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Abstract

Using the most recent data from various databases we have retrieved economic and health
data from OECD member countries and analyzed it in regard to the Oxford COVID-19
Government Response Tracker, what we call Stringency index. We examine the effects on
different economic variables such as GDP, exports, and unemployment, together with the
health outcome variable excess mortality. In regard to our different countries' restriction
strategies, that is their Stringency Index. The main method we employed is bivariate plots and
regression analysis. The investigation and analysis are solely made for the first year of the
pandemic, 2020. Our results reveal that all of our variables are significant in at least one
regression. The adjusted R2 value shows that the dependent variables can be explained by our
independent variables ranging from 27 to 75 percent. The variables we most often find
significant are: Excess mortality per 100,000, GDP and Stringency index. A considerable
effort was made when selecting, retrieving, and processing the data for our purposes and to
make it comparable between the countries chosen. Other aspects that undeniably impact the
outcomes are mentioned and discussed but due to the complexity we chose to limit this
research to a few variables with complete and comparable data. Our results show how the
different outcomes are significant for the measurements taken but also how the measurements
impact the outcomes in a bilateral relationship. The insights derived are hopefully useful for
economists, politicians, and the public in concerns to the management of the Pandemic during

its first year.
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1. Introduction

The Covid-19 outbreak shook the world during the spring of 2020 and affected everyone and
every country, striking up heated discussions on what precautionary measures would be the
best and most effective. This intensive discussion and the media's undivided attention of

Covid-19 coverage is the source to our fascination with the subject.

As of the 10" °f December 2020, roughly 70 million people, worldwide, had been confirmed
positive for Covid-19, and roughly 1,6 million people deceased (Johns Hopkins Coronavirus
Resource Center, 2020). Many of those to come down with the virus needed healthcare and
the load on many countries' healthcare systems have been immense. Other treatments
unrelated to the Covid-19 virus have been postponed which has severely affected people
suffering from other illnesses than Covid-19 (Griffin, S., 2020; The Lancet Rheumatology,
2021).

The spread of infection and the governmental actions to hamper the spread have been said to
come hand in hand with large and negative consequences to national as well as global
economic outlooks (O’Donnell, L. B., Kristen E. Broady, Wendy Edelberg, and Jimmy, 2020;
World Bank, 2020a). These kinds of medial and governmental statements made us decide that
we wanted to analyze the economic and health-effects of different countries' decisions in
regard to restrictions. The insights we hope to find and the knowledge we seek to uncover will
be of relevance when looking back and evaluating countries' different course of action in the
fight against the Covid-19 pandemic. The insights we hope to discover will be retrieved from
our analysis by assessing which methods have been most effective from an economical point
of view but also from a health perspective. The analyses we conduct are the foundations of

which our research is based upon.

A nation's economy is thought to be affected by the level of virus spread, the restrictions put
in place to hamper the spread and the restrictions put in place in other countries which will
reduce the demand of a country’s goods and services, causing disturbance in supply chains
(Barlow, P. et al. 2021; Eurostat, 2021; IMF, 2020a; UNCTAD, 2020). Therefore, we include
GDP and export in the data we analyze, to see if we can ensure the effects, we suspect the
pandemic and restrictions will cause. A high spread of infection will make households reduce
their close-to-contact consumption to reduce the risks of being infected and infect others,

which is thought to reduce production and hence employment because of the uncertainty of



consumption and production (JpMorgan, 2020; McKinsey, 2021a). Therefore, we also include

unemployment in the analysis.

Besides the economic variables we include in our analyses we also incorporate the most
relevant health variable, countries excess mortality rates. Another health variable is people
reported dead of Covid-19, however many argue that excess mortality is better when trying to
capture the total impact of the pandemic on deaths for many reasons, such as some countries
only report Covid-19 deaths from hospitals, some countries do not test all their dead which
makes it impossible be sure who died of Covid (Aron, J. & Muellbauer, J. 2020; Institute for
Health Metrics and Evaluation, 2021; OurWorldInData, 2021a). We decided to only include
excess mortality because of the uncertainty in reported deaths and to give the research a
deeper understanding in the interaction between economic consequences and raw numbers of

deaths regarding different restriction measures put in place in different countries.

The final piece to our analysis is the so-called Stringency index. What we will further in this
thesis call “Stringency index” is officially named COVID-19 Government Response Tracker,
which is developed by a university collaboration between the University of Oxford and
Blavatnik School of Government (Oxford COVID-19 Government Response Tracker, 2020).
The Stringency index systematically collects information on several different common policy
responses that governments have taken to act against the pandemic on 9 policy indicators,
such as school closures and travel restrictions. The index has data from most of the world’s

countries.

We decided to use this index as our variable for restrictions because it is widely used by other
studies (Konig, M. and Winkler, A. 2021; Wang, D. et al. 2021), and in media coverage
(Douglas, J., 2020). We thought of creating our own restriction index for the countries we
wanted to observe but quickly realized that this would be a huge undertaking, the Stringency
index has a team with over one hundred Oxford scholars and staff contributing to the data
collection, hence we decided to use the index that they provide at no cost. (Oxford COVID-19

Government Response Tracker, 2020)

Another relevant dimension when it comes to analyzing economic outcomes during the
pandemic are the big policies with the intention to “get the economy on its feet again” that
both the European Union and US are conducting. The European Union has decided on a €1.8

trillion stimulus package from 2021-2027 with a €750 billion temporary recovery instrument



that intends to repair immediate economic and social damage in the European Union

(European Commission, 2020). It’s the biggest stimulus package ever financed in Europe.

The US are not afraid of spending either, with President Biden passing a $1,9 trillion stimulus
package in March 2021, Trump passed a $2,5 trillion package during 2020, and in December
the American congress passed another $900 billion corona relief bill, this adds up to a total of
27% of the American GDP in different Covid-19 related stimulus packages (Washington Post,
2021).

Unfortunately, it was difficult to compile the stimulus related data for all of our countries,
hence we will not include it in our data analyses. We will however incorporate it in our
discussion as a variable that potentially could distort our result. Giving some background
information about these huge relief packages is relevant for you readers to fully recognize

how committed governments are, in the battle against Covid-19.

What we want to accomplish with our research is to discover and illustrate patterns
concerning measures put in place to reduce the spread of infection and outcomes, both
economical outcomes and health outcomes. This is a complex task since measures depend on
outcomes as well as outcomes depend on measures. It is a bilateral connection with causality
in both directions. To investigate the connection between measures and outcomes we will
examine the variation in the data between our chosen OECD countries and over time. We split
up our data into two time periods, half-year periods. These patterns will be of utmost interest
when conducting further research and discussions on which measures are optimal when facing
a pandemic such as Covid-19. After visualizing and plotting our data we found that the most
suitable method for estimating these outcomes was by using the ordinary least squares (OLS)

method through linear regressions.



2. Previous research

Undeniably there has been a great deal of research regarding the Covid-19 pandemic, research
that analyzes and discusses almost every aspect of the pandemic that has affected us all. We
have mainly focused on the research made regarding macroeconomic effects, health outcomes

and governance since these are the topics we are also analyzing.

One relevant paper published by the European think tank Bruegel which specializes in
economic subjects, has some similarities to our research (Bruegel, 2020). The goal with their
paper is to analyze and observe why Covid-19 hit different European economies so
differently. They include several factors that they believe influenced the degree of economic
contraction of the EU countries they examine in their research. These factors are the severity
of lockdown measures, the structure of national economies, public indebtedness, and the

quality of governance in the countries they are examining.

Regarding the severity of lockdown measures factor that they include in their analyzes we
notice they also use the Oxford Covid-19 Government response tracker, that is the Stringency
index. Similar to us they compute an average of the index over the first semester of 2020,

whilst we compute an average for each half-year of 2020.

Their second possible factor is the structure of national economies. Measures taken to combat
the spread of the virus affect different economic activities differently. They have used the
share of tourism in total GDP as a proxy for different countries' economic structure. Tourism
is thought by Bruegel to be extremely negatively affected by sanitary measures implemented
to fight the spread of the virus. 2019 tourism averaged 4.8 percent of GDP in the European

Union.

The final factor they include in their analysis is the quality of governance. They constructed
an indicator of governance by summing up for each country its scores for the six parts of the
World Bank Worldwide Governance Indicator, resulting in a score for each country varying
from -15 to 15. In 2018, the latest data available, the quality of governance in the European
Union averaged 6. The research author expects that, for a given degree of severity of
lockdown measures, a given structure of the economy and a given level of public debt, the
degree of the Covid-19 economic shock will be lower in countries with a higher quality of

private and public governance and institutions.



We can observe some differences in our research compared to Bruegel’s: they have focused
more narrowly on macroeconomic factors that they argue will explain differences in economic
outcome when faced with a pandemic such as Covid-19. We on the other hand have relied
more on the Stringency index as our explaining factor that we expected and assumed before
conducting our study influenced both economic and health outcomes. It is also relevant to
mention that our research is substantially broader, we examine three types of economic
outcome, GDP, exports, and unemployment rates, as well as incorporating a health-outcome

perspective in the analysis.

A central subject in the Bruegel paper is the record-breaking European stimulus package. It is
evident that it is a big question they want to shed light on. They bring up the huge stimulus
package in the very first sentences of their introduction and emphasize that the multi-billion
fund will mostly benefit the countries that have been hardest hit by the pandemic. And thus,
wanting to be able to explain why these countries got hit so hard, compared to other countries

in Europe.

The Bruegel research arrived at some interesting results, generally they found that differences
in GDP losses were between 30 and 50 percent down to lockdown strictness, between 35 and
45 percent to the quality of governance and between 15 and 25 percent down to tourism. The
variation in results exists because of their way of analyzing the data, they compare pairs of
countries and some country groupings to each other, hence the variation. One example of a
comparison they made was Italy vs. Netherlands, where the lockdown strictness variable and
governance variable each accounted for about half of the differential between the two
countries, and the contribution of the tourism variable is negligible. We will compare these

results to our own in the discussion section of the thesis.

Another research regarding the Covid-19 pandemic which is relevant for us was published by
the National Bureau of Economic Research (Coibion, O., Gorodnichenko, Y. and Weber, M.
2020) which is a renowned economic research organization originating from the US. This
paper is dedicated to conclude the costs of the Covid-19 pandemic and covers some similar
topics to our research. They include lockdowns in their analysis, macroeconomic expectations
of the crisis and tries to predict consumer spending. Worth noting is that the paper was

released in May 2020 so there was not much reliable data to work with at that time.

Their research focuses solely on the US and they study how the differential timing of local

lockdowns due to Covid-19 causally affects household spending and macroeconomic



expectations at local level. Their research’s course of action to obtain data was to use several
waves of customized surveys with over 10,000 respondents who are a representative panel of
households in the US. They found that roughly 50 percent of the survey participants reported
both income and wealth loss due to Covid-19. Average loss of income was $5,293 and
average wealth loss was $33,482. They also found that counties in the US that went into
lockdown earlier than others have an expected unemployment rate that is 13 percent higher

over the next twelve months.

The research illustrates the high levels of concern from American households regarding their
financial situation facing the Covid-19 pandemic. As mentioned earlier, their study was
published in May 2020, their findings are expected losses not realized losses and it is
unfortunate that there has not been a follow-up study on the households that responded to
these surveys which could give us better insights regarding how American households de
facto were affected by the pandemic during 2020. Their results will be compared to our own

in the discussion section.



3. Data and empirical material

3.1 Data description

We limited our research to only analyze data from the OECD countries. There are 37
members in the OECD (OECD, 2020). We chose to use the countries in OECD because they
publish reliable and comprehensive data. The time period for retrieval of all data is limited to
the calendar year 2020 with the exception of population data, because 2019 was the latest data
published.

**Note some data variables are missing for some countries, specifications are included in the

appendix.
3.1.1 Stringency index

The Stringency index, which we use to examine restrictions put in place by governments, is a
composite measure with a simple additive score from nine different indicators on an ordinal
scale and rescaled to vary from 0 to 100 where 0 is no imposed restrictions and 100 is the
most severe restrictions. The Stringency index gives us a score from 0-100 every day for each
country starting from 21/01-2020 until 31/12-2020. Using this index as a basis for our
comparison we decided to split up the data for each country into two averages, one for the
first half-year (21/01-2020 to 30/06-2020) and another for the second half of the year
(01/07-2020 to 31/12-2020). The reasoning behind splitting the data up into half-year
averages is to give a fair comparable value for all countries, since the actual spread and
restrictions caused by Covid-19 differs between the countries. The half-year average was
produced by calculating the sum of the index score for that half-year divided by the amount of
days in that time period. We are using these averages as our restriction variable for each

country, to compare and analyze with our economic and health variables.

More information about how the Stringency index is calculated and computed, together with
calculations and sources from all other variables used in our data is explained in detail in the

Appendix.
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3.1.2 Health data

Excess mortality per 100,000:

Excess mortality per 100,000 shows how many more died during 2020 (divided into first and
second half-year) compared to the yearly average deaths from 2015-2019.

Population (2019)

The country’s population for the year 2019, latest data available.
3.1.3 Economic data

GDP

The percentage change in GDP with reference period Q4 2019. For the first half-year we used
the GDP level for Q2 2020 and for the other half we used GDP level for Q4 2020.
Export

The percentage change in export with reference period Q4 2019. For the first half-year we
used the export amount for Q2 2020 and for the other half we used the export amount for Q4
2020.

Unemployment

The unemployment level for the first half-year by directly retrieving the unemployment rates

from OECD stats for Q2 2020, for the second half we did the same but for Q4 2020.

3.1.4 Other data

Population ages 65 and over (% of total population)

Population age 65 and above as a percentage of the total population.

Urban population (% of total population)

Urban population refers to people living in urban areas as defined by national statistical
offices. Countries differ in the way they classify populations as “urban” or “rural”. There is no
consistent and universally accepted standard for distinguishing urban from rural areas, in part
because of the wide variety of situations across countries (World bank, 2021b). Since we
chose to limit our research to countries that are members of OECD, we assume that the

difference between these countries is negligible.
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3.2 Initial data analysis — visualizing our data

3.2.1 Stringency index distribution

Figure 1. Stringency half-year average 21 January 2020 to 30 June 2020
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Figure 2. Stringency half-year average 21 January 2020 to 30 June 2020
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We explained that we decided to use the Stringency index as our variable for implemented
restrictions, instead of making our own index which would be extremely time consuming. We
begin our analysis with clarifying and illustrating three of our variables in order to convey a
clear picture of the differences during the two time periods, for deeper understanding of the
underlying variables when we progress into the linear regressions. As you can see in the first
two figures, we begin our initial analysis with comparing the Stringency index for our

included countries. Our first step was to calculate the half-year averages of the index.

To reach greater understanding we evaluate if countries that quickly implemented harsh
restrictions, that is had a high Stringency index in the first half-year, lowered their restrictions
in the second half or kept them harsh. The same goes for countries that had soft restrictions
for the first half-year, did they increase dramatically for the second half? Since we include 37
countries in our analysis, we decided to not have the names of all countries written out in all

of the charts, for aesthetic reasons.

In the second figure, the second half-year average of the Stringency index, it is easy to

observe a big increase in implemented restrictions.

Figure 3. Stringency index difference between second and first half-year
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We noticed that most countries imposed harder restrictions, with some countries as exceptions
by lowering their restrictions. To illustrate the actual difference, we plot a chart with the
difference by taking the second half-year average minus the first half-year average and
display it on the x-axis. As we can observe in the figure there are some major increases in

restrictions implemented, but also decreases.

For the first half-year we can note that Japan had the lowest average Stringency index with a
value of 33.6 and they only increased it by 1.46 for the second half-year, giving them the 2nd
lowest Stringency index at the end of 2020, with a value of 35. New Zealand can be observed
in the first half-year with an average Stringency value of 46.7 which was quite average,
putting them in the middle of the countries. We observe in the difference figure that New
Zealand has by far the largest contraction of restrictions. They reduced their index with 17.4
resulting in them having the lowest Stringency value of all the countries we include in our

analysis in the second half-year, a value of 29.3.

In the first half-year chart we note that Italy was the country with the highest restrictions
imposed. Italy had an average value of 61.7 during the first half-year of 2020. We can then
note in the difference chart that Italy was the country that had the smallest change of imposed
restrictions, only increasing their Stringency index with 0.25 to an average value for the

second half-year of 61.95.

As seen in the difference figure we observe that Chile is the country with the largest increase
of imposed restrictions, an increase of 32.6. Resulting in Chile being the country with the
undoubtedly largest Stringency index value for the second half of 2020, an average value of
81.5. Another observation from the second half-year chart, Latin America claims the three
highest positions in the Stringency index. Chile with the largest value of 81.5 followed by
Colombia with an average value of 73.2 and in third place we see Mexico with an average

value of 71.8.

Since we are Swedish and study at a Swedish university we suffer from home-bias. We found
it relevant noting Sweden had the 4th largest increase in imposed restrictions, an increase of
18.1. Resulting in an average value of 59.1 for the second half-year. This is interesting since
Swedish media, the Public Health Agency of Sweden and the Swedish Government all
communicated the “Swedish strategy” which was seen as very soft and inadequate by global

news agencies, for example the Wall street journal (Pancevski, B. 2020). Being the 4th largest

14



Stringency index increase from the first to the second half-year, it is plausible to speculate if

perhaps the Swedish government fell for global peer pressure.
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3.2.2 Excess mortality distribution

Figure 4: Excess mortality per 100,000 1 January 2020 to 30 June 2020
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In the figures above we can observe excess mortality per 100,000 inhabitants during our both
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half-year periods of 2020. The way we calculated these rates was to retrieve data from Our
World in Data which included deaths per week for 2020 and also an average death per week
for 2015-2019 (OurWorldInData, 2021b). We then calculated two half-year averages for
excess mortality, which is our consistent approach, to calculate our data into two half-year

periods.

We observe in the first half-year that the United Kingdom is the country with the largest
excess mortality, with a value of 88.9. This means that 88.9 individuals per 100,000 have died
in addition to the average death toll from 2015-2019 for the first half-year of 2020.

Closely following is Spain, with an average excess mortality for the first half-year of 87.7.

On the other end of the first half-year figure we find three eastern European countries with

negative excess mortality values, Latvia, Lithuania and Hungary.

Latvia is the country with the largest negative value, an average half-year value of 51.6. This
means that 51.6 individuals per 100,000 fewer have died during the first half of 2020,
compared to the half-year average deaths from 2015-2019. Followed by Lithuania with a
negative half-year average value of 32.6. Not far behind we see Hungary with a negative

value of 30.9.

After these three countries we can observe quite a large gap in the excess mortality. The 4th
largest negative value comes from Slovakia, with a half-year negative average value of 8.1, a

large gap from 30.9 as mentioned.

In the second half-year excess mortality figure we observe the major increase in excess
mortality values, in the first half-year period we only had two countries above 85 per 100,000,

now we have 14 countries with a value greater than 85.

In our first half-year chart we observe Poland with a very low value, actually the lowest value
of countries that still had a positive excess mortality, with an average value of 2.8. In the
second half-year we note them furthest down on the chart, with an average value of 190. A
significant increase. If we compare Poland’s excess mortality to their Stringency index during
the first half-year, we can conclude that Poland was relatively strict compared to the other
countries in our analysis, they had an average Stringency index of 50 during the first

half-year, which makes them our 10th most strict country during the first half-year.

We note that Lithuania and Hungary, who were in the bottom three when looking at the first

half-year excess mortality, dramatically increased their excess mortality rate. Lithuania, which

17



had a negative value of 32.6 for the first half-year period, has a positive value of 138.4 during
the second period, which is the 5th largest value observed for the second period. Hungary is
once again closely following Lithuania, they increased their excess mortality from a negative
value during the first period of 30.9 to a positive value during the second period of 132.3.
Lithuania had a Stringency index value of 46.7 during the first half-year period and Hungary
had a value of 47.3. Both these Stringency values are very average if we examine them in
regard to the rest of our countries, yet their excess mortality increases are some of the largest
observed. We note that both Lithuania and Hungary have a relatively large proportion of
elderly, both countries are observed with roughly 20 percent of their population aged 65 or
above, this proportion is greater than most of our other countries. This will be further looked
into in later stages of the research with our regressions, where we will add urbanization and
share of population aged 65 or above to our analysis, to see if these variables can illustrate

deeper insights to the drastic increases in excess mortality.

In the first half-year period we observed eight countries with a negative excess mortality, in
the second half-year of 2020 only two countries showed negative excess mortality values,
those two countries were Australia and New Zealand. New Zealand was the country with the
highest negative value, an average value of 9.6. Australia was not far behind with an average
negative value of 7.6. Worth noting is that both New Zealand and Australia had low positive
values during the first half-year, New Zealand had 5.9 and Australia 6.4. The actual
differences are not very high when comparing the values from the two periods, roughly
differentiating 15, whilst our big differences in countries such as Poland and Lithuania

differentiate roughly 170.
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3.2.3 GDP development

The last initial examination of the main variables we will include in our analysis is GDP. We
include other variables in our more extensive examination of economic outcomes, but GDP is

our prominent one, therefore we will shortly introduce it.

Similar to what we have done with the Stringency index and excess mortality, we decided to

divide GDP into two half-year periods.

Figure 6: GDP percentage change 2 2020 compared to Q4 2019
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Above we see the charts illustrating the GDP change for our countries. We calculated the
GDP change by simply taking the 2nd and 4th quarter GDP value of a country and subtracting
it to the value of the 2019 4th quarter, then dividing the difference to the 4th quarter of 2019

to get a percentage change.

An observation in the first half-year chart, every single one of the countries we include in our

analysis experienced a negative GDP development during the first half-year of 2020.

The largest decline of GDP we observe in Spain, with a decrease of 22.4 percent in GDP.
Italy, which had the largest value in the Stringency index during the first half-year period, had
the sixth largest GDP decline with a 17.8 percent decrease. This is something we expected to
be clear, that countries with harsh restrictions, that is large Stringency index values, would see
the largest declines in economic variables. We will examine and analyze these initial thoughts

more profoundly as we continue forward with our research and conduct regressions.

Other factors we believe will influence how a certain country is economically affected by the
Covid-19 pandemic is the structure of the certain country's economy. If the country is relying
heavily on exports and tourism for example it is intuitive to expect that this certain country
would be more economically affected by a pandemic. Exports are affected because of lower
consumption hence lower and uncertain product demand, tourism because it is such a

contact-intensive sector (World bank, 2020a).
The majority of our included countries experienced a GDP loss between 17 to 7 percent.

The least affected country in our first half-year chart was Korea. They were the only country
to see a decline in GDP of less than 5 percent. Korea saw a decrease in their GDP of 3.9
percent. Japan, which is geographically close to Korea, saw a GDP decrease of 8.7 percent,

more than double the loss of Korea.

Finland, who experienced the second lowest contraction in GDP, a decrease of 5.9 percent,
which is much smaller than the contraction of neighboring countries such as Norway, who

experienced a 9.1 percent decline in GDP.

Japan was the country with the lowest Stringency index for the first half-year, 33.5 and their
neighbors Korea had a value of 49.1, but yet Japan’s drop in GDP was more than twice the
size of Korea. Finland had a Stringency index value of 41 and Norway 44.8, small differences
in the restrictions put in place but vastly larger differences in GDP for the first half-year

period.
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The largest decline of GDP in the second half-year figure we still observe to be Spain,
however with a big improvement from the second quarter. In this chart we can interpret
Spain’s GDP contraction to 8.1 percent, compared to their 22.4 percent decline in the second
quarter. Since the reference period is the same, we can state that they managed to recover

most of the damage caused in the first half-year period.

Worth noting are the countries that managed to turn the ship around and experience positive
GDP growth in the 4th quarter. Poland experienced the largest positive GDP growth with a
value of 1.2 percent, followed by Latvia with 0.5 percent and the third largest GDP growth

observation was Japan with 0.3 percent increase.

We note that Korea’s and Japan’s GDP development completely shifted when we evaluate the
data from the 4th quarter. Korea, which we now can observe to have the 5th biggest decline in
GDP with a negative value of 6 percent, compared to the second quarter when they were the

least economically affected country of all our observations.

One potentially huge explaining factor for the big recovery that we can observe from the
second to the fourth quarter, is execution of fiscal policy, especially the enormous stimulus

and relief packages that governments all over the world have committed into.

3.3 Bivariate plots

The Stringency index tells us how severe restrictions different governments chose to
implement. A greater value on the Stringency index implies that governments have
implemented harsher restrictions, the values range from 0 to 100. All of our bivariate plots
include the Stringency index, to see how the severeness of restrictions influence different

health and economic outcomes.

3.3.1 The contemporaneous connection between Stringency and excess

mortality
Excess mortality (per 100.000

Figure 8: Stringency and excess mortality XY scatter plot for the first half-year of 2020

21



y=2.3019%-89475

Stringency - Excess mortality per 100 000 H1 2020 " o3

® GBR Fspr
80
® MEX1
® ITAL
0 ® DBuLsa1® BELL
® CHLL
& NLDL
40 & SWE1
s ¢ tan ® FRAL
(=]
=1
=
£
Bo ® FORL
g ® 0L
£ s N 8 GRIR1
o ° g CHEL & AUTL ® 15R1
2 ® JPNL @ I5L1 e e v * MELRUSL
i . & POLL
v:" 00 35.00 AR Y 5 55 &0 65
vvvvvvvvvv aeettt SERY S3.00 2UUU 2300 U
e TR e nof D.N'El\.rm
=20
o BriUNL

® LVAl

Stringency Index

Figure 8 shows the Stringency index on the x-axis and excess mortality per 100,000 on the
y-axis. We note Italy furthest to the right which means that they had the highest Stringency
average of 61.7, they are also among the top four when looking at the y-axis. Italy had an
excess mortality of 70.0 during the first half-year. The United Kingdom was the country with
the highest excess mortality of our included countries with a value of 88.9 while their average
stringency value was 51.5. Another observation is Latvia who had a stringency of 43.6, an
observed difference of only 7.9 index points to the UK, but Latvia's excess mortality rate was

the lowest of all countries with an observed negative value of 51.6. trendline
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Figure: 9 Stringency and excess mortality XY scatter plot for the second half-year of 2020
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Stringency Index

Figure 9 illustrates the same variables as figure 8 but for the second half-year of 2020. The
countries with the biggest differences in regard to the Stringency index are Chile and New
Zealand and we observe those at respective horizontal ends. Chile had the highest average of
81.6 and New Zealand at only 29.4. Both these countries have an excess mortality per
100,000 under 50. Poland had the highest excess mortality of 190.2 per 100,000. We note
Sweden around the middle on the x-axis with a relatively low excess mortality of 17.6,
observing only 5 countries with a lower value. During the second half of the year only two
countries had a negative value for excess mortality, compared to eight countries in the first
half. Observing the trendline we note a small correlation between larger Stringency values

and larger excess mortality values, which is very contradicting to at least our initial

expectations.

3.3.2 The contemporaneous connection between the economic outcome and

stringency
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GDP

Figure: 10 Stringency and GDP XY scatter plot for the second quarter of 2020
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Stringency Index

Figure 10 illustrates the Stringency index on the x-axis and the relative GDP change of Q2
2020 compared to Q4 2019 on the y-axis. As expected, we observe a downwards sloping
trendline which means that a higher Stringency index correlates to a larger negative effect on
GDP. The country that had the biggest contraction on their GDP was Spain with a GDP
decrease of 22.4 percent and they had an average Stringency of 52.8. We observe that every
single country we include decreased their GDP during the first half of 2020. South Korea was
the country who had the smallest reduction of their GDP of 3.9 percent, while having an
average stringency value of 49.2. Most of the countries with a Stringency average value

between 40-50 have a GDP decrease between 17-7 percent.
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Figure 11: Stringency and GDP XY scatter plot for the fourth quarter of 2020
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Stringency Index

Figure 11 illustrates the Stringency index on the x-axis and the relative GDP change of Q4
2020 compared to Q4 2019 on the y-axis. Examining this second half-year chart in regard to
the first half of 2020, we observe that GDP contraction is substantially lower overall. Spain
still has the biggest GDP contraction but now only an 8.1 percent decrease compared to 22.4
percent during the first half-year. Some countries even saw an increase in their GDP levels
and most of those are on the lower half in regard to the average Stringency value, countries
such as New Zealand, Norway and Japan. We note that Chile had an average Stringency value
of 81.6 but barely a 0.1 percent decrease in their GDP compared to one year earlier, which is a
very small GDP decrease if we look at the other countries with high Stringency values. Why
the GDP contraction for the second half-year period is lower than for the first period is
fascinating since excess mortality is generally higher for the second period, as well as the
Stringency index which is also generally higher during the second period. This is something
we will include and discuss in the discussion section of our research. We will then also
discuss different factors that we did not include in our analysis that could potentially
counteract our variables and benefit GDP despite the larger stringency and excess mortality

values.
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Unemployment

Figure 12: Stringency and unemployment XY scatter plot for the second quarter of 2020
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Stringency Index

Figure 12 exhibits the Stringency index on the x-axis and unemployment rate during Q2 on
the y-axis. Most countries are below 10 percent unemployment, and we see an upwards
sloping trendline so there is some correlation between the amount of unemployed and how
strict the Stringency index is in the countries observed. Colombia has by far the highest
unemployment rate of 20.5 percent and are also in the top three observations of average
Stringency values for the first half-year. Sweden has an unemployment rate of 8.5 percent

which is the highest for the Nordic countries with Finland slightly below at 8 percent.
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Figure 13: Stringency and unemployment XY scatter plot for the fourth quarter of 2020
Stringency - Unemployment Q4 2020
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Stringency Index

Figure 13 shows the Stringency index on the x-axis and the unemployment rate during Q4 on
the y-axis. Compared to the first half-year, Colombia is no longer the country with the highest
unemployment rate, it has contracted to 15.6 percent. We can now observe Spain at the top
with an unemployment rate of 17.1 percent. The slope on the trendline is almost halved for
the second half-year compared to the first half, which indicates that the correlation between
the Stringency index and unemployment is almost halved. Sweden increased both their
unemployment rate and Stringency index compared to the first half-year, from 8.5 to 9.6

percent and from 41.0 to 59.1.
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Export

Figure 14: Stringency and export XY scatter plot for the second quarter of 2020
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Stringency index

Figure 14 shows the Stringency index on the x-axis and the relative export change of Q2 2020
compared to Q4 2019 on the y-axis. A downwards sloping trendline implies that a stricter
Stringency leads to a larger negative change in the export. Chile is the only country with a
positive relative change in their export, with a 1 percent increase. We observe Sweden with a
negative change of 14.9 percent in their exports, which is a quite average loss of exports when
looking at all our observations. The country with the largest exports’ contraction is Iceland

with a 41.6 percent decrease, we observe that Iceland has the second lowest Stringency value.
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Figure 15: Stringency and export XY scatter plot for the fourth quarter of 2020
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Stringency index

Figure 15 shows the Stringency index on the x-axis and the relative export change of Q4 2020
compared to Q4 2019 on the y-axis. Comparing this figure with the first half of 2020, figure
14, the overall average export change has improved from 19.7 percent to 11.3 percent. Now
both Israel and Ireland accompany Chile in being countries with a total increase in their
export. However the trendline is almost horizontal, the slope is -0.0003, and we see almost no
correlation between the Stringency index and the relative export change. Sweden has
recovered from a negative 14.9 percent change during the first half-year of 2020 to negative

7.2 percent during the second half.
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3.3 Multiple Regression

When collecting all data necessary for our multiple regressions and importing it to our
econometrics software, we noticed that the data for our variables was incomplete with some
countries missing. To exclude this inconsistency, we chose to reduce the estimates by
removing all the countries that did not have data for all variables. In total there are 37
countries that are OECD members, but our regression estimates only consist of 31 countries.
The countries reduced are the following: Colombia, Greece, Ireland, Latvia, Slovenia, and

Turkey

The estimation method used for these tables using the ordinary least squares (OLS) method.
We include our explanatory variables which consists of health and economic outcomes. We
run the regression four times and each time we omit the variable with the highest p-value
before running the next regression. The regressions tables show 3 different types of dependent
variables, government response measures (Stringency index), health outcomes (Excess

mortality per 100,000) and economic outcomes (GDP change).
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Table 1: Regression table with Stringency H1 as dependent variable

Model 1 Model 2 Model 3 Model 4
Dependent variable: Stringency
HI
Constant 55.462%**  547765%**  52.2090%** 47 668***
(0.000) (0.000) (0.000) (0.000)
Urban population 2019 —0.137 -0.135 -0.132 -0.091
(0.185) (0.180) (0.180) (0.316)
GDP change Q2 -0.655* -0.663* -0.689**  -0.919%**
(0.070) (0.060) (0.045) (0.001)
Export change Q2 0.150 0.153 0.172 0.188
(0.273) (0.247) (0.166) (0.131)
Excess mortality per 100,000 H1 0.0474 0.044 0.045
(0.299) (0.282) (0.267)
Population over 65 2019 —0.137 -0.126
(0.630) (0.642)
Unemployment Q2 -0.060
(0.866)
R? 0.379 0.379 0.373 0.342
Adjusted R? 0.224 0.254 0.277 0.269

Note: p-values in parentheses. significance levels: *p<0.1 **p<0.05 ***p<0.01.

In table 1 we use Stringency H1 as our dependent variable and our explanatory variables are
with data from the same time period (first half of 2020) except for urban population and
population over 65 which are from 2019. Table 1 concludes that the coefficient of GDP
change for Q2 is significant at the 10% level on model 1 and 2 but increases as we omit more
variables. In model 4 we see a significance at the 1% level. The negative coefficient implies
that a positive change of 1 percentage unit in GDP is explaining a negative change on the

Stringency index with 0.919 units. A continuous increase in adjusted R2 with each regression

indicates that the estimates are becoming more accurate.
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Table 2: Regression table with Stringency H2 as dependent variable

Model 1 Model 2 Model3 ~ Model 4
Dependent variable: Stringency

H2

Constant 37.387 36.301**  37.041%*  38.623**
(0.000) (0.033) (0.021) (0.013)

Population over 65 (2019) —0.888*  -0.884**  -0.869**  -0.917**
(0.051) (0.043) (0.037) (0.022)

Stringency H1 0.488 0.490 0.478 0.468
(0.127) (0.112) (0.102) (0.102)

Excess mortality per 100.000 H2 0.027 0.028 0.027 0.023

(0.472)  (0.357)  (0.354)  (0.404)

Excess mortality per 100,000 H1 0.192**  0.190*** 0.186***  (.169%**
(0.015) (0.007) (0.004) (0.002)

Unemployment Q4 0.721 0.726 0.715 0.642
(0.253)  (0.233) (0.227) (0.256)

GDP change Q4 0.592 0.585 0.427
(0.659) (0.654) (0.599)
Export change Q4 -0.052 -0.052
(0.877) (0.875)
Urban population (2019) -0.010
(0.958)
R? 0.649 0.649 0.649 0.645
Adjusted R? 0.521 0.542 0.561 0.573

Note: p-values in parentheses. significance levels: *p<0.1 **p<0.05 ***p<0.01.

In table 2 we have Stringency H2 as our dependent variable and we are using the same
explanatory variables except for Q4 GDP, unemployment and export. This time we also
include Stringency H1 as well as the excess mortality for both time periods. Model 1 shows a
significance in the coefficient for population over 65 at a 10% level and also excess mortality
per 100,000 H1 at a 5% significance level. As we omit more variables, we see in model 4 that
excess mortality for HI has a coefficient of 0.169 at a significance level of 1%. This implies
that for each unit increase in excess mortality the Stringency index increases with 0.169 units

during the second half-year.
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Table 3: Regression table with excess mortality per 100.000 H1 as dependent variable

Model 1 Model 2 Model 3 Model 4
Dependent variable: Excess
mortality per 100,000 H1

Constant 165.680** 154.873*** 163.570*** 119.260***
(0.015) (0.009) (0.003) (0.002)
Urban population (2019) 0.957%* 0.94 5% 0.995%* 0.940%*
(0.033) (0.031) (0.016) (0.022)
GDP change Q2 -3.858** -3.794%* -3.442%%% 4 1]10%**
(0.014) (0.013) (0.004) (0.002)
Unemployment Q2 2.913* 2.977* 2.766* 2.862%*
(0.058) (0.057) (0.055) (0.049)
Stringency H1 0.947 0.919 1.017
(0.299) (0.302) (0.226)
Export change Q2 0.289 0.222
(0.639) (0.701)
Population over 65 (2019) 0.463
(0.716)
R? 0.587 0.586 0.582 0.558
Adjusted R? 0.485 0.502 0.519 0.509

Note: p-values in parentheses. significance levels: *p<0.1 **p<0.05 ***p<0.01.

In table 3 we have excess mortality per 100,000 H1 as our dependent variable and using the
same explanatory variables as in table 1, except that Stringency H1 is now an explanatory
variable instead of dependent. Model 4 shows us that urban population, GDP change and
unemployment are all significant on at least the 5% level. The positive coefficients on
unemployment and urban population reveal that as these variables increase more people are
dying. The negative coefficient in GDP change indicates that as GDP level decreases, we see
a higher excess mortality. Together these three variables explain just over 50%, adjusted R2 is

0.509 in model 4, and with only 31 data points this gives a good indication.
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Table 4: Regression table with excess mortality per 100.000 H1 as dependent variable

Model 1 ~ Model 2 Model 3 Model 4
Dependent variable: Excess mortality

per
100,000 H2
Constant 282.464* 289.566** 305.484*** 276.603***
(0.065)  (0.024) (0.006) (0.001)
Urban population (2019) —2.787%%  -2.802%**  2.902%** D ROZHH*
* (0.004) (<0.001) (<0.001)
(0.005)
GDP change Q4 -6.756 -6.927 -5.843 -5.765
(0.380)  (0.342) (0.309) (0.307)
Unemployment Q4 -4.633 -4.612 -4.552 -4.796
(0.201)  (0.192) (0.188) (0.154)
Export change Q4 1.044 1.089 0.928 1.058
(0.591)  (0.553) (0.582) (0.517)
Stringency H2 0.891 0.927 0.779 0.942
(0.472)  (0.418) (0.417) (0.281)
Population over 65 (2019) -1.005 -0.993 -1.129
(0.713)  (0.710) (0.660)
Excess mortality per 100,000 H1 -0.119 -0.119
(0.806)  (0.801)
Stringency H1 -0.172
(0.928)
R? 0.436 0.436 0.434 0.429
Adjusted R? 0.231 0.264 0.292 0.315

Note: p-values in parentheses. significance levels: *p<0.1 **p<0.05 ***p<0.01.

In table 4 we use Excess mortality per 100,000 H2 as our dependent variable to check if we
can observe any similarities with table 3. In this regression we use both our Stringency index
for H1 and H2, we also use excess mortality from the previous time-period. The only variable
in this table that has an acceptable significance level is the urban population. In comparison
with the dependent variable from table 3 we can no longer see a significant explanation for
GDP change and unemployment level.

For tables 5 and 6 regressions we attempted to lag the regression by using Stringency and
excess mortality per 100,000 for H2, however the other variables are still from H1 to check
whether the explanatory variables give us more clarifications for the outcomes than when
using the first time period.
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Table 5: Lagged regression table with Stringency H2 as dependent variable

Model 1 Model2 Model3 Model 4
Dependent variable: Stringency

H2

Constant 38.946  39.071  30.074* 30.683**
(0.110)  (0.102)  (0.054)  (0.046)

Stringency H1 0.544*  0.578** 0.622%*  (.610**

(0.081)  (0.045)  (0.022)  (0.022)

Excess mortality per 100,000 H1 0.151*%*% 0.161** 0.148%*** (.144%**
(0.033) (0.010)  (0.008)  (0.007)

Population over 65 (2019) -0.713*  -0.731*  -0.711*  0.772%%*
(0.097)  (0.080) (0.082) (0.044)
Unemployment Q2 0.831 0.814 0.842%* 0.809
(0.120)  (0.119)  (0.099) (0.104)
Export change Q2 0.134 0.096 0.070
(0.509) (0.547) (0.633)
Urban population (2019) 0.074 -0.077
(0.629)  (0.609)
GDP change Q2 -0.172
(0.754)
R? 0.664 0.662 0.659 0.656
Adjusted R? 0.561 0.578 0.591 0.603

Note: p-values in parentheses. significance levels: *p<0.1 **p<0.05 ***p<0.01

In table 5 we observe that the coefficients for Stringency H1, excess mortality per 100,000 H1
and population over 65 are significant on at least the 5% level in model 4. However in model
3 we also note that unemployment Q2 is significant at the 10% level. The Stringency index
explains how different governments respond to the pandemic and it is therefore reasonable to
make decisions based on data from a previous time-period. This estimation shows a strong

indication that this is the case since we observe an adjusted R2 value over 60%, 0.603.
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Table 6: Lagged regression table with excess mortality per 100 000 H2 as dependent variable

Model 1 Model 2 Model 3 Model 4
Dependent variable: Excess mortality
per 100 000 H2

Constant 322.208%* 320.071%* 333.729%** 312.868***
(0.035) (0.031) (0.002) (0.001)
Population over 65 (2019) -2.382 -2.457 -2.514 -2.509
(0.355) (0.307) (0.279) (0.272)
Urban population (2019) -2.944%**% D 9R6F**k D 954k D TOQHE
(0.004) (0.003) (0.002) (0.001)
GDP change Q2 -1.717 -1.522 -1.626 -2.340
(0.611) (0.563)  (0.511) (0.216)
Unemployment Q2 -1.446 -1.490 -1.520 -1.021
(0.651) (0.631) (0.616) (0.713)
Excess mortality per 100,000 H1 0.157 0.161 0.174
(0.705) (0.690) (0.651)
Stringency H1 0.199 0.239
(0.914) (0.982)
Export change Q2 0.119
(0.651)
R? 0.390 0.390 0.390 0.385
Adjusted R? 0.205 0.238 0.267 0.290

Note: p-values in parentheses. significance levels: *p<0.1 **p<0.05 ***p<0.01

In table 6 we use excess mortality per 100,000 H2 as our dependent variable to check if the
outcomes from the first half-year can explain the outcome for excess mortality per 100,000
H2. In all models we see that urban population is the only variable that is significant at the 1%
level. Similar to table 4 we cannot use the economic outcomes or the restriction measures
implemented to explain our dependent variable using this estimation. The adjusted R2 value is
below 30% which indicates that there are plenty of other factors that can explain this variable,

which we have not included in our estimation.
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Table 7: Regression table with GDP change Q2 as dependent variable

Model 1  Model2  Model 3  Model 4
Dependent variable: GDP change

Q2
Constant -0.725 1.219 2.090 3.855
(0.935) (0.832)  (0.670) (0.389)
Stringency H1 —0.198* -0.207**  -0.210%*  -0.217**
(0.071) (0.044)  (0.038) (0.029)
Excess mortality per 100,000 H1 -0.058**  -0.055** -0.053**
(0.014) * -0.052%%** *
(0.009)  (0.007) (0.005)
Export change Q2 0.222%**  (0,228%***  (.224%** (. 2]3%**
(0.001)  (<0.001) (<0.001)  (<0.001)
Population over 65 (2019) 0.106 0.102 0.086
(0.496) (0.503)  (0.558)
Unemployment Q2 0.102 0.096
(0.600) (0.614)
Urban population (2019) 0.017
(0.773)
R? 0.680 0.679 0.677 0.672
Adjusted R? 0.600 0.615 0.626 0.635

Note: p-values in parentheses. significance levels: *p<0.1 **p<0.05 ***p<0.01.

In table 7 we have GDP change Q2 as our dependent variable to observe how the economic
outcome can be explained by the other variables. In model 4 we have the coefficient of three
variables, stringency HI1, excess mortality per 100,000 H1 and export change, that are
significant on at least the 5% level. The negative coefficient on Stringency H1 and excess
mortality per 100,000 H1 implies that a positive change of one unit in these variables would
lead to a negative change in GDP by 0.217 respectively 0.053 units. The positive coefficient
of export conveys a positive relationship, that is when export increases with 1 unit, GDP
increases by 0.213 units. This table has an adjusted R2 value from 0.600 to 0.635 which

implies that these three variables explain 60 to 63.5 percent of the dependent variable.
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Table 8: Regression table with GDP change Q4 as dependent variable

Model 1 ~ Model 2 Model 3 Model 4
Dependent variable: GDP change

Q4
Constant 2.183 3.132 3.273 4.505%*
(0.621) (0.399)  (0.366) (0.033)
Excess mortality per 100,000 H2 —0.005 -0.005 -0.005 -0.006
(0.380) (0.347)  (0.360) (0.157)
Unemployment Q4 -0.112 -0.107 -0.101 -0.109
(0.267) (0.277)  (0.284) (0.233)
Export change Q4 0.194%**  (0.190***  (0.192%**  (.194***
(<0.001)  (<0.001) (<0.001) (<0.001)
Stringency H1 -0.059 -0.058 -0.053 -0.056
(0.260) (0.256)  (0.263) (0.223)
Excess mortality per 100,000 H1 -0.036%*  -0.035%** -0.032%*
* * -0.034%** *
(0.003) (0.003)  (<0.001) (<0.001)
Urban population (2019) 0.014 0.011 0.012
(0.656) (0.670)  (0.675)
Stringency H2 0.015 0.010
(0.659) (0.759)
Population over 65 (2019) 0.031
(0.679)
R? 0.794 0.793 0.792 0.790
Adjusted R? 0.720 0.730 0.740 0.748

Note: p-values in parentheses. significance levels: *p<0.1 **p<0.05 ***p<0.01.

Table 8 illustrates the GDP change Q4 which has the same variables as table 7 but for the
second half-year. Similar to the previous table we observe that excess mortality per 100,000
HI1 and the export change Q4 are both significant at the 1% level. The coefticients for these
variables are going in the same direction as before which indicates a robust result. All models

have an adjusted R2 value > 0.7 ensuring us that the estimates are a good fit.

38



Table 9: Lagged regression table with GDP change Q4 as dependent variable

Model I  Model2 Model 3 Model 4
Dependent variable: GDP change

4
gonstant 1.444 2.392 3.262%*  2.568%**
(0.724)  (0.369) (0.047)  (0.005)
Excess mortality per 100,000 H1 -0.020*  -0.019*  -0.018*  -0.019*
(0.088)  (0.076)  (0.076)  (0.070)
GDP change Q2 0.291%**  (0.202%** (. 277*** (.269%**
(0.005)  (0.004) (0.003)  (0.003)
Export change Q2 0.064* 0.067*  0.069**  0.075**
(0.075)  (0.055) (0.041) (0.018)
Unemployment Q2 0.053 0.049 0.049 0.059
(0.562)  (0.577)  (0.571) (0.480)
Population over 65 (2019) -0.031 -0.034 -0.036
(0.661)  (0.630)  (0.601)
Stringency H1 0.025 0.020
(0.635) (0.678)
Urban population (2019) 0.008
(0.759)
R? 0.772 0.771 0.770 0.767
Adjusted R? 0.703 0.714 0.724 0.731

Note: p-values in parentheses. significance levels: *p<0.1 **p<0.05 ***p<0.01.

Table 9 displays GDP change Q4 but with the lagged explanatory variables from H1 and Q2

to observe how the outcomes and measurement taken in the first half-year affects the GDP by

the end of the year. Model 4 shows similar results from tables 7 and 8 which indicates that the

signs and sizes of the significant coefficients are reliable. The GDP change as dependent

variable has the overall highest adjusted R2 values which implies that this model fits the best

estimations for the economic outcome. It is important to note that outcomes affect

measurements taken and that those measurements affect the future outcomes which will in

turn affect further measurements taken, hence we conclude a bilateral relationship.
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4. Results

The multiple regressions are the core of our results to actually observe how the estimations
give us results to interpret. The regression tables illustrate three different types of dependent
variables, government response measures that is Stringency index, health outcomes that is
excess mortality per 100,000 and economic outcomes that is GDP change. Note that the
majority of our variables are in percentage units, but we also have variables in other units, for
example excess mortality per 100,000 and population which is the actual number of people in

a country. This is of great importance when interpreting and comparing the results.
4.1 Stringency index as dependent variable

First, we used the Stringency index as our dependent variable and ran the regressions for both
half-year periods and a lagged regression with explanatory variables from the previous time
period. The results seen from table 1 shows the coefficient of GDP change Q2, -0.919, to be
significant at the 1% level which indicates a negative change in GDP of one percentage unit

generates a positive change on the Stringency index with 0.919 units.

In both table 2 and 5 where Stringency H2 is the dependent variable we notice that the
coefficient for excess mortality per 100,000 H1 is significant at the 1% level and the value
ranges from 0.144 to 0.169. We also observe that the coefficient for the population over 65 is
significant at the 5% level. In table 5 we also note how the coefficient for the Stringency
index HI is significant at the 5% level with a value of 0.610. These significant explanatory
variables imply that the restrictions imposed in the first half-year in addition to how old the
population is as well as the excess mortality rate during the first half-year, all together
explains roughly 60% of the Stringency index value during the second half of 2020. The
adjusted R2 values for both these models are between 0.573 to 0.603 which manifest the

percentage variation by the independent variables that actually affect the dependent variable.
4.2 Excess mortality per 100,000 as dependent variable

Our health outcome variable excess mortality per 100,000 was the second dependent variable,

displayed in tables 3, 4 and 6.

In table 3 we have the first half-year period H1. We note that three explanatory variables are
significant on at least the 5% level with unemployment Q2 and urban population having

positive coefficient values, 2.862 respectively 0.940, and on the 1% significance level the
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GDP change exhibits a negative coefficient of -4.110. This implies that when GDP decreases
with 1 percentage unit the Excess mortality per 100 000 rate increases with 4.110 units. The
adjusted R2 value of 0.509 indicates that the significant explanatory variables explain our

dependent variable excess mortality per 100,000 H1, by 50.9%.

Table 4 and 6 uses the excess mortality per 100,000 H2 as the dependent variable and in both
these tables only the variable urban population is significant at the 1% level. The coefficient
values range from -2.868 to -2.790 which means that when the urban population decreases
with 1 percentage unit the excess mortality per 100,000 increases with roughly 2.8 units. The
adjusted R2 value for these tables is 0.315 respectively 0.290 which is substantially lower
than for table 3. This indicates that the explanatory variables for table 3 are a better fit in the
estimation and explain the excess mortality per 100,000 to a higher degree for H1 than for H2.

4.3 GDP change as dependent variable

The economic outcome variable chosen for the regressions was the relative GDP change Q2

and Q4 with Q4 2019 as reference period.

Tables 7-9 displays both our time-periods and a lagged regression. Both excess mortality per
100,000 HI and the export change was significant in all tables, where the first one had a

negative coefficient and the ladder a positive coefficient.

When excess mortality increases it implies a decrease in GDP. The coefficient ranges from
-0.05 to -0.02 and is interpreted as for each unit increase in excess mortality per 100,000 the
relative GDP level decreases by two to five percentage units. As we expected, when there is

an increase in exports, we also observe an increase in GDP.

In table 7 the Stringency H1 coefficient is significant at the 5% level with a negative
coefficient of -0.217. This is interpreted as for each unit increase on the Stringency index the

GDP level decreases by 0.217 percentage units.

The adjusted R2 value observed is highest for tables 7-9 which indicates that the estimations
in the model are relatively best fitted for the economic outcome as dependent variable
followed by the government response measure, Stringency index, and lastly health outcome

excess mortality per 100,000.

Table 7 displays adjusted R2 values between 0.6 and 0.635, which can be interpreted as
following: our significant explanatory variables in all four models displayed on table 7 at least

explain our dependent variable, GDP change Q2, with 60%.
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Our most explaining regression we conclude is Table 8. Here we can observe our largest
determination coefficient between explanatory variables and the dependent variable, GDP
change Q4. We observe adjusted R2 values ranging from 0.72 to 0.748 for all four models,
that is the explanation for the dependent variable by the significant explanatory variables

ranging from 72% to 74.8% which indicates a good fit and is our most distinguished result.

Comparison between the tables shows how the outcome variables affect the measurements
taken and how the measurements taken affects the outcomes which illustrates how complex
this topic is. This bilateral connection is displayed when looking at different tables with
different dependent variables whilst noting the significant explanatory variables. For example,
if we look at table 1, where Stringency for the first half-year is the dependent variable, we
note GDP change for the first half-year to be significant, when observing table 7 we find GDP
change for the first half-year as our dependent variable and note that Stringency for the first
half-year now is a significant explanatory variable. This illustrates the causal link we try to
point out. The connection can also be identified when comparing the tables of excess

mortality and GDP as dependent variables.

Our model does not take all possible variables and explanations into account. The results can
however give us a better understanding of how these variables affect each other and be helpful
for reasoning and decision making when approached by similar situations resembling
Covid-19 in the future. Since the data is limited to one year it was not suitable for a
time-series or panel regression but should be considered for future research when more data is

available.
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5. Discussion

The results are presented in three perspectives which are government response measures,
health and economic outcomes. Our expectations were that these variables in some ways
affect each other’s, for example regarding the Stringency index we first assumed and expected
that when a country enforces stricter measures and increases their Stringency index following
things would occur: GDP and export should decrease since more people are staying home and
reducing their consumption, while focusing on supporting local business over international.
We expected unemployment levels to rise as uncertainty in demand increases within several
sectors. In addition to uncertainty in demand a lot of workplaces switched to working from
home but since that option is not applicable in all work sectors, we expect an increase in
unemployment because of the work structure changes. An increase of the Stringency index is
a way to prevent spread of infection and we expected that excess mortality rates should
decrease for countries with higher Stringency values, since it would hamper the spread of
Covid-19 infection but also reduce other diseases because of the restrictions that keep people
more at home. Another expectation we had was that countries with an older population,
higher percentage rates of population age 65 and over, would reflect on the degree of
implemented restrictions, that is their Stringency index values. In regard to increases in excess
mortality our expected consequences were as stated above, larger Stringency index values but

also that the increased Stringency would in turn cause GDP contraction.

The results illustrate that more accurate comparisons and conclusions should be drawn from
the lagged regressions where the explanatory variables are from the previous time-period to
see how the outcomes affected the government response decisions. This is reasonable since it
takes time to collect data and detect patterns from the outcomes and use that information to
direct both health and economic outcomes through response measures. Stringency H2 could
be explained by how the Stringency looked during the first period, HI, which we observed to
be significant. We also note that the amount of excess mortality reflects on how big the actual
infection spread is in the country and not only based on data for confirmed cases and deaths
related to Covid-19. Table 5 confirms this as the coefficient of excess mortality per 100,000
for H1 is significant at the 1% level for Stringency H2.

The results confirm our expectations that countries with an older population and a high excess
mortality implement stricter measures, at least according to the results derived from our

regressions with Stringency index as dependent variable. Our results cannot confirm our
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expectations regarding unemployment levels, we can only observe it being significant in one
of our tables, table 3. In table 3 the coefficient of unemployment Q2 was 2.862 and is
significant at the 5% level which tells us that one percentage unit increase in unemployment
explains an increase in excess mortality per 100,000 H1 with 2.862 units. However, it is
important to be careful when interpreting these results since we only observed significance for

unemployment once, while our other variables show significance in several tables.

Similar to the results concluded from Bruegel we see how the lockdown measures and health
outcomes plays a significant role in explaining economic outcomes from the pandemic, which
in our report is reflected on the significance of Stringency and excess mortality with respect to
GDP. In one of their regressions, they obtain roughly 60% explanation, adjusted R2 value,
from their explanatory variables’ lockdown, tourism, and governance to their dependent
variable, “covid economic shock™. From our table 7 we can observe slightly more robust
results explaining our dependent variable, GDP change Q2 with 63.5% by our significant
explanatory variables lockdown, health outcome and export change. For future research, when
more Covid-19 related data is available, results and causation of outcomes could be very

fascinating if both Bruegel’s variables and ours were to be included in the analysis.

The National Bureau of Economic Research report we depicted in the previous research
section, based their results from surveys and expectations from individuals how the lockdown
affected their income and wealth. Their results stated that counties that implemented
lockdowns earlier faced higher uncertainty which resulted in less spending that in turn
affected the local GDP and unemployment negatively. Even though the method NBER uses
with surveys differs from ours, the results can be interpreted in a comparable way and give
consensus that stricter lockdown measures are more costly when assessing the economic

dimension of Covid-19.

Since our results and analysis are derived from our data, it is highly relevant to discuss the

reliability and accuracy of our used data.

Starting off with our restriction variable, we used the Stringency index provided by Our world
in data, who retrieved the data from Oxford’s COVID-19 Government Response Stringency
Index, we found this data to be the best comparable variable for implemented restrictions
available. It reports how different countries have responded to the pandemic with different
restriction policy indicators. However, we are aware that this index has its distinct flaws and

that it is far from a perfect measurement to reflect the whole picture of reality. Since it only
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consists of nine different policy indicators it does not convey a very broad look of the
different types of restrictions. The scoring in the index is also quite problematic, and
sometimes also very simplified which leads to unjust comparisons. The scoring problems are
described very well in an article from AIER, American Institute for Economic Research

(Book, J. 2020).

The author illustrates a perfect example with the variable for international travels “C8”. As
stated in our appendix, C8 is a five-step ranking variable that reads: “0: No measures, 1:
Screening, 2: Quarantine arrivals from high-risk regions, 3: Ban on high-risk regions, 4: Total
border closure”. The ranking has rephrased its requirements since the article from AIER was

written but the issues still remain.

When AIER published their article the third ranking was phrased “3: Ban arrivals from some
regions”. Now however with “high-risk regions” the problem is still the same, countries can

define high-risk in their own fashion.

The article continues illustrating the world of differences of “some” or “high-risk” that is not
reflected in the index. The 25th of May 2020 Denmark admitted “some” people into its
country while turning everyone else down, here they were downgraded to a 3 which was the
same as Sweden. Sweden followed the European Union’s baseline policies which restricted
non-EEA nationals which is the European Economic Area. Sweden kept their 3 throughout
2020. When they included certain non-European countries, made it easier for those with
family connections to arrive, or allowed those with work permits to come, nothing got
reflected in the ranking score, showing how static the variable is. Iceland had a 3 after the
early stages of the pandemic as well. Iceland however barely let anyone in, then opened up for
tourists in June against a test at the border, then in August they implemented a 5-day
quarantine with a test before and after said quarantine, all at the travelers’ expense. Sweden’s

attitude: No quarantine, no tests, minimal restrictions to far-off travelers.
Very different approaches from our Nordic countries, but the ‘3’ remained for all of them.

With over one hundred individuals from Oxford and Blavatnik School of Government
involved in the Stringency Index it might still be difficult to keep track of all the minor
changes in restriction policy in the world's many countries. The critique is in our opinion still
warranted though when analyzing data the way we do, heavily relying on the Stringency

index as a fair and equal index displaying differences in restrictions.
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Another variable which is much like the previous one, very static, is C7. This variable
describes Internal Movement, which is a 3-ranking variable. 0: No measures, 1: Recommend
movement restrictions, 2: Restrict movement. Let us look at May again. Swedish Health
Authorities had then offered recommendations not to travel if you were ill, and that people
should consider if they really needed to travel. This warranted a ‘1’ according to the team at
Oxford. Noting here that Danish authorities recommended working from home and avoiding

public transport if possible, the team at Oxford ranked Denmark at ‘0’.

We also note that other relevant factors when looking at imposed restrictions are not included
in the index, such as mask mandates, which is one of the biggest topics and widely debated

about the Covid-19 pandemic and in our opinion quite a big deal in regard to freedom.

To summarize our thoughts and critique against the Stringency index, we feel that it is not
nuanced or spaced enough to capture the true differences between countries or reflect what

people actually mean by “lockdowns” or government policies.

When inspecting our other data variables there are things to comment on as well. For
example, our urbanization variable. Here we see quite large differences in our chosen
countries, for example Slovakia has an urban population of 53.7 percent and the Netherlands
has 91.8 percent living in an urban area. This variable is problematic because there is no
consistent and universally accepted standard of distinguishing urban from rural areas, that is

countries decide the classification themselves.

Most countries use the urban classification related to the size or characteristics of settlements,
while other countries define urban areas based on the presence of certain infrastructure and
services, other countries designate urban areas based on administrative arrangements. Because
of the differences between nations' classifications, comparisons should be made with caution.
Our main analysis is conducted with respect to economic and health outcomes, but to give the
research a deeper dimension we decided to also include urbanization and a variable with
percent of population age 65 or above, since we thought these variables would be relevant to
analyze in regard to a virus such as Covid-19. Regarding the critique towards urbanization,
we decided it would still be relevant to include even though differences in classification for
countries, since our main conclusions originate from the economic and health variables. If all
data we collected had the same universal standard the estimates would give a more accurate

result and lead to more clear conclusions. Since this is a lot easier said than done and the
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complexity behind all these variables, as the collection and compilation of certain data has to

be realistic, we must take these inconsistencies into consideration when evaluating the results.

We have now mentioned and discussed potential problems with the data we used in our study,
but there is even more to consider when it comes to dimensions and data we did not include in
our research that could lead to biases, distorted results and errors. Examples of variables we
did not include but could be of interest are: More comprehensive data of national economic
structures such as tourism, social structures and economic gaps in countries, the short time

span, Covid-19 relief packages.

As we have worked with our study, read more research papers and news articles concerning
the Covid-19 topic, it has become clear to us that countries relying on tourism have been
immensely more affected by Covid-19 than other countries, regardless of the spread of
infection in these countries. Why countries heavily relying on tourism have been affected
more is not difficult to comprehend. According to the IMF the travel and tourism sector has
become one of the most important sectors in the world economy, accounting for 10 percent of
global GDP and 320 million jobs, the sector being worth almost $9 trillion (IMF, 2020b;
McKinsey,2020b). Covid-19 caused an unprecedented crisis in the tourism sector since
countries did not allow international travelers to enter, furthermore people did not want to
travel in the midst of a pandemic because they rely on their national health-care systems and
do not feel comfortable travelling as they weigh the risk of falling ill. International tourist
arrivals were projected to plunge by 60 to 80 percent during 2020, and tourism spending is not
likely to return to pre-crisis levels until 2024, endangering up to 120 million jobs

(McKinsey,2020b). With all of this in mind let us review the case of Spain.

Spain which was the country who we observed had the largest economic contraction in terms
of GDP out of all our included countries. If we break down the economic structure of Spain it
is easy to observe the importance of tourism for Spain’s economy. According to OECD in
2017 tourism accounted for 12.2 percent of the GDP and in 2018 it sustained 13.5 percent of
all jobs, 2.6 million direct jobs (OECD iLibrary, 2020). With tourism being such a
contributive sector, a cornerstone for the Spanish economy we believe that tourism is a strong

contributive factor for economic contraction caused by Covid-19.

The country with the second largest economic contraction we saw during Q2 2020 was the
UK. Tourism stands for roughly 10 percent of their GDP and sustains 11 percent of jobs, once

again highlighting tourism as a strong contributive factor when analyzing Covid-19 economic
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contraction. Sweden's tourism accounted for 6.2 percent of their GDP and observe a decrease

in Sweden’s GDP of only 8.2 percent compared to Spain’s decrease of 22.4 percent.

In hindsight, including tourism as a percentage of GDP variable probably would be a good
idea but in the beginning of our study, we decided to limit the variables because of the vast
amount of data and the time-consuming efforts made to retrieve and process it for our
purposes. It is also now in the later stages of our work we reached the insights regarding

tourism, re-doing our data analysis and regression tables felt redundant.

Social structures and economic gaps in different nations are most likely also relevant when

analyzing economic contraction and health outcomes caused by Covid-19.

An article published by Brookings highlights this dimension of the pandemic. They
emphasize that inequities in social determinants of health, income, health-care access,
education and housing puts minority groups at increased risk of economic contraction and
dying from Covid-19. According to Brookings, Black and Hispanic communities in the US
are clustered in high-density urban locations, which were the locations most affected during
the early stages of the pandemic (O’Donnell, L. B., Kristen E. Broady, Wendy Edelberg, and
Jimmy, 2020). In addition, they also illustrate that Black and native American people
disproportionately use public transit, which has been associated with higher Covid-19
contraction rates. Relatedly, these demographic groups entered the crisis with higher
incidence of diseases such as hypertension, diabetes, and heart disease, which increase one’s

risk of severe illness and dying from Covid-19.

Compared to white, non-Hispanic Americans, Black Americans were 4.7 times more likely to
be hospitalized as a result of contracting the virus, and 2.1 times more likely to die from
Covid-19 related health issues. Going deeper and analyzing Covid-19 consequences in regard
to social structures will probably deliver interesting results, but it is a bit too specific for our
research and would require a lot of time finding the relevant data for all of our countries. For
our research we decided to focus on the larger macroeconomic effects but as the article
illustrates, there are fascinating discoveries to be made regarding minorities and socially

vulnerable society groups facing Covid-19.

One external factor that we consider to be perhaps the most relevant are the extensive and
massive Covid-19 related relief packages which have been mentioned previously in the study.

The absolute incomprehensive amount of money spent on stimulus and relief packages

48



throughout the world are unique, according to McKinsey more resources was spent during the
first 2 months of the Covid-19 crisis than in the whole financial crisis 2008-2009, and western
Europe alone allocated resources to an amount almost 30 times larger than today's value of the

Marshall plan (McKinsey, 2020).

Covid-19 stimulus packages is a central subject in the Bruegel paper, and it seems to be a big
topic they want to shed light on. They bring up the record-breaking European Union stimulus
package in the very first sentences of their introduction and emphasize that the multi-billion
fund will mostly benefit the countries that have been hardest hit by the pandemic. And thus,
wanting to be able to explain why these countries got hit so hard, compared to other countries

in Europe.

We speculate that stimulus packages could be an explaining factor for the economic recovery
of Japan which we saw in Q4 2020. Japan is one of the countries in the world that committed
most resources in terms of percent of GDP in different relief packages, with the intention of
boosting their economy (Kajimoto, L. K., Tetsushi 2020; McKinsey, 2020). According to
Reuters they have allocated resources corresponding to roughly two thirds of their total GDP
into different Covid-19 related relief packages. Japan’s prime minister had this to say
concerning the last stimulus package of 2020: “We have compiled the new measures to
maintain employment, sustain business and restore the economy and open a way to achieve
new growth in green and digital areas, so as to protect people’s lives and livelihoods”

(Kajimoto, L. K., Tetsushi, 2020)

Suga also said that this fresh stimulus package would boost Japan's GDP by roughly 3.6
percent, further giving us reason to believe the stimulus packages played a big part in all of
the recoveries we saw from our Q4 2020 GDP analysis compared to Q2 (Kajimoto, L. K.,
Tetsushi, 2020). Initially when we began our research, we had no clue about the extensive
stimulus packages that had been launched. It was first when stumbling upon the McKinsey
article comparing Covid-19 stimulus to the 2008 financial crisis stimulus that we understood
the magnitude of allocated resources by governments. We quickly thought this would be very
relevant and interesting to include in our analysis, however it was difficult finding data for our
chosen countries and hence we decided not to include it when we only found reliable data for

a couple of countries.
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The results derived from this research could give meaningful input in political discussions
about future policies and also give insights of how the economic costs have been affected by
the response measures which is of great importance when trying to determine best practice
policy for future pandemics. Since the topic is inherently complex, with a bilateral
relationship and causality in two directions, that is measurements affecting outcomes and vice
versa, there are no simple answers. Even if there is no direct or short answer to the complex
Covid-19 dilemma it is relevant to assess consequences and examine data to find patterns,
flaws, or other errors in order to come closer to discussions that lead to solutions. We make an
effort to highlight several other potentially relevant variables for further research that we

detected during the work process which we hope can be of use to future scholars.
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Appendix

In the appendix we go more into detail on how the Stringency index is constructed and
calculated. Together with the other variables where we explain where the data is collected,

how it has been used in calculations to create clean and comparable data.

Stringency index

The indicators are organized into different groups where C is containment and closure policies
and H is health system policies. These specific policy and response categories are described as
follows:

School closures (C1):

0 - No measures

1- Recommend closing

2 - Require closing (only some levels or categories, just high school or just public schools)
3 - Require closing all levels

Workplace closures (C2):

0 - No measure

1 - Recommend closing (or work from home)

2 - Require closing (or work from home) for some sectors or categories of workers

3 - Require closing (or work from home) all but essential workplaces (eg grocery stores,

doctors)

Cancel public events (C3):

0 - No measures

1 - Recommend canceling

2 - Require canceling
Restrictions on gatherings (C4):
0 - No restrictions

1 - Restrictions on very large gatherings (the limit is above 1000 people)
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2 - Restrictions on gatherings between 100-1000 people

3 - Restrictions on gatherings between 10-100 people

4 - Restrictions on gatherings of less than 10 people

Close public transport (C5):

0 - No measures

1 - Recommend closing (or significantly reduce volume/route/means of transport available)
2 - Require closing (or prohibiting most citizens from using it)

Public information campaign (H1):

0 - No COVID-19 public information campaign

1 - Public officials urging caution about COVID-19

2 - coordinated public information campaign (eg. across traditional and social media)
Stay at home (C6):

0 - No measures

1 - Recommend not leaving house

2 - Require not leaving house with exceptions for daily exercise, grocery shopping, and

‘essential’ trips

3 - Require not leaving house with minimal exceptions (e.g. allowed to leave only once every

few days, or only one person can leave at a time, etc)
Restrictions on internal movement (C7):

0 - No measures

1 - Recommend movement restriction

2 - Restrict movement

International travel controls (C8):

0 - No measures

1 - Screening

2 - Quarantine arrivals from high-risk regions
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3 - Ban on high-risk regions

4 - Total border closure

The calculation for the stringency index is described by Our world in data as follows:
“The stringency index is calculated using only the policy indicators C1 — C8 and H1. The
value of the index on any given day is the average of nine sub-indices pertaining to the

individual policy indicators, each taking a value between 0 and 100: [ = % Y. IjIndicators
j=1

9
C1 to C7 and H1 have an additional flag corresponding to whether the policy has been applied
locally, in specific areas/circumstances, or generally, nationwide. We define G, to be 0 if the
policy is targeted and 1 if general. Note that a policy can only be general if it has a non-zero
value, since a zero value corresponds to no measures being taken. Because different indicators
J have different maximum values N;in their ordinal scales, we weight the additional
contribution of a general policy by the average number of ordinal points across the eight
indicators that have the targeted/general qualification. This ensures that general policies are
not “over-contributing” to indicators with fewer ordinal points or “under-contributing” to

indicators with more ordinal points. The additional weight for a policy of general scope is

defined in relation to the number of ordinal points of the eight indicators that have the

[ee]

targeted/general flags, thatisw = % then we define, for these 8 indicators the

1
WNj+1)°

sub-indices to be [j = 100(Cj %}W + w Gj) where C is the ordinal value of indicator Cj

and its weighting here ensures that the subindex /j varies between 0 and 100. Since C8 has no
notion of general vs targeted, we just have 1,=100(C9/N9). The sub-indices are thus linearly
proportional to the ordinal value of that policy indicator, with a standardized ‘bonus point’ for
a generally-applied policy. If fewer than six policy indicators have data on a given day, the
index calculation is rejected and no value is returned.” (Oxford COVID-19 Government

Response Tracker, 2020)

Health data

Excess mortality per 100.000:

Excess mortality was calculated by taking total deaths in a country for each half-year of 2020
subtracted with the total average death for the years 2015-2019 (one data point for each half
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year). To get excess mortality per 100,000 we took the absolute value of excess mortality
divided by the country’s population multiplied 100,000.

Formula: ((Total deaths half-year 2020 - average annuals deaths 2015-2019)) / (Population) *
100,000

Data imported from:

https://github.com/owid/covid-19-data/blob/master/public/data/excess_mortality/excess mort
ality.csv

**Missing countries: Ireland, Turkey

Population (2019)

The country’s population for the year 2019, latest data available.

Data imported from: https://ourworldindata.org/covid-cases

Economic data

GDP

With this variable we wanted to observe the percentage change in GDP with reference period
Q4 2019. For the first half-year we used the GDP level for Q2 2020 and for the other half we
used GDP level for Q4 2020.

Formula: ((GDP level Q2 2020) - (GDP level Q4 2019)) / (GDP level Q4 2019) first half
((GDP level Q4 2020) - (GDP level Q4 2019)) / (GDP level Q4 2019) second half

Data imported from: https://stats.oecd.org/

**Missing countries: Colombia, Turkey

Export

The percentage change in export with reference period Q4 2019. For the first half-year we
used the export amount for Q2 2020 and for the other half we used export amount for Q4
2020.

Formula: ((Export Q2 2020) - (Export Q4 2019)) / (Export Q4 2019) first half
((Export Q4 2020) - (Export Q4 2019)) / (Export Q4 2019) second half

Data imported from: https://stats.oecd.org/

**Missing countries: Latvia, Turkey

Unemployment

57


https://github.com/owid/covid-19-data/blob/master/public/data/excess_mortality/excess_mortality.csv
https://github.com/owid/covid-19-data/blob/master/public/data/excess_mortality/excess_mortality.csv
https://ourworldindata.org/covid-cases
https://stats.oecd.org/
https://stats.oecd.org/

For this variable we observe the unemployment level for the first half-year by directly
retrieving the unemployment rates from OECD stats for Q2 2020, for the second half we did
the same but for Q4 2020.

Data imported from: https://stats.oecd.org/

**Missing countries: Greece, Latvia, Slovenia and Turkey
Other data

Population ages 65 and over (% of total population)

Population age 65 and above as a percentage of the total population.

Data imported from: https://data.worldbank.org/indicator/SP.POP.65UP.TO.ZS?locations=OE

Urban population (% of total population)

Data imported from:

https://data.worldbank.org/indicator/SP.URB.TOTL.IN.ZS?locations=OE
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