a crisis. We can see that in the different approaches of different countries. Thus,
we would like to come up with a comparison of those approaches and analyse their
1

medium-term economic consequences based on available data to get information
about appropriate reactions to this type of crisis.
First, the current state of knowledge about the pandemic and its consequences
are summarised in the section Literature Review. Then, theoretical background
and a detailed description of the spring 2020 wave of the pandemic is provided in
the section Institutional Perspective. Hypotheses about the effects of COVID-19
from many points of view are stated in that section. The practical part of the
thesis is covered by the sections Data, Methodology and Empirical Results. They
introduce the data used for the analysis, the statistical and econometric methods
applied to the data, and present what we found out. The overall results and their
interpretation in a broader context are covered by the final section Conclusion.
The main finding is that most anti-pandemic measures contributed to an increase in unemployment and a decrease in GDP growth. Many of the restrictions
have a significant effect after up to three months. Countries that acted conservative during the spring 2020 wave of the pandemic were not harmed more
economically than countries acting liberal.

2

2

Literature Review
Since the COVID-19 pandemic has affected the whole world, many studies

and research have been conducted to better understand various aspects of the
crisis. This section introduces papers that are closely related to the topic of this
thesis, which means they study either similar relationships, regions or use the
same econometric tools. The section is divided into three parts based on what
variables are affected by measures taken in response to COVID-19. The first part
discusses papers related to lowering the numbers of infections. The aim of the
second part is the effects of measures on economic growth, and the third part
inquires into effects on labour market.

2.1

Infections

The primary goal of the governmental restrictions introduced in most countries is to stop the virus transmission and protect the health of their citizens. The
economic losses caused by the anti-pandemic measures is usually a secondary
problem. Therefore, many studies analyse the effect of the measures on the
growth rate of infections primarily. Such a study was carried out by Hsiang et al.
(2020), who analysed data on non-pharmaceutical interventions in China, South
Korea, Italy, Iran, France and the United States. They claim that strategies
against the virus impose high costs on society. However, their econometric reduced form estimation shows a substantial effect of anti-COVID-19 measures on
slowing down the growth rate of infections, which results in a significant health
benefit. The total number of avoided infections due to the imposed measures in
those six analysed countries is estimated at 495 million. Others tried to find the
most effective measures so that countries can implement those which genuinely
help. Chen et al. (2020) applied regression models to cross-country panel data to
find out that lockdown measures and gathering bans are more effective in preventing virus transmission than closing schools and workplaces, which are the most
harmful for gross domestic product. A stay-at-home policy is not very effective
for larger families and generally in developing countries. Incentives are shown to
be important as countries with paid sick leave are more effective in testing and

3

tracing COVID-19 cases.
There is no doubt that the measures taken in response to the virus contribute
significantly to lowering the infection’s growth rates. Reportedly, the most effective measures are lockdowns and bans on mass gatherings, which are not the
worst in terms of harming economic growth.

2.2

Economic Growth

The current state of knowledge regarding the economic growth during and
after the global pandemic consists of both empirical studies based on data from
the past and projections of future development from the current crisis. Generally,
all these academic papers point to any pandemic and responsive measures causing
a decrease in economic growth. The economic fall caused by the COVID-19
pandemic has been projected by the OECD Interim Economic Assessment (2020),
Fernandes (2020) and McKibbin and Fernando (2020). A proof of the economic
decline is a negative value of the year-over-year gross domestic product growth
rate for all EU countries in the second quarter of 2020 (OECD.Stat, 2020 and
data from local statistical offices), which is shown in table 1.
The change in GDP is reported to be a consequence of several factors. Some
of the factors are claimed to be directly caused by economic restrictions, such
as closing businesses or public institutions. Since we have precise information
about these restrictions, their consequences on economic growth can be quantified and evaluated. These effects have been described by Nicola et al. (2020)
and by König and Winkler (2021), who used linear regression models. Schools
closures were identified as substantially harmful for economic growth. The cost
of a 12-week nationwide schools closure in the United States was estimated to be
approximately 1% of GDP. Other hard-hit sectors are manufacturing, tourism,
trade and finance industry. Negative social impacts of the pandemic were also
stressed.

4

Table 1: GDP Growth in 2020Q2
Country

GDP Growth (%)

Country

GDP Growth (%)

Austria
Belgium
Bulgaria
Croatia
Cyprus
Czechia
Denmark
Estonia
Finland
France
Germany
Greece
Hungary
Ireland

−14.21
−13.88
−8.57
−15.13
−12.30
−10.77
−8.00
−5.37
−6.16
−18.78
−11.25
−14.22
−13.52
−3.49

Italy
Latvia
Lithuania
Luxembourg
Malta
Netherlands
Poland
Portugal
Romania
Slovakia
Slovenia
Spain
Sweden

−18.11
−8.60
−4.58
−7.77
−16.70
−9.20
−7.96
−16.44
−10.30
−12.11
−12.92
−21.59
−7.37

Source:

OECD.Stat and local statistical offices

Another critical factor that may impact the economic growth of a particular
country can be labelled as country-specific characteristics. All countries have
specific segments that drive their economic growth. These are different for each
country or a group of countries and often depend on the given country’s location.
The countries that are popular tourist destinations can be more harmed by a ban
on international travel than others. An example of such a group of countries is
those by the sea. Countries with direct access to the sea are attractive vacation
places, and they are usually strongly dependent on the income from tourism.
The different sensitivity of countries to specific restrictions has been analysed
by Fernandes (2020). The author discusses the economic effect of the COVID19 pandemic on 30 countries, including their GDP growth, in his report. A
forecasting model was built to predict possible scenarios of economic growth in
2020. There is an estimated decline in GDP with the median growth rate value of
-2.8% in the analysed sample. The fall of GDP in the worst scenario is estimated
at more than 10%, which could be the case for service-oriented economies as they
have many jobs at risk. For example, Greece, Spain, and Portugal that rely on
tourism are considered most endangered. Foreign-trade-oriented countries are
also expected to be strongly affected.
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Other factors might be more difficult to quantify due to the lack of information. An example of such a factor is the fear of the virus that cannot be measured
but has a significant effect on consumer traffic during the pandemic. This effect
was examined and estimated by Golsbee and Syverson (2021). They performed an
analysis on mobile phone records data with information about customer visits to
more than 2 million businesses in 110 countries in order to observe the drivers of
the economic slowdown in 2020 and to determine how much of that was caused by
government-imposed restrictions. Using linear regressions, they found out that
consumer traffic decreased by 60%, of which only 7% is explained by legal restrictions. People tend to visit smaller and less crowded businesses rather than
big crowded ones. The authors consider consumers’ individual choices and their
fear of infection for more important causes of the fall in consumer traffic than
governmental measures.
GDP growth is usually negatively affected by the anti-pandemic restrictions.
There are different types of these restrictions, and each country is more or less
sensitive to a specific type based on its individual characteristics. Some of the
effects can be quantified and evaluated, while other effects are more difficult to
estimate, but there have been attempts to approximate them.

2.3

Labour Market

While GDP growth decreased in all EU countries in the second quarter of
2020, the unemployment rate increased in most of them (Eurostat, 2020). Potential causes of the growth in unemployment can be divided into similar groups as
the reasons for the economic decrease. These groups were found in the results of
the analysis conducted by Kong and Prinz (2020). They analysed high-frequency
Google search data and information about non-pharmaceutical interventions in
the United States of America to quantify the direct short-run impacts of the
interventions. Using regression models, they found out that restaurant and bar
limitations and non-essential business closures between March 14 and March 28
can each explain around 6% of growth in unemployment. The rest of the growth
in unemployment is claimed to be explained by declines in consumer demand,
local policies, and policies implemented by private firms and institutions. That
6

corresponds to the groups of direct consequences of governmental measures, people’s fear of infection and specific regional characteristics. Forsythe et al. (2020)
studied various employment-related sources to observe the effect of the COVID-19
pandemic on the labour market in the United States. The researchers described
the 40% decline in the number of job vacancies, which was reported by April
2020, as broad-based among the U.S. states and regardless of the timing of stayat-home policies. Non-essential job vacancies, such as leisure and hospitality
services, were proven to be hit harder than the sector of essential jobs. They conclude that stay-at-home policies are not the only reason for the large change in
labour market conditions, so lifting these measures does not mean a total return
back to normal. Baek et al. (2020) tried to estimate the effects of stay-at-home
orders on the labour market in the United States by running a cross-sectional
regression. They detected a 1.9% increase in unemployment insurance following
each week with the orders in place.
According to the available literature, unemployment has usually increased due
to the pandemic and the responsive measures. As well as economic growth, unemployment is also affected by several factors, some of which can be quantified,
and others are more difficult to estimate. The sensitivity of various countries to
the measures depends on country-specific characteristics.
Generally, the anti-COVID-19 measures are proven to have effects on the
growth rate of infections, GDP growth and the unemployment rate. The effects
can be estimated using several methods that are applied to data from various
countries. A commonly used procedure that seems to bring meaningful results
is regression analysis of both cross-sectional and panel data. This thesis aims to
evaluate the measures using econometric methods that are applied to panel data
from the EU countries.
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3

Institutional Perspective
This section discusses how the COVID-19 pandemic began, how countries

in the EU dealt with the spring wave of the pandemic, including their strategies
and measures, the different approaches of countries, and finally, hypotheses about
expected consequences of the responses to the virus are stated.

3.1

About the COVID-19 Pandemic in General

The countries of the European Union started counting their first confirmed
cases of COVID-19 infections at the beginning of 2020. The first confirmed case
in Europe was reported in France on January 24. It was a person who travelled to
China (Goniewicz et al., 2020). The Chinese metropolis Wuhan in the province of
Hubei is referred to as the original epicentre of the infection (Johnson et al., 2020).
The numbers of confirmed cases rose quickly in the following weeks across the
whole EU, with each country having reported at least one case by March. Before
the World Health Organization (WHO) declared COVID-19 a global pandemic
on March 11, countries in the European Union had already decided to create
strategies and take various measures in response to the spread of the virus to
protect their citizens (Goniewicz et al., 2020).

3.2

Strategies and Measures

La et al. (2020) claim that measures taken by countries against COVID-19
should be aimed mainly at public health. However, they mention this is not
always the case since the decisions about strategies are made on political and
economic imperatives. Specific strategies and measures differ for each country,
but generally, we can summarise them into the four categories below based on an
overview of priorities provided by the European Council (2020):
• Limiting the spread of the virus - From the European Council’s point of
view, medicines, food and goods need to be ensured together with the possibility of safe travelling back to home countries.
• Providing medical equipment - The European Commission adopted a prior
authorisation for the export of medical equipment.
8

• Promoting research - The need for sharing information, a vaccination and
its availability for all who need it was stressed.
• Tackling socio-economic consequences – Economic and financial developments should be closely monitored, and policies responding to the situation
are supposed to be adopted without delay. The Council supports initiatives
concerning the European single market, such as the adaptation of the State
Aid rules and the flexibility of the EU budget.
Kashyap and Raghuvanshi (2020) identified the following so-called “critical
success factors” that are supposed to balance preventing virus transmission and
economic losses:
• Effective communication
• Social distancing
• Adopting new technology
• Modifying the rules and regulation at workplaces
• Sealing the borders of the territory
• Strong leadership and government control
The analytical part of this thesis is focused on non-pharmaceutical interventions (NPIs). According to the European Centre for Disease Prevention and
Control (2020), ”NPIs are public health measures that aim to prevent and control
SARS-CoV-2 transmission in the community. As long as there is no effective
and safe vaccine to protect those at risk of severe COVID-19, NPIs are the most
effective public health interventions against COVID-19.” Lin et al. (2010) define
NPIs as ”the first line of defence against pandemic influenza. These interventions
dampen virus spread by reducing contact between infected and susceptible persons.
Because they curtail essential societal activities, they must be applied judiciously.”
The basic and most common measures of this type are hand hygiene, respiratory
etiquette, human surveillance, case reporting, social distancing and wearing face
masks (Aledort et al., 2007). In addition to those, countries often implement stayat-home policies. These are sometimes also referred to as ”lockdowns”. They can
9

be introduced as a general recommendation without any checks and enforcement
or as a strict measure checked by police officers, and people can be sanctioned
if they violate the rule. Another frequent NPI is a closure of schools. Schools
are either closed entirely, or there is a selected age group that may attend classes
in person. For example, children of the age under 10 years go to school as their
distance learning might be less efficient than for older students. Further widely
imposed NPIs are closures of borders, non-essential businesses (e.g. clothes shops,
bars and restaurants), hotels and accommodation places, gyms and sports centres, bans on indoor or outdoor mass gatherings with a capacity above a given
limit and workplace closures (Kong and Prinz, 2020).
To prevent or to minimise economic losses and a decline in employment, countries need to think in advance and take special measures that compensate at least
partially the harm to businesses and individuals affected by the interventions. A
report from Clifford Chance (2020) summarises various types of financial aid from
governments and central banks to businesses in countries from all continents, including the information about the amounts of money spent by the government
and how it is used. The most common types of help are ensuring the continued flow of credit to businesses through guaranteed or subsidised loans or central
bank asset purchase programmes. Grants for businesses are also often provided
for them to be able to pay wages or sick leave to employees who cannot work.
Many countries have introduced tax rebates. Self-employed who lost their income
due to the interventions are often provided with financial support from their government. The amounts of this support are different among the EU countries as
well as conditions under which the self-employed can apply for financial aid. For
example, self-employed individuals, very small businesses and freelance professional services in France were offered up to e1,500 per month per person (French
Government, 2020), e1,000 in Italy (European Comission, 2020), e3,000 in Germany (Federal Ministry of Finance of Germany, 2020), approximately e950 (∼
CZK 25,000) in Czechia (Ministry of Industry and Trade of the Czech Republic,
2020) and e1,100 in Slovakia (The Embassy of the Czech Republic in Bratislava,
Slovakia, 2020).
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3.3

Heterogeneity in Strategic Approaches across the EU

Since there are differences in the way of life and the citizens’ perception of
governmental decisions even among such a compact group of countries as the
EU, the transmission rates of the virus and the anti-pandemic interventions vary
across the countries. Each country imposes its own measures, and some of the
countries can be labelled conservative, while others seem more liberal when considering their strategies in response to COVID-19. Conservative measures target
the health of the country’s citizens primarily at the expense of economic growth.
In other words, such a country imposes wide restrictions (movement restrictions,
closing businesses and public institutions, isolation) limiting the life in the country only to the essentials in order to minimise the number of infections and deaths
and protect the health care system, which could collapse in case of no restrictions
(Di Domenico et al., 2020). An example of such a country is Czechia. There
was a mobility restriction with exceptions, and schools, non-essential businesses
and borders were closed in the second half of March and during the first half
of April 2020 (Ministry of Health of the Czech Republic, 2020). Most measures
remained in place until the end of June. The opposite of a conservative country
is a liberal one, which can be characterised by imposing only a few measures that
are not very limiting. This approach aims to either preserve the country’s economy or there is no need for more restrictive interventions due to a low number of
COVID-19 infections and deaths. An example of a country with a small amount
of anti-epidemic measures is Sweden. Primary schools were closed for two weeks
at the end of March, shops and restaurants remained open, travelling was still
allowed, people were just recommended to avoid unnecessary travel (Ludvigsson,
2020). A comparison of data from conservative and liberal countries, including
amounts, durations of measures and numbers of infections, can be found in the
analytical part of the thesis.
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3.4

Expected Consequences of the Strategies

Hypotheses about the effects of the taken strategies and measures are stated
in this subsection. Their testing and decisions about rejecting or not rejecting
are described in the Empirical Results section.
1. Countries that imposed more restrictive measures are expected to be more
harmed economically, i.e. their GDP growth will decrease more than in
other countries, and their unemployment rate will increase more than elsewhere. Analogically, countries that were less strict in tackling the pandemic
are expected to be less hit.
2. Countries with rising numbers of COVID-19 infections and deaths as a share
of their population are expected to go through a decline in GDP growth
independently of the taken measures. This effect can be driven by fear and
uncertainty.
3. Anti-pandemic measures are mainly supposed to lower the numbers of infected people. Hence, the countries that introduced the measures for most
days or introduced more of them should reach the greatest decrease in numbers of confirmed cases.
4. Unemployment in the EU is expected to be most affected by closures of various businesses with a delay of up to three months because of their inability
to pay wages to their employees, resulting in collective redundancies.
5. GDP growth should decrease due to the closures of businesses. Since many
businesses were forced to change or even limit their services, customers
have fewer options to spend money, so the businesses’ revenues are expected
to fall. In addition, customers are less willing to visit businesses because
of their fear of the virus. This effect could be included in the estimated
regression coefficients for stay-at-home policies that approximately copy
the tendency of consumer traffic.
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4

Data
This section introduces the data that was used for the analysis of the COVID-

19 pandemic and its effects. First, the data sources are stated, the structures and
the software for processing the data are described. Then, different variables are
introduced in more detail in categories based on the meaning of the variables (dependent variables, pandemic indicators, responsive measures). The EU countries
are compared by various criteria using coloured maps of the region.
We obtained data on unemployment rates and population from the Eurostat,
on GDP growth from the OECD.Stat, the values for missing countries were added
from their local statistical offices, and data on COVID-19 cases and deaths, as
well as information about anti-COVID-19 measures, was taken from the European
Center for Disease Prevention and Control.
Unemployment rates were measured with a monthly frequency, GDP growth
was measured with a quarterly frequency, and all COVID-19 related variables
(numbers of infections, deaths and anti-epidemic policies) were measured with a
daily frequency. All the policies are expressed as the number of days for which a
given measure was active in a given time period. The policies cover lockdowns,
closures of schools, restaurants, shops, hotels, entertainment venues, sports centres, workplaces and bans on mass events with a capacity above a specified limit.
A detailed List of Variables with explanations of each variable’s meaning can be
found in the Appendix of the thesis.
We built two data frames in a panel data format. Panel data is obtained by
observing a single cross-sectional sample (in this case, 27 EU countries) for several
time periods (months and quarters). The monthly data frame (summarised in
table 2) consisting of 27 time periods (months from July 2018 until September
2020) was used for estimating the effects of COVID-19 cases, deaths and antiepidemic measures on unemployment rates. The quarterly data frame (table
3) with 9 time periods (year quarters from 2018Q3 until 2020Q3) was used to
estimate the effects of the same independent variables on GDP growth.
Processing of the obtained data and all computations were done in the R
Programming Language (2020). LATEX outputs from R were generated using the
Stargazer package (2018). Panel data analysis was done using the PLM package
13

(2018). The packages lmtest (2002) and tseries (2019) were used for robustness
checks.
Table 2: Summary of Monthly Data
Statistic
UnempRate
CovidCases
CovidDeaths
CasesPer100k
DeathsPer100k
StayHomeOrder
StayHomeGen
ClosPrim
ClosSec
ClosHigh
RestaurantsCafes
NonEssentialShops
HotelsAccommodation
EntertainmentVenues
BanOnAllEvents
GymsSportsCentres
WorkplaceClosures
Indoor50
Indoor100
Indoor500
Indoor1000
Outdoor50
Outdoor100
Outdoor500
Outdoor1000

Mean

St. Dev.

Min

Max

6.337
3,442.480
198.250
17.235
0.748
0.801
0.689
3.233
3.468
3.335
3.524
2.385
0.822
4.413
2.295
3.468
0.433
1.043
2.053
2.805
3.576
0.551
1.073
2.211
3.342

3.306
16,294.880
1,365.416
49.931
3.659
4.181
3.845
8.729
9.005
8.942
9.097
7.524
4.523
10.142
7.650
9.074
3.224
5.042
7.127
8.327
9.374
3.558
5.096
7.371
9.073

2
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

20
208,610
21,063
441
57
30
31
31
31
31
31
31
31
31
31
31
31
31
31
31
31
31
31
31
31

Number of observations: 729
Note: Values of the variables controlling for anti-pandemic restrictions are numbers of
days when a given measure was active in a country in a month.

The monthly data frame consists of unemployment rates (in %) for each country in each month, the numbers of COVID-19 cases and deaths, their values per
100,000 inhabitants in each country in each month and anti-pandemic restrictions
that are expressed as the number of days for which each restriction was in place
in a given country in a given month. The quarterly data frame includes GDP
growth (in %) instead of unemployment rate. All other variables are the same.
The values for the same variables in the quarterly data frame were obtained by
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summing the monthly values by their respective year quarters. Thus, these variables represent the total numbers of cases, deaths and days when measures were
active in a given country in a given quarter.
Table 3: Summary of Quarterly Data
Statistic
gGDP
CovidCases
CovidDeaths
CasesPer100k
DeathsPer100k
StayHomeOrder
StayHomeGen
ClosPrim
ClosSec
ClosHigh
RestaurantsCafes
NonEssentialShops
HotelsAccommodation
EntertainmentVenues
BanOnAllEvents
GymsSportsCentres
WorkplaceClosures
Indoor50
Indoor100
Indoor500
Indoor1000
Outdoor50
Outdoor100
Outdoor500
Outdoor1000

Mean

St. Dev.

Min

Max

0.117
10,327.440
594.749
51.705
2.245
2.403
2.066
9.700
10.403
10.004
10.572
7.156
2.465
13.239
6.885
10.403
1.300
3.128
6.160
8.416
10.728
1.654
3.218
6.634
10.025

5.312
39,478.810
2,899.621
119.170
8.074
8.174
9.035
23.602
24.395
24.860
24.876
19.461
11.547
28.141
20.837
25.023
7.818
12.946
19.129
22.426
25.944
9.169
13.130
20.548
25.458

−21.591
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

8.131
422,197
26,789
892
73
48
77
91
91
91
92
92
91
92
92
92
90
91
91
92
92
91
92
92
92

Number of observations: 243
Note: Values of the variables controlling for anti-pandemic restrictions are numbers of
days when a given measure was active in a country in a quarter.
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4.1

Unemployment Rate

We used unadjusted data (neither seasonally adjusted nor calendar adjusted)
on unemployment rates, which is defined as the percentage of the unemployed in
an active population.
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Figure 1: Unemployment Rate in Time

2018−07

2018−12

2019−05

2019−10

2020−03

2020−08

Month

Based on the plot with natural logarithms of maximum, median and minimum unemployment rates of the 27 EU countries in months from July 2018 until
September 2020 (figure 1), there was a noticeable increase in unemployment in
the median and minimum values in the second and third quarter of 2020. The
maximum value remained approximately the same. When comparing a month
before the beginning of the pandemic in the EU, January 2020, and a month
when unemployment rates should be affected by the pandemic, September 2020,
we can observe that the minimum value grew from 2.1% to 2.8%, and the median increased from 5.2% to 7.0%. It is also possible to predict that the virus
and responsive measures did not have an immediate effect on unemployment because countries in the EU started reporting cases and imposed broad restrictions
already in March 2020, but the minimum and median values of unemployment
rates began to grow considerably a month later. We construct panel data models
to estimate the effects of COVID-19 and responsive measures on the changes in
unemployment rates in the EU countries.
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Figure 2: Map - Unemployment Rate in June 2020
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The log-transformed values of unemployment rates for each country in June
2020 were visualized in a map (figure 2) to be easily comparable. The highest
value of 17.3% was reached in Greece. The second-largest value was 15.4% in
Spain. All other EU countries attained values under 10%. The minimum value
was 2.6% in Czechia. We can notice that higher values were reported in most of
the northern and southern countries, while the countries in the centre of Europe
had lower unemployment rates in June 2020.

17

4.2

GDP Growth

The GDP growth values used in this analysis represent year-over-year percentage changes in the gross domestic product (i.e. the change from the same quarter
of the previous year). This variable was chosen because it compares different
years, and such a comparison could contain information about the consequences
of the COVID-19 pandemic.
To see approximately how GDP growth evolved before and during the pandemic, we plotted the minimum, median and maximum values for all countries in
each quarter (figure 3). The growth rates were negative in all EU countries when
strict measures were in place in the second quarter of 2020, and the values in most
of the EU countries remained negative in the third quarter as well. Therefore, our
aim is to quantify the effects of all measures, COVID-19 infections and deaths,
and find those variables which had an enormous effect on GDP growth.
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Figure 3: GDP Growth in Time
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2020Q1
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Figure 4: Map - GDP Growth in 2020Q2
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The map of the EU with countries coloured based on their GDP growth in the
second quarter of 2020 (figure 4) shows approximately the ”regional” distribution
of values with the lowest rates in the southwest of Europe and with the highest
rates in the northeast. The lowest GDP growth in 2020Q2 was reported in Spain
(−21.59%). Ireland reached the highest growth rate of −3.49%. When we take
both unemployment rates (figure 2) and GDP growth rates in the EU countries
into account, we can see a trend in the southern countries, where unemployment
was generally high and GDP growth was low, indicating an overall economic
decrease, but there is a difference in the northern countries, where the values of
both indicators were higher than in most EU countries, which neither corresponds
to economic growth nor to fall.
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4.3

COVID-19 Cases and Deaths

Data on COVID-19 cases and deaths was collected as total values per country.
To be more comparable among different countries, they were transformed into
values per 100,000 inhabitants. These values are used in the panel data models
to explain their direct effects on unemployment and GDP growth and control for
the pandemic time periods.
Figures 5 and 6 represent the minimum, median and maximum values of
COVID-19 cases and deaths per 100,000 inhabitants in the first nine months
of 2020. There is a large variance in the data, with the maximum values of
both cases and deaths far above their median values. This indicates considerable
differences among the EU countries in terms of the virus spread. Both reported
cases and deaths started increasing in March, with a peak in April. This was a
local maximum for cases and a global maximum for deaths. A common decrease
followed until the end of May. Then, cases began to grow again, while the number
of deaths remained low compared to the previous months. The overall monthly
maximum number of cases was reached in the last month that is included in this
analysis - September 2020.
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Figure 5: COVID-19 Cases in Time
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Figure 6: COVID-19 Deaths in Time
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Figure 7: Map - Cumulative COVID-19 Cases per 100,000 Inhabitants by the
End of June 2020
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Reported cumulative COVID-19 cases by the end of June 2020 are shown in
figure 7. The values in the map have been transformed using the natural logarithm
to depict the differences among the EU countries better. The highest value of
cases per 100,000 inhabitants was reached in Luxembourg (679.75 cases in the
original non-transformed form). The lowest number of infections was reported
in Slovakia (30.50 cases). The countries in the east of Europe appear to have
reached lower amounts of infected people than most of the western countries.
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4.4

Anti-COVID-19 Measures

All the variables representing anti-COVID-19 measures are used as independent variables in panel data models to explain the changes in unemployment rate
and GDP growth during the spring wave of the pandemic. The meaning of each
variable is explained in the List of Variables, which can be found in the Appendix.
Table 4: Overall Duration of Anti-COVID-19 Measures
Measure

Days per Country

StayHomeOrder
StayHomeGen
ClosPrim
ClosSec
ClosHigh
RestaurantsCafes
NonEssentialShops
HotelsAccommodation
EntertainmentVenues
BanOnAllEvents
GymsSportsCentres
WorkplaceClosures
Indoor50
Indoor100
Indoor500
Indoor1000
Outdoor50
Outdoor100
Outdoor500
Outdoor1000

21.63
18.59
87.30
93.63
90.04
95.15
64.41
22.19
119.15
61.96
93.63
11.70
28.15
55.44
75.74
96.56
14.89
28.96
59.70
90.22

Table 4 shows for how long each measure was active in a standardised format.
The value of ”Days per Country” is equal to the total number of days when each
measure was active divided by the number of countries in the data (27). That
is to describe for how many days a given measure was active in all months in a
single country on average. The measure restricting entertainment venues was in
place for the highest number of days per country with a value of 119.15. On the
contrary, workplace closures (this applies to workplaces that are not covered by
any of the other variables) were active for the lowest number of days per country
(11.70), which indicates the effort of governments to minimise economic losses.
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Table 5: Duration of Measures across Countries
Measure

Maximum of Days

Country of Maximum

StayHomeOrder
StayHomeGen
ClosPrim
ClosSec
ClosHigh
RestaurantsCafes
NonEssentialShops
HotelsAccommodation
EntertainmentVenues
BanOnAllEvents
GymsSportsCentres
WorkplaceClosures
Indoor50
Indoor100
Indoor500
Indoor1000
Outdoor50
Outdoor100
Outdoor500
Outdoor1000

55
92
120
136
119
200
198
108
202
208
204
105
135
195
201
215
105
105
200
200

France, Italy
Lithuania
Portugal, Romania
Lithuania
Ireland
Greece, Spain
Lithuania, Portugal
Greece
Netherlands
Ireland
Italy
Cyprus
Finland
Luxembourg
Finland
France
Finland
Finland
Finland
Finland

Table 5 shows the maximum number of days when each measure was active
in a single country in all time periods together. The measure that was active for
most days in a single country is a ban on indoor events with a capacity of over
1,000 persons, which was introduced in France for 215 days. France also imposed
the measure which was in place for the lowest number of days - a strict order for
people to stay at home (with exceptions such as grocery shopping and going to
work). The order lasted for 55 days. This measure was also active for the same
number of days in Italy.
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Figure 8 visualises the approaches of all EU countries to the pandemic. The
countries are coloured based on their number of what we call ”measure days”
in this thesis. Measure days control for the length and the amount of the antiCOVID-19 measures. They are expressed as the sum of the numbers of measures
in the days when they were active. The value of measure days for n days can be
computed as
M easureDays =

n
∑︂

N umberOf ActiveM easuresi .

i=1

Figure 8: Map - Measure Days
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For example, a country, where they had restaurants and primary schools closed
for 10 days, then only primary schools were closed for additional 5 days, would
have a sum of measure days equal to 25. A high number of measure days indicates
that the given country tends to protect the health of its citizens primarily at the
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expense of their economic growth. Such a country acts conservative. A low
value means the country does not impose many restrictions compared to others.
This may be due to the effort to minimise economic losses or simply because the
country does not need to take so much action when there is a low amount of
infected people. Such a country acts liberal. An example of a country that acted
conservative during the first months of the pandemic is Czechia, with the highest
number of measure days (1,292). The country with the lowest number of measure
days (454) - the most liberal one - is Sweden.
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5

Methodology
This section of the thesis introduces methods that are used for the analysis of

the data described in the previous section. The statistical method of comparing
means is used to find differences between samples of data, and the econometric panel data models are used to estimate and quantify the effects of a set of
independent variables on a dependent variable.

5.1

Comparison of Means

We compare different statistics mapping the economic and health situation
of the EU countries that acted conservative or liberal during the first months of
the pandemic to determine whether there was an economic or health effect of
any of the approaches. Countries with a number of measure days greater than or
equal to the median value, which is 1,027 measure days, are taken as conservative,
and the countries that attain lower values are labelled liberal. An overview of
this division of the EU countries can be found in table 6. These values are also
visualised in a map in figure 8. We also computed measure days for all countries
from only selected variables to see if there is a different distribution of conservative
and liberal countries than in the original setup. We chose the most restrictive
measures - stay-at-home orders, closures of primary schools, restaurants, nonessential shops, entertainment venues and bans on indoor and outdoor events for
more than 50 people. Most of the countries’ approaches were identical as when
measure days were computed the original way, so we stick to the original division
in the following computations.
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Table 6: Overview of Conservative and Liberal Countries
Country

Measure Days

Approach

Austria
Belgium
Bulgaria
Croatia
Cyprus
Czechia
Denmark
Estonia
Finland
France
Germany
Greece
Hungary
Ireland
Italy
Latvia
Lithuania
Luxembourg
Malta
Netherlands
Poland
Portugal
Romania
Slovakia
Slovenia
Spain
Sweden

810
1, 027
803
519
1, 101
1, 292
1, 002
787
962
1, 106
856
938
601
1, 039
1, 156
869
1, 182
1, 164
1, 036
1, 149
1, 078
1, 221
1, 056
956
880
1, 042
454

liberal
conservative
liberal
liberal
conservative
conservative
liberal
liberal
liberal
conservative
liberal
liberal
liberal
conservative
conservative
liberal
conservative
conservative
conservative
conservative
conservative
conservative
conservative
liberal
liberal
conservative
liberal
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To find differences between the two groups of countries, we test for a statistically significant difference in means of the given economic or health indicators.
We use a two-sample T-test for testing the statistical hypothesis
H0 : µ1 = µ2 , H1 : µ1 > µ2 .
The following assumptions need to be made for the computation to be meaningful
(Bartoszynski and Niewiadomska-Bugaj, 2008):
X1 , ..., Xm ∼ N (µ1 , σ12 ), Y1 , ..., Yn ∼ N (µ2 , σ22 ), σ12 = σ22
The variable X, which might represent the difference between GDP growth,
unemployment rate, COVID-19 cases or deaths of liberal countries in 2020Q1
and 2020Q2 (or April and June 2020), has m observations and follows a normal
distribution with mean µ1 and variance σ12 , and the variable Y , which might
represent the differences in the same variables for conservative countries in the
same time period, has n observations and follows normal distribution with mean
µ2 and variance σ22 . The population variances of X and Y are assumed to be
equal. σ 2 denotes population variance, and S 2 represents sample variance. X̄ is
the sample mean of X, Ȳ is the sample mean of Y . Then, we can use the T test
statistics, where
T = √︂

X̄ − Ȳ
(m − 1)S12 + (n − 1)S22

⌜
⃓
⃓m + n − 2
⎷
1
m

+ n1

and the t-score
tα,m+n−2 ,
where α is the level of significance, and m + n − 2 is the number of degrees of
freedom. The critical region for rejecting H0 is given as
|T | ≥ tα,m+n−2 .
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5.2

Panel Data Regression Models

We estimate the effects of the COVID-19 pandemic and responsive measures
on unemployment rate and GDP growth using panel data regression models. The
baseline model equation can be written as
yit = β0 + Covidit · γ + Restrictionsit · δ + τt + ai + uit ,
where yit is the dependent variable corresponding either to the GDP growth
or to the (logarithm of) unemployment rate in country i in period t elections,
Covidit is a matrix composed of variables measuring the state of the COVID-19
pandemic in country i in period t, Restrictionsit is a matrix composed of variables measuring the pandemic-limiting restrictions that were in place in country
i in period t, β0 is the intercept, γ and δ are the slope coefficients, τt corresponds
to quarter or month fixed effects (depending on data frequency), ai represents
country fixed effects, and uit is the unobserved error. Variables measuring the
state of the pandemic might include the number of cases or deaths per 100,000
inhabitants and their squares. Variables representing the pandemic-limiting restrictions might include stay-at-home policies, closures of schools, restaurants,
shops, entertainment venues, sports places, workplaces and bans on mass events.
These panel data regression models are estimated by ordinary least squares
(OLS) using the following data transformations that take advantage of the panel
structure of the data.
5.2.1

Fixed Effects Model

If an unobserved heterogeneity, which is represented by ai in the baseline
model equation, is correlated with an independent variable, OLS estimation is
biased and inconsistent (Wooldridge, 2013). To avoid such a problem, the fixed
effects (FE) model uses a transformation where the unobserved heterogeneity is
eliminated. First, the baseline equation is averaged over time for each i. Then,
the averages are subtracted from the baseline equation, and we get the so-called
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time-demeaned model, which can be rewritten in a simple form as
¨ it · γ + Restrictions
¨
ÿ it = β0 + Covid
it · δ + τ̈ t + üit .
Even after the transformation, the following assumptions need to be satisfied
for the model to be unbiased and consistent. The model is assumed to follow
the baseline equation. We have a random sample of individuals in the crosssectional dimension. Each independent variable needs to change over time, and
no independent variable can be a perfect linear combination of the others. The
correlation matrix heat maps (figures A.1 and A.2) indicate that this assumption
is satisfied. For each time period, the expected value of the idiosyncratic error
given the independent variables in all time periods and the unobserved effect is
assumed to be equal to zero. This assumption is called strict exogeneity.
5.2.2

Random Effects Model

If the unobserved heterogeneity ai is uncorrelated with all independent variables, it is more efficient to keep ai in the model as it contains useful information,
which can contribute to more precise results. Random effects (RE) transformation keeps ai and removes serial correlation in errors. A fraction of the time
average is subtracted from the general model equation. The fraction is denoted
by λ, where
√︄

λ = 1−

σu 2
.
σu 2 + T σa 2

σu2 denotes the variance of the unobserved error term uit and σa2 represents
the variance of the country fixed effects ai . The transformed model equation, also
called quasi-demeaned model, can be written as

yit − λȳ i = β0 (1 − λ) + (Covidit − λCovidi ) · γ + (Restrictionsit − λRestrictionsi ) · δ
+(τt − λτ ) + (ai − λai ) + (uit − λui ).
The bars above the variables denote their means. RE models allow for independent variables that are constant over time. As long as we do not know
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the exact value of λ, RE estimates are not unbiased, but they can be consistent
under the following assumptions. The model needs to follow the baseline equation, and we need to have a random sample of individuals in the cross-sectional
dimension as for an FE model. Further, there cannot be perfect linear relationships among the independent variables, and the expected value of ai , given all
independent variables, needs to be constant in addition to the expected value of
the idiosyncratic error, given the independent variables in all time periods and
the unobserved effect, being equal to zero for each t.
Having estimated both FE and RE models, we can use the Hausman test for
consistency. H0 : Both models are consistent. H1 : One model is inconsistent. If
we reject the null hypothesis, we choose the FE model since FE assumptions are
less strict than for RE, so it is FE that can be consistently estimated. However,
if we do not reject the null hypothesis, we should rely on the RE model estimates
as this estimation method is more efficient. Besides, the RE model estimates the
intercept, which might be useful for predictions, while FE does not.
5.2.3

Heteroskedasticity

For statistical inference to be valid (to get correct t-statistics, z-statistics and
F-statistics that are used to assess the precision of a linear model) we need data
to be homoskedastic, i.e. variance of the error term has to be constant over all
observed individuals:
V ar(uit |Xi , ai ) = V ar(uit ) = σu2 ,
where X is a matrix of all independent variables. If this condition does not
hold, we call the data heteroskedastic, and we need to use heteroskedasticityrobust standard errors to obtain correct information about the precision of the
regression estimates. The presence of heteroskedasticity in a linear model can be
tested by the studentised Breusch-Pagan test, where we have the null hypothesis
”data is homoskedastic” and the alternative hypothesis ”data is heteroskedastic”.
We use heteroskedasticity-robust standard errors in model estimation when
the data is heteroskedastic. This is done by estimating a robust covariance matrix
of parameters that is suitable for fixed effects or random effects panel data models
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(Croissant and Millo, 2018). It is based on the White method (White, 1980),
which allows for clustering by groups and time to control for serial correlation in
the cross-sectional dimension.
5.2.4

Time Series Assumptions

When panel data consists of more time periods than observed individuals,
it becomes more of a time series than a cross-section, so it might be useful to
verify time series regression model assumptions that need to be fulfilled for such
a model to be consistent. The monthly data frame, which is used to explain
unemployment, contains more time periods than countries, so we should check
the dependent variable U nempRate. We also test the dependent variable from
our quarterly data, gGDP , to be sure.
If the strict exogeneity assumption is violated, which is a frequent issue, our
data has to be at least stationary and weakly dependent so that we get consistent
estimates. We use the Augmented Dickey-Fuller test, where we have H0 : Variable
follows a unit root and H1 : Variable is stationary. The p-values of the tests
applied to U nempRate and gGDP are smaller than 0.01, so we can reject the null
hypothesis in both cases. Hence, our dependent variables should be stationary
and weakly dependent.
After we have run a regression, we can test for serial correlation in residuals. We regress the residual ûit on its first lag ûit−1 and its second lag ûit−2 ,
and check if any of the estimated slope coefficients is significantly different from
zero. If this is the case, the residuals are serially correlated, and we need to use
autocorrelation-robust standard errors for evaluating the precision of the estimated coefficients.
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6

Empirical Results
This section presents empirical results of the analysis conducted on the data

and using the methods described in the previous sections. Firstly, the conservative and liberal approaches among the EU countries are compared from various
perspectives. Secondly, regression model estimates are shown in tables, evaluated
and interpreted.

6.1

Conservative vs Liberal Countries

For the purpose of this analysis, the 27 EU countries were labelled either
conservative or liberal based on their number of measure days. The effects of
the conservative and liberal approaches of the EU countries are expressed using
box plots of differences between two time periods and by testing for differences in
means of the samples. We have chosen to compare unemployment rates, COVID19 cases and deaths in April and June 2020 and GDP growth in the first two
quarters of 2020 to explore the difference between the time periods when the EU
countries were most shocked by the pandemic and when the spring wave ended.
Figure 9 is a representation of the economic changes across the two compared
types of countries. The differences in unemployment rates (UnempRate) in April
and June 2020 are visually higher for liberal countries with values close to one.
The variance of the values from conservative countries is bigger, which is indicated
by the long whiskers of the conservative countries’ box plot, while the values of
liberal countries are distributed near their median. A T-test for a comparison
of means proves there is a statistically significant difference between the two
samples (α is set to 0.05), with the liberal countries having a higher mean value
(p-value < 0.03). This would mean a higher growth in unemployment in the
liberal countries than in the conservative ones. A possible explanation for that
is the effort of conservative countries to compensate their citizens’ losses due to
the imposed restrictions. A country that introduces strict measures usually also
comes up with regulations that help closed businesses and unemployed persons.
On the contrary, countries that do not impose strict measures might feel no need
for helping their businesses and employees, but they can still suffer from low
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demand for goods and services caused by the fear of the virus, which was proven
to be the main reason for a decrease in consumer traffic during the pandemic by
Golsbee and Syverson (2021).
Figure 9: Differences in Economic Indicators
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There is a visual difference in differences between GDP growth rates. The
median value of conservative countries is close to −12, and the median of liberal
countries is approximately −9. The values can be interpreted the following way.
A conservative country was likely to reach a lower GDP growth after the spring
wave of the pandemic than a liberal one. That claim supports the hypothesis
of strict measures causing a bigger economic decrease. The variances of both
samples are similar. However, a T-test for comparing the means of these two
samples shows that there is no statistically significant difference between the
mean values when we take α = 0.05 because the p-value for rejecting the null
hypothesis of the means being equal is 0.08.
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The same procedure was applied to the values of COVID-19 cases and deaths
per 100,000 inhabitants to visualise and test the effects of the different approaches
on stopping the pandemic.
Figure 10: Differences in COVID-19 Cases and Deaths
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As shown in figure 10, there was a smaller decrease in the number of infected
people as a share of the population in most liberal countries than in the conservative ones from April to June 2020. A comparison of means by the same
T-test as before proves that the mean of values for the liberal countries is significantly higher than for the conservative countries (p-value < 0.01). This is
a result in favour of the anti-pandemic measures since countries with more or
longer interventions reached a larger decrease in numbers of infections. A potential counter-argument is that liberal countries could not lower their cases as much
as most of the conservative countries simply because they already reached a low
amount of infections in April. This can be partially true, but the box plot shows
that there were liberal countries with a positive value of the difference in cases,
which means they had more infected people in June than in April.
A similar relationship is expected between COVID-19 deaths and the measures. Liberal countries seem to have lowered their numbers of deaths less than
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conservative countries based on the box plot. Applying the two-sample T-test
to compare their means also indicates that strict anti-pandemic measures were
effective. The mean for liberal countries is significantly bigger (p-value = 0.01).
Hence, we obtained statistically significant evidence for liberal countries going
through a slight increase (around 1%) in unemployment rates from April to June
2020, which is, on average, more than conservative countries. It is not possible to
say that conservative countries suffered from a more profound fall in GDP growth
from 2020Q1 to 2020Q2 than liberal countries. Conservative countries reached
a more considerable decrease both in numbers of infections and in COVID-19
related deaths after the spring wave of the pandemic.

6.2

Regression Models

Panel data regression models were used to estimate the effects of various pandemic indicators on unemployment rates and GDP growth in the EU countries.
6.2.1

Unemployment Rate

We used a logarithmic transformation on the dependent variable unemployment rate. Such a model is called log-level. This adjustment is helpful because
the model fits the input data better than a level-level model. The adjusted models
were estimated with the use of both fixed effects and random effects transformations. Hausman test shows that all models are consistent (p-value = 1). The
studentised Breusch-Pagan test indicates that the data is homoskedastic (p-value
= 0.82), but the residuals are serially correlated, so we use autocorrelation-robust
standard errors. Most of the variables included in the models are expected to
affect employment with a delay. This means that measures do not have an immediate impact, which would be perceptible in the same time period as when a
given measure was imposed. For example, employees of a business that closed
due to governmental restrictions might remain employed for a couple of months
after the closure before the business is unable to pay their wages. Therefore, we
used lags of those variables to control for the delayed effects of the independent
variables on the unemployment rate. The lagged variables are denoted by ”l” and
the number of months for which the variable’s effect was delayed.
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Table 7: Unemployment Rate - RE Model Robust Estimates
Dependent variable:
log(UnempRate)
Constant
StayHomeGen
StayHomeOrder
ClosPrim
StayHomeGen l2
StayHomeOrder l2
ClosPrim l1
ClosSec
RestaurantsCafes
NonEssentialShops
HotelsAccomodation
EntertainmentVenues
GymsSportsCentres
Indoor500
Indoor1000
RestaurantsCafes l1
NonEssentialShops l2
HotelsAccomodation l1
EntertainmentVenues l3
GymsSportsCentres l2
Indoor500 l3
Indoor1000 l1
Outdoor500
CasesPer100k
CasesPer100k l2
February
March
April
May
June
July
August
September
October
November
December
Observations
R2
Adjusted R2
Note:
Note:

(1)

(2)

1.742∗∗∗ (0.089)
0.0001 (0.002)
−0.010∗∗∗ (0.002)
0.003 (0.002)

1.742∗∗∗ (0.090)

0.001 (0.001)
−0.001 (0.001)
0.002 (0.002)
0.001 (0.001)
0.0001 (0.001)
−0.001 (0.002)
−0.001 (0.004)
0.005 (0.004)

0.002 (0.001)
0.0004∗∗∗ (0.0001)

0.004∗∗ (0.002)
−0.006∗∗ (0.002)
0.003∗∗∗ (0.001)
0.001 (0.001)

−0.003∗∗ (0.001)
0.004∗∗∗ (0.001)
0.001 (0.002)
0.003∗ (0.001)
−0.002 (0.001)
0.004∗∗∗ (0.001)
0.002 (0.001)
0.002∗∗ (0.001)

0.002 (0.009)
−0.044∗∗∗ (0.009)
−0.031∗∗ (0.015)
−0.049∗∗ (0.023)
−0.055∗∗∗ (0.019)
−0.004 (0.018)
−0.011 (0.020)
−0.030∗ (0.017)
−0.063∗∗∗ (0.016)
−0.057∗∗∗ (0.010)
−0.048∗∗∗ (0.011)

0.0003 (0.0002)
0.003 (0.009)
−0.023∗∗ (0.009)
−0.042∗∗∗ (0.013)
−0.044∗∗ (0.022)
−0.073∗∗∗ (0.017)
−0.037∗∗ (0.016)
−0.028∗ (0.016)
−0.039∗∗ (0.016)
−0.063∗∗∗ (0.016)
−0.057∗∗∗ (0.010)
−0.048∗∗∗ (0.011)

729
0.281
0.257

729
0.368
0.347
∗ p<0.1; ∗∗ p<0.05; ∗∗∗ p<0.01

Robust standard errors in parentheses
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The results of the RE estimation of the effects of COVID-19 and anti-pandemic
measures on the unemployment rate can be found in table 7. The values in
parentheses denote the autocorrelation-robust standard errors of the estimated
coefficients.
The unemployment was explained using multiple model specifications. Column (1) shows the results of the basic model with variables in their original
format. Column (2) represents the specification with lagged variables. Various
lags of different variables have been tried, and those presented in the table are the
best performing. The model in column (2) was chosen for evaluating the effects
of the COVID-19 pandemic on the unemployment rate in the EU.
The value of R2 suggests that we explained only slightly more than a third of
the variation in the data despite the high number of variables in the model. A
potential explanation is the fact that unemployment rates fluctuated even before
the pandemic, which is not controlled for by our variables. Thus, these changes
cannot be explained by the model. However, we aim at exploring the effects of
the COVID-19-related variables.
The constant represents the state if there was not a COVID-19 pandemic,
i.e. all the measures would be inactive, and the number of infections would be
equal to zero. When we set all dummy variables controlling for the monthly
seasonality to zero, we obtain an estimate for the average unemployment rate
in the EU in January. The dependent variable is in a logarithm form, so the
effects of the independent variable can be interpreted as percentage changes in
the unemployment rate. Stay-at-home policies seem to have an effect with a
two-month delay. A day of general recommendations to stay at home caused
an increase, while strict orders implied a decrease. Closures of primary schools
contributed to the growth in the unemployment rate with a monthly delay. Closed
restaurants and cafes had a negative impact after a month. When non-essential
shops or entertainment venues were closed, the unemployment rate increased in
two and three months, respectively. Bans on public gatherings happening both
indoor and outdoor had a positive effect on the unemployment rate. Bans on
indoor activities with a capacity of over 500 persons had a significant effect after
three months, and bans on outdoor events had an immediate effect. The growth

39

in unemployment rates of the EU countries did not significantly respond to the
number of people infected by COVID-19 after two months.
We tried predicting the average unemployment rate in case of no pandemic
and no restrictions in the EU in June 2020 using the estimated coefficients. All
the variables controlling for COVID-19 measures and cases were set to zero. We
obtained that log(U nempRate) = 1.669, so the predicted value of the unemployment rate is 5.3%. That is 1.7% less than the actual value. The difference, which
should represent the overall effect of COVID-19, appears to be realistic.
In addition to the tests for stationarity, consistency and homoskedasticity, we
evaluated the robustness of the estimation by comparing multiple model specifications. The compared models perform similarly, so there should not be a major
issue caused by a specific variable. In spite of the low R2 , the chosen model seems
to work for predicting. The predicted unemployment rate is intuitive.
The model from column (2) of table 7 was also estimated by OLS without any
panel data transformation. The country and time-specific effects were fixed using
dummy variables, so this model can be used for predicting the unemployment rate
both in a given country and in a given month. The results can be found in table
A.1 in the Appendix. First-differencing results, which were used for comparison
and evaluating model performance, are shown in table A.2.
6.2.2

GDP Growth

The model explaining effects on GDP growth was estimated in multiple specifications. All the model equations were in a level-level form due to the nature
of the dependent variable. The models were estimated using both FE and RE
transformations. Hausman test proved all estimations to be consistent (p-value
= 1). The studentised Breusch-Pagan test showed the presence of heteroskedasticity in the data (p-value < 0.01), and the residuals were found to be serially
correlated. Hence, heteroskedasticity and autocorrelation-robust standard errors
were used to assess the precision of the estimated coefficients, which are shown
in table 8.
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Table 8: GDP Growth - RE Model Robust Estimates
Dependent variable:
gGDP
Constant
StayHomeGen
ClosPrim
ClosHigh
RestaurantsCafes
NonEssentialShops
HotelsAccommodation
EntertainmentVenues
GymsSportsCentres
WorkplaceClosures
Indoor50
Indoor100
Indoor500
Indoor1000
Outdoor50
Outdoor100
Outdoor500
Outdoor1000
CasesPer100k
CasesPer100k2
Quarter 2
Quarter 3
Quarter 4
Observations
R2
Adjusted R2

(1)

(2)

(3)

2.955∗∗∗ (0.338)
0.068∗∗∗ (0.022)
−0.135∗∗∗ (0.034)
0.024 (0.036)
−0.022 (0.025)
−0.007 (0.012)
−0.043∗∗ (0.017)
0.009 (0.015)
−0.011 (0.024)
−0.040∗ (0.022)
0.029 (0.030)
−0.019 (0.027)
−0.031 (0.023)
−0.015 (0.020)
0.045 (0.034)
−0.029 (0.025)
0.033 (0.024)
−0.002 (0.022)
−0.024∗∗∗ (0.006)
0.00002∗ (0.00001)
−0.459 (0.285)
−0.378 (0.349)
−0.269 (0.241)

2.978∗∗∗ (0.331)
0.066∗∗∗ (0.024)
−0.148∗∗∗ (0.030)
0.039 (0.028)
−0.017 (0.024)
−0.014 (0.012)
−0.047∗∗ (0.019)
0.009 (0.015)
−0.012 (0.021)
−0.039 (0.024)

2.640∗∗∗ (0.287)
0.076∗∗∗ (0.024)
−0.140∗∗∗ (0.013)

−0.024∗∗∗ (0.006)
0.00002∗∗ (0.00001)
−0.407 (0.267)
−0.488 (0.349)
−0.292 (0.235)

−0.026∗∗∗ (0.006)
0.00002∗∗ (0.00001)

243
0.866
0.852

243
0.860
0.850

243
0.846
0.841

−0.050∗∗∗ (0.017)

−0.052∗∗∗ (0.015)

−0.058∗∗∗ (0.011)

−0.012 (0.016)
0.033∗∗ (0.016)

0.044∗∗∗ (0.012)

∗ p<0.1; ∗∗ p<0.05; ∗∗∗ p<0.01

Note:
Note:

Robust standard errors in parentheses
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Column (1) represents the full specification that includes the highest number
of variables. The problem with this specification is that none of the variables
controlling for bans on indoor or outdoor events is significant, so we cannot conclude about these variables’ effects. The best performing model explaining GDP
growth can be found in column (2). The R2 of the model indicates that we
have explained 85% of the variation in the data. That is a similar value to the
specification in column (1), even though we omitted five variables. Hence, the
omitted variables seem to be unnecessary, and they do not provide much additional information when explaining GDP growth. What is more, we were able to
explain the effects of bans on indoor and outdoor events because these estimated
coefficients are significant in this specification. Column (3) shows a specification
that includes only those variables whose effects were significantly estimated in
the model presented in column (2).
Most of the estimated coefficients representing the anti-pandemic restrictions
are negative, which means that GDP growth decreased because of those measures.
That is the effect we expected. The coefficients are close to zero, but we need
to remember they represent daily effects of the restrictions. When we take into
account that most measures were introduced for many weeks, the total effects can
be expressed as sums of the estimated coefficients, and this way we get substantial
changes in GDP growth.
The specific coefficients from the best performing model in column (2) can
be interpreted the following way. When all parameters are set to zero (this can
happen if there is not a COVID-19 pandemic, and we estimate GDP growth in
the first year quarter), the estimated average GDP growth in the EU is 2.98%,
which is denoted by the constant. General stay-at-home policies seem to have a
positive effect. Each additional day of this measure being in place leads to an
increase in GDP growth. When primary schools were closed, GDP growth fell. A
closure of hotels and other accommodation implied an economic decrease. Bans
on indoor events with a capacity of over 500 people caused a fall, while bans on
outdoor events with a capacity of over 500 persons lead to a rise in GDP growth.
The effect of the number of infections per 100,000 inhabitants is approximated
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by a quadratic function
2
− 0.024 · CasesP er100kit + 2.978.
gGDPit = 0.00002 · CasesP er100kit

As an alternative to the estimated quadratic relationship between COVID-19
cases per 100,000 inhabitants and GDP growth, we also estimated the net effect
of COVID-19 cases by running a regression
gGDPit = β0 + Restrictionsit · δ + τt + ai + uit .
We omitted the variable controlling for the number of infected people. Thus,
this effect should be hidden in the residuals. We computed the differences between the residuals from this estimation and from the full model with a variable
CasesP er100k controlling for the number of infections to extract the effect of the
omitted variable from the residuals. We plotted these differences in the residuals
against COVID-19 cases per 100,000 inhabitants, which is a representation of the
desired net effect on GDP growth, and the fitted curve specified by the previously
estimated quadratic equation.
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Figure 11: Relationship between GDP Growth and COVID-19 Cases
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Figure 11 shows the estimated relationship between year-over-year (YOY)
GDP growth and COVID-19 infections. The minimum value of the parabola
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corresponds to 612.83 cases per 100,000 inhabitants per quarter. This is the
”breaking” point when a decrease in economic growth turns into an increase. We
can notice that countries introduced most measures, which were harmful to their
economic growth, at the time periods when the pandemic was beginning (when
the numbers of infections were relatively low). That corresponds to the initial
panic when countries imposed strict measures to protect their citizens. Later on,
the drop in GDP growth slowed down. It looks as if countries got used to the
pandemic and stopped the economy-harming measures even though the numbers
of confirmed cases were rising.
We cannot be sure about the precision of the remaining estimates as their
p-value is higher than 0.1, so they are not statistically significant.
We can use the estimated model for predicting. The average GDP growth,
which could be reached by the EU countries in case of no pandemic and no
responsive measures in the second quarter of 2020, can be expressed using the
estimated model coefficients. All the variables representing COVID-19 cases and
anti-epidemic measures are equal to zero since there would be no infected people
in such a situation, and no measures would be active. The dummy variable
controlling for the second quarter is equal to 1. The predicted value of mean
year-over-year GDP growth in the EU in 2020Q2 when there is not a COVID19 pandemic is equal to 2.57%. This corresponds to the trend shown in figure
3 that was before the pandemic. The actual mean GDP growth in the EU in
2020Q2 was −11.46%, so the net effect of the pandemic’s spring 2020 wave could
be approximated as a drop of 14.03%.
Having tested for stationarity, consistency and homoskedasticity, the robustness of the estimated results was also checked by estimating multiple model specifications and comparing the results. First-differencing results that were used for
comparing the models can be found in table A.3 in the Appendix. All models
seem to perform similarly, so there should not be a major issue caused by a certain variable. Further, most of the effects are intuitive, and when the model was
used for predicting, we obtained a realistic result.
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7

Conclusion
The purpose of this thesis was to analyse the effects of the COVID-19 pan-

demic on economic growth and unemployment in the EU countries. The effects
were explored by visualising key indicators, including GDP growth, unemployment rates, numbers of COVID-19 cases and deaths, and amounts of responsive
measures, in tables, plots and heat maps.
The key indicators were further analysed by comparing means of countries
that acted conservative or liberal in response to the pandemic. We compared the
differences in GDP growth, unemployment rates, COVID-19 cases and deaths between the beginning of the pandemic and the end of the spring 2020 wave in those
two groups of countries. We did not reject the hypothesis that GDP growth of
the conservative countries decreased on average more than in the liberal countries
from the first quarter of 2020 until the second quarter. The mean growth in unemployment rates from April to June 2020 was significantly higher in the liberal
countries. Based on these findings, we cannot confirm that countries imposing
longer or a higher amount of restrictions were harmed more economically. The
numbers of reported cases and deaths dropped by larger values in the conservative countries from April to June 2020. This proves the anti-pandemic measures
to be clearly beneficial in terms of health.
According to the results of our panel data regression models, we can conclude
that most of the restrictions taken in response to COVID-19 had a positive effect
on unemployment, i.e. they caused the unemployment rates of the EU countries to
grow. The effects were often not immediate, the increase usually followed with a
delay of up to three months. The restrictions that had the largest negative effects
on unemployment are bans on indoor events, stay-at-home recommendations and
closures of non-essential shops.
The effects of the measures on GDP growth were mostly negative, i.e. they
caused GDP growth to decrease. Closures of primary schools were found to
have the largest negative effect, followed by bans on indoor events and closures
of hotels. The relationship between the number of COVID-19 cases per capita
and economic growth is approximately quadratic. When the pandemic began,
countries reported few infected people, and GDP growth fell quickly. Later, the
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numbers of confirmed cases rose to bigger values, but the economic growth started
to recover.
Potential issues in our analysis could be a lack of observations in the data due
to the low number of observed countries and the low frequency of observations.
GDP growth is published only quarterly and with a delay. Even though most
of the results are intuitive, having data with a higher frequency would help to
obtain more precise results.
The analysis could be further improved with the use of current data. The
results would cover a longer period with COVID-19, and all the related variables
would be more informative. This would allow the analysis to be complex. The
estimated regression models would probably be more suitable for predicting as
they would have more data to ”learn” from. More variables could be added to
better control for different aspects of the pandemic.
By all counts and with proven results, the COVID-19 pandemic and responsive
measures of the EU countries caused a significant decrease in their economic
growth and an increase in their unemployment. The numbers of infections and
deaths are large, but they can be lowered by imposing wide restrictions.
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Government of France (2020), Décret n° 2020-371 du 30 mars 2020 relatif au
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A.1

Appendix
List of Variables

• Country - The observed country
• TimePeriod - The month or quarter (depending on data frequency) of the
observation
• gGDP - Year-to-year GDP growth rate in percentage points, computed from
seasonally adjusted GDP (expenditure approach)
• UnempRate - Seasonally unadjusted unemployment rate in percentage points
(number of unemployed people as a percentage of the labour force)
• CovidCases - Number of reported COVID-19 infections
• CovidDeaths - Number of reported deaths of persons who were infected by
COVID-19
• CasesPer100k - Number of reported COVID-19 infections per 100,000 inhabitants
• DeathsPer100k - Number of reported deaths of persons who were infected
by COVID-19 per 100,000 inhabitants
• StayHomeOrder - Stay-at-home orders for the general population (these are
enforced and also referred to as ‘lockdown’)
• StayHomeGen - Stay-at-home recommendations for the general population
(which are voluntary or not enforced)
• ClosPrim - Closure of educational institutions: primary schools
• ClosSec - Closure of educational institutions: secondary schools
• ClosHigh - Closure of educational institutions: higher education
• RestaurantsCafes - Closure of restaurants and cafes/bars
• NonEssentialShops - Closures of non-essential shops
viii

• HotelsAccomodation - Closure of hotels/accommodation services
• EntertainmentVenues - Closure of entertainment venues
• BanOnAllEvents - Interventions are in place to limit all indoor/outdoor
mass/public gatherings
• GymsSportsCentres - Closure of gyms/sports centres
• WorkplaceClosures - Closures of workplaces
• Indoor50 - Interventions are in place to limit indoor mass/public gatherings
of over 50 participants
• Indoor100 - Interventions are in place to limit indoor mass/public gatherings
of over 100 participants
• Indoor500 - Interventions are in place to limit indoor mass/public gatherings
of over 500 participants
• Indoor1000 - Interventions are in place to limit indoor mass/public gatherings of over 1000 participants
• Outdoor50 - Interventions are in place to limit indoor mass/public gatherings of over 50 participants
• Outdoor100 - Interventions are in place to limit indoor mass/public gatherings of over 100 participants
• Outdoor500 - Interventions are in place to limit indoor mass/public gatherings of over 500 participants
• Outdoor1000 - Interventions are in place to limit indoor mass/public gatherings of over 1000 participants
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Correlation Matrix Heatmaps
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Figure A.1: Correlation Matrix Heatmap - Monthly Data
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Figure A.2: Correlation Matrix Heatmap - Quarterly Data
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A.3

Additional Regression Results

Table A.1: Unemployment Rate - Dummy Variable Regression Estimates
Dependent variable:
log(UnempRate)
Constant

1.563∗∗∗ (0.017)

StayHomeGen l2

0.004∗∗∗ (0.001)

StayHomeOrder l2

−0.006∗∗∗ (0.002)

ClosPrim l1

0.003∗∗∗ (0.001)

ClosSec

0.001 (0.001)

RestaurantsCafes l1

−0.003∗∗∗ (0.001)

NonEssentialShops l2

0.004∗∗∗ (0.001)

HotelsAccomodation l1

0.001 (0.001)

EntertainmentVenues l3

0.003∗∗∗ (0.001)

GymsSportsCentres l2

−0.002∗∗ (0.001)

Indoor500 l3

0.004∗∗∗ (0.001)

Indoor1000 l1

0.002∗∗ (0.001)

Outdoor500

0.002∗∗ (0.001)

CasesPer100k l2

0.0003 (0.0002)

February

0.003 (0.016)

March

−0.023 (0.017)

April

−0.042∗∗ (0.018)

May

−0.044∗∗ (0.020)

June

−0.073∗∗∗ (0.018)

July

−0.037∗∗ (0.016)

August

−0.028∗ (0.016)

September

−0.039∗∗ (0.016)

October

−0.063∗∗∗ (0.017)

November

−0.057∗∗∗ (0.016)

December

−0.048∗∗∗ (0.016)

Belgium

0.126∗∗∗ (0.023)
xii

Bulgaria

−0.002 (0.028)

Croatia

0.409∗∗∗ (0.026)

Cyprus

0.435∗∗∗ (0.028)

Czechia

−0.795∗∗∗ (0.023)

Denmark

0.085∗∗∗ (0.018)

Estonia

0.056∗ (0.031)

Finland

0.358∗∗∗ (0.027)

France

0.572∗∗∗ (0.023)

Germany

−0.332∗∗∗ (0.019)

Greece

1.314∗∗∗ (0.022)

Hungary

−0.224∗∗∗ (0.021)

Ireland

0.116∗∗∗ (0.028)

Italy

0.720∗∗∗ (0.031)

Latvia

0.378∗∗∗ (0.021)

Lithuania

0.330∗∗∗ (0.023)

Luxembourg

0.197∗∗∗ (0.017)

Malta

−0.222∗∗∗ (0.019)

Netherlands

−0.304∗∗∗ (0.021)

Poland

−0.345∗∗∗ (0.029)

Portugal

0.327∗∗∗ (0.024)

Romania

−0.126∗∗∗ (0.019)

Slovakia

0.253∗∗∗ (0.017)

Slovenia

−0.032 (0.021)

Spain

1.148∗∗∗ (0.017)

Sweden

0.389∗∗∗ (0.024)

Observations

729

R2

0.956

Adjusted R2

0.953

Note:

∗ p<0.1; ∗∗ p<0.05; ∗∗∗ p<0.01

Note:

Robust standard errors in parentheses

xiii

Table A.2: Unemployment Rate - First-differencing Estimates
Dependent variable:
log(UnempRate)
Constant
StayHomeGen l2
StayHomeOrder l2
ClosPrim l1
ClosSec
RestaurantsCafes l1
NonEssentialShops l2
HotelsAccomodation l1
EntertainmentVenues l3
GymsSportsCentres l2
Indoor500 l3
Indoor1000 l1
Outdoor500
CasesPer100k l2
February
March
April
May
June
July
August
September
October
November
December

0.002 (0.003)
0.001 (0.001)
−0.001 (0.001)
0.001∗∗ (0.001)
−0.00003 (0.001)
−0.0001 (0.001)
0.001 (0.001)
0.0005 (0.001)
0.002∗∗ (0.001)
−0.0001 (0.001)
0.001∗ (0.001)
0.001∗ (0.001)
0.002∗∗∗ (0.001)
0.0001 (0.0001)
0.001 (0.009)
−0.015 (0.013)
−0.023 (0.016)
−0.033∗ (0.018)
−0.058∗∗∗ (0.018)
−0.035∗∗ (0.018)
−0.033∗∗ (0.017)
−0.045∗∗∗ (0.016)
−0.058∗∗∗ (0.014)
−0.054∗∗∗ (0.012)
−0.046∗∗∗ (0.009)

Observations
R2
Adjusted R2
F Statistic
Note:

3.201∗∗∗

702
0.102
0.070
(df = 24; 677)

∗ p<0.1; ∗∗ p<0.05; ∗∗∗ p<0.01

xiv

Table A.3: GDP Growth - First-differencing Estimates
Dependent variable:
gGDP
Constant
StayHomeGen
ClosPrim
ClosHigh
RestaurantsCafes
NonEssentialShops
HotelsAccomodation
EntertainmentVenues
GymsSportsCentres
WorkplaceClosures
Indoor500
Outdoor100
Outdoor500
CasesPer100k
CasesPer100k2
Quarter 2
Quarter 3
Quarter 4
Observations
R2
Adjusted R2
F Statistic
Note:

−0.369∗∗∗ (0.136)
0.070∗∗∗ (0.011)
−0.118∗∗∗ (0.013)
0.011 (0.012)
−0.019∗∗ (0.008)
−0.010 (0.010)
−0.016∗ (0.010)
−0.001 (0.010)
0.003 (0.010)
−0.048∗∗∗ (0.016)
−0.016 (0.011)
0.011 (0.011)
−0.022 (0.014)
−0.018∗∗∗ (0.003)
0.00002∗∗∗ (0.00000)
−0.514∗∗ (0.258)
−0.448∗ (0.257)
−0.346 (0.217)
216
0.889
0.879
93.133∗∗∗ (df = 17; 198)
∗ p<0.1; ∗∗ p<0.05; ∗∗∗ p<0.01
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A.4

Plots of Residuals
Figure A.3: Residuals from Unemployment Rate RE Model
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Figure A.4: Residuals from GDP Growth RE Model

0
−5

Residuals

5

This is the model from table 8, column (2).

0

50

100

150
Index

xvi

200

250

