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Abstract

We derive a model in which firms operate in an epidemic environment and in-
ternalize infections among their employees in the workplace. The model is cali-
brated to fit the properties of the COVID-19 epidemic. We show that firms have
incentives to fight against infections and can do so very effectively by increasing
teleworking and rotating employees between on-site work, teleworking, and leave.
Subsidies to sick leave reduce the cost of sick workers and raise workplace in-
fections. Furlough policies are successful in reducing infections and saving lives.
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1 Introduction

The ongoing COVID-19 outbreak has claimed more than 630.000 lives worldwide as
of July 2020. A handful of countries reacted to this outbreak with economy-wide re-
strictions on production, lockdowns, increased healthcare expenditure, and substantial
economic stimulus packages. Currently, these restrictions on businesses and lockdowns
are being lifted in many developed economies in the face of a hefty economic downturn.
There is still neither a vaccine nor a cure for COVID-19 and looser restrictions increase
the risk of a continued healthcare crisis. Policymakers have to address a very important
question of how to restart the economy while maintaining low levels of infections.

The risk of infections among employees and the risk of production disruptions be-
cause of this are an important challenge for firms according to surveys and quarterly
earnings reports (Hassan et al., 2020). These production disruptions can reduce prof-
itability. From public policy perspective, it is vital to formulate informed policies which
can reduce the probability of infections in firms, while keeping them afloat. For this
purpose, it is important to develop a sound understanding of the behavior of firms in
terms of their utilization of labor in times of an epidemic.

We derive a theoretical model in which firms operate in an epidemic environment
and make choices on the allocation of their employees to maximize discounted profits.
The workforce of a representative firm is comprised of productive employees who work
on-site and remotely, employees who are on leave/furloughed, and employees who are on
sick leave. On-site employees are more productive than employees who work remotely,
but they face a higher risk of being exposed to the disease. The probability of infections
among teleworking employees and employees on leave depends on the stage of the
epidemic and is exogenous for the firm. In addition to this risk, on-site employees
face the risk of catching infection at the workplace. The risk of an on-site employee
becoming exposed to the disease is an increasing function of the number of infectious
on-site employees. The firm takes this into account in its choices.

Exposed employees become infectious with an incubated infection and no symptoms
in a period. Employees with incubated infection become sick either with symptoms or
without them also in a period. Sick employees are infectious. Sick employees with no
symptoms necessarily recover. Meanwhile, sick employees with symptoms either recover
or pass away. All recovered employees are immune to a new infection.

Neither the employee nor the firm know that the employee is infectious if the em-
ployee has no symptoms. Employees with symptoms cannot work and contribute to
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production. They are on sick leave.
The firm incurs several types of costs because of infections among its employees.

It pays remuneration to employees on sick leave. It also has to adjust its size in the
short term because employees take sick leave and in the longer term because of death
among its employees. These adjustments are costly for the firm because it has a concave
production function and prefers to smooth production.

In this model, strategies of the firm for reducing the infections and the associated
costs include allocation of employees into teleworking and leave and their rotation
between on-site work, teleworking, and leave. The employees who worked on-site in
the previous period have a higher probability of being infectious. Therefore, the risk
of infections in the workplace can decline if the firm decides to allocate them to either
teleworking or leave.

We calibrate this model to match the properties of the COVID-19 epidemic and
show that the fight against infections in firms has significant effect on the dynamics
of the epidemic. The choices of employee allocations and rotation of employees in
firms reduces the peak number of sick employees with symptoms by 5 percent in the
benchmark simulation exercise as compared to a hypothetical scenario where firms do
not fight against infections. These choices also flatten the infections curve by reducing
the total number of symptomatic infections by 18 percent. The death rate also declines
by 18 percent as a consequence.

Firms fight against infections in the workplace because that allows them to reduce
their profit losses during the epidemic. The choices of firms also reduce output losses
during the epidemic that stem from an increased number of employees on sick leave and
death among employees. The gains of firms, however, are not as significant as gains
from saved lives as measured by the value of statistical life, for example. This opens a
scope for public policies.

In our simulation exercise a 3 percent subsidy to teleworking reduces the peak of the
epidemic by about 3 percent and the total number of symptomatic infections and death
rate by nearly 9 percent. It also increases the profits of firms and their output. Subsidies
to sick leave payments increase infections because they reduce the willingness of firms
to fight against infections. These subsidies increase the profits of the firms. However,
they reduce output during the year when the epidemic started. For example, firms
do not fight against infections and do not send employees to teleworking if their sick
leave payments are completely eliminated. In this case, the profits of the firms during
the year of the epidemic decline very modestly by 0.11 percent, which implies 7.24
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percent lower fall in profits than in the benchmark simulation. Yearly output of firms
declines by -2.34 percent because of the epidemic, which implies 0.17 percent higher
fall in output than in the benchmark simulation. On the contrary, policies increasing
sick leave payments of firms reduce infections and death. They also reduce profits, but
increase output. In turn, policies completely eliminating payments to employees on
leave reduce infections and death. These policies increase the profits of firms by 0.30
percent as compared to the benchmark but reduce their output by 4.75 percent during
the year when the epidemic started.

Many countries have implemented lockdowns and have posed restrictions on pro-
duction during the COVID-19 epidemic. These lockdowns and production restrictions
have also often served as important motivations for policies subsidizing the costs of the
remuneration of employees on leave. This paper focuses on producers and their behav-
ior and abstracts from consumers. Admittedly, consumer behavior during the epidemic
can also result in reduced demand and fall in equilibrium output (see, e.g., Acemoglu
et al., 2020, Brotherhood et al., 2020a, Eichenbaum et al., 2020b). We adopt a reduced
form approach and model restrictions on production and changes in the demand as a
fall in productivity which depends on the number of sick people. We assume that as
higher the number of sick people is as stronger are the lockdown, the restrictions on
production, and the fall in the demand. We select the fall in productivity in a way that
the resulting fall in output is 6 percent during the year when the epidemic started as
compared to the case when there is no epidemic. This is the IMF’s current forecast of
the fall in GDP in advanced economies for 2020.

This fall and the resulting economic downturn induce firms to fight less against
infections in terms of rotation of employees between on-site work and teleworking.
They also induce them to delay the fight against infections. There are a few reasons for
this. In general, the gains from fighting infections are low during economic downturns
because healthy workers produce less. Firms anticipate the downturn, delay shifting
employees to teleworking, which is a less productive activity, and allow them to catch
the disease at the workplace at the beginning of the epidemic. This increases the
number of on-site infectious employees, the probability of catching the disease at the
workplace, and the number of sick employees. Firms also anticipate the reversal and
the economic upturn. At the beginning of the upturn, their gains from having healthy
workers start increasing. Their incentives to fight infections are also high because of a
high probability of catching the disease at the workplace. They start intensively fighting
against infections around the beginning of the upturn in terms of allocating employees
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to teleworking.
This fight against infections bears larger benefits for firms when there is an economic

downturn than when there are no restrictions on production, lockdown, and changes
in the demand. The fight against infections allows firms to have 3.21 percentage point
lower loses in terms of profits and 0.85 percent lower loses in terms of output. Without
this fight, their loses would be 22.19 percent in terms of profits and 6.80 percent in
terms of output.

Our project contributes to the literature that combines epidemiological models with
equilibrium behavioral choice. Kremer (1996) was one of the first to study the negative
externality that infected agents impose on susceptible individuals by not internalizing
the costs of transmission (see also Chen et al., 2011, Toxvaerd, 2019). Early quantitative
economic models of disease transmission include Greenwood et al. (2019) and Chan et
al. (2016). We contribute to this literature by developing a model in which firms
internalize part of the negative externalities by taking into account the impact of their
choices on the disease transmission among employees in the workplace.

Many very recent studies investigate the COVID-19 outbreak. One group of papers
use structural models to investigate a broad spectrum of issues, such as the design of
optimal containment policies (Acemoglu et al., 2020, Alvarez et al., 2020, Eichenbaum
et al., 2020a), the effects of testing on the evolution of the epidemic (Brotherhood
et al., 2020a, Eichenbaum et al., 2020b), heterogeneous impacts of COVID-19 on the
population (Alon et al., 2020, Brotherhood et al., 2020b, Favero et al., 2020, Kaplan
et al., 2020), and the effects on the labor market (Kapicka and Rupert, 2020). We
contribute to this literature by considering a new mechanism through which firms affect
the dynamics of an epidemic.

We also contribute to a second group of papers that investigate empirically the
effects of COVID-19 on firms (Fahlenbrach et al., 2020, Ding et al., 2020, Alfaro et al.,
2020, Hassan et al., 2020, Bartik et al., 2020) by studying the incentives that firms face
in an epidemic environment.

The next section introduces the model. Section 3 describes our calibration strategy.
Section 4 presents simulation results. Section 5 concludes.

2 Model

Time is discrete and runs forever. A representative firm makes choices on how to
manage its workforce to maximize its discounted profits in an epidemic environment.
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The human resources of the firm are comprised of productive employees who work on-
site (n) and remotely (h), employees who are on leave/furloughed (`), and employees
who are on a sick leave (s).

The production function of the firm has decreasing returns to scale and is given by

f(n, h) = A(n+ γh)α, (1)

where A > 0, α ∈ (0, 1), and γ ∈ (0, 1) is the relative productivity of teleworking
employees. The instantaneous profits of the firm at time t are given by

πt = A(nt + γht)α − δnwnt − δhwht − δ`w`t − δswst, (2)

where δn, δh, δ`, δs ≥ 0, and w > 0 is the wage rate. The parameters δ measure the
relative cost of each type of employee, and we use them to model various policies, such
as subsidies to teleworking or to sick leave. The benchmark value of parameters δ is 1.
The wage rate is an exogenous parameter in the model.

The firm does not anticipate the epidemic. Before the epidemic, it solves a static
problem choosing its optimal size taking w as given:

max
n

Anα − δnwn. (3)

Let N denote the solution to this problem. We assume that the firm doesn’t make
hiring decisions during the COVID-19 epidemic. It also does not make firing decisions
even though it can keep workers on leave indefinitely.

An employee of the firm can be in either of the following states: healthy and suscep-
tible to infection (c), exposed to infection, infectious with an incubated infection and
no symptoms, either sick with symptoms (s) or sick without symptoms (a), and either
recovered (r) or deceased (d). The exposed employees become infectious with an incu-
bated infection in the next period. In turn, employees with incubated infection become
sick with symptoms or without symptoms in the next period. The exposed employees
necessarily either recover or pass away. The recovered employees are immune to a new
infection. Neither the employee nor the firm know that the employee is infectious if she
has no symptoms. Figure 1 summarizes the health status of a worker in the model as
well its transitions.

A fraction of sick employees (ρd) dies and a fraction of surviving sick employees
(ρr,s) recovers in the next period, thus, adding to the pool of deceased employees (d)
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Figure 1: Health states

Susceptible Exposed
(not infectious)

Incubation
stage

(infectious,
one period)
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Recovered (rs)

Recovered (ra)

pt, qt

1− ϕ

ϕ

ρd

ρr,s

ρr,a

and to the pool of known recovered employees (rs),

dt+1 = dt + ρdst, (4)

rst+1 = rst + (1− ρd)ρr,sst. (5)

The number of asymptomatic sick employees at time t is at. A fraction of them
(ρr,a) recovers in the next period, thus, adding to the pool of recovered asymptomatic
employees (ra),

rat+1 = rat + ρr,aat. (6)

There can be infectious employees with incubated infection among on-site, telework-
ing, and furloughed employees. Their numbers at time t are ñt, h̃t and ˜̀

t, correspond-
ingly. We use m to denote the number of teleworking employees and employees on leave
and m̃t to employees with incubated infection in m

mt = ht + lt, (7)

m̃t = h̃t + l̃t. (8)

The employees with incubated infection become sick in the next period and show
symptoms with a probability ϕ ∈ (0, 1). The number of sick employees who show
symptoms is given by

st+1 = (1− ρd) (1− ρr,s) st + ϕ (ñt + m̃t) . (9)

In turn, the number of asymptomatic sick employees is given by

at+1 = (1− ρr,a)at + (1− ϕ)(ñt + m̃t). (10)

In each period, the firm decides how to manage workers who have an uncertain health
status and recovered symptomatic workers. Employees who have an uncertain health
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Table 1: The choices of the firm

on-site in t teleworker in t leave in t
uncertain on-site in t− 1 nnt hnt `nt

workers non-presential in t− 1 nmt hmt `mt

recovered workers nrt hrt `rt

status and worked on-site in the previous period have a higher probability of being
infectious in the current period than employees who did not work on-site. Therefore,
the firm splits workers with uncertain health status into those who did and did not
work on-site in the previous period.

We define three groups of employees in order to characterize the choices of the firm.
These groups include employees who have uncertain health status and worked on-site
in the previous period (n), employees who have uncertain health status and did not
work on-site in the previous period (m), and known recovered employees (r). Let kit
denote the number of employees in group i ∈ {n,m, r} who are in situation k ∈ {n, h, `}
in time period t. For example, hnt denotes the number of workers who have uncertain
health status, worked on-site in t− 1, and work remotely in t. Table 1 summarizes the
notation for the choice variables of the firm.

In time t, susceptible employees who either work remotely or are on leave become
exposed to infection with a probability qt ∈ [0, 1]. The probability of infection out of
the workplace depends on the stage of the epidemic and is exogenous for the firm. In
addition to this risk, the susceptible on-site employees face the risk of getting infected
at the workplace. The probability of infection at the workplace is a function of the num-
ber of infectious on-site employees, which are composed of employees with incubated
infection (ñt) and asymptomatic sick employees (an,t):

pt = min {Πp,qqt + Πp,n(ñt + an,t), 1} , (11)

where Πp,q ≥ 1 and Πp,n > 0. Even if there are no infectious employees in the workplace,
a susceptible on-site worker faces a higher risk of infection compared to a non-presential
worker if Πp,q > 1. Therefore, parameter Πp,q captures features such as the increase
in the probability of infection due commuting to work. Parameter Πp,n measures how
the infection risk increases with the number of infectious on-site workers, capturing
characteristics such as workplace density and hygiene.
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The number of infectious asymptomatic on-site employees is given by the product of
the fraction of employees who are asymptomatic and the number of on-site employees
with uncertain health status:

an,t = at
N − rst − st − dt

(nnt + nmt ). (12)

Employees, who work on-site and are in the incubation stage at time t, were exposed
to infection in t − 1 either in the workplace or out of the workplace. The number of
on-site employees in the first group is given by the number of on-site employees with
uncertain health status in t − 1 (nnt ) multiplied by the fraction of susceptible workers
in t − 1 (ct−1) times the probability of catching COVID-19 in the workplace in t − 1
(pt−1). The number on-site employees in the second group is given by the number
of teleworking and furloughed employees with uncertain health status in t − 1 (nmt )
multiplied by the fraction of susceptible workers in t− 1 (ct−1) times the probability of
catching COVID-19 out of the workplace in t− 1 (qt−1). Finally, the number of on-site
employees in incubation stage is given by

ñt = nnt ct−1pt−1 + nmt ct−1qt−1. (13)

The fraction of susceptible workers in t−1 is given by the proportion of employees with
uncertain health status who were neither sick with no symptoms nor recovered after an
asymptomatic illness:

ct−1 = 1− at + rat
N − rst − st − dt

. (14)

A similar equation holds for the number of employees, who are either teleworking
or on leave and are in incubation stage in period t:

m̃t = mn
t ct−1pt−1 +mm

t ct−1qt−1, (15)

where mn
t = hnt + `nt and mm

t = hmt + `mt .
The firm faces the following constraints in terms of its human resources:

nnt + hnt + `nt = nnt−1 + nmt−1 − ϕñt−1, (16)

nmt + hmt + `mt = hnt−1 + `nt−1 + hmt−1 + `mt−1 − ϕm̃t−1 (17)

nrt + hrt + `rt = rst . (18)
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The right-hand-side of equation (16) denotes the number of uncertain workers who were
on-site in t − 1 and who are available to work in t, which is given by the number of
uncertain on-site workers in t− 1 minus those who start showing COVID-19 symptoms
in t. Equation (16) says that these workers must be allocated between on-site, telework,
or leave in t. A similar interpretation holds for equations (17) and (18).

The firm has a discount factor β ∈ (0, 1) and can exist forever. It selects the
allocation of employees in on-site work, teleworking, and leave for every point in time
to maximize the present discounted value of its instantaneous profits:

max
{nn

t ,h
n
t ,`

n
t ,n

m
t ,h

m
t ,`

m
t ,n

r
t ,h

r
t ,`

r
t }∞

t=0

∞∑
t=0

βtπt

s.t.

(2)− (18).

(19)

Note that all dynamic equations that depend on hit and `it, for i ∈ {n,m, r}, only
depend on these terms through the sum of both variables. This happens because
teleworkers and employees on-leave face the same risk of infection, qt. Therefore, we
can write the allocation problem of the firm as a nested two-stage problem. In the
first (outer) stage, the firm chooses the allocation of workers in on-site work, nit for
i ∈ {n,m, r}, and out of the workplace, mi

t for i ∈ {n,m, r}, to solve the following
dynamic problem

max
{nn

t ,m
n
t ,n

m
t ,m

m
t ,n

r
t ,m

r
t }∞

t=0

∞∑
t=0

βtπt

s.t.

(2)− (18),

(20)

with mi
t = hit + `it for i ∈ {n,m, r}.

In the second (inner) stage, the firm chooses how to allocate the total amount of
non-presential workers among telework and leave for each t through a static problem:

max
ht,`t≥0

A(nt + γht)α − δnwnt − δhwht − δ`w`t − δswst

s.t.

ht + `t = mn
t +mm

t +mr
t

nt = nnt + nmt + nrt .

(21)

We assume that infections start at t = −1, with a small number ε > 0 of workers
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in incubation stage, and that the firm could not anticipate the epidemic before t = 0.
The initial conditions for the firm are

nn−1 = N, ñ−1 = ε, (22)

nm−1 = nr−1 = mn
−1 = mm

−1 = mr
−1 = m̃−1 = d−1 = s−1 = rs−1 = ra−1 = a−1 = 0. (23)

The time path of infection probability {qt}∞t=0 is determined in equilibrium, and
depends on the number of infectious workers in the economy. At time t, this probability
is given by

qt = Πq(ñt + m̃t + at), (24)

where Πq > 0 is a parameter that measures the transmission rate of COVID-19.
Next, we define the equilibrium in this economy.

Definition of Equilibrium: The equilibrium consists of time paths of the number of
susceptible, incubated, symptomatic and asymptomatic sick, recovered, and deceased
employees, {ct, ñt, m̃t, st, at, r

s
t , r

a
t , dt}∞t=0, labor force allocations, {nit, hit, `it}∞t=0 for i ∈

{n,m, r}, and infection probabilities {qt, pt}∞t=0, such that:

1. Taking the sequence {qt}∞t=0 as given, the representative firm chooses labor allo-
cations to solve problem (20) and (21).

2. The firm’s choices and the law of motions give rise to the sequences {pt, qt}∞t=0

and the distribution of workers across health states.

This model has a few notable and intuitive features. The epidemic has negatives
effects on the output and profits of the firm. The workforce of the firm shrinks during
the epidemic because employees catch infection and take a sick leave. This reduces the
output and can reduce the profits when δs > 0 and the firm would have selected ` = 0 if
δ` = δs and no one went on a sick leave. The workforce of the firm is also smaller after
the culmination of the epidemic because of deaths among workers. This reduces output
and can reduce profits. The firm has incentives to increase the number of teleworking
employees in times of an epidemic because that reduces the probability of infections
among on-site employees, pt, and infections among all employees given that pt ≥ qt. For
the same reasons, it can have an incentive to increase the number of employees on leave
during an epidemic. It also has incentives to rotate employees between on-site work
and either teleworking or leave because employees who were working on-site previously
have higher chances of being infectious than employees who were either teleworking or
on leave in previous periods.
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The choices of the firm are also influenced by the values of δn, δh, δ`, and δs,
which we treat as policy parameters. For example, on-site work is restricted and more
costly to carry during a lock-down. We assume that lock-downs increase δn and that
increases the costs of carrying on-site work in the firm. We assume that a decrease in δh
corresponds to a policy that subsidizes teleworking. Clearly, the firm has an incentive
to increase the number of teleworking employees at the expense of on-site employment
when δn increases and δh declines. Employment adjustment schemes can be represented
as reductions in δ` because a lower value of δ` implies a lower cost of sending employees
to leave and adjusting the size of workforce and production. In turn, subsidies for the
remuneration of employees on sick-leave can be represented as a reduction in δs. The
latter two policies can reduce the costs of the firm. However, for example, a lower value
of δs also reduces the incentives of the firm to fight infections because it reduces the
cost of infections for the firm.

3 Calibration

This section describes how we discipline the parameters of the model. First, we interpret
the model period as being one week. Starting with the parameters related to the
firm’s production function, we normalize the total factor productivity in the no-COVID
scenario to be one. The concavity parameter α is set to 0.7, which is consistent with
the value used by the macroeconomic literature for the share of a firm’s revenues that
is used for labor payments.

We set the wage rate so that the optimal size of the firm in a scenario without disease
is equal to one, leading to w = 0.7. The time discount parameter β is set to be equivalent
to an annual time discount of 0.96. We choose a value for the relative productivity of
teleworkers γ to be such that, in the benchmark equilibrium, the firm chooses 30%
of its labor force to be teleworkers during the peak of the disease. Brynjolfsson et al.
(2020) conducts a survey among workers in the US and find that 32% of the interviewed
individuals were teleworkers on April 1, 2020, but used to commute to work before the
COVID-19 outbreak. The benchmark equilibrium is defined as the situation without
government policy, so that all δ parameters are equal to one.

Now, turning to the parameters related to COVID-19, Verity et al. (2020) find that
the mean duration of hospitalization among infected patients who were discharged is
equal to 3.52 weeks. Therefore, we set ρr,s = 1/3.52. We assume that the average
duration that an asymptomatic individuals stays infectious is the same as that of a
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Table 2: Calibration of parameters

Parameter Value Comment

Panel A. Firm
A 1 Normalization
N 1 Normalization
α 0.7 Labor share of revenues
β 0.961/52 Time discount
γ 0.9 ≈ 30% teleworkers at peak (Brynjolfsson et al., 2020)
w 0.7 Wage such that N = 1 is optimal in normal times
δn 1 Policy parameter
δh 1 Policy parameter
δ` 1 Policy parameter
δs 1 Policy parameter

Panel B. COVID-19
ρr,s 1/3.52 Avg. duration of hospitalization (Verity et al., 2020)
ρr,a 1/3.52 Same as ρr,s
ρd 0.002 Prob. death cond. hospital. is 0.2% (CDC, 2020)
Πq 0.25 R0 = 2.5

Πp,q 1 No discontinuity from q to p
Πp,n 0.6667 ≈ 70% of infections in the workplace (Ferguson et al., 2006)
ϕ 0.5 Prop. asymptomatic, range: 4%-75% (CEBM, 2020)
ε 0.001 0.1% infected workers in first period

symptomatic person, so that ρa,r = ρs,r. According to CDC (2020), the probability of
death of a hospitalized patient with COVID-19 is 0.202%, so we set ρd = 0.00202.

Estimates for the fraction of asymptomatic individuals is highly imprecise, and range
from 4% to 75% (CEBM, 2020), so we set ϕ = 0.5. We assume that the probability
of a presential worker catching COVID-19 if there are no infected presential workers
is the same as that of a non-presential worker catching COVID-19, yielding Πp,q = 1.
According to Ferguson et al. (2006), 70% of the influenza transmissions occurred outside
of households. Therefore, we calibrate Πp,n such that 70% of the transmissions in the
benchmark equilibrium happen in the workplace. The value of Πq is chosen so that the
basic reproduction number (R0) of COVID-19 in our simulation equals 2.5. Estimates
for COVID’s R0 range from 1.6 to 4. As an initial condition for the infection, we start
with 0.1% infected workers in t = −1. Table 2 summarizes our calibration strategy.
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4 Simulations

The data about the COVID-19 epidemic and its economic impact are still scarce, and
wide ranges are reported for the available data. For example, the true fatality rates are
hard to compute because it is yet unclear what fraction of the population is already
infected. We also know very little about infections in and out of workplaces. We have
thus used a limited set of calibration targets while omitting some important dimen-
sions. Accordingly, a word of caution is in order regarding the interpretation of our
quantitative results.

The number of new infections becomes negligible after a year in all our simulations
because of herd immunity. We assume that the disease entirely disappears by the end
of the third year.1 This implies that the firm has a static problem after the third year
and selects to have no teleworking employees given that γ < 1.

Our benchmark simulation uses parameter values from Table 2. We present the
results in the first column of Table 3 and in Figure 2 and Figure 3. It takes 14 weeks to
the peak of infections. About 18 percent of the population is infected at the peak and
9 percent has symptoms. The disease infects 77.52 percent of the population during its
course. Out of this number, 77.25 percent recover and the remainder pass away.

The firm puts a fight against infections. It increases the percentage of teleworking
employees making it greater than zero, which is the value in normal times. As illustrated
in Figure 3, these adjustments are slow at the beginning. The firm reacts to the
ongoing epidemic at week 13, close to the peak of infections. However, it reacts strongly
and allocates almost 30 percent of its employees to teleworking by the time infections
reach their peak. The firm also starts rotating employees between on-site work and
teleworking, which can be clearly seen in terms of transitions to m and n in Figure 3.

The output of the firm declines by 2.17 percent during the first year of the epidemic
as compared to the normal environment where there has been no disease. The reduction
of the output is because the employees take a sick-leave, teleworking is less productive
than on-site work, and some workers pass away. The profits and net present value of
the firm also decline as compared to the normal environment. The profits during the
first year of the epidemic decline by 6.85 percent, while the value of the firm declines
more modestly by 0.28 percent.

We compare these results with the results from a model where the firm does not
internalize infections among its employees in the workplace. In such a case, the firm

1The disease can also disappear earlier than by the end of the third year if a vaccine becomes available.
This is straightforward to consider in this setup.
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Figure 2: The dynamics of the epidemic
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Note: This figure shows the dynamics of the epidemic in the benchmark model (solid lines). It also
shows the difference between these dynamics and the dynamics of epidemic in a model where firms
do not take into account infections among their employees and keep their choices of allocations fixed
and equal to allocations in an environment where there is no disease (dashed lines). The graphs for
s and a and rs and ra coincide because ϕ = 0.5 and there are equal numbers of symptomatic and
asymptomatic employees.
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Figure 3: The dynamics of employee allocations during the epidemic
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Note: This figure shows the allocations of employees into on-site work, teleworking and leave in the
benchmark model where firms take into account infections among their employees (solid lines). It also
shows the difference between these allocations and the allocations of employees in a model where firms
do not take into account infections among their employees and keep their choices of allocations fixed
(dashed lines). It also shows their transitions between on-site work, teleworking and leave.

does not fight against infections. It keeps the shares of labor allocations fixed and equal
to the shares of allocations in the normal environment even though death reduces the
total number of available workers. Column 2 of Table 3 presents the results from the
model with fixed shares of labor allocations. It takes takes 17 weeks to the peak of
infections in this model. About 14 percent of employees are sick and have symptoms
at the peak of infections, a 5 percentage points increase from the benchmark value.
About 18 percent more employees get become sick with symptoms and pass away over
the course of the epidemic in the model where the firm does not fight against infections
as compared to the benchmark.

The firm gains about a half a percent of its yearly profits by fighting infections in
the workplace. It gains 0.02 percent in terms of discounted profits. These gains seem
to be modest and there are a few reasons for that. The discounted profits are large,
and the disease neither has a very long life-span nor it has a very large death toll.

The firm also incurs loses when it increases teleworking given that γ < 1. In column
3 of Table 3, we consider the case when γ = 0.98. Such a higher γ can be a result of, for
example, the firm investing in improvements in teleworking practices and technologies
and general improvements in information and communication technologies and their
more widespread availability. It is less costly for the firm to allocate employees in
teleworking with a higher γ and profits, teleworking, and the rotation of employees
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increase because of this. The firm gains about 1.8 percent of its yearly profits by
fighting against infections in the workplace when γ = 0.98. About 36.5 percent of its
employees are teleworking at the peak. Total infections and deaths during the epidemic
decline by 10 percent as compared to the benchmark. Infections at the peak decline by
4 percentage points.

Gains from fighting infections can seem to be modest at the firm level in the bench-
mark results. The results suggest they can be significant at the aggregate level though.
The fight against infections saves 0.17 percent of the GDP in the benchmark results.
This implies that the gains from this fight can be at the order of 40 billion US dollars
in a country like the US, where GDP in 2019 was 21.5 trillion. These gains are almost
3 times higher for a larger value of γ = 0.98.

The fight against infections also reduces the severity of the epidemic in terms of
infections and it saves lives. The latter can be important for the firms since death
inflicts a cost on firms by reducing the workforce and their production. However, this is
not very important for the net present value of firms. One way to gauge the economic
magnitude and significance of these numbers uses the value of statistical life. The value
of statistical life in the US is about $9 million according to the most recent estimates.
This implies that firms can save around $1.5 trillion in the US by their actions. However,
these benefits will not be directly appropriated by firms, which creates a scope for public
policies. For example, the higher value of γ = 0.98 implies additional lives saved and
the statistical gains from that are at the order of additional $860 billion. The direct
gains of firms in terms of profits from the higher value of γ are much lower.

4.1 Policies

We have focused on producers and their welfare and abstracted from consumer behavior
and welfare in this model. In this sense, our policy exercises have a positive perspective,
and we abstract from their normative implications.

Policies that encourage teleworking and discourage on-site work have been very
popular in almost all countries during the COVID-19 epidemic. In the model, policies
that make on-site employment more costly for firms and subsidize teleworking increase
δn and reduce δh. These are equivalent and similar to an increase in γ for the choices
of labor allocation of the firm. They have a different effect on profits though as a
higher δn reduces profits and a lower δh can increase them. We consider subsidies to
teleworking equivalent to an increase in γ from the benchmark value to 0.98, the value
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in column 2 of Table 3. Column 3 of Table 3 presents the results. It is enough to
subsidize teleworking by 3 percent to achieve significant reductions in peak infections,
total infections, and death.

We consider policies that subsidize the costs that firms incur paying remuneration
to employees on sick-leave. Employees that have symptoms recover with a probability
of almost 1 by the sixth week in the model. In Germany, for example, firms usually pay
regular wages for six weeks to employees on sick-leave. Germany allowed firms to claim
back from the government their sick-leave payments during the COVID-19 epidemic.2

We offer the results from the implementation of a policy that halves the costs that
the firm incurs paying employees on sick-leave in column 4 of Table 3 and eliminates
these costs in column 5. This policy increases the profits of the firm and its value.
However, it reduces the incentives of the firm to fight infections. Teleworking and
the rotation of employees between on-site work and telework decline. As compared
to the benchmark, this significantly increases infections in the economy, death tall of
the epidemic, and reduces production during the year of the epidemic because a larger
number of workers get infected and go for a sick-leave. The firm does not fight against
infections at all when the policy completely eliminates sick leave costs.

We consider an alternative policy that increases the costs that the firms incur when
they pay employees on sick leave. Column 6 of Table 3 presents the results when we set
δs = 1.5. This policy reduces the profits of the firm and its value as compared to the
benchmark but it improves the incentives of the firm to fight infections and increases
its output. The death tall of the epidemic and the total number of infections decline by
6.37 percent as the percentage of teleworking employees and the rotation of employees
between on-site work and teleworking increase.

We also consider a policy which subsidizes/reduces the costs that firms incur paying
the remuneration of employees on leave. Analogous policies have been implemented,
for example, in Spain with the motivation to allow firms to temporarily adjust their
size. The policy halves these costs in column 7 of Table 3 and completely eliminates
them in column 8. The policy has no effect on the behavior of the firm and the
dynamics of the epidemic when it halves these costs. It affects them though when it
completely eliminates the costs. The firm sends some employees to a temporary leave,
reduces teleworking, and increases its yearly profits by 0.32 percent as compared to the
benchmark. The firm also rotates employees between on-site work and teleworking and
leave and increases the rotation as compared to the benchmark. Figure 4 illustrates

2For the US check Families First Coronavirus Relief Act, H.R. 6201.
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Figure 4: The dynamics of employee allocations during the epidemic when δ` = 0
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Note: This figure shows the dynamics of allocations of employees into on-site work, teleworking and
leave in case when δ` = 0 (solid lines). It also compares these dynamics with the dynamics allocations
of employees in the benchmark model (dashed lines).

the dynamics of employee allocations in this case. All this results in 1.98 percent lower
infections at the peak and 6.44 percent lower total infections and death toll during the
epidemic relative to the benchmark. However, it also results in 5 percent lower output
relative to the benchmark.

Thus far, we have abstracted from lock-down policies and changes in the demand for
goods during the epidemic that can be a result of both lock-downs as well as consumer
behavior. In many countries, these have served as important motivations for implement-
ing and enacting policies that subsidize the costs of the remuneration of employees on
temporary and sick leave.

We do not have consumers and their demand functions in this supply side framework.
We take a reduced form approach and assume that the fall in the demand during the
epidemic because of lock-down restrictions and consumer behavior corresponds to a fall
in A. We model changes in A in the following way. We assume that the policy makers
and consumers know the epidemiological version of the model where firms keep their
choices of the shares of labor allocations fixed and equal to an environment where there
is no disease. The changes in A are the largest at the peak of the epidemic as predicted
by the epidemiological version of the model, and A returns to its normal value in exactly
as much time as it takes to reach the pick of the epidemic in that model. The resulting
fall in output during the year of the epidemic as compared to an environment with no
shocks to A and no disease is about 6 percent with benchmark parameter values.3 This

3In an extension, we endogenize the lock-down policy and changes in A making A a function of the
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Figure 5: The dynamics of A, production, and profits
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Note: This figure shows our assumed dynamics of A and the resulting dynamics of production and
profits (solid lines). It also shows the dynamics of production and profits in the benchmark economy
where there are no changes in A (dashed lines).

is the forecast of the IMF for the fall in GDP in advanced economies in 2020 though
there is a lot of uncertainty around this number. Our choice of the structure of the
shock also implies a fall in A for about three months with a deep of about 15 percent
and a full recovery in the next three months. In reality, the deep of the shock can be
bigger and the time to recovery can be longer according to the forecasts of the OECD.

Figure 5 shows our considered dynamics in A and the resulting dynamics in output
and profits of the firm. Figures 6 and 7 show the resulting dynamics in the epidemic and
in the allocations of employees. Table 4 summarizes the results. Teleworking slightly
increases at the peak and the rotation of employees declines because of the shock to
A according to column 1. Profits in the year of epidemic decline by 20.38 percent
and output declines by 6.23 percent as compared to an environment where there is no
disease and there are no shocks.

The disease infects 78.03 percent of the population during its course. Sick at the
peak are 10.47 percent. These numbers are higher than the benchmark values in column
1 of Table 3.

There are a few forces that are responsible for these results. The incentives of the
firm are driven by its anticipation of the trajectory of A. The static trade-off between
on-site work n and teleworking h is fixed and does not depend on A. The marginal cost
of sick leave δsw also does not depend on A. Meanwhile, the marginal products of n and
h simultaneously fall as A declines. This implies that the gains from fighting infections

number of sick.

20



T
ab

le
4:

R
es
ul
ts

fo
r
a
fa
ll
in
A

Fi
xe
d

Si
ck

le
av
e

Le
av
e
an

d
sic

k
le
av
e

Be
nc
hm

ar
k

ch
oi
ce
s

δ n
δ s

=
0.

5
δ s

=
0

δ s
=

1.
5

δ `
=

0.
5

δ `
=

0.
05

δ `
=

0
δ `

=
δ s

=
0

W
ee
ks

to
th
e
pe

ak
15

17
15

17
17

14
15

15
17

16
Si
ck

at
th
e
pe

ak
(%

)
10

.9
9

14
.2
5

10
.3
3

14
.2
5

14
.2
5

8.
26

10
.9
7

8.
13

5.
81

7.
61

D
ec
ea
se
d
(%

)
0.
28

0.
32

0.
27

0.
32

0.
32

0.
26

0.
28

0.
27

0.
24

0.
27

D
ec
ea
se
d
(%

∆
w
.r.
t.

BM
)

0
17

.8
1

-2
.7
7

17
.8
1

17
.8
1

-6
.1
3

-0
.0
4

-1
.8
9

-1
1.
34

-3
.1
2

R
ec
ov
er
ed

(%
)

77
.6
4

91
.4
7

75
.4
9

91
.4
7

91
.4
7

72
.8
8

77
.6
1

76
.1
8

68
.8
4

75
.2
2

R
ec
ov
er
ed

(%
∆

w
.r.
t.

BM
)

0
17

.8
1

-2
.7
7

17
.8
1

17
.8
1

-6
.1
3

-0
.0
4

-1
.8
9

-1
1.
34

-3
.1
2

Pr
od

uc
tio

n
1
ye
ar

(%
∆

w
.r.
t.

N
D
)

-6
.0
0

-6
.8
0

-5
.8
6

-6
.8
0

-6
.8
0

-5
.6
6

-6
.0
0

-1
0.
52

-1
5.
54

-1
1.
83

Pr
od

uc
tio

n
1
ye
ar

(%
∆

w
.r.
t.

BM
)

0
-0
.8
5

0.
15

-0
.8
5

-0
.8
5

0.
36

0
-4
.8
1

-1
0.
15

-6
.2
1

D
isc

ou
nt
ed

pr
ofi

ts
37

9.
26

37
8.
88

37
9.
18

37
9.
44

37
9.
99

37
8.
91

37
9.
26

37
9.
37

37
9.
65

38
0.
45

D
isc

ou
nt
ed

pr
ofi

ts
(%

∆
w
.r.
t.

N
D
)

-0
.7
9

-0
.8
9

-0
.8
2

-0
.7
5

-0
.6
0

-0
.8
9

-0
.7
9

-0
.7
6

-0
.6
9

-0
.4
8

D
isc

ou
nt
ed

pr
ofi

ts
(%

∆
w
.r.
t.

BM
)

0
-0
.1
0

-0
.0
2

0.
05

0.
19

-0
.0
9

0
0.
03

0.
10

0.
31

Pr
ofi

ts
1
ye
ar

(%
∆

w
.r.
t.

N
D
)

-1
9.
61

-2
2.
19

-2
0.
00

-1
8.
59

-1
4.
98

-2
1.
31

-1
9.
61

-1
8.
79

-1
6.
16

-1
1.
86

Pr
ofi

ts
1
ye
ar

(%
∆

w
.r.
t.

BM
)

0
-3
.2
1

-0
.4
8

1.
28

5.
77

-2
.1
1

0.
01

1.
02

4.
30

9.
65

M
ax

.
te
le
wo

rk
in
g
(%

)
32

.6
5

0
40

.5
4

0
0

35
.0
5

33
.5
8

2.
18

0
0

M
ax

.
le
av
e
(%

)
0

0
0

0
0

0
0

27
.9
0

30
.3
6

26
.2
6

M
ax

.
n
to
m

(%
)

32
.6
5

0
40

.5
4

0
0

35
.0
5

33
.5
8

28
.0
8

30
.3
6

26
.2
6

M
ax

.
m

to
n
(%

)
31

.2
0

0
37

.5
1

0
0

33
.9
7

32
.1
6

27
.1
7

29
.6
3

25
.0
5

Su
m
n
to
m

3.
09

0
3.
84

0
0

5.
02

3.
09

3.
86

9.
16

4.
60

Su
m
m

to
n

3.
00

0
3.
75

0
0

4.
92

3.
01

3.
77

9.
05

4.
51

N
ot

e:
T
hi
s
ta
bl
e
su
m
m
ar
iz
es

ou
r
m
ai
n
re
su
lts

fr
om

sim
ul
at
io
ns

w
he
re

w
e
co
ns
id
er

ch
an

ge
s
in
A
.
T
he
se

ch
an

ge
s
ar
e
su
m
m
ar
iz
ed

in
Fi
gu

re
5.

C
ol
um

n
1
re
po

rt
s
th
e
re
su
lts

w
he
n
w
e
us
e
th
e
be

nc
hm

ar
k
pa

ra
m
et
er

va
lu
es

fr
om

Ta
bl
e
2
w
ith

an
ex
ce
pt
io
n
th
at

w
e
va
ry
A
.
C
ol
um

n
2
re
po

rt
s
th
e

re
su
lts

w
he
n
w
e
ch
an

ge
th
e
va
lu
e
of
δ n

in
th
e
op

po
sit

e
di
re
ct
io
n
to
A
.
W
e
as
su
m
e
th
at

at
th
e
be

gi
nn

in
g
of

th
e
ep
id
em

ic
δ n

in
cr
ea
se
s
fr
om

1
up

to
a
pe

ak
va
lu
e
of

1.
02

as
A

de
cl
in
es

an
d
it

de
cl
in
es

to
its

or
ig
in
al

va
lu
e
as
A

in
cr
ea
se
s.

C
ol
um

ns
3,

4,
an

d
5
re
po

rt
th
e
re
su
lts

w
he
n
w
e
va
ry

th
e

va
lu
e
of
δ s
.
C
ol
um

ns
6,

7,
an

d
8
re
po

rt
th
e
re
su
lts

w
he
n
w
e
va
ry

th
e
va
lu
e
of
δ `
.
W
e
se
t
δ s

an
d
δ `

eq
ua

lt
o
ze
ro

in
co
lu
m
n
9.

C
ol
um

n
10

sh
ow

s
th
e
re
su
lts

w
he
n
δ n

ch
an

ge
s
as

in
co
lu
m
n
2
an

d
δ s

=
δ `

=
0.

21



Figure 6: The dynamics of the epidemic with changes in A
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Figure 7: The dynamics of employee allocations during the epidemic with changes in
A
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are low for lower values of A. The firm anticipates the fall in A and is reluctant to fight
against infections at the beginning of the epidemic because of this. It delays sending
employees to teleworking and reacts less strongly at the beginning, which increases the
probability of infections at the workplace and the number of infections, exposed and
sick. The firm also anticipates the reversal and the economic upturn. At the beginning
of the upturn, its gains from having healthy workers start increasing. Its incentives
to fight infections are also high because of the high probability of catching the disease
at the workplace. These incentives are negatively affected by the “herd immunity”,
however. The number of recovered and immune workers is higher because the firm has
put less effort in fighting infections at the beginning of the epidemic. This makes the
ongoing epidemic less costly for the firm and reduces its incentives to allocate employees
to teleworking and rotate them. With the current parameterization, all these effects
imply a slightly higher number of teleworking employees at the peak.

Lockdown policies can also increase the costs of on-site employment, which corre-
sponds to an increase in δn. We assume that changes in δn are in the opposite direction
to changes in A, so that δn increases at the beginning of the epidemic and declines
to its original value afterwards as A increases. Column 2 of Table 4 offer the results
when both A and δn change. These changes in δn imply higher losses in terms of yearly
profits, but slightly lower losses in terms of output. The latter result holds because
there are less infections and a lower number of workers demand sick leave in this case.

Similarly to the results in Table 3, policies that reduce the value of δs increase the
profitability of the firm at the expense of production and infections and death among
workers. Columns 3 and 4 of Table 4 offer the results when we reduce the costs of sick
leave by half and set δs = 0.5 and completely eliminate these costs by setting δs = 0.
In both cases, the firm does not fight against infections and the results are similar to
the case when the firm keeps its choices of labor allocations fixed in column 2 of Table
3. Policies that increase the value of δs have the opposite effect according to column 5
of Table 4.

Policies that reduce the costs of sending employees on leave δ` can slightly increase
profits but can reduce employment and significantly contribute to the recession during
the year of the epidemic according to columns 6, 7, and 8 of Table 4. We attempt
to mimic minimal employment adjustment costs and consider a small positive value
δ` = 0.05 in column 6. This produces a fall in output of about 11 percent during the
epidemic and an increase in temporary unemployment of up to 28.37 percent at the
peak of the epidemic. The magnitudes of these adjustments resemble the adjustments
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and their forecasts in Spain which enacted a policy to reduce employment adjustment
costs at the beginning of the COVID-19 epidemic.

The reduction of employment adjustment costs also significantly affects the dynam-
ics of the epidemic when A declines. It takes 23 weeks to the peak of the epidemic when
δ` = 0. The infections curve significantly flattens as the peak of the infections and the
total number of infections decline.

Many countries have put an aggressive fight against the COVID-19 epidemic in an
attempt to alleviate its economic impact by implementing a number of policies at the
same time. In column 9 of Table 4, we consider a case when the policies eliminate
payments of the firm to all employees on leave and set δs = δ` = 0. Such a policy
considerably reduces the fall in profits. It also reduces the fall in output as compared
to the case when only δ` = 0. The reason for this is that when δs = 0 the firm sends
less employees on leave and it also incurs lower costs. It continues rotating employees
between on-site work and leave because that reduces infections, the number of employees
on sick leave, and implied changes in the number of available workers. The policy which
sets δs = δ` = 0 significantly delays the peak of the epidemic. It now happens at week
32. The peak of infections and the total number of infections though grow as compared
to then case when only δ` = 0.

5 Conclusions

We derive a model in which a representative firm operates in an epidemic environment.
The workforce of the firm is comprised of productive employees who work on-site and
remotely, employees who are on leave/furloughed, and employees who are on sick leave.
On-site employees are more productive than employees who work remotely, but they
face a higher probability of catching the disease. The infections among employees are
costly for the firm. The firm chooses the allocation of its employees into on-site work,
teleworking, and leave, and rotates them to maximize its discounted profits. It takes
into account how its choices affect infections in the workplace.

We calibrate this model to match the properties of the COVID-19 epidemic. Our
simulation results show that the fight against infections in firms has significant effect
on the dynamics of the epidemic. It flattens the infections curve by reducing the peak
of the epidemic by 5 percent and the total number of symptomatic infections by 18
percent. As a consequence, death rate declines by 18 percent as well.

This fight bears benefits for the firm in terms of profits and output albeit these gains

24



might not be large. Gains as measured, for example, by the value of statistical life are
an order of magnitude higher, which can create a scope for public policies.

In our simulations, policies subsidising teleworking have significant effects on the
dynamics of the epidemic and noticeably reduce its peak, the total number of infec-
tions and death rate. These policies also increase the profits of firms and their output.
Subsidies to sick leave payments in firms can be counter-productive and increase infec-
tions because such policies reduce the willingness of firms to fight against infections.
These subsidies increase the profits of firms but reduce output during the year when the
epidemic started. On the contrary, increases in sick leave payments reduce infections
and death. They also reduce profits, but increase output. In turn, policies eliminating
payments to employees on leave reduce infections and death. These policies increase
the profits of firms but substantially reduce their output in the year when the epidemic
started.

We also simulate economic downturn assuming that it is proportional to the number
of sick people and is caused by lockdown policies, production restrictions, and changes
in the demand. During an economic downturn, firms fight against infections in the
workplace less because the gains from having healthy workers are low. Firms anticipate
the downturn and delay allocating employees to teleworking and allow them to get
exposed to the disease at the beginning of the epidemic. The number of infections, the
probability of catching the disease at the workplace, and death increase because of this.
On the other hand, around the end of the downturn, firms have strong incentives to
fight against infections because of the high probability of infections at the workplace as
well as the anticipation of upturn, which increases the gains from this fight. At the end
of the downturn, they choose to have a higher number of teleworking employees than
in the benchmark, where there is no economic downturn. The profits and output also
increase more with this fight than in the benchmark.

Taken together, our results imply that firms have incentives to fight against in-
fections in the workplace and their choices of worker allocations into on-site work,
teleworking, and leave have a significant effect on the dynamics of the epidemic. These
choices significantly reduce the peak of the epidemic, the number of infections, and
death. Policies, such as subsidies to teleworking and sick leave, can affect the choices
of worker allocations in firms, the profitability of firms and their production, as well
as the dynamics of the epidemic. Production restrictions, lockdowns and the resulting
economic downturn also effect the choices of firms and the resulting dynamics of the
epidemic.
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