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CHAPTER YV
SUMMARY

The chapter examines the interrelationship between epide-
miology and economics, and the trade-offs that society
faces in the event of a virus outbreak. The chapter is
based on the global outbreak of coronavirus in 2020, but
the considerations are relevant for future virus outbreaks
as well.

Various strategies to handle a virus outbreak are dis-
cussed, i.e. containment (where the objective is eradicat-
ing the virus before it is widely spread in society), suppres-

sion (where the purpose is reducing transmission) and mit-
igation (where the virus is allowed to spread widely in soci-
ety but at a controlled rate). It is discussed under which cir-
cumstances the various strategies are beneficial.

Finally, the chapter discusses some central tools to
achieve a given strategy and how to use them appropri-
ately. These include partial lockdowns of the economy,
contact tracing and testing.
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Introduction V.1

V.1

Outbreak of COVID-19
in Denmark
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INTRODUCTION

Like most of the world, Denmark was hit hard by the outbreak of
COVID-19 in early 2020. Within a few weeks a significant number of
Danes became infected with the virus, and the number of new hospital
admissions with COVID-19 reached almost 100 a day at the end of
March, cf. Figure V.1. The spread of the infection also had the conse-
quence that between 10 and 20 people with COVID-19 died every day
at the end of March and the beginning of April.

FIGURE V.1 NEW HOSPITALIZATIONS AND DEATHS

The number of newly admitted to the hospitals with COVID-19
reached almost 100 per day in March 2020 but fell markedly there-
after. In September, it has increased to around 15 per day. The
number of deceased per day with COVID-19 has dropped signifi-
cantly since April.

1-Mar 1-Apr 1-May 1-Jun 1-Jul 1-Aug 1-Sep

= New hospitalizations = Deceased

Notes: The figure shows the daily number of newly hospitalized people
with covid-19 and the daily number of people who died with
COVID-19.

Source: www.ssi.dk.
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With the prospect of a marked increase in the number of infected peo-
ple and with the risk of significant capacity pressure on the healthcare
system, the government implemented a number of initiatives from mid-
March that were aimed at limiting the spread of the virus. These in-
cluded the closure of schools and childcare facilities as well as parts of
the economy, imposition of travel restrictions and a ban on gatherings.
A work-from-home order was also put in place for a large proportion of
public sector employees. In addition, the authorities encouraged peo-
ple to socially distance and ensure they practiced good hand hygiene.

In early April the number of new hospital admissions began to fall
sharply, and shortly afterwards the daily number of COVID-19 deaths
followed. This trend continued in the following months despite the grad-
ual easing of restrictions during May, including a partial reopening of
some economic activities that had been locked down. Since early Au-
gust, however, there has been a sharp increase in the number of peo-
ple who have tested positive to COVID-19, and recently the number of
new hospital admissions has started to increase.

The outbreak of COVID-19 has not only had health consequences.
Both globally and in Denmark, there has been a marked decline in eco-
nomic activity during 2020 and unemployment has risen. The decline
in economic activity reflects several different factors, including that
consumers and businesses have been reluctant to consume and in-
vest, and that, as mentioned, certain parts of the economy have been
in lockdown.

This chapter examines the interaction between viruses and the econ-
omy and the associated policy trade-offs. The chapter is based on the
outbreak of COVID-19 in 2020, but many of the issues discussed in
the chapter would be also relevant if a new outbreak of another type of
virus should occur in the future. The chapter presents various strate-
gies for dealing with a viral outbreak, including containment (where the
goal from the very beginning of the outbreak is to prevent the virus from
being introduced into the community); suppression (where an attempt
is made to limit the spread of infection so that it does not become wide-
spread in the community); and mitigation (where the goal is a positive
but controlled spread of infection in the community). The economic and
epidemiological assumptions under which the various strategies are
most appropriate are discussed. A strategy can be implemented by us-
ing a number of specific instruments, such as lockdowns, mass testing
and contact tracing. The advantages and disadvantages of selected
instruments are discussed, including how they can be used to reduce
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infection in the most cost-effective manner. The chapter does not con-
tain an actual evaluation of the Danish authorities' strategy, nor does it
include a forecast for the evolution in the number of people infected.

Section V.2 introduces some key epidemiological concepts and uses
a basic epidemiological model to illustrate the spread of a virus in a
society. Within the framework of this model, the consequences of
measures that reduce the spread of infection over a period of time are
also illustrated. Section V.3 focuses on the interaction between eco-
nomic activity and epidemiology. The section first discusses how the
outbreak of a virus can affect economic activity. Then the economic-
epidemiological model of Eichenbaum et al. (2020a), which takes into
account some of these channels, is used to illustrate the central trade-
offs that the authorities face in the event of the outbreak of a virus. The
model used is simplified in many ways, so the final part of the section
discusses some other factors that are not included in the Eichenbaum
et al. (2020a) model but which are relevant to the central trade-offs.

Section V.4 summarises the two preceding sections and discusses the
circumstances in which different strategies to counter the outbreak of
a virus may be appropriate when taking into account both the health
and economic aspects. Given the choice of strategy, there are various
specific instruments that may be suitable for implementing the strategy.
Section V.5 discusses a nhumber of these instruments, including how
they can be implemented to reduce the spread of infection in the most
cost-effective way. Finally, section V.6 concludes the chapter and con-
tains the Chairmanship’s recommendations.

SPREAD OF DISEASE IN A
BASIC EPIDEMIOLOGICAL
MODEL

This section introduces some key concepts, and subsequently uses a
basic epidemiological model to analyse the effects of policy measures
that reduce the spread of infection over a period of time. The model used
in this section does not contain a description of economic behaviour or
of how people in general respond to a viral outbreak. The section is only
intended to illustrate the evolution of infection in a population and is,
therefore, only a first step in understanding the interaction between epi-
demiology and economics. In section V.3 an economic-epidemiological
model that builds on the model used in this section is presented.
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VIRUS TRANSMISSION AND EPIDEMIOLOGICAL CONCEPTS

In the event of a viral outbreak, a section of the population will be sus-
ceptible to infection. As a result of contact between people, some of
the susceptible will become infected, after which they can pass the dis-
ease on to other susceptible people. Depending on the nature of the
virus, some of those who are infected may die, while others will re-
cover. The recovered people will often have developed antibodies to
the virus in question, which may permanently, or for a period of time,
reduce or completely eliminate their risk of re-infection.

How contagious a virus is can be characterised by the so-called repro-
duction number, which indicates, on average, how many people an in-
fected person manages to infect while infectious.

THE BASIC AND EFFECTIVE REPRODUCTION NUMBER

The basic reproduction number (also called Ro) indicates how many
people an infected person infects, on average, during the period in
which they are infectious, calculated in the hypothetical situation
where the entire population is susceptible to the virus. As a starting
point, the basic reproduction number is constant over time and re-
flects, among other things, how contagious the virus is. However, it
can be affected by changes in the behaviour of the population, for
example, it can change if there is a greater degree of compliance with
hygiene advice, or if the population strictly complies with physical dis-
tancing guidelines.

The effective reproduction number indicates how many people an in-
fected person infects, on average, given the number of people who
are susceptible to the virus at that time. A large proportion of suscep-
tible people will thus tend to increase the effective reproduction num-
ber because, all other else being equal, it will be more likely that an
infected person will meet a person who is susceptible.

As long as the effective reproduction number is greater than one, the
number of infected people will increase over time. To the extent that
immunity is acquired by those who recover, the number of people sus-
ceptible to the virus will thus decrease over time. At some point, the
number of susceptible people may have fallen to such a low level that
the effective reproduction number falls below one, at which point there
is "so much distance" between infected and susceptible people that it
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A vaccine can
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becomes difficult for the virus to spread. At this point, the community
has reached so-called herd immunity, and the number of infected peo-
ple will then begin to decline.’

HERD IMMUNITY

Herd immunity describes the situation where the number of people
susceptible to the virus has decreased so much that the number of
infected people begins to decrease over time. Herd immunity occurs
when the effective reproduction number falls below one, so that, on
average, 100 infected people manage to infect less than 100 suscep-
tible people while they are contagious. Thus, the number of infected
people will decrease over time as the infection intensity is not high
enough for the virus to be maintained in the population.

The higher the basic reproduction number for a virus, the more the
number of susceptible people must decrease before herd immunity
is reached, cf. Box V.2 later in this section. This also means that a
lasting change in the behaviour of the population that reduces the
spread of infection has the consequence that it does not require such
a large decrease in the number of susceptible people to achieve herd
immunity.

Herd immunity does not necessarily have to be obtained as a result of
a sufficiently large proportion of the population being infecting. If a vac-
cine against the virus in question is discovered, vaccination of a suffi-
ciently large proportion of the population may also cause the proportion
of the susceptible population to become so low that herd immunity is
achieved.

1) In practice, the transmission of infection in the community can be significantly limited
before herd immunity is achieved because not all infected people have an equal risk of
spreading the infection. This can mean that the infection dies out for a period of time,
even before herd immunity is reached, and then increases again at a later stage, for
example as a result of so-called superspreader effects.
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ILLUSTRATION OF THE SPREAD OF A VIRUS

A basic epidemiological model - a so-called SIR model? — that can be
used to simulate the spread of disease is presented in the following.
When extended below in section V.3 to include an economic model,
the resulting so-called economic-epidemiological model can be used
to study the interaction between epidemic dynamics and economic de-
cisions and analyse the optimal policy response to a virus outbreak.
The SIR model described below is quite stylised, but can illustrate
some general features regarding the spread of infection.

In the considered model, it is assumed that everyone who is infected
at a given point in time has the same risk of infecting others. Thus, that
there may be so-called super-spreaders who, for various reasons,
manage to infect a large number of people is disregarded. The model
is divided into periods: this is done in such a way here that each period
corresponds to one week. The spread of the virus starts in the first
week when a group of people become infected with the virus.

At any time, the population can be divided into three different groups
of people:

e  People susceptible to the virus (S)
e  People currently infected with the virus (I)
e People who, after being infected, have recovered (R)

Some of the infected die and are no longer part of any of the three
groups. The SIR model is formally described in Box V.1 below. In the
following as well as in the section V.3 it is assumed that the recovered
people have acquired ever-lasting immunity. A more general approach
would take into account that immunity may be only temporary. Box V.4
later in this section presents some scenarios where immunity is only
temporary.

The intensity at which an infected individual infects others is deter-
mined, among other things, by how large a proportion of the population
is susceptible to the virus at a given time. In addition, the intensity of
infection is determined by factors such as the basic infectivity of the
virus, the behaviour of the population (for example, in the form of phys-
ical distancing and hygiene) and the number and duration of contacts

2) SIR is an acronym formed from the words susceptible, infected and recovered. The
framework of model considered here is close to the SIR model in Eichenbaum et al.
(2020a), but the basic SIR model dates back to Kermack and McKendrick (1927).
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the individual has (which can be influenced, for example, through pol-
icy measures). These other factors are taken as given in the model
considered in this section.

In the following, a stylised baseline scenario, in which 1 per 1,000 pop-
ulation is infected in week 0 as a result of external factors, is consid-
ered. It is assumed that the authorities do not impose any restrictions
and that the population does not change its behaviour; people wash
their hands and keep the same distance as before the outbreak of the
virus and visit the same number of restaurants, museums and festivals
etc.

The baseline is adjusted such that the basic reproduction humber is
2.1. Furthermore, it is assumed that 0.5 percent of infected individuals
die.® These two parameters have been chosen so that they are con-
sistent with the current knowledge about COVID-19, cf. Box V.1. It
must be emphasised, however, that this is a stylised scenario and no
attempt has been made to adapt it so that it reproduces, for example,
the number of people who have been infected or died with COVID-19
up to now in Denmark. Therefore, the scenario illustrated here cannot
be used to forecast the evolution of the virus in Denmark, nor can the
model be used to evaluate the policy measures pursued. The model is
also simplified in other ways. For example, capacity pressure on the
healthcare system is not allowed for in the model; therefore, no account
is taken of the consequences of a situation in which a large proportion
of the population is infected with the virus at the same time leading to
insufficient capacity in the hospitals, which presumably would result in
increased mortality from the virus and from other diseases that also
require treatment.*

In the baseline scenario without policy measures and behavioural
changes in the population, herd immunity is achieved after approxi-
mately 18 weeks, cf. Figure V.2. At this point in time 52 percent of the
population is, or have been, infected. This is the number required to
obtain herd immunity with a basic reproduction number of 2.1, cf. Box
V.2. After 18 weeks, the number of susceptible individuals has thus
fallen so much that the effective reproduction number falls below 1, cf.
Figure V.2.

3) For comparison, the mortality rate from ordinary influenza is around 0.1 percent.

4) Section V.3 considers a scenario in which it is assumed instead that the risk of death
increases as the number of people currently infected increases.
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BOX V.1 THE SIR MODEL

The following describes the SIR model used. t indicates the time calculated in number of weeks,
with period 0 indicating the week in which the viral outbreak started. The population size at this time
is given by N,. A small part of the population, I, is infected with the virus, and the rest of the popu-
lation S, = N, — I, is at this time susceptible to the virus.

It is assumed that the number of newly infected (i.e., entrants to the group of infected) from week 0
is given by:

S 1L
Ny

Newly infected, = B;

This reflects that contracting the virus occurs as a result of the infected and the susceptible meeting.
The parameter 3, captures the effect of various conditions, including government restrictions aimed
at the business and private sectors as well as the behaviour of individuals, for example the degree
of physical distancing between people and the adherence to advice regarding hygiene.

The number of infected people thus develops, week by week, as described by the following equa-
tion:

Se 1
leys = It + By '_N__It < (1 + ).
t

Note that the number of infected people is a stock. A person can thus be in this group for a shorter
or longer period of time. In each period there will be departures from the group consisting of the
infected people who have recovered (I; - ), and those who have died (I, - ;). The people who
have neither recovered nor died in the current week remain in the group of infected people in the
following week.

The number of susceptible people decreases as the virus spreads:

S 1y
N

St+1 =St — Pt

Thus, births and deaths that are unrelated to the virus in question are disregarded, and it is assumed
that those who recover acquire life-long immunity. The number of recovered people is described by
the following equation:

Rey1 =Re +1p-m;

The evolution of the total population is described by the following dynamic relationship:

Neyy = Ny — I g,
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BOX V.1 THE SIR MODEL, CONTINUED

Finally, the evolution in the number of deaths is described by:

Dey1y =Dp + 1" mq

The parameter 1, is set such that 0.5 percent of infected people die. This is the same assumption
as is used in Eichenbaum et al. (2020a), and it is based, among other things, on a South Korean
study from March 2020. This study has the advantage that it is based on relatively extensive testing
of the population, which provides a reliable estimate of how many people are actually infected. In a
review study from August, the WHO finds that the risk of death for COVID-19 is between 0.5 percent
and 1 percent, cf. WHO (2020b). In view of this, the assumption use here is at the lower end. On
the basis of blood donor studies, Statens Serum Institut (2020b), on the other hand, estimate a
mortality rate of 0.3 - 0.5 percent for COVID-19 and a recent study for Iceland finds a mortality rate
of 0.3 percent, cf. Gudbjartsson et al. (2020).a) The risk of death will actually depend on a number
of factors, including the age composition of the population, the proportion of the population who
have chronic diseases and the quality of the healthcare system.

In the baseline scenario it is assumed that g; is constant over time, and this is set at a level such
that the basic reproduction number is 2.1. This corresponds to the Statens Serum Institut's assess-
ment of the reproduction number for COVID-19 in Denmark for 12 March 2020, i.e., at the beginning
of the coronavirus outbreak and before the effect of behavioural changes and lockdowns had af-
fected this.b) Following Eichenbaum et al. (2020a), it is also assumed that an infection lasts for 18
days, and ends in either recovery or death. It is further assumed that an infected person is conta-
gious throughout the period of illness.

In their evaluations of the consequences of easing restrictions in Denmark, Statens Serum Institut
used more sophisticated versions of the model use here; so-called SEIR models (where “E” stands
for exposed, i.e., the group of people who are infected but do not yet show symptoms), cf. Statens
Serum Institut (2020a). This modelling includes, among other things, different age groups, as well
as contact patterns in the population and hospital admissions.

a) However, Statens Serum Institut (2020a), find that the mortality rate can be 0.9 percent if based on the
representative testing performed by Testcenter Danmark.

b) See Statens Serum Institut: Smittetryksberegning: Kommentar til debat om beregning af smittetryk. May 19
2020, (in Danish). https://www.ssi.dk/aktuelt/nyheder/2020/05_smittetryksberegning 19052020.
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12

FIGURE V.2 BASELINE SCENARIO

REPRODUCTION NUMBER

The effective reproduction number is 2.1 at
the beginning of the outbreak, but decreases
as the number of susceptibles falls.

0 10 20 30 40 50
Weeks

= Herd immunity == Basic reproduction number

— Effective reproduction number

SUSCEPTIBLES AND RECOVERED

The number of people who have been previ-
ously infected with the virus reaches 84 per-
cent of the population in the baseline sce-
nario.
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In the baseline scenario without public interven-
tion, the number of currently infected reaches its
peak level after 18 weeks, where 19 percent of

the population is infected.
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The number of deaths due to the virus reaches
0.42 percent of the population.
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Notes: The assumptions underlying the baseline scenario are stated in box V.1. The figure in lower right corner

shows the accumulated number of deaths.
Source: Own calculations.
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At the time herd immunity is achieved, 19 percent of the population is
currently infected. In the baseline scenario presented here, no account
is taken of the fact that such a scenario can lead to significant capacity
pressure on the healthcare system, and that it can, for example, lead
to a higher risk of dying from the virus or from other critical illnesses
due to lack of available treatment. Nor has it been taken into account
that people can change their behaviour to avoid becoming infected,
which can help to limit the spread of infection and lead to a more pro-
tracted outbreak. This, in turn, is taken into account in the economic-
epidemiological model used in section V.3.

In the scenario considered, the virus will actually die out after about 40
weeks as, by this time, the number of infected people is trivial. The fact
that the virus dies out on its own, even in the absence of a vaccine, is
due to the fact that a sufficiently large proportion of the population ac-
quires immunity after being infected.

By the time the virus dies out 84 percent of the population will have
been infected at some point. It is noteworthy that so many more people
are infected than is required to obtain herd immunity. This effect is
called overshooting. This can be seen as a result of the fact that, at the
time that herd immunity is achieved, many people are infected,
whereby a significant spread of infection continues to occur in the sub-
sequent period. In the week just after the level of herd immunity is
reached, a further 6 percent of the population will thus be infected, and
more will be infected in the following weeks, until the spread of infection
practically ceases after just over 30 weeks, cf. Figure V.2.

Overshooting has, among other things, the implication that the final
number of deaths exceeds the minimum number of deaths that follows
from achieving herd immunity (in a situation without a vaccine). In the
scenario considered (with a basic reproduction number of 2.1), this
minimum number corresponds to 0.26 percent of the population.® In
total, 0.42 percent of the population die over the entire outbreak, cf.
Figure V.2.% The next section discusses how measures that affect the
spread of infection can affect the degree of overshooting.

5) This is calculated as 0.5 percent (which is the mortality rate) of 52 percent of the popu-
lation (which is the percentage of the population that needs to have been infected be-
fore herd immunity is achieved in the absence of a vaccine, cf. Box V.2).

6) However, as mentioned, the number of deaths can be significantly higher if the risk of
death from the increased capacity pressure on the healthcare system is taken into ac-
count.
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BOX V.2 REPRODUCTION NUMBER AND HERD IMMUNITY

In the framework of the model considered here, the effective reproduction number is given by:

Re=pe Ny .+ 1y

where B, - S;/N; indicates the intensity at which an infected person infects others, and 1/(m, + m,)
is the expected duration of an infection. In the model, the basic reproduction number is:

ﬁo,t =B ———— &)

corresponding to (1) in the case where the whole population is susceptible to the virus (i.e., where
S:/N; = 1), as is approximately the case at the beginning of the outbreak. From (1) and (2), the
following relationship between the effective and the basic reproduction number is obtained:

)

S,
Ry = R ~—.
t

N,

Herd immunity is defined as being achieved when the number of currently infected people peaks
and, thereby, begins to decline. The time at which herd immunity is reached can furthermore be
characterised by the effective reproduction number dropping to 1. From (3) it can be seen that this
applies when:
(ﬁ)* L ()
Nt jéO,t .

In this scenario without a vaccine, it is equivalent to obtaining herd immunity when the number of
people who are, or have been, infected is given by:

(It + Rt)* -1 1 _ (5)
Ro,e

N, ) T R

For example, the baseline scenario considered in this section assumes that the basic reproduction
number is 2.1. As a consequence, in the absence of a vaccine, it is necessary for 52 percent of the
population to have been infected before herd immunity is achieved, cf. Table A. Coupled with the
other assumptions made in the baseline scenario (including no policy measures or behavioural
changes in the population), this occurs, as mentioned above, after 18 weeks.

If, instead, the basic reproduction number is 1.5, only a third of the population are required to have
been infected before herd immunity is achieved. Coupled with the other assumptions in the baseline
scenario, this occurs after 33 weeks, as the spread of infection takes place at a slower pace than in
the baseline scenario. If the basic reproduction number is instead 2.7, 63 percent of the population
has to have been infected and herd immunity occurs after 14 weeks.
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BOX V.2 REPRODUCTION NUMBER AND HERD IMMUNITY, CONTINUED

TABLE A HERD IMMUNITY IN THE SIR MODEL WITHOUT POLICY MEASURES

Ry=1.5 Ry=2A1 Ry =27
Eg?g?ﬁﬁﬂ,fﬁjmp“b'e at 66.7% 47.6% 37.0%.
Proportion of the popula-
munity is achieved?®
:\]"e"rge:::{nﬁﬁyﬁ}’ achieving 0.17% 0.26% 0.31%
I;T;i:ﬁg]ﬂ:ﬁfyct)o EETOT 33 weeks 18 weeks 14 weeks
a) Assumes there is no vaccine available. The first two rows thus add up to 100 percent. Note that the final

number infected will exceed those shown in the second row due to overshooting.

b) Assumes there is no vaccine available. Calculated as the assumed mortality rate multiplied by the per-
centage of the population that is or has been infected when herd immunity is achieved.

c) Calculated under the other assumptions in the baseline scenario, including that the initial number of
infected people is 1 per 1,000 population.

Source: Own calculations.

The results above assume, among other things, that everyone in the population is equally suscep-
tible to infection and has the same risk of infecting others. In practice, it will be the case that some
people are more susceptible than others, and that some people are more infectious and more likely
to infect others as a result of greater social contact. This can have the consequence of a selective
depletion of the group of susceptible people early in a virus outbreak, as the people who are most
susceptible to the virus and have the greatest risk of infecting others are infected early. The average
(basic) reproduction number for the remaining share of the susceptible population will, therefore,
subsequently be relatively low. This can lead to herd immunity being achieved when significantly
fewer people are, or have been, infected than shown in Table A, cf. Gomes et al. (2020) and Britton
et al. (2020)

Lower basic In the baseline scenario shown, as mentioned, it is assumed that the
reproduction basic reproduction numberis 2.1. Box V.3 illustrates an alternative sce-
number gives a nario, where this is instead 1.5. It demonstrates, for example, the con-
more prolonged sequences of people permanently changing their behaviour and, to a
outbreak, but with greater extent, complying with hygiene advice and maintaining a phys-
fewer infected ical distance from other people, as well as the consequences of the

authorities implementing an effective test and trace strategy. In the
scenario with a lower reproduction number, the spread of infection is
slower; therefore, it takes significantly longer for the virus to die out.
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On the other hand, herd immunity is achieved with fewer infections,
and over the course of the outbreak, only 60 percent of the population
have been infected. In addition, there will be less pressure on the
healthcare system than in the baseline scenario

BOX V.3 SCENARIO WITH LOWER BASIC REPRODUCTION NUMBER

The following examines a scenario where the basic reproduction number is 1.5, i.e., it is lower than
in the baseline scenario shown in the main text.

The consequence of the lower reproduction number is that the spread of infection takes place at a
significantly lower rate. Although this scenario only requires that a third of the population is or has
been infected for herd immunity to be achieved, this only happens after 33 weeks, cf. Figure A. At
that time, almost 7 percent of the population are currently infected, and the capacity pressure on
the healthcare system will be significantly less than in the scenario with a basic reproduction number
of 2.1.

In this scenario, the virus is only really eradicated after about 70 weeks. On the other hand, fewer
people become infected with the virus than in the baseline scenario. In total, 60 percent of the
population will eventually be infected with the virus; thus, there is a lower degree of overshooting
than in the baseline scenario. The number of deaths reaches 0.3 percent of the population over the
whole period of the outbreak of the virus., cf. Figure B. This is thus also significantly lower than in
the baseline scenario.

FIGURE A INFECTED FIGURE B DECEASED

Pct. of initial population Pct. of initial population

8 0.4

6 0.3

4 0.2

2 0.1

0 = - — 0.0

0 10 20 30 40 50 60 70 80 0 10 20 30 40 50 60 70 80
Weeks

Weeks
= Infected Newly infected

Notes.: The assumptions are the same as in the baseline scenario with the exception that the basic reproduction

number is calibrated to 1.5 here.

Source: Own calcluations.
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Temporary immunity
can lead to waves of
infection and more
deaths

De @konomiske Réd‘:.

In all the scenarios considered in both this section and section V.3, it
is assumed that those that recover have life-long immunity because
they have formed antibodies to the virus. However, for COVID-19, for
example, it is not certain that this is a valid assumption. Box V.4 illus-
trates some alternative scenarios, where, instead, it is assumed that
people who have been infected are only immune to the virus for one or
two years after they have recovered. As a consequence, over time
there will be repeated waves of infection, where the number of infected
people increases and then decreases. Temporary immunity also has
the consequence that the number of deaths increases.
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BOX V.4 TEMPORARY IMMUNITY

In the scenarios presented in both sections V.2 and V.3, it is assumed that those who have recov-
ered acquire life-long immunity to the virus in question. This box considers two cases where a re-
covered person is only immune for one and two years (on average) after recovery, again assuming
that no vaccine is discovered. Each week a certain percentage of those who have recovered will
transition to being part of the group of people who are susceptible to the virus.

Temporary immunity has the consequence that recurrent waves will occur in the number of infected
people. Thus, there will be periods when the number infected declines and periods where the num-
ber infected increases. The virus will thus never completely die out, but, over time, the fluctuations
will diminish, cf. Figure A.

FIGURE A INFECTED

Pct. of initial population

20
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5

0 } L T

0 100 200 300 400
Weeks
— Eternal - One year = Two years

Notes.: In the figure “Eternal® indicates the situation where an infected person
gains immunity forever as in the baseline scenario in the main text. “One
year denotes the scenario in which an infected person gains immunity
for a year (on average) while “Two years” correspondingly denotes the
situation in which an infected person gains immunity for two years (on
average).

Source: Own calculations.
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BOX V.4 TEMPORARY IMMUNITY, CONTINUED

Temporary immunity will also have the consequence that the number of deaths due to the virus
increases relative to the baseline scenario and that it grows over time. If, for example, those who
have recovered are immune for one year on average, the number of deaths after ten years will be
around 1.5 percent of the population (compared with 0.4 percent with lasting immunity).

FIGURE B DECEASED

Pct. of initial population
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Notes.: See notes to figure A.

Source: Own calculations.
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To what extent can
overshooting be
reduced?

Short-term
measures do not
reduce the number
of deaths

THE CONSEQUENCES OF POLICY INTERVENTIONS

As mentioned above, in the baseline scenario there is a high degree of
overshooting. In other words, a larger proportion of the population has
been infected than is necessary to obtain herd immunity (in the ab-
sence of a vaccine). In the following, within the framework of the model
with lasting immunity, whether policy interventions that affect the
spread of infection for a period can affect the degree of overshooting
is examined. The section focuses only on the consequences of the
given reductions in the spread of infection without indicating what kind
of intervention has been implemented.” Three scenarios are consid-
ered:

e The measures reduce infection intensity significantly for a
shorter period

e  The measures reduce the intensity of infection for a longer pe-
riod

e  The measures gradually reduce the intensity of infection over
the period in which the number infected increases, and are
then phased out gradually.®

Figure V.3 shows the consequences of measures that reduce the basic
reproduction number by 40 percent and 80 percent for a shorter period
of 10 weeks starting from the third week. Such measures do not in
themselves lead to a reduction in the degree of overshooting or the
number of deaths in the long term, cf. the lower part of Figure V.3. This
is because the situation is basically the same when the measures are
removed as before they were introduced.® By severely limiting the
spread of infection for a short period of time, there will be a very low
degree of immunity in the population when the measures are removed.

7) The scenarios considered maybe the result of a temporary shutdown of parts of the
economy, but they may also cover, for example, restrictions on freedom of assembly,
travel restrictions or changed behaviour in the population, such as increased physical
distancing, compliance with hygiene advice, etc.

8) This type of intervention is interesting because, among other things, within the frame-
work of the economic-epidemiological model used in section V.3, it can be considered
optimal in some of the scenarios shown, in the sense that the welfare of society is
maximised.

9) Unless the virus has been completely eradicated.
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FIGURE V.3 MEASURES THAT ARE ONLY IN EFFECT BRIEFLY

BASIC REPRODUCTION NUMBER

Measures that briefly reduce the number of
newly infected ...
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INFECTED AND RECOVERED

Measures that briefly reduce the number of
newly infected will not in the long run reduce
the number of people who have been in-
fected ...
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... postpone the time when the number of in-
fected peaks, but do not significantly reduce the
peak level.
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... and thus do not reduce the number of de-
ceased in the long run.
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Notes: In the figures “40 pct.” denotes a scenario, where the basic reproduction number is reduced by 40 per-
cent from week 3 to week 13, cf. the figure in the top left corner. Correspondingly, “80 pct.” denotes a
scenario, where the basic reproduction number is reduced by 80 percent from week 3 to week 13. Notice
that the three curves in the figure in the top right corner do not peak at the exact same level. However,

the differences are small.
Source: Own calculations.
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But short-term
measures postpone
the peak in the
number of infected
people

Measures that limit
infection over a long
period of time
reduce the number
of deaths, ...

... because immunity
builds up gradually
and at a slower pace

22 Danish Economy, Autumn 2020

Furthermore, the short-term measures will not significantly reduce the
number of infected people or the pressure on the healthcare system at
the time when this is at its highest. On the other hand, they will both
lead to this capacity pressure being reached at a later date. In the
baseline scenario, the number of infected people peaks after 18
weeks, while this occurs after 26 weeks in the case of a temporary
reduction in the reproduction number by 40 percent. In the case of a
temporary reduction of the reproduction number by 80 percent, the
number infected reaches its peak after 36 weeks. Thus, measures that
temporarily limit the spread of infection will win time that can be used
for capacity building in healthcare and infrastructure related to testing
and contact tracing, as well as more time to research vaccines and
effective treatments.

Figure V.4 shows the consequences of an initiative that, as in the green
curve above, reduces the basic reproduction number by 40 percent,
but over a period of one and a half years. Such an initiative would mean
a marked (lasting) reduction in the number of deaths due to the virus.
This reflects that such measures lead to a lower degree of overshoot-
ing in the number infected. Thus, over the course of this scenario, 64
percent of the population will have been infected, compared with 84
percent in the baseline scenario without policy interventions.

This is because the spread of infection is impeded for a longer period,
while at the same time a certain degree of immunity is built up in the
population (as the spread of infection is ongoing, albeit at a lower level
than in the baseline scenario). When the measures are lifted, there will
again be a new increase in the number of infected people, but this will
be of a limited size, cf. Figure V.4. There will thus be significantly less
pressure on the healthcare system than is the case in the baseline
scenario. (Thus, at no time does the number infected exceed 3 percent
of the population.)
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FIGURE V.4 LONG-LASTING MEASURES

BASIC REPRODUCTION NUMBER

Measures that reduce the number of newly
infected for a while (a year and a half) ...
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infected peaks markedly. This eases the pres-
sure on the healthcare system.

Pct. of initial population

215 25
2.0 20
7143 15
1.0 10
0.5 5
0.0 - r - - - : 0 « T T " : T -
0 25 50 75 100 125 150 0 25 50 75 100 125 150
Weeks Weeks
= Baseline == 40 pct. long-lasting — Baseline == 40 pct. long-lasting
INFECTED AND RECOVERED DECEASED

Measures that reduce the number of newly
infected for a while (a year and a half) can
reduce the degree of overshooting in the
number of people who have been infected.
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In the figures “40 pct. long-lasting” denotes a scenario, where the basic reproduction number is reduced

by 40 percent for a year and a half starting from week 3, cf. the figure in the top left corner.

Source: Own calculations.
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Gradual measures
can be designed to
reduce overshooting

... and, thus, also
the number of
deaths

Finally, figure V.5 shows the consequences of measures that cause
the basic reproduction number to gradually decrease as the number of
infected people increases, after which the measures are gradually
phased out as the number of infected people decreases. In the exam-
ple considered, these measures have the consequence that the basic
reproduction number decreases from 2.1 at the beginning of the out-
break to 1.5 after approximately 20 weeks, after which it again rises to
2.1 around week 40 and remains at this level, cf. Figure V.5. The grad-
ual phasing out ensures that the effective reproduction number is kept
below one after week 20. While in the baseline scenario, as mentioned
earlier, it is necessary for just over 50 percent of the population to have
become infected before the number of infected people begins to de-
cline, in the scenario with gradual measures, only about one third of
the population have to have been infected before the number of in-
fected people begins to decline. This reflects that at the time the num-
ber of active cases peaks, the basic reproduction number has dropped
to 1.5.7% When the phasing out of the measures is under way, for ex-
ample, in the form of the gradual reopening of industries that have been
in lockdown, it happens so gradually that a new increase in the number
of infected people is avoided. This reflects that the effective reproduc-
tion number, as mentioned above, is below one throughout the phase-
out period. When, for example, the basic reproduction number is 2.1
after just over 40 weeks, the number of people who are or have been
infected will amount to around 70 percent of the population, cf. the
graph at the bottom left in figure V.5. This is thus higher than the level
that ensures herd immunity with a basic reproduction number of 2.1
(i.e., 52 percent); therefore, there is no subsequent increase in the
number of infected people." The gradual phasing in and subsequent
phasing out thus reduces the degree of overshooting.'?

Overall, this has the consequence that the number of people who have
been infected at some point before the virus dies out is reduced from
84 percent of the population in the baseline scenario to approximately
70 percent. This also means that the number of deaths is reduced from
0.42 percent of the population in the baseline scenario to 0.35 percent,
cf. Figure V.5. The pressure on the healthcare system is also signifi-
cantly reduced.

10) A lower basic reproduction number thus means that, all else being equal, herd immunity
is achieved with a lower number of infected people, cf. Box V.2.

11) More generally, the measure considered ensures that the proportion of the population
that is or has been infected throughout the whole phasing-out period exceeds the level
needed to achieve herd immunity, given the current level of the basic reproduction num-
ber.

12) One can, of course, well imagine a more fine-tuned scenario in which the degree of
overshooting is reduced even more than in the scenarios considered here.
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FIGURE V.5
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A scenario is considered where public
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number of infected peaks at 10 percent of the
population which is much lower than in the
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... and fewer will die.
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In the figures “Gradual measures” denotes a scenario where the basic reproduction number is reduced

while the number of infected increases and increased afterwards as the number of infected falls, cf. the
figure in the top right corner. “Basic, baseline” denotes the basic reproduction number in the baseline
scenario, “Effective, baseline” denotes the effective reproduction number in the baseline etc.:

Source: Own calculations.
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Summary

V.3

Contents

SUMMARY

In this section the spread of a virus in a community is illustrated within
the framework of a basic SIR model. In the scenarios presented, it is
assumed that there will be no vaccine against the virus and that it is
not possible to completely eradicate the virus via infection control
measures. Therefore, the virus is only eradicated as a consequence of
sufficient immunity being achieved in the population when many peo-
ple have had the virus. In the scenario without any policy measures or
behavioural changes in the population, at the time that the number of
people infected peaks, there can be enormous pressure on the re-
sources in the healthcare system. Furthermore, the number of people
who have been infected at some point during the outbreak will exceed
the number needed to achieve herd immunity. This so-called over-
shooting means that the total number of deaths is higher than the min-
imum number of deaths that follows from achieving herd immunity (in
a situation without a vaccine and with a given mortality rate).

In the SIR model considered, measures that only have a short-term
effect on the spread of infection in the community will not directly re-
duce the degree of overshooting. However, they can postpone the time
that the capacity pressure on the healthcare system arises and, thus,
give time for capacity building. Measures that reduce the spread of in-
fection over a long period of time can, in turn, both reduce the degree
of overshooting and significantly reduce the pressure on the healthcare
system. These may, for example, be measures that are introduced
gradually as the number of infected people increases and that are cor-
respondingly phased out gradually afterwards.

THE INTERACTION BETWEEN
VIRUS OUTBREAK AND
ECONOMIC ACTIVITY

This section first discusses various channels through which a virus out-
break can affect the decisions of households and firms. Next, the
model in Eichenbaum et al. (2020a) is used to examine the interaction
between a viral outbreak and economic activity. Within the framework
of this model, the basic trade-offs that the authorities face in the event
of the outbreak of a virus are examined.
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Viral outbreaks can
cause households to
lower their
consumption ...

... and change the
composition of
their consumption
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The literature on the interaction between economics and epidemiology
is still in its early stages, and the model in Eichenbaum et al. (2020a)
used in this section is simplified in many aspects. The last part of the
section discusses some of the elements that have not been taken into
account in the model, but which have consequences for the main trade-
offs that the authorities face in the event of a viral outbreak.

EFFECTS ON ECONOMIC BEHAVIOUR

The outbreak of a virus can affect the behaviour of households and
businesses through a number of channels, even when the authorities
do not impose any restrictions.

Households can respond to the outbreak of a virus by lowering their
consumption to reduce the risk of becoming infected through consump-
tion activities. Many consumer activities cannot be carried out without
people coming into contact with others in shops, restaurants, the hair-
dresser, etc. A study focusing on the decline in consumption in Den-
mark and Sweden in the first months of the outbreak of coronavirus,
for example, concludes that the virus outbreak itself contributed to a
significant decline in consumption and that the closure of parts of the
economy made only a small contribution to the economic decline, cf.
Andersen et al. (2020) and box V.5.

However, some consumption activities involve a relatively low risk of
contracting the virus, and the outbreak of a virus can thus cause house-
holds to turn their consumption towards activities with a lower risk of
infection. Households can, for example, choose to cut back on restau-
rant and cinema visits and, to a greater extent, cook or buy take-away
food and stream movies from home. Likewise, a viral outbreak can lead
to people making more use of online shopping rather than shopping in
physical stores.
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BOX V.5 STUDIES OF BEHAVIOURAL RESPONSES TO CORONAVIRUS

A number of studies have focused on the consequences for economic behaviour of the COVID-19
outbreak.

For example, Andersen et al. (2020) use the difference in the extent of the shutdown of economic
activity between Sweden and Denmark to examine how much the virus outbreak itself led to lower
consumption and how much the lockdown contributed to this. In the study it is found that the decline
in consumption was only slightly greater in Denmark than in Sweden (29 percent compared with 25
percent). This suggests that the majority of the decrease in consumption can be attributed to the
virus outbreak itself. The study also finds that it is especially the elderly who reduced consumption,
which is consistent with the fact that they are the group that is the most vulnerable to serious con-
sequences from contracting COVID-19.

Chetty et al. (2020), based on data for the USA, analyse the effects of both the outbreak of COVID-
19 and the subsequent policy response on the economy. The study finds, among other things, that,
at the beginning of the pandemic, people significantly reduced their spending in areas with high
infection rates and in sectors that require physical interaction.

On the basis of GPS data, Engle et al. (2020), examine the extent to which infection rates affect the
mobility of the population in the USA. The study finds that an increased number of infections in a
geographical area reduces the mobility of people, also when taking into account whether a curfew
was in force in the areas in question. Curfews also reduce people’s mobility. The study further finds
that the effects of both infections and curfews are greater the higher is the population density of an
area.

Virus outbreaks
can reduce labour
supply and lead
to more work
from home

Virus outbreaks can
lead to restructuring
of production

A virus outbreak can also cause households to adjust their labour sup-
ply: people can choose to work fewer hours, take more holidays or a
sabbatical to avoid being infected at work or on public transport to and
from work. For those who have the possibility to work from home, it can
also lead to more people doing so.

A virus outbreak can also affect the decisions of businesses. This can,
for example, have the consequence that enterprises shut down parts
of their production or change the workflows for a period so that physical
contact between employees and customers is avoided to a greater ex-
tent. If the virus outbreak leads to greater uncertainty or expectations
of lower future earnings, it can also lead to a reduction in the volume
of business investment.
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Interaction between
the virus and
economic behaviour

The model is
stylised

The exact orders of
magnitude should
not be taken too
literally
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In the following, an economic-epidemiological model is presented that
takes into account two of the channels mentioned: households' con-
sumption and labour supply decisions.

THE CENTRAL TRADE-OFFS PRESENTED IN AN
ECONOMIC-EPIDEMIOLOGICAL MODEL

The model of Eichenbaum et al. (2020a) is used in the following to
analyse the interaction between an epidemic and economic behaviour
as well as the basic trade-offs that the authorities face. The model is
based on the SIR epidemiological model outlined in section V.2, and it
is still assumed, for example, that people who have been infected gain
life-long immunity to the virus. The assumptions underlying the eco-
nomic-epidemiological model are described in more detail in Box V.6.

Both in terms of the epidemiological and economic assumptions, this
is a highly stylised and simplified model. For example, it is assumed
that individuals act solely for their own benefit and disregard the fact
that they can infect others through their actions. In practice, it is con-
ceivable that people's behaviour is motivated by consideration for both
their own and others' well-being. In the model, moreover, it is only pos-
sible for the authorities to reduce the spread of infection by general
restrictions on economic activity. The fact that it may be possible to
limit the spread of infection through softer and more selective
measures, such as the mandating mask wearing on public transport,
testing and quarantining measures aimed at infected people, etc., is,
therefore, disregarded. The model also ignores the fact that there may
be significant differences in infectivity and mortality from viruses across
population groups, just as it is assumed that there are no lasting con-
sequences associated with being infected.

As it is a highly stylised model, its results must be interpreted accord-
ingly. While the model helps to illustrate some basic qualitative trade-
offs that are relevant to the authorities' response to the outbreak of a
virus, the precise orders of magnitude of the effects should not be over-
emphasised.
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BOX V.6 THE ECONOMIC-EPIDEMIOLOGICAL MODEL

The model in Eichenbaum et al. (2020a) uses a simple SIR model with lasting immunity, like that
outlined in V.2, which they extend to include a standard economic model to analyse the effects of
households' consumption and labour supply decisions on the spread of the infection.

The total number of newly infected people is given by:
Newly infected, =m; - S; - C{ - I, C} +my - Sp - HE - I, - Hf + 73 - S, - I, (1)

where C7 and H? are, respectively, total consumption and hours worked for the group of people who
are susceptible, while ¢/ and H! are, respectively, total consumption and hours worked of the group
of people who are infected.

Therefore, the term m, - S, - C7 - I, - C} is the part of the spread of infection that is due to human
contact in connection with consumption activities, while m, - S, - HS - I, - H! is the part of the spread
of infection that is due to human contact in connection with work. Finally, 5 - S; - I; is the part of the
spread of infection that is not a result of interactions connected to economic activity. By defining:

Br=my-CCl+m,-Hf - H + 3, (2)
equation (1) can be written as:
Newly infected; = B * Sy * I 3)

This shows that the epidemiological part of the Eichenbaum et al.’s (2020a) model is just the SIR
model used in section V.2.2) As can be seen from equation (2), S, and, thus, the basic reproduction
number is explicitly dependent on the economic decisions of households in the model used in this
section.

The present model also takes into account that a vaccine against a virus is likely to be discovered.
It is simply assumed that the number of future new infections is zero from the time the vaccine is
discovered. The probability of such a vaccine being developed is assumed to be constant over time.
Note that those people who are already infected at the time a vaccine is discovered do not benefit
from the vaccine. It is also taken into account that an effective medical treatment may be discovered
that cures those who are infected. Thus, it is assumed that there is no risk of dying from the virus
from the time the effective medical treatment becomes available.

a) There is one difference in that Eichenbaum et al. (2020a) do not divide by the total population in the expres-
sion for total newly infected. However, this has very limited quantitative significance as, after all, relatively
few people die as a result of the virus in the scenario considered here.
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BOX V.6 THE ECONOMIC-EPIDEMIOLOGICALTHE, CONTINUED

The individual household is assumed to have an infinite planning horizon and at all times chooses
consumption and working hours by maximising an intertemporal utility function given by:

< ) 4
Uy = EOZ st (k +lncg = (ht)2>, “)
t=0

where E| is the expectation formed at time t = 0, ¢, og h; are the consumption and labour supply
decisions of the individual, § is a measure of the extent to which households value consumption in
the future relative to today, k is a constant and 6 is an expression of how great a loss of utility
households suffer by working rather than consuming leisure. The parameter k determines the level
of utility each person obtains (independently of consumption and leisure) as long as she is alive.
Thus k determines the social welfare loss of an additional death.

In the model, savings are disregarded; therefore, the individual’s consumption in each period corre-
sponds to their earned income after tax:

A+u)-ce=we-h + Ty, (5)

where u, is a time-varying tax on consumption, w, is the individual’'s hourly wage and T, is public
transfer income. In the model, the parameter u, can be used to influence consumption and the
labour supply decision, and can, therefore, be an instrument for, e.g., implementing a partial lock-
down of the economy. It is assumed to be the only instrument available to the authorities to influence
the spread of infection.

The individual household is free to choose its consumption and its working hours, taking into account
equation (5). In their choice of labour supply, those who are susceptible to the virus take into account
that an increased level of consumption and longer working hours increase the risk of contracting the
virus. The infected and the recovered do not have a risk of reinfection. People infected with the virus
have lower productivity and thus a lower hourly wage than they would otherwise have had, and for
that reason, they work less.
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Discovery of a
vaccine and medical
treatment is
possible

The susceptible
reduce their
consumption and
labour supply

The infected and
recovered behave
as in the absence
of the virus

The scenario considered takes into account the possibility that a vac-
cine against the virus and an effective medical treatment could be dis-
covered. It is simply assumed that there will be no new infections from
the time a vaccine is available.'® -'* Similarly, it is assumed that there
is no longer a risk of the infected person dying of the virus from the
time an effective medical treatment is available. As in Eichenbaum et
al. (2020a), it is assumed that in each period there is a constant prob-
ability that a vaccine will be discovered as well as a constant probability
that a completely effective treatment will become available. These
probabilities have been setup in the model such that, at any given time,
it is expected that it will be a year before a vaccine is discovered and
likewise for an effective treatment.

In the model, susceptible people can contract the virus in three ways:
in connection with consumption activities, in the workplace and as a
result of random contacts that are not related to work or consumption.
In this section the spread of infection occurs systematically in connec-
tion with work and consumption. Individual households take into ac-
count the link between their own behaviour and the risk of contracting
the virus. In the hope of avoiding being infected, the people who are
susceptible to the virus (which at the beginning of the outbreak of the
virus is by and large everyone) will, therefore, respond by reducing
their consumption and labour supply as the number of people infected
increases. This is consistent with the results of Andersen et al. (2020),
which indicate that the outbreak of coronavirus itself led to a significant
decrease in consumption, cf. Box V.5.

In the model, the people infected with the virus behave in the same
way as they would in the absence of the virus.'® This is a consequence
of the fact that, as mentioned, it is assumed that people behave self-
ishly, in that, in their behaviour decisions, infected people do not take
into account that they can potentially infect others. People who have
been infected and subsequently have recovered also act in the same
way as they would have done in the absence of a virus outbreak, as it
is assumed, as mentioned, that they have acquired life-long immunity

13) This is, of course, a highly simplistic assumption. There may be a period when it will be
impossible to offer everyone a vaccine due to capacity issues. In addition, there may
also be groups in the community who do not want to be vaccinated.

14)However, in this case there may be a group of people who are already infected and
these will not benefit from the vaccine.

15) However, those infected have lower productivity and hourly wages and, as a result,
choose to reduce the number of hours they work. This can also be interpreted as mean-
ing that a proportion of those infected (20 percent over the course of the outbreak con-
sidered) cannot go to work as a result of iliness, while the remaining proportion continue
to work as before.
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against the virus in question. Thus, for the recovered, there is no cost,
in terms of risk of infection, of participating in economic activities.

Box V.7 presents a baseline scenario based on the economic-epide-
miological model used here, which builds on the basic SIR epidemio-
logical model outlined in section V.2. The model assumes a basic re-
production number of 2.1 at the beginning of the outbreak. In the pre-
sent baseline scenario, as mentioned above, in order to try to avoid
becoming infected, those who are susceptible to the virus will reduce
their consumption and labour supply as the number of infected people
increases. In the baseline scenario, the reduction in consumption and
labour supply leads to a decline in the basic reproduction number over
the period during which the number of infected people increases. Thus,
the change in household behaviour contributes to limiting the spread
of infection during this period and, overall, the degree of overshooting
and the number of deaths are reduced slightly compared with the re-
sults obtained from epidemiological-only models, such as the SIR
model.

In the model considered, there is a negative externality associated with
the behaviour of the infected people, who, as mentioned above, by as-
sumption, do not take account of their risk of infecting people who are
susceptible to the virus through consumption and work. Infected peo-
ple will thus choose to consume and work more than is optimal from a
social point of view.'® Thus, measures that reduce activity in society for
a period of time, and thus reduce the spread of infection and the num-
ber of deaths, have benefits for society.

16) In addition, there may also be an indirect externality. The people who are susceptible
to the virus will, in their choice of behaviour, take into account the costs that they them-
selves will bear in the event that they become infected, but not the negative externalities
they, as infected people, would be able to inflict on others. This has the consequence
that susceptible people do not reduce their activity to a sufficient extent from a social
perspective, cf. the results in Bethune and Korinek (2020).
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BOX V.7 THE BASELINE SCENARIO

In the following, using the model in Eichenbaum et al. (2020a), a baseline scenario without policy
interventions is presented. The baseline scenario builds on the basic SIR epidemiological model
outlined in V.2 and assumes that:

. The basic reproduction number is 2.1 at the beginning of the outbreak
o The mortality rate of the virus is 0.5 percent

. Duration of the viral infection is 18 days
In addition, the same assumptions are used as in Eichenbaum et al. (2020a), including that:

. The probability of a vaccine being discovered is the same in each period,

. The probability of an effective treatment being discovered is the same in each period, and
corresponds to expected discovery of a vaccine after a one year

. Activities related to consumption and work account for 2/3 of the transmissions of the virus
at the beginning of the outbreak?®

e  The parameter k in the household utility function in equation (4) in Box V.6 is set to 0, which,
together with the other parameter choices, has the consequence that the value of a statistical
life is 159 times the GDP per capita®

Over the course of the outbreak, households that are susceptible to the virus will respond by reduc-
ing consumption and labour supply as the number of infected people increases, cf. Figure A. These
behavioural responses will, in themselves, reduce the spread of infection and thus the basic repro-
duction number in the period where the number of infected people increases, cf. Figure B. When
the number of infected people subsequently begins to decline, households gradually increase their
consumption and labour supply again, whereby the basic reproduction number gradually returns to
21.

The reduction of the spread of infection over the period during which the number of infected people
increases has the consequence that the number of infected people peaks at a slightly lower level
after 18 weeks (at approximately 16 percent of the population) than in the baseline SIR model in
section V.2, cf. Figure C. The limitation in the spread of infection at the beginning of the outbreak
also has the consequence that, as a result of a slightly lower degree of overshooting, slightly fewer
people die than predicted by the baseline scenario in the SIR model in section V.2, cf. Figure D.

a) The three parameters, m,, m, og 75, in equation (1) in Box V.6 are thus scaled up proportionally relative to
the assumptions in Eichenbaum et al. (2020a), where the basic reproduction number is 1.5 at the beginning
of the outbreak.

b) For comparison, the Ministry of Finance in Denmark assumes that the value of a statistical life is 85 times
GDP per capita.
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BOX V.7 THE BASELINE SCENARIO, CONTINUED

Note that the figures below illustrate the course of the outbreak assuming that, at any given time,
neither a vaccine nor an effective medical treatment has been discovered.

FIGURE A CONSUMPTION AND LA- FIGURE B REPRODUCTION NUMBER

BOUR SUPPLY
Time 0 (susceptible) = 100
100 — 255
90
80
70
60
50 T T T T T 0.0 - T r
0 10 20 Weeks 30 40 50 0 10 20 Weeks 30 40 50
— Susceptible — Infected — Recovered — Total == Basic reproduction number = Effective reproductive number
FIGURE C INFECTED FIGURE D DECEASED
Pct. of initial population Pct. of initial population
AD ================s=s=======s=========s=====sssss=s=====s 0.5
20 0.4
0.3
0.2
0.1
T 0.0 - - T :
0 10 20 30 40 50 0 10 20 30 40 50
Weeks Weeks

Notes In the model used, there is a one-to-one relationship between consumption and labour supply. There-
fore, the relative changes in consumption and the relative changes in labour supply are identical. Figure
A, therefore, illustrates the effect on both (with the initial level normalised to 100). The curve “Total”
indicates total consumption / total working hours. The development in this reflects, among other things,
compositional effects, i.e., that over time there are differences in the proportion of the population that is
in the individual groups (susceptible, infected and recovered).

Source: Own calculations based on Eichenbaum et al. (2020a).

lllustration of In the model, the authorities have the possibility of influencing general
optimal policy ... economic activity and, thereby, the spread of infection by applying a
time-varying tax on consumption, which in fact also acts as a corre-
sponding tax on earned income. This can be seen as a simple way of
taking into account that the authorities can reduce economic activity by
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imposing restrictions on the business community or imposing actual
lockdowns. In the following, the optimal policy, understood as the pol-
icy response that results in the sum of the individual citizens' welfare
levels being as high as possible, is illustrated, given the assumptions
in the model, including household preferences. In designing the opti-
mal policy response, the authorities are faced with a fundamental
trade-off between the need to avoid loss of human life and the need to
avoid an excessive fall in production and consumption during the viral
outbreak.

First, the results of the optimal policy in the baseline scenario are con-
sidered (i.e., using the assumptions that form the baseline scenario
presented in box V.7). Next, the optimal policy is considered under four
alternative scenarios:

Higher mortality rate of the virus

Higher value of a statistical life

Lower probability of a vaccine being discovered

Mortality rate of the virus depends on the number of infected
(via capacity pressures in the healthcare system).

PO

Optimal policy in the baseline scenario

With the assumptions used in the baseline scenario, it is optimal to
have a relatively aggressive policy response that, from the very begin-
ning of the outbreak of the virus, limits the spread of infection by reduc-
ing total economic activity by 18 percent relative to the scenario without
the optimal policy response, cf. Figure V.6. This is because there is
some probability that a vaccine against the virus will be discovered. By
reducing economic activity as soon as possible, and thus limiting the
spread of infection, loss of human life can be avoided if a vaccine
should become available within a short period of time.

Note that Figure V.6 illustrates the consequences of the optimal policy
provided that no vaccine has been discovered at a given point in time,
but under the assumption that one is expected to be available in one
year’s time. The moment a vaccine is actually discovered, it is as-
sumed, as previously mentioned, that the number of newly infected
people will be zero in the future. Thus, the restrictions on economic
activity can be lifted without loss of human life. Likewise, the re-
strictions on economic activity can be lifted without loss of human life
if, at a given time, an effective medical treatment is discovered.
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With the optimal policy response, the reduced infection intensity due to
the restriction of economic activity will cause the number infected to
peak a little later than would be the case without the optimal policy. The
level at which the number of infected people peaks is also lower than
in the case without any policy response, cf. Figure V.6. Furthermore, it
is optimal to allow the restrictions on economic activity to be phased
out as the number of infected people begins to decline. Thus, it is en-
sured that the spread of infection is limited for a longer period of time
and that the restrictions are phased out gradually as the number in-
fected declines.

Note that, in the upper graph to the left in figure V.6, up to week 23
there is an undulation in the dashed curve, which shows the percent-
age gap between consumption (and labour supply) in the optimal policy
case and consumption in the case without a policy response.'” Thus,
the gap decreases for a period, before it increases, and then continu-
ously decreases from week 23. The temporary reduction in the gap is
an indication that the people who are susceptible to the virus in the
case without a policy response reduce their consumption to a relatively
large extent as the number of infected people increases, as illustrated
in box V.7. In the optimal policy case, a large part of this decline in
consumption is brought forward to the beginning of the outbreak and,
therefore, a smaller decline occurs subsequently. The subsequent ex-
pansion between week 18 and week 23 reflects that household con-
sumption levels are normalised earlier in the case without the optimal
policy response because the number of infected people peaks earlier.

The optimal policy response means that there will be an ongoing
spread of infection in the community. This is primarily justified in order
to avoid an excessive decline in economic activity, but at the same
time, it contributes to building up immunity in the population. Overall,
this leads to the virus dying out a little later than in the case without the
optimal policy response and in which a vaccine is never discovered. If
a vaccine never becomes available, the total number of deaths will be
reduced by 4 percent compared to the case without the optimal policy
response. The fact that the number of deaths is reduced in this case
reflects that the limitation of the spread of infection over a longer period
of time reduces the total number of deaths.® If a vaccine is discovered
before the virus dies out, the reduction in the number of deaths will be
greater relative to the case without an policy response, cf. Figure V.6.

17) This is repeated in several of the scenarios considered below.

18) The optimal policy can thus be said to be a hedging strategy: On the one hand, there
is an expectation that a vaccine will be discovered; on the other hand, immunity is also
built up in the population in the event that a vaccine is never discovered.
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FIGURE V.6 OPTIMAL POLICY IN THE BASELINE SCENARIO

CONSUMPTION

The optimal policy implies a significant re-
duction in consumption and labour supply
from the beginning of the virus outbreak rel-
ative to the case without the optimal policy ...
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If a vaccine is not discovered, the number of
deaths is reduced by 4 percent relative to the
case without the optimal policy. This reduction
can be significantly greater if a vaccine is dis-
covered.
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In the figure at the top left, “Gap (right axis)” indicates the percentage that total consumption (and labour
supply) is lower in the optimal case compared with the case without a policy response. Note that the
case without the optimal policy corresponds to the baseline scenario presented in box V.7.

Source: Own calculations based on Eichenbaum et al. (2020a).
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With higher mortality
rates, greater
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... and the activity
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place for longer
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Higher mortality rate of the virus

Figure V.7 presents the consequences for the optimal policy if the risk
of death is 1 percent instead of 0.5 percent as in the baseline scenario.
In the case without policy measures, this would increase the total num-
ber of deaths over the duration of the outbreak of the virus to 0.78 per-
cent of the population and cause a greater decrease in consumption at
the beginning of the outbreak than illustrated in box V.7. The optimal
policy response in this case consists of an even stricter restriction of
economic activity than in the baseline scenario, cf. Figure V.7. This is
because the cost of people contracting the virus is now greater.

The optimal policy also means that the restrictions on economic activity
are in place for longer than in the baseline scenario. This reflects that
the benefit of waiting for a vaccine is greater when mortality is higher.

FIGURE V.7 REDUCTION IN CONSUMPTION

In the event of a doubling of mortality, the optimal policy implies a
bigger reduction in consumption and labour supply during the out-
break of the virus.
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Notes: See notes to figure V.6. Note that the dashed curve is identical to
the dashed curve in the upper left graph in figure V.6.

Source: Own calculations based on Eichenbaum et al. (2020a).
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Higher VSL implies
greater restriction
of activity

Higher value of a life

Figure V.8 presents the consequences of the value of a statistical life
(VSL) being increased by 60 percent compared with the baseline sce-
nario.'®

VALUE OF A STATISTICAL LIFE (VSL)

The value of a statistical life indicates society's willingness to pay for
a small reduction in the risk of death. It can be interpreted as the total
present value of each future life year one could expect to live.

A higher value of a statistical life, like a higher mortality rate, implies
that it is optimal to impose heavier restrictions on economic activity
during the outbreak of the virus compared with the baseline scenario,
cf. Figure V.8. This reflects that the cost of infection to both the individ-
ual and society increases when the value of a statistical life is higher.
There is thus a greater benefit in limiting activity and the spread of in-
fection. However, in the case where a vaccine is not discovered, the
reduction in the number of deaths will be only slightly greater than in
the baseline scenario with a lower value of a statistical life.

19) This has been done by increasing the constant, k, in the utility function of households,
cf. equation (4) in Box V.6.
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FIGURE V.8 REDUCTION IN CONSUMPTION

With an increase in the value of a statistical life of 60 percent, the
optimal policy implies a bigger reduction in consumption and la-
bour supply during the outbreak of the virus.
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Note: See notes to figure V.6. Note that the dashed curve is identical to
the dashed curve in the upper left graph in figure V.6.

Source: Own calculations based on Eichenbaum et al. (2020a).

Lower likelihood of a vaccine being discovered

Figure V.9 presents the consequences for the optimal policy when the
probability of a vaccine being discovered is 90 percent lower than in
the baseline scenario above, corresponding to an expectation of it tak-
ing 10 years for a vaccine to be discovered. This significantly changes
the time profile of the optimal policy response. The reason is that there
is a lower expected gain from postponing the spread of infection in an-
ticipation of a vaccine becoming available. Instead, herd immunity is
more likely to be achieved by enough people contracting the virus,
therefore, the purpose of the optimal policy is rather to reduce the ex-
tent of overshooting. Instead of a significant restriction of economic ac-
tivity at the beginning of the outbreak, it is optimal to have fewer re-
strictions on economic activity in this case.
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... the optimal policy On the other hand, economic activity and the spread of infection are
response follows the further limited as the number of infected people increases and the in-
number of infected fection externality thus becomes more costly. Once the number of in-
to a greater extent fected has reached its peak, the restrictions on economic activity are

phased out. Due to the gradual phasing in and subsequent phasing out
of the restrictions on economic activity, the number of deaths is re-
duced compared to the case without the optimal policy due to a lower
degree of overshooting.?®

FIGUREV.9 REDUCTION IN CONSUMPTION

With a low probability of a vaccine being discovered, the re-
strictions on economic activity will more closely follow the evolu-
tion in the number of infected people.
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Notes.: See notes to figure V.6. Note that the dashed curve is identical to
the dashed curve in the upper left graph in figure V.6.

Source: Own calculations based on Eichenbaum et al. (2020a).

20) Conversely, Eichenbaum et al. (2020a) show that the optimal policy response does not
depend significantly on the likelihood of an effective medical treatment being discov-
ered. This is because there is not a high cost as a result of people becoming infected if
a treatment arrives in a shorter period of time. Unlike this, the group of currently infected
people will not benefit from the vaccine. That explains why there is such a big difference
in the significance for the optimal policy.
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Mortality rate depends on the number of infected

Figure V.10 presents the consequences for the optimal policy of a sit-
uation in which the mortality rate increases with the number of infected
people. This reflects the consequences of increased capacity pressure
in the healthcare system that reduces the quality of the treatment avail-
able to inpatients. Specifically, in the absence of policy measures, it is
assumed that the mortality rate of the virus increases from 0.5 percent
to 1.5 percent as the number of infected people increases. As a result,
the number of deaths in total reaches 0.8 percent of the population
over the duration of the outbreak of the virus.?!

The optimal policy implies a significant reduction in economic activity
at the beginning of the outbreak and further restrictions in line with in-
creases in the number of infected people, cf. Figure V.10. This reflects
that there is an additional externality associated with the individual's
consumption and labour supply decisions. Thus, individuals do not
take into account the costs in the form of increased capacity pressure
in the healthcare system if they become infected or infects others.
Overall, the optimal policy means that the mortality rate only increases
to 0.9 percent, and that the number of deaths is reduced by approxi-
mately one third relative to the case without policy measures and in
which a vaccine is not discovered.

21) As in Eichenbaum et al. (2020a), it is assumed here that there is a quadratic relationship
between the mortality rate and the number of infected people. Thus, when the number
of infected is low, a further increase in the number of infected people will only lead to a
small increase in mortality, while this effect is more pronounced the more infected peo-
ple there are.
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FIGURE V.10 REDUCTION IN CONSUMPTION

When the mortality rate increases with the number infected, it is
optimal that economic activity be restricted to an increasing extent
in line with the increasing number of infected people.
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Notes.: See notes to figure V.6. Note that the dashed curve is identical to
the dashed curve in the upper left graph in figure V.6.

Source: Own calculations based on Eichenbaum et al. (2020a).

Summary

Based on the economic-epidemiological model in Eichenbaum et al.
(2020a), it is demonstrated that the optimal policy response to a virus
outbreak can consist of significant restrictions on the economic activity
from the start of the outbreak. This is the case if a vaccine is likely to
be discovered within a shorter period of time, and in this case, there is
a significant benefit in delaying the spread of infection. The extent to
which economic activity should be restricted depends, among other
things, on how high the mortality rate of the virus is and how much
citizens are will to pay to reduce the risk of premature death. If a vac-
cine is unlikely to be discovered, the restrictions on economic activity
should be intensified as the number infected increases, thereby reduc-
ing the extent of overshooting. This is also the case if the mortality rate
of the virus depends on the capacity pressure in the healthcare system.
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OTHER FACTORS OF RELEVANCE TO THE BASIC POLICY
TRADE-OFFS

In the following, the results of other recent studies on the interaction
between economic activity and epidemiology where the focus is on fac-
tors that affect the basic trade-off between avoiding loss of human life
and avoiding excessive reductions in economic activity are discussed.

Several studies have pointed out that there can be significant benefits
from using testing and quarantine measures to reduce the spread of
infection rather than a general lockdown of the economy.

Berger et al. (2020) take into account, for example, that those infected
may be asymptomatic for a period but can still infect others. Against
this background, they analyse the effects of random testing of asymp-
tomatic people combined with quarantine in the event of a positive test
(conditional quarantine) as people in quarantine have a lower risk of
infecting others. They find that, compared to a general lockdown of the
economy, random testing and conditional quarantine can reduce the
negative economic impact without increasing the number of deaths.
This is due to the fact that the quarantine measures can be better tar-
geted at the infected, allowing economic activity to continue to a
greater extent without creating too great a spread of infection. Berger
et al. (2020) further find that testing and conditional quarantine post-
pone the time that the number of infected peaks. Thus, time can be
gained, which, for example, makes it possible to build capacity in the
healthcare system.

Eichenbaum et al. (2020b) also discuss the use of random (mass) test-
ing and conditional quarantine in an extension of their earlier model on
which the results in this section are based. In the modified version, it is
assumed that the infected are asymptomatic, and individuals therefore
do not know their own health status.?? The study distinguishes between
two types of quarantine: smart containment and strict containment. Un-
der smart containment, those who test positive are isolated in such a
way that they do not transmit the infection through work or their con-
sumer activity (equivalent to home isolation, where the authorities
make consumer goods available). Under strict containment, the in-
fected individuals are completely isolated so that they do not spread

22) The study finds that testing in the absence of quarantine measures will increase the
spread of infection because people who find out they are infected are not at risk of
becoming infected by consuming and working. Thus, in this model, they will exercise
less caution than if they had been in doubt as to whether they were infected. This is a
result of the fact that, as mentioned earlier, it is assumed that people’s behaviour takes
no consideration for other people's well-being.
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Temporary immunity
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benefits of testing
and conditional
quarantine

Even with the cost
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the infection via physical contact that is not related to consumption and
work (equivalent to a more extreme form of isolation).?® Eichenbaum
et al. (2020b) find that smart containment that involves testing 38 per-
cent of the population every week by the end of the first year roughly
halves the number of deaths, just as the decline in the level of activity
is reduced.?* The latter effect is due to the fact that it becomes less
risky to work and consume when infected people are more isolated.
Strict containment means an even greater reduction in the spread of
infection and the number of deaths. However, it also requires that a
larger proportion of the population be tested (59 percent each week by
the end of the first year) and this also means that the spread of infection
is limited to such an extent that herd immunity is never achieved.

Eichenbaum et al. (2020b) also carry out a sensitivity analysis that
takes into account that people who have been infected might only gain
temporary immunity to the virus. In this case, the epidemic will flare up
again from time to time as people become infected again. This will also
lead to repeated periods of declines in economic activity. In this case,
both smart containment and strict containment (to the extent men-
tioned above) would not only reduce the number infected and the num-
ber of deaths in the short term, but would also completely avert future
outbreaks.?® The presence of temporary immunity thus increases the
potential benefit of conducting tests and implementing conditional
quarantine.

Piguillem and Shi (2020) analyse random testing and conditional quar-
antine in a model where a proportion of those infected never show
symptoms. Thus, there is a proportion of those individuals who have
acquired immunity to the virus who are not aware of this. Piguillem and
Shi (2020) point out that testing can both free up labour supply com-
pared to a general lockdown and can help reduce the spread of infec-
tion. Unlike the two studies mentioned above, Piguillem and Shi (2020)
take the cost of testing into account. They assume that the cost of test-
ing one additional person is increasing in the extent of the testing. Even
with these assumptions, they find that intensive testing is optimal. They
further find that testing (combined with conditional quarantine) is a sub-

23) The study does not take into account that there may be costs associated with testing
just as there may be costs associated with more quarantine facilities, for example, in
the form of governments making hotel rooms available to quarantined people.

24) With the test strategy assumed in Eichenbaum et al. (2020b), more people gradually
join the test group. When a person joins the test group, they remain there until they test
positive (are infected) and subsequently test negative (have recovered).

25) Note that this result applies to a closed economy.
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stitute for a more general lockdown. The number of deaths in the opti-
mal testing scenario in the study is thus approximately the same as
with a general lockdown, but the negative economic consequences as
a result of lower production are significantly mitigated.

Another type of testing involves so-called contact tracing, where in-
stead of being random, testing is targeted at people who have been in
contact with infected people and, therefore, have a particularly high risk
of being infected. If contact tracing is sufficiently well-functioning in the
sense that a large proportion of those infected can be traced at low
cost, it can be an economically effective tool compared to a widespread
lockdown or no policy measures at all, cf. Alvarez et al. (2020). Even
in cases where contact tracing is less well-functioning, it may be ap-
propriate to use it as a supplement to shutdowns. The effectiveness
depends on the extent to which it is possible to target the testing to
catch all the suspected infected people, i.e., whether all the contacts
can be traced and how costly this will be.

Several studies find that there can be significant gains from targeting
restrictions towards vulnerable groups rather than imposing a general
shutdown of the economy.

Acemoglu et al. (2020), for example, carry out an analysis that includes
three different age groups: young, middle-aged and older. They take
into account that the risk of becoming infected, the risk of being admit-
ted to hospital (conditional on having been infected), and the risk of
dying from the virus depend on age. Acemoglu et al. (2020) find that
targeted restrictions that cause the elderly to be less exposed to infec-
tion are significantly more cost-effective than general lockdowns. The
number infected and the number of deaths is thus reduced, and at the
same time the targeted restrictions enable the younger and middle-
aged people to participate more fully in the labour market more quickly.
This mitigates the negative economic consequences.

Rampini (2020) considers a model with two age groups: a younger age
group that has higher labour market participation rates and suffers
fewer complications in the event of an infection, and an older age group
that is less likely to work and more likely to be hospitalised and to die
from an infection. In the study, there is initially a general lockdown in
place that has led to restrictions on all groups. By removing the re-
strictions for the younger age group first, the number of deaths, the
pressure on the healthcare system and the financial costs of the
measures can be reduced compared to a situation where the re-
strictions are removed later for all groups at once.
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Krueger et al. (2020) point out that both the negative economic and the
health costs of a viral outbreak can be significantly reduced when the
fact that consumers can substitute between different consumer goods
is taken into account. The study extends the model in Eichenbaum et
al. (2020a) to include more sectors and consumer goods, and takes
into account that different consumer goods are associated with differ-
ent contagion risks. In the event of a virus outbreak, consumers will
substitute away from the goods where consumption is associated with
a relatively high risk of infection and towards goods where consump-
tion is associated with a relatively low risk of infection. This in itself
reduces the spread of infection and the number of deaths, and at the
same time reduces the overall decline in economic activity. The study
assumes that there are no frictions that prevent employees in sectors
affected by the changed consumption patterns from moving to other
sectors.

STRATEGIES IN CASE OF
VIRUS OUTBREAK

This section picks up on the two preceding sections and discusses
which strategy - containment, suppression or mitigation - is most ap-
propriate from a purely socio-economic perspective. The answer de-
pends on a number of economic and epidemiological factors as well
as on policy trade-offs. With regards to the current COVID-19 pan-
demic, many of these factors are still unknown. Given the choice of
strategy, various instruments may be suitable. Section V.5 discusses
a number of these instruments.

There are three basic strategies for dealing with the outbreak of a virus:
In the containment strategy, the purpose is more or less to eliminate
the virus from the start and prevent it from spreading to the rest of the
community. The mitigation strategy allows a controlled spread of the
virus. The suppression strategy can be seen as a hybrid between con-
tainment and mitigation. Here it is accepted that the virus is in the com-
munity, but an attempt is made to limit and keep control of the spread
of the infection.Such a strategy may be applicable in cases when, for
example, it is not possible or if it is very costly to contain the virus.
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OVERALL STRATEGIES

If action is taken early enough in a virus outbreak, it may be possible
to apply a containment strategy and try to avoid an epidemic. This
usually means that people who contract the virus are identified and
isolated, for example with the help of contact tracing, before they
have time to pass on the virus. A successful containment strategy
may also require significant entry restrictions in order to avoid the
emergence of new cases of infection from abroad. Taiwan is an ex-
ample of a country that has largely followed a strategy in which at-
tempts have been made to contain COVID-19, cf. Box V.8.

A suppression strategy tries to prevent the virus from spreading
widely in society and, thus, to keep transmission of the virus low, for
example, until a vaccination is available. Denmark and Norway have
used a suppression strategy in connection with the outbreak of
COVID-19, cf. Box V.8.

A mitigation strategy allows the virus to remain in the community
for an extended period of time with the aim of achieving herd immun-
ity. Instead of eliminating the virus, this strategy seeks to ensure a
controlled spread of infection and to mitigate the consequences of
the outbreak, including the pressure on the healthcare system's re-
sources. This potentially avoids the cost of more rigorous infection
control strategies necessary to suppress or contain the virus. Sweden
is an example of a country that has more or less followed a mitigation
strategy, cf. Box V.8.

An example of a suppression strategy is the “hammer and the dance”
strategy, cf. Pueyo (2020). Denmark has used this strategy since the
spring.?8 The strategy is to first hit transmission of the virus hard with
aggressive lockdown measures (the hammer) and then gradually reo-
pen the economy while the infection is kept in check by more targeted
measures, such as contact tracing (the dance). The strategy may, for
example, be appropriate if the spread of infection is to be suppressed
from a starting point where the virus is relatively widespread in the pop-
ulation.

26 The term has subsequently been used by Prime Minister Mette Frederiksen to describe
the Danish strategy, cf. Tv2 (2020) (https://www.tv2lorry.dk/tv2dk/mette-frederiksen-vi-
vil-se-flere-lokale-nedlukninger-resten-af-aaret).
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BOX V.8 COVID-19 MANAGEMENT STRATEGIES

Taiwan is an example of a country that has used a containment strategy in connection with the
outbreak of COVID-19. For this purpose, a combination of control and quarantine of people entering
the country, testing and surveillance has been used, cf. Cheng et al. (2020). Taiwan has more or
less prevented the spread of the virus within its borders. Most of the infections have been in travel-
lers arriving from abroad; thus, the spread of infection from these people has been checked.

Among the Nordic countries, Norway and Sweden have followed different strategies in relation to
the outbreak of COVID-19 in 2020.

Sweden has largely avoided major lockdowns and actual bans. Instead, the focus has been on
encouraging the population to exercise caution by, among other things, maintaining a physical dis-
tance from others. In particular, authorities have urged senior people to avoid contact with others.
In some areas, actual restrictions have been introduced, for example, on visits to nursing homes,
as well as bans on gatherings, and online learning was introduced in parts of the education system.?

Norway, on the other hand, has pursued a strategy that has the character of suppression. Already
in mid-March, a major lockdown was introduced that included online learning in schools, closure of
restaurants and fitness centres and restrictions on entry into the country.?) In addition, Norway has
utilised testing to a significant extent.

At the beginning of the virus outbreak, Denmark followed a containment strategy in order to try to
avoid the virus being introduced into the community. Relatively quickly, the Danish authorities then
switched to another type of strategy that was more mitigation in character, as the purpose was to
flatten the curve so that the capacity pressure on the healthcare system did not become too great
at any point.

In March, however, a comprehensive lockdown of society was imposed in order to reduce the re-
production number. These lockdown measures included, among other things, schools going to
online learning, lockdowns of a number of economic activities, work-from-home by parts of the public
sector employees, closure of Danish borders, etc. This can be seen as the first part of the transition
to the hammer and dance strategy, which has the character of a suppression strategy. Since then,
the authorities have increasingly moved to the other part of the strategy with the gradual reopening
of the economy combined with a massive test and contact tracing effort, continued restrictions on
travel and certain types of business activities, requirements for masks to be worn on public transport
and various measures targeted at local outbreaks.

a) See, for example, https://www.folkhalsomyndigheten.se/the-public-health-agency-of-sweden/communica-
ble-disease-control/covid-19--the-swedish-strategy/

b) See for example, https://www.businessinsider.com/how-sweden-and-norway-handled-COVID-19-differ-
ently-2020-4?r=US&IR=T
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Containment, suppression and mitigation are major categories of strat-
egies, and within each category there are several different variants,
which are characterised by the number of infected people that is ac-
ceptable at different points in time over the course of the outbreak. An
example of an extreme form of mitigation is a strategy where viruses
are allowed to spread freely without any intervention from the authori-
ties. Such a strategy will lead to a relatively large number of people
becoming infected as a result of, among other things, overshooting, cf.
section V.2. However, this may be appropriate in epidemics of rela-
tively harmless diseases. The transition between mitigation and sup-
pression is also fluid in the sense that one can imagine strategies
where the infection is kept simmering through a longer outbreak, so
that the proportion who have been infected gradually increases. Such
a strategy can either be characterised as a loose suppression strategy
or a very slow mitigation strategy.

A strategy can, in principle, be achieved by employing a combination
of several different instruments that reduce the spread in the commu-
nity, although there may be differences in which instruments are best
suited for different strategies. Section V.5 describes some of the instru-
ments that can be used to combat COVID-19 and epidemics in gen-
eral, and discusses the circumstances in which they are applicable to
the various strategies.

CHOICE OF STRATEGY

Based on section V.3, it is possible to identify some of the factors that
determine which strategy is most appropriate, cf. Table V.1. This is not
meant to be an exhaustive list, but an overview of the factors that are
important. As for the COVID-19 pandemic, there is significant uncer-
tainty about several of the factors. Overall, therefore, it is not possible
at this stage to determine which strategy is most appropriate.

The greater the cost of the disease, the more appropriate it is to follow
a suppression strategy or, if possible, a containment strategy, thereby
minimising the number of infected people. The costs are greater, for
example, the higher the mortality rate, and the more people who suffer
long-term health effects. A high value of human life will also favour this
approach. In addition, capacity in the healthcare system plays a role in
the cost; the more limited the capacity, the higher the excess mortality
when there are many infected people. When the cost of infection is
greater, it becomes more advantageous to seek to curb the spread of
the virus.
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In many cases, the mortality rate and extent of long-term health effects
of the disease are not known, and this may in itself be an argument for
curbing or suppressing the spread of the infection. Thus, greater un-
certainty about costs will typically favour strategies that reduce the
number of infected people in order to reduce the risks.

If the disease is detected at an early stage when the infection is not yet
widespread in the community, then the need for major lockdown
measures to curb the spread of the infection is reduced. If this is pos-
sible, the cost of containment of the spread of the infection is reduced,
which makes it more advantageous to use a containment strategy. In
relation to COVID-19, however, the containment strategy is compli-
cated by, among other things, the fact that some of those who are in-
fected with COVID-19 do not show symptoms, and some people who
later develop symptoms are contagious before they show symptoms.

In addition, technology plays a role in the choice of strategy. If a vac-
cine is expected to become available in the near future, it will become
more attractive to suppress or even contain a virus. The cost of limiting
the spread of infection is also determined by the technological and in-
stitutional possibilities for various forms of transmission control. If con-
tact tracing is effective and not very costly, it is easier and cheaper to
suppress or contain a virus. The same applies if it is possible to limit
the arrival of the infection from abroad in a cost-effective way.

Suppression typically involves a certain element of lockdown or at least
the risk of it, as it is uncertain, especially with new and unknown dis-
eases, whether the epidemic can be suppressed completely without
the use of lockdowns. The greater the cost of lockdowns, the more
favourable it is to opt for a mitigation strategy rather than spending a
lot of resources on suppression or containment. The costs of lock-
downs are greater if there are negative long-term economic effects of
bans on activity. For example, important knowledge about work pro-
cesses and organisational knowledge can be lost if enterprises close
due to restrictions on their business activity, and this can damage pro-
duction in the long run. However, these effects may be mitigated by
support schemes put in place to limit business closures.

The easier it is to isolate vulnerable people, the lower is the cost of
accepting a more general spread of infection in the community. Having
sufficient means to protect vulnerable people, therefore, also speaks
in favour of choosing the mitigation strategy. Lasting immunity will also
favour mitigation: If those who recover have gained immunity, it is pos-
sible to achieve herd immunity in the population. This reduces the cost
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of the infection spreading relative to the situation where it is possible
to become infected repeatedly.

Particularly with a new virus where there is considerable uncertainty
about the health consequences, it may be the case that people them-
selves choose to exercise a high degree of caution in their behaviour
and, for example, isolate themselves from other people to a greater
extent. As mentioned in section V.3, these behavioural responses can
mitigate the health costs of a virus outbreak. Seen in isolation, this
means that the need for policy measures to limit the spread of infection
is reduced, which can therefore make the mitigation strategy more at-
tractive. However, the behavioural responses may also mean that it
could take too long for herd immunity to be achieved relative to what is
desirable. Seen in isolation, this makes the mitigation strategy less at-
tractive.

Under certain conditions the epidemic will involve a limited number of
infected people, even if left to spread freely, cf. Krueger et al. (2020).
This may be the case, for example, if there are such good substitution
possibilities in consumption that consumers themselves replace infec-
tion-risky consumption of goods and services with consumption of less
infection-risky goods and services. This reduces the spread of infection
even in the absence of policy measures and, hence, reduces the need
for the authorities to step in to curb the spread of infection. What's
more, better substitution possibilities can also reduce the cost of lock-
downs, as consumption closed industries can be more easily shifted to
consumption from industries that are still open.
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TABLE V.1 IMPORTANT FACTORS FOR CHOOSING A STRATEGY

Factors that favour suppression or containment Refer to

High mortality rate / long-term health effects of the disease Section V.3

Uncertainty about mortality rate and long-term health effects
High probability of a vaccine being discovered within a shorter period

. Section V.3
of time
Limited treatment capacity in the healthcare system Section V.3
Sufficient capacity to test and trace Alvarez et al. (2020)
Ability to limit infection from abroad
High value of a statistical life Alvarez (2020)
Early detection so lockdowns can be avoided
Factors that favour mitigation Refer to

Sufficient means to isolate vulnerable groups AcemOQIL(JZEgZ%Ij

Lasting immunity in the recovered

Good substitution possibilities in consumption? Krueger et al. (2020)
Permanent productivity reductions due to locking down of economic

activity
a) At the same time, however, this will also reduce the cost of lockdowns in parts of the economy, which

may be part of a suppression strategy.
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INSTRUMENTS FOR
COMBATTING THE SPREAD OF
INFECTION

Different strategies imply different limits on how much and how fast the
infection is allowed to spread in the community: In mitigation, the infec-
tion spreads at a controlled rate; in suppression, widespread infection
must be prevented; and in containment, the spread of infection must
be stopped completely. In all circumstances, however, measures are
needed to reduce the infection, albeit to varying degrees. This section
discusses which instruments are most appropriate for pursuing the var-
ious strategies.

There are several factors that need to be considered in determining
which instruments should be implemented to achieve a desired strat-
egy. First, it is relevant to look at how effective an instrument is at re-
ducing infection relative to what the instrument costs society. The costs
to society can be, for example, expenses associated with detecting the
infection or lost production due to the closure of business activities.

In addition, distributional and uncertainty effects may be taken into ac-
count. Distributional effects become relevant if measures such as the
lockdowns of economic activity affect vulnerable groups differently
from others. Uncertainty is particularly relevant in the case of COVID-
19 and other newly emerging diseases, as the knowledge base is in-
complete. For example, there is still only limited knowledge about the
effect of the various measures on the spread of the infection, the health
consequences of the disease in the short and long terms and the basic
epidemiological parameters, such as incubation period and length of
the infectious period.

The effectiveness of the instruments available also affects which strat-
egy is most appropriate. Thus, if there are many relatively inexpensive
and effective instruments available, then this favours a containment or
suppression strategy in which transmission is limited. Conversely, if it
is not possible to limit the infection without expensive lockdowns, then
this favours mitigation.

Much of this section is empirical and draws on the knowledge gained
from the spread of COVID-19. Therefore, the discussion in this section
is primarily relevant to COVID-19, although it will probably also be ap-
plicable if a similar epidemic should occur in the future.
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The section first discusses lockdowns of various business and non-
business activities. Next, several testing strategies are discussed, such
as contact tracing and mass testing. Finally, a number of other
measures are presented that are not related to lockdowns or testing.

LOCKING DOWN OF ACTIVITIES

One possible instrument to reduce transmission is to impose regula-
tions to limit activities associated with physical proximity. This can in-
clude both business and leisure activities, for example, gatherings of
groups of people in clubs, churches and the like, or gatherings in public
areas. The idea is to bring about greater physical distance between
people and thus reduce transmission of the virus.

Studies from a number of countries show that lockdowns have meant
sharp reductions in the spread of COVID-19. A study across 11 Euro-
pean countries in the spring of 2020 finds that the lockdowns examined
reduced the spread of COVID-19 by 81 percent, on average, cf. Flax-
man et al. (2020). Another study across US counties concludes that
various lockdown measures significantly reduced the growth in the
number of confirmed infections, cf. Courtemanche et al. (2020). Stud-
ies from China and Italy draw similar conclusions, cf. Tian et al. (2020)
and Gatto et al. (2020). These studies on the effect of lockdowns and
other measures are discussed in more detail in Box V.9.

A challenge with the studies is that it can be difficult to distinguish the
effects of the lockdowns from the effect of other changed factors. First,
lockdowns will typically be implemented at the same time as other
measures aimed at reducing the spread of the virus, making it difficult
to determine what is the real driving force behind subsequent changes
in the spread of infection. Second, even in the absence of interven-
tions, the population can choose to increase physical distancing and
otherwise change behaviour to avoid being infected. This may be partly
driven by selfish motives (the fear of becoming infected) and partly by
altruistic motives (consideration for others). These self-selected
changes in behaviour often occur in response to a wider spread of the
infection, cf. Engle et al. (2020). As lockdowns and other policy
measures typically also take place during periods when the number of
infections is increasing, it is difficult to determine the extent to which a
subsequent decrease in infections is due to the measures imple-
mented or to the self-selected behaviour.?’

27) There may also be interactions between different measures, which make it difficult to
distinguish the effects from each other. A lockdown can, for example, cause the direc-
tives issued by the authorities about maintaining a physical distance from other people
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General lockdowns, such as the one introduced in Denmark during the
spring of 2020, can have major immediate welfare costs. However,
these costs must be weighed against how the evolution of the spread
of the virus in the situation with no general lockdown would affect the
economy. If, for example, the desired strategy is to curb the spread of
infection, it is possible that a general lockdown today would mean that
a more extensive general lockdown in the future could be avoided. It
may also mean that increasing transmission, and the subsequent neg-
ative consequences for consumption and employment, are avoided, cf.
section V.3. Thus, locking down today rather than at a later date may
involve a lower cost over a longer period of time.

There are several factors that can be considered when prioritising
which activities to lock down first. First, the effect on transmission
which depends on the nature of the activities being restricted and the
nature of the disease in question should be considered. For example,
the transmission of COVID-19 can increase if an activity involves many
people standing close to each other for a long time. Under such cir-
cumstances, the effect of a lockdown will be large. Second, it is appro-
priate to consider the costs to society of locking down the various ac-
tivities. The cost will typically depend on both the direct welfare gain
from performing the activity and on the indirect effects through the in-
fluence on other activities. Indirect effects occur, for example, because
the production of certain inputs such as electricity and intermediate
goods is important for production in other firms. Other factors that are
relevant to prioritising activities to lockdown are the distributional and
uncertainty implications.

There is less knowledge about the costs and benefits of measures that
lock down most non-business activities, such as gatherings, travel re-
strictions and lockdowns on households (i.e., stay at home orders). As
mentioned above, empirical studies indicate that lockdowns have gen-
erally curbed the spread of COVID-19, but it is difficult to distinguish
between the effects of locking down of different types of activities. In
addition, it is difficult to calculate the welfare loss from locking down
non-business activities, since leisure activities such as visits from
friends and family are not traded in a market and, therefore, do not
have a market price that can be used to value them.

to be taken more seriously. Such an effect will not be attributable to either the directives
or the lockdowns, but to a combination of both measures.
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BOX V.9 MEASUREMENTS DECREASING THE SPREAD OF THE CORONAVIRUS

A number of studies look more closely at the effect of so-called non-pharmaceutical measures on
the spread of COVID-19. Non-pharmaceutical interventions cover restrictions on various infection-
spreading activities and other policy instruments that do not involve medical treatments. The main
focus in the following is on empirical research into the effect of various measures that has been
published in a peer-reviewed journal. The literature is new and rapidly growing, so the implications
can change quickly.

Flaxman et al. (2020) examine the consequences of various policy measures for the spread of
COVID-19 in 11 European countries, including Denmark. The method is a structural estimation of
an epidemiological model where the reproduction number is allowed to vary depending on the policy
pursued. The five types of policies examined are: School closures, mandates and calls for self-
isolation, bans on public events, calls for physical distancing, and lockdowns. Lockdowns are de-
fined as restrictions on social interactions, including bans on public assembly, closure of educational
institutions (including schools), public and cultural institutions, and stay-at-home orders. Thus, lock-
downs will typically include, or be an extension of, several of the other types of restrictions. In their
study it is not possible to distinguish the effects of lockdowns from the effects of the other measures
that, according to Flaxman et al. (2020), may be due to the timing of the interventions coinciding.

Courtemanche et al. (2020) examine the effects of various infection control measures on the number
of confirmed COVID-19 cases in US counties. An event study approach is used to analyse the
impacts of the introduction of the various initiatives at a time in the past on the evolution of the
outbreak. This method makes it possible to examine whether there are identification problems in
the form of different trends in the spread of infection before and after the intervention. Courtemanche
et al. (2020) don’t find any evidence against the identification strategy. Four different measures are
examined: lockdowns (so-called shelter-in-place/stay-at-home orders), closures of public schools,
bans on large social gatherings and closure of entertainment-related businesses, such as bars,
restaurants and gyms. The authors find significant effects of lockdowns and of closing entertain-
ment-related businesses, but not of school closures or bans on large public gatherings. Cour-
temanche et al. (2020) note that the absence of statistically significant effects for the latter two types
of measures may be due to a high level of uncertainty, or that schooling and larger assemblies have
been replaced by more informal social activities. Therefore, it is appropriate to consider whether this
type of substitution is feasible when evaluating the effects of various measures. Tian et al. (2020)
examine the effects of infection-reducing measures during the first 50 days of the COVID-19 epi-
demic in China. They use a so-called Markov chain Monte Carlo method to estimate an epidemio-
logical model before and after the introduction of various policy measures. The method selects the
model's parameters to fit the data on the number of infected people and movements of the popula-
tion across 296 cities. The first conclusion is that the virus spread faster to areas that had received
more travellers arriving from Wuhan, and that travel restrictions have slowed the spread. The sec-
ond conclusion is that there are statistically significant effects of the suspension of public transport
as well as the combination of bans on gatherings and closure of entertainment-related businesses.
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BOX V.9 MEASUREMENTS DECREASING THE SPREAD OF THE CORONAVIRUS,
CONTINUED

Gatto et al. (2020) examine the effects of infection reduction measures in Italy. As in Tian et al.
(2020), a Markov Chain Monte Carlo estimation is used to estimate the parameters of an epidemi-
ological model. Epidemiological data and data on population movements across 109 areas are
used. The conclusion is that the measures significantly reduced the spread of the virus. The
measures are divided into two groups according to when they were introduced. The effect is esti-
mated as reductions in the model parameters that determine the spread of infection at the national
level. Gatto et al. (2020) note that, therefore, the estimates reflect the overall effects of various
changes that reduce the transmission of infection; thus, it is not possible to distinguish the effect of
different policy measures from each other.

A number of
indicators shed light
on costs ...

... and benefits of
business closures
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With regard to the lockdown of various business activities, it is possible
to illustrate the costs and benefits on the basis of four indicators, which
are calculated at the industry level, cf. Table V.2. The costs are illus-
trated firstly by the loss of production, calculated as reduction in the
value added for the industry in question. The amount of lost production
indicates the direct loss of output associated with the lockdown of the
industry.?® Another indicator that is not necessarily related to the size
of the industry is whether the industry is essential to the functioning of
society. This typically applies to production that supports basic needs,
such as security, food and health. A third indicator is the ability to work
from home, which, when it is possible, reduces production losses when
access to the physical workplace is prevented due to lockdowns.

The benefits of locking down businesses are measured using an index
of physical proximity to other people at work. This index highlights the
potential for the transmission of infection associated with the business
activity and thus the benefits in the form of a lower number of infections
if the activity were locked down. This is supplemented by a measure of
the proportion of unique visitors in selected industries in the United
States. This measure is relevant, as the spread of infection can be
greater in business activities where there are many visitors who would
not otherwise interact in everyday life.

28) In addition, there may be indirect effects of lockdowns as a result of disruptions to de-
liveries in the supply chains. These can, for example, be read from the input-output
tables in the national accounts, cf. Andersen et al. (2020b).
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TABLEV.2 COSTS AND BENEFITS OF LOCKDOWNS

Indicators of cost Indicators of benefits
Value added Index of physical proximity
Categorisation of essential Proportion of unique visitors
industries in selected industries

Work-from-home index

Note: The table shows the cost and benefit indicators included in this sec-
tion.

Instead of banning activities, it is possible to introduce legislation that,
in various ways, aims to increase the physical distance between peo-
ple. For example, there may be a limit on the number of customers per
square metre, distance requirements in restaurants or restrictions on
opening hours in nightclubs and bars. Such restrictions also have costs
for society, but they are lower than if those activities were completely
banned. On the other hand, the effect on the spread of the infection is
also expected to be smaller.

Costs of locking down business activities

If a business activity is locked down, a production loss occurs and this
is a cost to society. If production is stopped completely, the immediate
loss depends on the value of the lost production.?® If there are minor
restrictions and it is still possible to keep parts of the business open,
the loss will of course be less. This also applies in occupations where
the physical workplaces are closed but the businesses can continue to
operate by having their employees work from home, cf. the discussion
below.

Over time, labour and capital from locked down industries will seek
employment in the open sectors of the economy, thereby increasing
production in these industries and reducing total production losses.
The speed and extent of this reallocation depends on several factors.
Aid packages that retain labour and capital in the locked down indus-

29) The direct loss will be greater than the value of the output. This is because the value of
the output is assessed at market price, which reflects the marginal gain from consuming
the product. However, when the consumption volume is reduced, the price increases,
which reflects the welfare gain from consumption. For example, a greater welfare loss
will result from reducing the number of annual visits to restaurants from 1 to 0 than from
12 to 11. The excess loss depends on the price elasticity, which reflects, among other
things, how easy it is to substitute other goods for restaurant visits.
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tries will dampen the reallocation as long as they are in force. Eco-
nomic conditions and other factors can affect the demand for labour
and capital in the other sectors of the economy, and thus how quickly
resources are redirected there. The reallocation is also affected by
whether the released labour and capital are of a type that can be used
in production in the businesses that remain open. Finally, business ex-
pectations can also play a role - if the lockdown is expected to be pro-
longed, the incentive to close the business and allow capital and labour
to be used elsewhere will increase.

Gross value added (GVA) measures the value of production in an in-
dustry and thus indicates the direct production loss of closure, cf. Fig-
ure V.11. This indicates the production loss for the industry in the case
where all activities are stopped - if only some of the production activi-
ties are restricted, the effect will be smaller.

In addition to the direct effects of restrictions on business activity, there
will be indirect effects on other industries. These effects can be due to
lower demand or lack of supplies of goods and services. In addition,
the closure of day care centres and primary schools (particularly the
lower grades) may have indirect effects on production by reducing par-
ents' effective labour supply.

The production of some industries is so important to the maintenance
of society that it is difficult to do without it. This applies to the provision
of goods that meet basic needs - these can be, for example, food, wa-
ter, security and health. It can also be infrastructure that is necessary
for maintaining communication and transport of people and goods.
This is typically production that is important, even if the value added is
not necessarily high.
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FIGURE V.11 GROSS VALUE ADDED

Gross value added is a measure of the direct loss of production
by closing down a sector.
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Source: Statistics Denmark, National Accounts and own calculations.

In order to shed light on which parts of the economy are essential for
the maintenance of society, the following uses the US Department of
Homeland Security's assessment of which industries are part of the
country's so-called critical infrastructure, cf. Box V.10. The American
list of industries is used, as Denmark does not have an official list, cf.
Jensen (2018). The results must, therefore, be seen in the light of the
fact that the categorisation of essential industries may be different in
Denmark.

Industries that are considered essential by the US authorities are typi-
cally characterised by the fact that they contribute to either food pro-
duction, infrastructure, transport, health or safety, cf. Figure V.12. It
includes both industries that directly contribute to keeping these func-
tions going and industries that have a more indirect contribution. An
example of the latter is the construction industry, which is responsible
for the repair and construction of physical infrastructure, such as roads
and railways. Another example is the parts of the retail sector that sell
food and medicine.
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FIGURE V.12 ESSENTIAL INDUSTRIES

The US government considers industries within e.g. food produc-
tion, infrastructure and health as essential.

Notes: Proportion of Danish employees working in a sub-industry that by
the US authorities is described as being essential for society. See
Box V.10 for details on data and definition of industry group.

Source: Own calculations based on Mongey et al. (2020) and register data.
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BOX V.10 INDUSTRYLEVEL DATA

Essential industries

The index of essential industries is from Mongey et al. (2020). They use the classification from
Tomer and Kane (2020), which is based on the Department of Homeland Security's assessment of
US essential industries. The index is a discrete variable equal to 1 if the industry is essential and 0
if it is not. The US industries are converted into Danish industry codes using the industry link from
Eurostat, which links US NAICS codes to European NACE Rev. 2 codes. In some cases, the link
between US and Danish industries is not one to one, but one-to-many or many-to-one. Here, the
industries are linked using the same method that Dingel and Neimann (2020) use to link US job
functions with Danish job functions, as employees in the US and employees in Denmark are used
as weights. Danish employment is obtained from register data and the data for the US are from
Mongey et al. (2020). It is not possible to link the industries within the "agriculture, etc." and “public
administration, defence and police” industry groups. Therefore, the industry group "agriculture etc."
is set. to 1, as the Department of Homeland Security (2020) states that food production is essential.
"Public administration, defence and law and order" are omitted, as it is not immediately possible to
determine which of the sub-sectors in the group are essential.

The final index for essential industries is calculated as an average of the number of employees in
each industry group. An index of, for example, 0.6, will thus indicate that approximately 60 percent
of the employees in the group work in a Danish industry where the corresponding US industry has
been declared essential by the US authorities. The definition of industry groups is given at the end
of this box.

Work from home

The first index for work from home is from Dingel and Neiman (2020) and is a discrete variable that
assumes the value 1 if working from home is possible. Dingel and Neiman (2020) construct the
index of job functions in the United States (job functions indicate types of jobs, such as cooking
work and legal work). The construction of the index is based on the so-called O*NET database,
which contains characteristics of each job function. Based on these characteristics, whether the
possibility of working from home can be ruled out is determined. For example, a job function is
coded as unsuitable for working from home if it involves daily outdoor work or if it depends, to a
large extent, on the operation of vehicles or mechanised equipment.
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BOX V.10 INDUSTRYLEVEL DATA, CONTINUED

The second work-from-home index is constructed by del Rio-Chanona et al. (2020). The index is
compiled at the job function level and indicates the proportion of work activities that can be per-
formed at home. This index is also based on O*NET data. In O*NET, each job function is linked to
a certain number of work activities. Del Rio-Chanona et al. (2020) make a subjective assessment
of whether each work activity can be performed at home. Next, the index for each job function is
calculated as the proportion of work activities that can be performed from home. In contrast to the
first index, the second index can thus assume more values between 0 and 1, which can give a more
nuanced picture of the possibilities for working from home. On the other hand, the second index is
primarily based on the authors' subjective assessments of the possibilities of performing various
work activities from home. In contrast, the first index is defined on the basis of characteristics of
jobs, which the authors have not defined themselves, but instead have taken from O*NET data.

The work-from-home indices have been calculated for US job functions and linked to Danish job
functions using the method of Dingel and Neiman (2020), which is also used above to link Danish
industries with essential industries in the US. For this, data for Danish employment from the register-
based labour force statistics for 2018 are used.

Physical proximity indicator

The first indicator of the spread of infection shows physical proximity to others at work and is from
Mongey et al. (2020). They construct the index for US job functions based on O*NET data on work-
ers’ responses to a survey question on how physically close they are to other people when perform-
ing their current job. The method from Dingel and Neiman (2020) is used to connect US job functions
to Danish job functions. Then, register data is used to calculate the index for the average employee
in each industry group.

Industry definitions

The industry grouping in this section is based on Statistics Denmark's 19-group industry codes, but
for the sake of readability, the following Denmark's Statistics' industry groups: “B Mining and Quar-
rying”, “D Electricity, gas, steam etc.” and “E Water supply, sewerage etc.” are aggregated into one
group called “Supply, etc.”, and the groups “R Arts, entertainment, recreation activities” and “S Other
service activities” are aggregated into one group called “Culture, leisure, etc.” For the remaining
groups, the 19-grouping standard classifications are used, however, with the following names: "Ag-
riculture, etc." corresponds to Statistics Denmark's group A, “Industry” to C, “Building and construc-
tion” to F, “Trade” to G, “Transport” to H, “Hotels and restaurants” to |, “Information and communi-
cation” to J, “Financial and insurance” to K, “Real estate and rental” to L, “Knowledge services” to
M, “Travel agencies, cleaning, etc.” to N, “Public Administration, defence, law and order” to O, “Ed-
ucation” to P and “Health and Social Services” to Group Q.
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Working from home
is possible in a
variety of office jobs

Working from home is primarily possible in service occupations that
involve a lot of office work, cf. Figure V.13. The two work-from-home
indices are placed on a scale from 0 to 1, where 0 indicates that work-
ing from home is not possible at any of the workplaces in the industry
group, and 1 indicates that working from home is possible at all work-
places. The indices are constructed on the basis of US job data and
are based on two different methods and calculated for the average em-
ployee in Denmark in the different industry groups, cf. the description
in Box V.10. Both indices indicate that 41 percent of all Danish jobs
could be performed at home. According to the two indices, working
from home can be done in most jobs in information and communica-
tion, financial and insurance, and knowledge services. This suggests
that it is possible to limit physical activity in a large number of jobs with-
out stopping production. In terms of teaching, the two indices differ sig-
nificantly from each other, indicating uncertainty as to whether working
from home is possible in this industry. For most other industries, the
two indices more or less agree.
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Productivity can be
affected by working
from home
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FIGURE V.13 WORKING FROM HOME

Opportunities for working from home vary across industries and
are typically better in industries with a lot of office work.
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Notes: The two indices indicate the homework opportunities for the aver-
age employee in different industry groups. See Box V.10 for de-
tails and definition of industry groups.

Source: Own calculations based on Dingel and Neiman (2020), del Rio-
Chanona et al. (2020) and register data.

An increased amount of work from home can affect productivity, and
such an effect is not covered by the two indices. Bloom et al. (2015)
find a positive effect of working from home on the productivity of Chi-
nese employees in a call centre. A randomly selected group of employ-
ees worked at home for nine months, while a control group continued
to work in the office. However, it is uncertain whether the effect would
apply to Danish conditions during the COVID-19 pandemic because,
e.g., in the study it was voluntary for the employees to participate in
the experiment, and because they physically attended the workplace
one day a week. Bartik et al. (2020) investigate the consequences for
the productivity of working from home during the COVID-19 pandemic
using two surveys of US businesses. The results point in different di-
rections: Productivity increased according to one study, but decreased
according to the other. Both surveys asked questions about the busi-
nesses’ perceptions of productivity changes and not actual measured
changes; hence, the conclusions are subject to some uncertainty. It is
also possible that the long-term effects of working from home are dif-
ferent, as factors such as knowledge dissemination may depend on
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working physically close to others. Effects through knowledge dissem-
ination may not manifest themselves in the short run, but may become
apparent over a longer time horizon.

In the case of schools and day care institutions, there may be an addi-
tional cost of lockdowns over and above the direct loss of production.
The closure of these institutions may mean that a large number of chil-
dren have to be cared for at home, which must be presumed to reduce
the parents' effective supply of work.

Benefits of lockdowns: Less spread of infection

The following are two indicators that shed light on the potential for the
spread of infection in different industries and thus the benefits of busi-
ness closures. The first indicator reflects the physical proximity to other
employees. The second indicator shows the proportion of unique visi-
tors to selected industries in the United States, which, under certain
conditions, is also relevant to the spread of infection.

In both cases, the indicators do not measure the actual spread of in-
fection. The indicators are formed on the basis of information about
and evaluations of the extent to which business activities are associ-
ated with situations that are expected to give rise to greater transmis-
sion of infection. Therefore, the indicators complement each other and
together give a less uncertain picture of the potential spread of infec-
tion than if only a single indictor were used.

The first indicator of the spread of infection was based on a US survey
that sheds light on the proximity of employees to other people in vari-
ous jobs. These data have been translated to Danish conditions by
using Danish data for the number of employees in various jobs at the
industry level, cf. Box V.10.

Employees in personal service occupations typically have a high de-
gree of physical proximity to others in their work, which increases the
potential for the spread of infection, cf. Figure V.14. Employees in in-
dustries with many office jobs typically have a lower degree of physical
proximity to others.
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Activities with many
unique participants
can lead to greater
spread of infection
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FIGURE V.14 AVERAGE PHYSICAL CLOSENESS

The index for physical proximity for the average employee varies

across industries and is typically highest in personal service occu-
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Notes.: The index is constructed using a US questionnaire survey that
measures the extent to which different types of jobs are associated
with physical proximity to other individuals.

Source: Own calculations based on data from Mongey et al. (2020) and
register data.

The spread of infection can also be affected by whether an activity has
many participants who do not normally interact on a daily basis. This
is because COVID-19 seems to be characterised by the fact that rela-
tively few superspreaders account for a large proportion of the trans-
mission, cf. Endo et al. (2020). This means that there can be a partic-
ularly large proportion of transmission associated with contact between
people who do not normally interact on a daily basis, cf. Simonsen et
al. (2020). If superspreaders only have repeated encounters with the
same people (e.g., in a small workplace or at home), the virus will only
be transmitted to a few people, as most people in the social circle are
already infected and the same person cannot be infected twice within
a short period of time. If, on the other hand, a superspreader meets
many different people (e.g., in a public place), the potential for trans-
mission is greater.®®

30) This effect applies to a lesser extent if the propensity to transmit the virus were more
evenly distributed, i.e., the transmission is thus not driven by a few superspreaders.
Here, the individual's propensity for infecting others will be so low that only a small
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Difference in the There is a large difference in the proportion of unique visitors across
proportion of unique industries, cf. Figure V.15. At universities and religious institutions, for
visitors across example, the proportion is relatively low, while in clothing stores and
industries department stores, it is high. In interpreting the figure, it should take

into account that the proportion of unique visitors is measured on the
basis of mobile phone data from the USA in February 2020. It is pos-
sible that the numbers would look different for Denmark, and if the
measurements were taken at other times of the year, the population's
habits regarding leisure and work activities may be different.

FIGURE V.15 SHARE OF UNIQUE VISITORS, USA

The share of unique visitors vary across industries in USA.

Notes.: The share of unique visitors is based on GPS data from mobile
phones.

Source: Own calculations based on Benzell et al. (2020).

proportion of the circle of acquaintances is infected. Therefore, the limiting effect from
the fact that the same person can only be infected once over a short period of time does
not occur. In other words, it is less important whether there are fewer repeated meetings
with the same people, or whether there are fewer meetings with new people.
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For some service occupations, the transmission potential is not only
determined by the physical proximity of the employees, but also by the
customers’ proximity. This applies to restaurants, shops, cultural insti-
tutions, educational institutions and other occupations, which involve
people physically meeting for a longer or shorter period of time. In
these cases, the transmission potential is, therefore, best illustrated by
indicators that reflect whether the activity means that many people are
close to each other for a long time. There are two alternative indicators
of transmission potential, both of which take into account the degree to
which employees and visitors are close to each other.

The first alternative measure is calculated on the basis of GPS coordi-
nates from mobile phones in the US, and primarily reflects how many
people are gathered in a small space and for how long they are to-
gether, cf. Benzell et al. (2020).3" In addition, the number of older visi-
tors is taken into account (as the consequences of becoming infected
for the elderly are greater) and the number of unique visitors (as more
unique visitors involve greater mixing of different people and thus
greater spread of infection). The target is based on GPS coordinates
from US mobile phone users, which are used to track individuals'
movements.

The second alternative measure reflects the transmission potential
across selected industries in Denmark and has been constructed by
the Economic Experts Group on Re-opening of Denmark, cf. Andersen
et al. (2020b). The indicator is generated from data on the number of
visitors and the Danish Health Authority's assessment of how much
transmission of infection the business activity in question entails. The
analysis includes industries that were locked down in Denmark during
the spring of 2020.

In both the US and the Danish studies, the measure of the transmission
of the infection is compared with various measures of economic signif-
icance in order to gain insight into which industries have a high infec-
tion rate relative to their economic importance. According to the two
studies, fitness centres, sports shops, cafés, bars and pubs as well as
leisure and youth activities are among the business activities that have
relatively the greatest potential for transmission relative to their eco-
nomic significance. Conversely, universities and colleges as well as
banks and financial institutions are low in terms of transmission poten-
tial relative to economic significance. There is a big difference in which
activities are included in the two studies, and both studies can thus be

31 The index reflects the total spread of infection in the industry and thus not the extent of
infection for the average employee, as is the case with the proximity index above.
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differences

considered as a supplement to the other issues discussed in this sec-
tion on the advantages and disadvantages of locking down different
activities.3?

Distribution and lockdowns

As mentioned above, it is also pertinent to consider the effects of lock-
downs on income distribution. These effects should be viewed together
with the possibilities for accessing aid packages and other distribu-
tional policies, such as transfer income.

People on low incomes are generally more vulnerable to lockdowns in
the sense that they are less likely to work in jobs where working from
home is possible, they more often work physically close to others, and
they are less likely to work in an essential industry, cf. V.16. As it is
more difficult for them to work from home, a lockdown will hit them
harder in that they are more likely to lose their jobs in the absence of
assistance packages and other measures. In addition, the probability
that their industry is totally locked down is higher as, all else equal, they
are more likely to work in non-essential industries doing jobs that are
associated with greater physical proximity.

Chetty et al. (2020) examine the economic consequences of the
COVID-19 pandemic in the United States and find that it is consump-
tion that depends on physical interaction, such as hotel stays, restau-
rant visits and transportation, that had especially fallen, and this had
led to a decline in employment in these industries. It is, to a larger ex-
tent, low-wage earners who had lost their jobs, as they are over-repre-
sented in hotels, restaurants and other occupations involving personal
services. The results of the analysis may reflect both the effect of policy
decisions on lockdowns and of reduced consumption for fear of be-
coming infected. In addition, the conclusions may be different in Den-
mark, as there are differences between the aid packages and other
measures implemented in Denmark and those implemented in the
USA.

The differences between men and women's vulnerability are generally
smaller and not as clear cut as the differences between the highest
and lowest income groups, cf. Figure V.17. On the one hand, women
work more often in essential industries and in jobs where working from
home is possible. On the other hand, the physical proximity to others

32) Eight of the same industries in the US study are included in the Danish study, and for
these industries the ranking of transmission potential relative to economic significance
is largely the same in the two studies.
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FIGURE V.16 INCOME

is also greater for women on average. A virus outbreak can also affect
the division of tasks in the household if children are home due to the
closure of schools and childcare institutions. If it is primarily the women
who look after the children at home while the men are at work, this can
increase gender differences in the labour market and in the home, cf.
Alon et al. (2020).

FIGURE V.17 GENDER

People with lower incomes have poorer op- Women have better opportunities to work from
portunities to work from home, work closer to home, work closer to others and more often in
others and work less frequently in an essen- an essential industry.

tial industry.
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is above the third quartile. Homework (DN) is index from Dingel and Neiman (2020) and Homework (RC)
is the index from del Rio-Chanona et al. (2020). See Box V.10 for details on data.

Source: Own calculations based on Dingel and Neiman (2020), del Rio-Chanona et al. (2020)., Mongey et al.
(2020) and register data.

Testing makes it
possible to target
restrictions on
activities towards
the infected
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TESTING AND QUARANTINE

Widespread lockdowns affect both healthy and sick people and involve
a major lockdown of production. Testing makes it possible to target the
restriction of activities towards those who are infected, and may, there-
fore, involve lower economic costs than widespread lockdowns, cf. the
discussion in section V.3. The benefits of testing must be weighed
against the costs. It takes resources to perform and manage the tests,
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and it costs time for those who need to be tested.3® Persons who test
positive must also be quarantined, which also has associated costs.
However, these costs must be seen in the light of the fact that targeted
measures, if they are effective enough, can mean that widespread
lockdowns can be avoided.

Testing is an especially important instrument if a suppression strategy
is pursued and the number of people infected is low. Here it is particu-
larly advantageous to target the restrictions on activities towards the
relatively few who are infected rather than to apply more general re-
strictions. For this to be possible, the use of testing and other measures
must be so effective that the infection is kept in check until a vaccine
or treatment becomes available. However, testing can also be im-
portant for a mitigation strategy - for example, to monitor how close
society is to achieving herd immunity using antibody testing.

The number of weekly tests in Denmark has increased, and this has
been made possible by a continual expansion of the testing capacity,
cf. Figure V.18. The evolution in the number of people tested also re-
flects the level of infection in society - during August and September
the number of infections increased, and this has been accompanied by
an increase in the number of people being tested.

In the following, a number of different ways in which testing can be
used to curb transmission are described. First, testing can be used to
monitor the prevalence of COVID-19 in the population. This creates a
better basis for implementing precise and cost-effective interventions
aimed at the parts of the community where the infection is most prev-
alent. Another option is to carry out repeated tests of the entire popu-
lation every few weeks and to isolate the infected. Finally, there are
more targeted testing tools, where the tests are administered on peo-
ple who are more likely to be infected (e.g., close contacts of infected
people, returned travellers or employees in occupations with a high
transmission potential) or on health professionals or others with a lot
of contact with vulnerable people.

33) Another more indirect disadvantage is that the information about infection may, in prin-
ciple, lead to more infection-transmitting behaviour, cf. Eichenbaum et al. (2020b). This
can, in principle, occur because individuals are no longer afraid of becoming infected
as they know they are already infected. If they are not encouraged to quarantine, the
information that they are infected can lead to more infection-transmitting behaviour.
However, this effect rests on the assumption that the behaviour is primarily driven by
self-interest and that consideration has less importance. If moral considerations mean
that consideration for others has the highest weight, individuals who test positive will
choose to limit their infection-transmitting behaviour, thus eliminating the cost of testing.
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A common challenge for all testing measures is that they depend on
the population's willingness to be tested and to quarantine. There are
a number of measures that aim to influence the behaviour of the pop-
ulation in this regard, and these are discussed at the end of the section.

FIGURE V.18 NUMBER OF TESTS PER WEEK

The number of weekly tests has increased reflecting an increase
in the test capacity.
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Source: www.ssi.dk.

Monitoring the spread of infection in the community

Monitoring the spread of the infection in the community is a prerequi-
site for pursuing any strategy, whether this is mitigation, suppression
or containment. In terms of mitigation, it is necessary to keep an eye
on whether the infection is rising towards a level where the capacity of
the healthcare system would be challenged. Information about how
many people have been infected also gives an idea of how far the pop-
ulation is from gaining herd immunity. With regard to containment and
suppression, monitoring is relevant to ensure that the infection does
not spread.

Monitoring is also a prerequisite for ensuring that the right measures

are introduced at the right time and targeted at the right parts of the
community. For example, monitoring makes it possible to take action
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using geographically targeted measures to curb locally occurring out-
breaks.

A part of the process of monitoring COVID-19 is carried out by the
Statens Serum Institut, which collects information about who has been
tested and whether the test was positive or negative. This information
is used to monitor the trends in the prevalence across, among other
things, age groups, gender, municipalities, industries and ancestry. A
disadvantage of the method is that it is not a representative sample of
the population that is tested, and that the incidence of infection among
those tested, therefore, does not necessarily give a good picture of the
incidence of infection in the population. As many of those tested are
assumed to infected, the infection rate is therefore expected to be
greater than the actual infection rate in the population. However, the
number who test positive can be a useful indicator of the evolution of
infection in the community, but account must be taken of whether there
are major changes in the scope of testing or in the selection of those
who are tested.

The spread of the infection can also be elucidated through random
sampling, and this is done through the national prevalence study for
covid-19.34 In principle, the random sample will ensure that this is a
representative sample of the population, and that the prevalence sur-
vey thus provides a picture of the actual level of infection. However,
this presupposes that the participation rate in the sample is sufficiently
high. In the latest round of the survey, 18,000 people received an invi-
tation, and the participation rate seems to be between 30 and 40 per-
cent, cf. Statens Serum Institut (2020c). A higher participation rate
helps to provide a more accurate picture of the evolution in the epi-
demic in different parts of the country. Furthermore, a random survey
provides a more accurate picture of the level of infection, the more
widespread the infection is in the population.

Repeated tests of the entire population

Mass testing involves testing to such an extent that the entire popula-
tion can be tested, for example, every other week. The American econ-
omist Paul Romer is an advocate of this strategy, cf. Peto et al. (2020)
and Taipale et al. (2020). The idea behind the strategy is to test the

34) The national prevalence study tests both whether the participants are infected with
COVID-19 and whether they have been infected (a so-called antibody test). Thus, the
study can be used both to monitor the current level of infection and to give an indication
of how close the population is to achieving herd immunity, if immunity can be achieved.
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entire population to detect and isolate a large proportion of those in-
fected, thereby reducing the spread of infection. The effectiveness of
the strategy depends on a number of factors.

First, the effect will be greater if infected people are quarantined as
soon as possible. The longer it takes from a person being infected to
the person ending up in quarantine, the more people can be infected.
Therefore, the effect depends on how often individuals are tested, the
response times to getting the test results, and how quickly isolation
takes place. Second, the effect of the strategy will be greater if the test
and quarantine process is more thorough in the sense that more of
those who test positive to COVID-19 end up being quarantined. This
depends in part on the extent to which those selected to be tested ac-
tually take a test. It also depends on the test not misdiagnosing too
many infected people as being healthy. Finally, it depends on the will-
ingness of the individuals who test positive to be quarantined.

One possible challenge with mass testing is that it requires a large ca-
pacity and is expensive. If the entire Danish population were to be
tested every two weeks, 2.9 million tests per week would have to be
performed. In comparison, in week 38, almost 360,000 tests were per-
formed. In other words, eight times as many people would need to be
tested to achieve the goal to test everyone every two weeks. This
would probably be a major challenge for testing capacity in Denmark
unless new test types and procedures are introduced. In addition, there
may be costs associated with isolation - especially if hotel rooms are
made available to people who cannot safely isolate themselves in their
own homes.%

Mass testing is, therefore, associated with significant costs. But if mass
testing makes it possible to avoid general lockdowns of the economy,
as occurred in the spring, it could be very worthwhile, and from an eco-
nomic point of view, the willingness to pay would be high.

New, cheaper and faster tests, which could make the mass testing
strategy more attractive, are under development, cf. Taipale et al.
(2020). Several of the new types of tests can also be used at home,
which can make it less difficult to take the tests and increase the pro-
portion of those selected who take the test. On the other hand, it may
be more difficult for the authorities to monitor the results of home test-
ing, and thus it is more difficult to monitor the spread of infection and

35) As a certain proportion of false positive tests can be expected when using mass testing,
there will be a number of people who isolate themselves, even though they are not
infected.
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implement contact tracing and other measures that are required for the
infected individuals to be identified by the authorities. Another im-
portant parameter of the new tests is reliability. The home tests that
currently exist are often not approved by the authorities as they are
judged to be too unreliable. Unreliability, of course, makes a test less
attractive, but does not necessarily invalidate its applicability as part of
a mass testing strategy. The precision of the test must be weighed
against price, speed and other characteristics.

Contact tracing and other targeted testing

When the tests are targeted at people who are suspected of being in-
fected, all else being equal, more infected people are detected. Some
degree of targeting can be achieved by testing people with symptoms.
However, the effect of this test strategy on the spread of infection is lim-
ited by the fact that not all infected people have symptoms, cf. WHO
(2020a). Some of these people can be detected by, for example, testing
in districts, workplaces or schools where outbreaks have been detected.

In contact tracing, the testing targets people who have been in contact
with infected people and, therefore, have a particularly high risk of be-
ing infected, cf. section V.3 and Alvarez et al. (2020). The effectiveness
of contact tracing is determined by, among other things, the extent to
which it is possible to trace a large proportion of the infected at a low
cost. Thus, the effectiveness depends on several factors, such as how
well-functioning and thorough the contact tracing unit is, the popula-
tion's behaviour and willingness to cooperate as well as the possibili-
ties for and acceptance of monitoring of the population. Contact tracing
can serve as both an alternative and a supplement to locking down
economic activities. Manual contact tracking takes place by calling the
infected and their contacts by telephone; therefore, the cost per person
must be expected to be non-negligible. If the number of infected people
is high, it is, therefore, more expensive to carry out manual contact
tracking if all the infected people and their contacts are to be contacted.

Another important factor in the effectiveness of contact tracing is that
potentially infected people are quickly traced, cf. Ferretti et al. (2020).
If a large proportion of those who are infected do not have symptoms -
either because they only develop them later in their iliness, or because
they do not develop them at all - it is important to trace and isolate them
quickly before they have time to transmit the infection to others. This
requires that they be traced shortly after they are infected. An element
of rapid tracing is to streamline the work of contact tracing and ensure
that there are enough resources allocated to it. Another element is to
ensure rapid test results.
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To ensure that the chains of infection are broken, it is important that
the contact tracing takes place as efficiently as possible, but there is
currently only limited information about whether this is the case in Den-
mark, cf. Frekjeer (2020). Based on figures for June and July, the Dan-
ish Patient Safety Authority calculates that the contact tracing unit suc-
ceeds in contacting approximately 90 percent of those known to be
infected. On average, the infected people contacted by the unit provide
information on 4.5 close contacts. Out of these, the unit calls a third,
and infected people are left to contact the others themselves. The rel-
atively low proportion must be seen in light of the fact that there are
also children among the close contacts, and infected people are typi-
cally responsible for contacting them themselves. There is no follow up
on how many of the close contacts are being tested and how quickly
this happens. Thus, it is not known whether tracing of some chains of
infection stops because the infected do not get hold of all close con-
tacts, or because some of the close contacts choose not to be tested.
Overall, therefore, it is not possible to assess how effective contact
tracing is in Denmark.

If there are enough resources for contact tracing so that it is sufficiently
thorough and rapid, it can help to reduce the spread of infection, thus
reducing the need for new lockdown measures. Contact tracing is la-
bour-intensive; therefore, the effect of contact tracing will depend on
whether it is sufficiently staffed. As long as the infection is at a relatively
low level, the resources used to ensure that contact tracing is as effec-
tive as possible will probably be limited compared to the cost of a new
general lockdown.

Contact tracing in Denmark is based on infected people tracing their
close contacts themselves to a greater extent than in Germany and
Norway, cf. McGhie and Pedersen (2020), Fischer (2020) and the
Folkehelseinstituttet (2020). In both Norway and Germany, it is the au-
thorities who are responsible for obtaining the close contacts of the
infected and following them up. In Denmark, it is, to a greater extent,
the infected themselves who inform their close contacts that they may
have been infected. During August and September, Germany and Nor-
way had a relatively modest growth in the number of confirmed infected
cases compared with Denmark.3® A contact tracing system that is
based to a lesser extent on the infected people informing their contacts
themselves, means that more resources are used for tracing per in-

36) See, e.g., www.ourworldindata.org. The different trends cannot necessarily be at-
tributed to the fact that Denmark has a different contact tracing system: there are many
other possible explanations, such as differences in the development of testing capaci-
ties, differences in restrictions on business and coincidences.
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fected person. However, if it also means that transmission of the infec-
tion is lower, it can mean lower expenditure on contact tracing and
other infection-reducing measures in the long run. This summer, Ger-
many set a target of one employee for contact tracing per 4,000 popu-
lation, which corresponds to approximately nine times higher than Den-
mark's figure for August, cf. McGhie and Pedersen (2020).%7

An app for mobile phones that indicates whether the user has been in
the vicinity of people who are found to be infected can be a useful sup-
plement to contact tracing. One of the advantages of an app may be
that it is faster than traditional contact tracing, cf. Ferretti et al. (2020).
Another advantage is that the app also picks up contacts that the in-
fected person does not know, whereas traditional contact tracing typi-
cally picks up largely only known contacts and not, for example, people
who have been close to the infected person on a train or in a restau-
rant.

The effectiveness of the app depends squarely on the number of users,
cf. Barrat et al. (2020). This is because the app only works when two
people meeting each other both have the app. This can present a chal-
lenge as concerns about being monitored may deter some people from
downloading and activating the app. The effectiveness also depends
on the app's ability to measure whether two people are close to each
other. Leith and Farrell (2020) question whether the Bluetooth technol-
ogy used is well-suited for this purpose. Based on various experiments,
the authors conclude that the signal strength used to determine
whether two people are close to each other depends on which way the
phone is directed, as well as the physical environment in the form of
people, buildings and means of transport. Finally, the impact of the
app, as with the other testing strategies, depends on the willingness of
the population to get tested and to quarantine.

The Danish app, smitte|stop (infection |stop), has probably had a mod-
est effect on the transmission of infection so far, cf. the Ministry of
Health and the Elderly (2020). The effect of the app can be illustrated
by using the Statens Serum Institut's ongoing survey of Danes who
book an appointment for a COVID-19 test at coronaprover.dk. The sur-
vey response rate is approximately 58 percent. Over the period from
July 6 to September 11, 586 people indicated that they booked an ap-
pointment for a COVID-19 test because they had been notified by the
app that they had been in the vicinity of an infected person. Out of

37)However, these figures must be seen in the light of the fact that staffing has subse-
quently been scaled up in Denmark, and that it is now possible to draw on resources
from other parts of the public sector, including the operational staff in the Danish Police,
cf. Elkorn (2020 ).
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these, 478 people indicated that the app was the only reason for book-
ing a test. Out of the 478 people, 8 people subsequently tested positive
for COVID-19. If the survey is representative and reasonably reliable,
the app has resulted in approximately 14 people testing positive follow-
ing booking a test on coronaprover.dk. This is a low nhumber, compared
to the 7,100 plus who tested positive during the survey period. How-
ever, the figure must be seen in the light of the fact that not everyone
tested in Denmark books a test via coronaprover.dk. For example, it is
also possible to be tested without an appointment at border crossings
and mobile test centres. It is thus possible that notifications from the
app have resulted in more infected people being detected via tests that
were not arranged via coronaprover.dk.

The impact of the app will be greater if more people use it. It is not
possible to calculate how many people actively use it, as no data is
collected about the individual users for confidentiality reasons. At the
end of September 2020, however, the app had been downloaded ap-
proximately 1.4 million times, which means that less than 25 percent
of the population use it. Thus, there is potential for an increase in the
number of users and thus an improvement in its impact. Another po-
tential may lie in examining the app's functionality through, for exam-
ple, questionnaires or experiments, which can reveal whether the app
needs coding adjustments. One last option is to mandate that people
who participate in activities with high transmission potential have with
them a mobile phone with an activated on-the-spot infection tracing

app.

Tests can also be targeted at travellers arriving from areas and coun-
tries where the number of infections is high. This can be done, for ex-
ample, by having test facilities at airports and border crossings and
isolating the arrivals until a test result is available. Another option is to
require arrivals to present a negative test that has been performed re-
cently.

Incentives for testing and quarantine

The willingness of the population to be tested and to quarantine if in-
fected is a key element of any testing strategy. This applies regardless
of whether it is a matter of mass testing, contact tracing or other strat-
egies.

To the extent that the recommendations for testing are not followed,

subsidies or other regulations may encourage this. One option is to
give a cash payment to those who turn up for testing. The cost of this
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solution obviously depends on the number of tests. In the case of con-
tact tracing and representative sampling, it is not necessarily an ex-
pensive solution. Another option is sanctions for those who do not turn
up to be tested.

The incentive to be tested can also be increased by ensuring that it is
easy, free and fast to be tested and get the results. In Denmark it is
free for everyone to book a COVID-19 test, but the hassle of being
tested can hold some people back. To reduce the hassle, you can, e.g.,
make sure that the booking process is easy, and that there is a good
selection of available times and a good geographical coverage of test
sites and short waiting times for results after the test. As mentioned
above, a reduction in the waiting time before and after testing will also
mean that infected people are found more quickly and, thus, isolated
to a greater extent before they have time to infect others.

Another option is to offer multiple independent tests to the same indi-
viduals to increase reliability and reduce unnecessary quarantine. This
is primarily effective in the case of more uncertain tests. Increased re-
liability can both make it more acceptable to be tested and make it
more acceptable to be quarantined.

There are several options for encouraging quarantine by compensating
for the cost of being in isolation. First, housing and hotel rooms can be
made available to people who cannot isolate safely and away from
other household members in their own homes. This can apply, for ex-
ample, to families that have many people living in a small space. In
Denmark, those who cannot isolate in their own home can be referred
by their municipality to external isolation accommodation based on a
number of isolation and target group criteria, cf. the Danish Health and
Medicines Authority (2020). Second, legislation and support schemes
can ensure that infected people who are unable to work do not lose
their jobs or otherwise suffer a financial loss. This can be particularly
relevant for people working part-time and other employees whose sal-
aries depend directly on the number of hours worked.

An essential element of any testing strategy is that the infected are
isolated. Before 12 March, infected people and their households were
quarantined in their own homes and contacted daily by the authorities
to follow up on whether the quarantine directions were being complied
with, cf. the Danish Agency for Patient Safety (2020). As of 12 March,
this practice was abandoned based on the argument that Denmark had
moved away from using a containment strategy. Therefore, there is
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limited information about the extent to which infected people are actu-
ally quarantining. A Norwegian survey indicates that not everyone fol-
lows the authorities' requests to quarantine, cf. Steens et al. (2020).

Increased monitoring of the behaviour of infected and potentially in-
fected people may have undesirable consequences for privacy. These
are costs that must also be weighed against the benefits of increased
monitoring in the form of a better level of information. Another possible
benefit of increased monitoring is that the information can be used to
sanction individuals who do not comply with the guidelines on testing
and isolation. Such sanctions may provide benefits in the form of a
reduction in the spread of infection, but may be undesirable for moral
and ethical reasons.

OTHER MEASURES

A possible variant of a mitigation strategy is to shield vulnerable groups
and allow the infection to spread in the rest of society, cf. Acemoglu et
al. (2020). This strategy is appropriate if the following conditions are
met. First, the protective shield must be sufficiently tight. If a large pro-
portion of the population is infected, it can be difficult to prevent the
infection from spreading to the vulnerable. For example, there is a risk
that staff in nursing homes and hospitals become infected, and it can
also be difficult to isolate vulnerable people living in their own homes
to a-sufficient degree. Second, the disease must not have excessive
health costs for the rest of the population. Third, the welfare loss for
the vulnerable due to the fact that they may have less contact with
family and friends should not be too great. The welfare costs of shield-
ing can be particularly high if lasting immunity is not achieved after in-
fection. In this case, the infection will flare up again from time to time,
cf. section V.2; therefore, it will be necessary to shield the vulnerable
until a vaccine or treatment is available.

Information about how widespread a disease is can affect behaviour
and thus the spread of infection. A US study thus concludes that pop-
ulation mobility is affected by official infection rates, cf. Engle et al.
(2020). The study measures population mobility in US counties based
on GPS data from mobile phones. This is compared with the develop-
ment in official infection rates at the county level. There is a negative
correlation between mobility and infection rates, even when taking into
account whether a lockdown has been implemented in the county in
question, suggesting that information on the spread of infection has a
direct effect on behaviour. However, this conclusion must be seen in
light of the fact that no account is taken of other policy measures that

Danish Economy, Autumn 2020 83



Instruments for combatting the spread of infection V.5

Information about
and encouragement
of transmission-
reducing behaviour

Capacity building
can help deal with
future epidemics, ...

... butis no
guarantee of
avoiding lockdowns
and deaths

may affect mobility - for example, lockdown of business activities. In
Denmark, information on the number of infected over time and dis-
aggregated by municipality is available on the Statens Serum Institut's
website and in the news media, which makes it possible for the popu-
lation to react to local outbreaks.

It is also possible to influence behaviour and the spread of infection
through information about how to avoid being infected and advice to
the population. A survey showed that 20 percent of the employees in
the private manufacturing sector worked from home in the middle of
March, cf. Danish Industry (2020). The manufacturing sector was not
closed down by law, but the authorities encouraged employees in all
private enterprises to work from home to the greatest possible extent.
It is difficult to quantify the effect of advice on and information about
other infection-reducing behaviours, such as proper use of masks, fre-
quent hand washing and physical distancing from other people. In most
cases, the cost of disseminating information is limited. However, if the
advice is followed, the changed behaviour may have costs for the indi-
vidual (for example, the hassle of washing hands or using a mask).
These costs must be weighed against the benefits in the form of lower
transmission.

Building institutional capacity can help reduce the consequences of fu-
ture epidemics. Pardo et al. (2020) argue that a number of East Asian
countries have done well through the COVID-19 pandemic because
they learnt lessons from previous epidemics (SARS, MERS and H1N1)
and, therefore, built institutional capacity in three areas. First, they
have had the necessary legislation in place to enable them to respond
quickly. Second, they had built up a health system that can detect and
fight the spread of new diseases and has the capacity to manage in-
fections. Third, they have used technology for contact tracing, quaran-
tine enforcement, information dissemination, and to monitoring the
spread of infection.

However, institutional capacity is not a guarantee of coping with the
COVID-19 pandemic without lockdowns and the associated economic
consequences, cf. Figure V.19. South Korea, Singapore and Taiwan
have fewer deaths of people with COVID-19 per capita than Denmark.
South Korea and Taiwan have also experienced a smaller decline in
GDP than Denmark, according to preliminary figures for the first half of
2020. But Singapore has experienced a sharper decline in GDP than
Denmark, which must be seen in light of the fact that large parts of the
economy were in lockdown for an extended period in the spring. There
can be many explanations for the differences in the number of deaths
of people with COVID-19 and GDP in the four countries considered
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(e.g., differences in statistical methods, age composition of the popu-
lation, occupational structure and culture), and it is, therefore, not pos-
sible to draw conclusions about an actual causal relationship on the
basis of the observed trends. To work out the extent to which institu-
tional capacity can explain the differences requires, therefore, a closer
examination of, for example, how infection tracing, use of technology,
quarantine enforcement and other measures have contributed to re-
ducing transmission in the countries considered.

FIGURE V.19 DEATHS AND GDP IN EAST ASIAN COUNTIRES AND DENMARK

The number of people death with COVID-19 per million population is significantly lower in the East
Asian countries, which have recent experience of dealing with other epidemics. All three countries
have however been hit by a decline in GDP in first half of 2020.
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SUMMARY

There are a number of instruments available which have different ef-
fects on the spread of COVID-19 and different costs. The effect on the
transmission of infection must be weighed against the costs when pri-
oritising which instruments are to be used to pursue a given strategy.
Uncertainty must also be taken into account, which is a particular chal-
lenge in the case of a new and unknown virus. In addition, distributional
effects must be taken into account.
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Lockdowns of infection-transmitting activities seem to be an effective
tool, but also have costs. The effect on the spread of infection depends
on the nature of the activity: In activities that involve many people
standing close together for a long time, a large effect on transmission
would be expected if the activities are locked down. The reverse is true
of activities where few people gather and where it is possible to keep
a physical distance.

Banning activities has welfare consequences. In the case of business
activities, the costs can be calculated on the basis of the decline in
production in the locked down activity and flow-on effects to other parts
of the economy. In the case of leisure activities, it is more difficult to
calculate the cost of lockdowns, as the benefits of the activities are not
traded in a market and, therefore, do not have a market price that can
be used to value them.

In the case of business activities, three indicators that shed light on the
decline in production and thus the cost of lockdowns for different in-
dustries are considered. First, a large value added indicates that there
will be a large direct production loss associated with locking down the
activity. Second, some goods and services are so important and diffi-
cult to replace, that they can be said to be essential to society. Third,
the ability to work from home can significantly reduce production losses
from lockdowns of physical workplaces.

General lockdowns, where a large proportion of business activity is re-
stricted, can have high direct costs. However, the cost of locking down
must be seen in the light of what the alternative is. In some cases, it
may be less costly to lockdown today than to wait and risk a larger and
more expensive lockdown in the future. Under a containment or sup-
pression strategy where the number of infected people is low, it will
probably be less costly if the effective reproduction number can be kept
below 1 using more targeted measures. As far as more limited re-
strictions are concerned, there may be a few activities that have such
a large potential for transmission that it is necessary to keep them
closed for a longer period if the infection is to be kept in check.

Another category of measures involves testing whether individuals are
or have been infected with the virus. Testing makes it possible to iso-
late those who are infected to prevent transmission of the infection.
Quarantine can be considered to be a kind of targeted lockdown, where
the restrictions on activities only affects those who test positive. There-
fore, in the case where there are only a few who have tested positive,
the cost of quarantine will typically be less than the cost of wider lock-
downs. Testing and quarantine can be used in several different ways.
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In mass testing, the entire population is tested repeatedly at a fixed
time interval. Mass testing can be so effective under certain conditions
that transmission of the infection stops completely. Efficiency is in-
creased if the tests are accurate, the time interval is short and if the
population complies well enough with the authorities' requirements re-
garding tests. Mass testing is more attractive if the cost per test is low.
New, inexpensive types of tests that can be done at home can help
make mass testing less costly.

Another testing instrument is contact tracing, where close contacts of
infected people are tested to detect and eliminate chains of infection.
Here, testing is targeted at people who are assumed to be potentially
infected, whereby more infected people are found than if the same
number of tests had been performed on random people. Thus, the in-
strument can be used to find and isolate infected people during a con-
tainment or suppression strategy where the level of infection is low. If
contact tracing is effective, the need for major lockdowns during a sup-
pression strategy is reduced. Contact tracing is most effective if the
testing and isolation process is rapid, so that infected people are iso-
lated before they have time to pass on the disease. Another important
factor is that the tracing process needs to be sufficiently accurate to
identify the individuals who have actually been in close contact with
infected people.

The impact of the Danish contact tracing unit is not clear. This is partly
due to the fact that there is no monitoring of how many of the close
contacts who are contacted by the health authorities and asked to take
a test actually do so, and how many of the group subsequently test
positive. There is also no monitoring of how many infected people are
quarantined. The lack of registration and monitoring of contacts must
be seen in the light of privacy concerns.

The cost of manually tracing close contacts will typically be high if a
large number of potentially infected people need to be contacted. Man-
ual contact tracing can be supplemented with an app that makes the
cost of contacting the close contacts of those who test positive lower.
The app can also have the advantage that it can detect potentially in-
fected people who are not captured by manual contact tracing, for ex-
ample, people who are not in an infected individual's circle of acquaint-
ances, but who have nevertheless been close to the infected person.
It seems that the Danish app for infection detection has thus far led to
a modest reduction in the spread of infection.
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A common denominator for the different types of testing strategies is
that they are more successful if the population is willing to be tested
and to subsequently quarantine. The incentives for testing and quar-
antining can be influenced in several ways: Costs can be reduced (for
example, by making hotel rooms available for free); the benefits can
be increased (for example, by giving cash payments to people who get
be tested); and sanctions can be imposed on those who do not follow
the directives.

SUMMARY AND
RECOMMENDATIONS

The outbreak of COVID-19 has hit the world community hard in 2020.
During the late summer, there has been a marked increase in the num-
ber of people infected with COVID-19 in Denmark and an increase in
the number hospitalised. The outbreak of COVID-19 has significant
health and economic consequences for society. In this chapter, the fo-
cus has been on the interrelationship between epidemiology and eco-
nomics. The discussions in the chapter are relevant for both the re-
mainder of the current epidemic and for future similar virus outbreaks.

The outbreak of a virus in itself causes a significant decrease in eco-
nomic activity, partly because households are reluctant to consume in
order to avoid becoming infected. This is especially true for industries
where it is difficult to avoid contact with other people. A period of low
economic activity has a number of costs to society. In addition to the
fact that the loss of production by itself leads to a welfare loss, lower
economic activity will lead to increased unemployment and a loss of
income for people in the affected industries and there is the risk that
this will lead to long-term unemployment. There is also a risk that busi-
ness lockdowns will result in the loss of company-specific institutional
knowledge, which may reduce productivity in the long run. At present,
it is difficult to assess what form and to what extent the structural ef-
fects will take. Among other things, it will depend on how long the
health crisis lasts.

In Denmark, as in most other countries, restrictions and measures
have been introduced with the purpose of limiting the spread of COVID-
19. However, while such measures will reduce the spread of infection,
they will also amplify the decline in economic activity. The Government
and the Danish Parliament have sought to compensate for the financial
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consequences of the restrictions by introducing various types of aid
packages.3®

Three main types of strategies can be distinguished to counter a virus
outbreak in society. A containment strategy aims to eradicate the virus.
A strict containment strategy has proven difficult in relation with
COVID-19, partly because a large proportion of those infected do not
show symptoms and because the infection is imported from other
countries. If containment is not possible or is too costly, the spread of
infection can be limited through a suppression strategy. In contrast to
containment, the aim is not to eradicate the virus, but to keep it at a
low level, for example, until a vaccine becomes available. Finally, it is
possible to use a mitigation strategy where the virus spreads widely in
the community but in a controlled way to limit the health costs of the
outbreak, such as overloading the healthcare system. Under a mitiga-
tion strategy, a larger number of infected people is implicitly accepted,
which may have the advantage that, over time, herd immunity is built
up in the population - if immunity is achieved after infection.

It is not clear whether containment, suppression or mitigation is the
most appropriate strategy for tackling the COVID-19. This depends,
among other things, on a number of epidemiological and economic fac-
tors, about which there is considerable uncertainty so far. Suppression
or containment may be appropriate if the virus has a high mortality rate
and if, for example, a vaccine is expected within a shorter period of
time. The uncertainty as to whether COVID-19 causes long-term health
effects also speaks in favour of caution and adopting a strategy in
which infection is suppressed or contained. This, in turn, may require
extensive testing capacity (to identify the infected), tight controls over
the transmission of infection from abroad, effective contact tracing and
periodic lockdowns of parts of the economy. All of these elements can
involve significant costs to society.

In certain circumstances it may be appropriate instead to rely on a con-
trolled transmission strategy. If recovered people develop antibodies
that protect against new infection by the same virus for a longer period
of time, such a strategy will result in herd immunity being acquired in
the community over time as a result of a sufficient number of people
being infected. Thus, for that reason alone, the number of current in-
fected will decrease sooner or later. However, the benefit of a con-
trolled spread is lower if individuals who have been infected are only
immune to the virus for a short period of time. The mitigation strategy

38) These assistance packages are discussed in more detail in Chapter | of De
Jkonomiske Rads formandskab (2020) (in Danish).
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becomes more favourable relative to suppression if, for example, it is
possible to shield vulnerable groups from infection, if there is no pro-
spect of a vaccine and if it is difficult to avoid the transmission of infec-
tion from abroad.

If an attempt is made to achieve herd immunity via the controlled
spread of infection, it is expedient to try to reduce the degree of over-
shooting, i.e., to try to prevent the final number of infected people ex-
ceeding the number required to achieve herd immunity in the absence
of a vaccine. Thereby, the number of deaths due to the virus is re-
duced. In order to reduce overshooting, measures that slow the spread
of infection over a prolonged period of time and that can be adjusted
up and down as the number of infected people increases and de-
creases are needed. This also helps to reduce the risk of the
healthcare system reaching its capacity limit.

At the beginning of the epidemic, the Danish authorities tried to contain
the epidemic. Then there was a shift to a strategy with the character of
mitigation and later to a strategy of suppression in the form of the so-
called "hammer and dance". The hammer is made up of the lockdown
at the beginning of the outbreak, which was intended to knock the in-
fection down. The dance is the current phase, where, ideally, minor
outbreaks are managed by targeted measures, such as contact tracing
and local restrictions.

Whatever the strategy, infection control measures should be applied
such that the strategy is pursued at as low a socio-economic cost as
possible. Therefore, the measures that reduce the infection a lot rela-
tive to what they cost society should be introduced first. Conversely,
measures that have a small effect on the infection relative to what they
cost society should be used last or not at all.

In selecting the most appropriate strategies and instruments, distribu-
tional effects and uncertainty should be taken into account. Distribution
effects can occur in connection with, e.g., lockdown measures as these
can have disproportionate effects because low-income employees of-
ten have jobs that are difficult to perform from home. Uncertainty can,
for example, be relevant to considerate because instruments that, with
a high probability, can limit transmission, all else equal, are preferred
to instruments where there is greater uncertainty about their effects.

In the current situation, where the strategy is “hammer and dance”,
targeted measures will be preferable to a major lockdown, which is a
very expensive solution. Examples of targeted measures are contact
tracing and local measures in areas where transmission of the infection
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is particularly high. Such a targeted measure could also be a ban on
activities with a particularly high potential for transmission, such as
large concerts and other so-called superspreading events. Such
measures are preferable to larger lockdowns like the one introduced in
March.

If the current strategy of suppression is maintained, a large-scale lock-
down may nevertheless become a necessity. In this case, there should
be a clear political priority in advance, taking into account that regional
conditions and industry structures may have a bearing on the trade-
offs. The starting point for this prioritisation must be to identify the ac-
tivities that are of a so-called essential nature and that, therefore, are
not appropriate to lock down. It is ultimately a policy trade-off, but in
addition to the health sector, it could include infrastructure, the food
industry, police, military and the justice system.

Lockdowns should, of course, be imposed on activities that cannot be
deemed to be essential. Among these, different factors must be
weighed against each other: How much do the respective activities
contribute to the spread of infection, to what extent is it possible to carry
out the work from home, how much value is created in the relevant
industries, and who is affected by restrictions imposed on the respec-
tive activities?

A new general lockdown would in itself be costly while it is lasting, and
at the same time, the increased uncertainty for business and house-
holds may lead to more restrained behaviour in terms of investment
and consumption. A lower level of investment will ultimately reduce the
long-term level of prosperity. Therefore, the government should state
clearly what initiatives it intends to implement if the recent increase in
the number of infected people continues or increases. The ability of
businesses to plan and make decisions is strengthened if they know
the likely scenarios in the case that the infection gets out of control.
The alternative is a situation where they neither know the likelihood nor
the consequence of such a case. Such a conditional plan exists, for
example, in New Zealand.

With a strategy such as the Danish one, it is appropriate to have a
significant test and contact tracing capacity to identify those who are
infected. While major economic lockdowns affect both the healthy and
those who are infected, tests and quarantine measures allow for tar-
geted restrictions on the infected. Likewise, tests can reveal whether
there is a particularly high level of infection and thus a special need to
put targeted measures in place to help specific geographical areas,
occupations, educational or population groups. There are, of course, a
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number of costs associated with testing, contact tracing and ensuring
compliance with quarantine measures. For example, it requires re-
sources to detect potential infections and to perform and administer the
tests. However, there can be significant benefits for society from trac-
ing potential infections, making testing capacity available to the popu-
lation and introducing quarantine measures for those who test positive,
rather than imposing major lockdowns of economic activity. This justi-
fies a comprehensive testing and contact tracing capacity.

There are several testing instruments that can be used to fight trans-
mission of the infection. The American economist Paul Romer has rec-
ommended the use of mass testing, where the entire population is
tested approximately every two weeks. This strategy can, in principle,
ensure that the vast majority of infections are detected; thus, keeping
the reproduction number below 1 and containing the virus. However, it
requires that a number of prerequisites are met. First, the population
must be willing to be tested and those who test positive must be willing
to be quarantined. Second, the tests must be sufficiently accurate so
that there are not too many infected people who falsely test negative.
Third, the test frequency must be sufficiently high. In addition, a suita-
ble and practicable mass testing strategy requires the availability of
testing technology that allows a very large number of tests to be per-
formed.

Mass testing should be considered if sufficiently reliable types of test-
ing become available that can be performed on a large scale. There
are several new tests under development that can be performed at
home without the use of significant laboratory capacity, and which will
probably be significantly cheaper to produce than the existing tests. A
challenge with these tests is that they are less reliable than existing
tests, which, however, does not necessarily invalidate the effective-
ness of mass testing.®® If tests are performed at home, another chal-
lenge may be that it becomes more of the individual's responsibility to
perform the tests correctly and at the specified time.

39) The disadvantage of false negative testing is that some infected people are not de-
tected, and thus pass the infection on. However, this disadvantage can possibly be
reduced by increasing the test frequency to catch those who were not originally picked
up. The downside of a false positive test is that people have to quarantine even though
they are not actually infected. It can also have the consequence that people who have
received a false positive test subsequently fail to exercise caution in their behaviour
because they mistakenly believe that they are immune. These problems can be re-
duced by having those who test positive take an additional test to increase the reliability
of the test results.
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Contact tracing is a more targeted testing strategy that involves unrav-
elling chains of transmission by tracing and testing close contacts of
infected people. This strategy can theoretically slow down transmission
and ensure that the virus can be contained, but it requires that a num-
ber of preconditions can be met: The contact tracing must be thorough,
i.e., a sufficiently high proportion of those who have been in contact
with an infected person must be contacted; the process must be rapid
enough so that any infected contacts do not have time to pass on the
infection before they are traced and; the introduction of infection from
abroad must not be too extensive, as infected people arriving from
abroad will not be known to the contact tracing unit. Finally, the instru-
ment requires that a sufficiently high proportion of those who are in-
fected go into quarantine.

There is no clear picture of how effective contact tracing is in Denmark.
This is partly due to the fact that there is no monitoring of the outcomes
of the contact tracers' contacts with the infected. That is, there is no
information about whether the traced close contacts actually get
tested, and if so, how quickly they get tested, whether they test positive
or whether they subsequently self-isolate. With the choice of suppres-
sion as a strategy, it is essential to be able to continually evaluate how
effective the contact tracing is.

Ideally, thorough monitoring could identify what proportion of the newly
infected can be traced to an already known outbreak and how large a
proportion of the transmission of the infection has arisen from an un-
known source of infection. A thorough monitoring of how effective the
contact tracing is will make it possible to deploy more resources or
make changes in workflows and processes if it turns out that there is a
need to make the contact tracing more effective. Increased surveil-
lance of the infected through contact tracing must be weighed against
considerations of privacy. One can, however, imagine a mild version,
where the contact tracing unit follows up on the contacts to find out
whether they have subsequently been tested and whether there is a
need to trace their close contacts to reach a link further out in the chain
of infection.

Extensive lockdowns are costly to society, but can be an emergency
solution if the spread of infection increases and there is a desire to
suppress the virus. However, as major lockdowns involve significant
socio-economic costs, it may be appropriate to spend a lot of resources
on contact tracing and other measures if this can mean that the spread
of infection can be kept down without the use of a new lockdown.
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It is appropriate to compare the Danish measures with the contact trac-
ing measures in other countries to ensure that best practice is followed.
An investigation of whether there are differences in workflows and re-
source use, and whether these factors can contribute to explaining any
differences in the effect of contact tracing can be an important step in
the direction of improving the efficiency of the Danish contract tracing
system.

With a strategy where the focus is on the controlled spread of infection,
it is appropriate to be able to continually monitor where society is at in
the process. Therefore, it is necessary to carry out testing of repre-
sentative samples in order to determine what proportion of the popula-
tion is infected and how many have developed antibodies to the virus.
Testing of representative samples can also be used to learn more
about the nature of the disease - including the extent of asymptomatic
infection, long-term health effects, and information about how the virus
is transmitted. That information can contribute to better management
of the epidemic, even in the current situation where the strategy is sup-
pression. In Denmark, the authorities have tested randomly selected
samples of the population, but less than half of those invited to take a
test actually turned up for the test in the latest round, which means that
the study’s test results are not as representative as they could be.

Whether testing for the purpose of monitoring the level of infection or
for finding and isolating infected people, it is essential to ensure that
there is as much participation as possible. In the case of representative
sample testing, there may be several reasons why some of the people
invited to participate do not participate. One possible explanation is
forgetfulness; therefore, it is important to make sure that sufficient re-
minders are given to participate in the study. Another possible expla-
nation is that those who are invited to participate do not find it worth
the effort to do so. In this case, it may be appropriate to increase their
willingness by using financial incentives. This can be done, for exam-
ple, in the form of a cash payment for participating in the test. Alterna-
tively, sanctions may be imposed on those who do not turn up. If the
lack of participation is instead due to actual opposition to being tested,
it could be difficult to increase participation through reminders, financial
incentives or sanctions. Instead, in this case, consideration should be
given to increasing the number of people invited to participate in the
test. Regarding the use of testing in general (and therefore not only for
representative sample testing), whether the difficulty or inconvenience
of being tested could be reduced should be considered, for example,
by ensuring that there are geographically widespread and sufficiently
many test centres and that there are no long waiting times to be tested
and to get the subsequent test result.
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A key element in all strategies aimed at limiting transmission is that the
infected are isolated. Therefore, it is also relevant to consider whether
there are the right incentives to go into quarantine. The cost of quaran-
tining can, for example, be reduced by making hotel facilities available
to infected people who do not have the possibility to adequately self-
isolate at home.

History shows that pandemics occur from time to time. While they are
relatively rare, they can have significant health and economic conse-
quences. Therefore, it is appropriate to consider whether there is an
adequate level of preparedness in the event of a future pandemic. Pan-
demic preparedness plans may include monitoring potential outbreak
threats and continually updating the plans accordingly. A preparedness
plan should be prepared according to global best practice and poten-
tially enable a virus outbreak to be contained early, for example,
through effective contact tracing, testing and control of arrivals from
abroad, so that major lockdowns can be avoided. A well-functioning
pandemic preparedness plan can thus act as insurance against future
pandemics.
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