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Abstract

We derive a model in which firms operate in an epidemic environment and inter-
nalize infections among their employees in the workplace. The model is calibrated
to fit the moments 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. The fight
against infections in firms flattens the aggregate infections curve. Subsidies to
teleworking reduce infections and save lives. Subsidies to sick leave reduce the
cost of sick workers and raise workplace infections. Firms delay and weaken the
fight against infections during economic downturns. We also consider the prob-
lem of a government that values output and lives. We show that the government
prefers to severely restrict the epidemic by tolerating short-term output losses
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1 Introduction

Highly infectious diseases such as the Spanish flu, the Asian flu, the Hong-Kong flu,
the SARS CoV-1 and the Covid-19 tend to have a significant death toll and can cause
large disruptions in economic activity. When relatively more is known regarding the
role of the behavior of individuals in the transmission of these diseases (e.g., social
distancing, negative externalities), less is known regarding the role of the behavior of
firms. Can the behavior of firms in terms of the utilization of the workforce mitigate
the transmissions in the workplace and reduce the aggregate infections and death toll
of highly infectious diseases while keeping the production running?

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 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 and employees who work remotely perform tasks that are gross substitutes,
and on-site employees face a higher risk of being exposed to the disease. Teleworking
employees and employees on leave can catch the infection out of the workplace. The
probability of infections out of the workplace 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 the 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.

Employees with an incubated infection are infectious. As the disease progresses,
they become sick with symptoms or without them. Sick employees with symptoms are
on sick leave and cannot work. They either recover or pass away. Sick employees with
no symptoms (asymptomatic sick) are also infectious though they necessarily recover.
All recovered employees are immune to a new infection. Neither the employee nor the
firm knows that the employee is infectious if the employee has no symptoms.

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 because
employees take sick leave and 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 over time.!

!The risk of infections among employees and the risk of production disruptions because of this are an
important challenge for firms according to surveys and quarterly earnings reports (e.g., see Hassan et
al., 2020).



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 did not work on-site
in the previous period have a lower probability of being infectious than employees who
worked on-site. Therefore, the risk of infections in the workplace can decline if the firm
decides to increase the share of employees who were not on-site in the previous period
in its current on-site employment.

The aggregate path of the epidemic is determined in equilibrium. The firms are
atomistic and do not take into account the effect of their choices on it. This generates
negative externalities among firms because, if a number of them makes choices that
increase infections among their employees, there will be a higher number of infectious
individuals in the economy. This will increase infections out of the workplace and thus
infect the employees of other firms.

We calibrate this model to match the moments of the Covid-19 epidemic, including
the short timeline of vaccine development and application. We show that the fight
against infections in firms has a significant effect on the dynamics of the epidemic.
The choices of employee allocations and rotation in firms reduce the percentage of
sick employees with symptoms at the peak by 4.8 points 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 about 17 percent. The death rate also declines by nearly 17
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 1 percent subsidy to teleworking reduces the percentage
of sick at the peak of the epidemic by about 1.2 points and the total number of symp-
tomatic infections and death rate by 5 percent. It also increases the profits of firms and
their output. We also consider policies that increase sick leave payments by 1 percent,
reduce these payments by 1 percent, and eliminate them. The policy that increases
sick leave payments reduces infections because it increases the willingness of firms to

fight against infections. This policy reduces the profits of the firms though it increases



their output very marginally. On the contrary, subsidies to sick leave payments increase
infections and the profits of the firms. However, they reduce output during the year
when the epidemic started. Firms are almost reluctant to fight against infections if
their sick leave payments are eliminated. In this case, the profits of the firms during
the year of the epidemic decline very modestly by 0.06 percent, which implies a 3.93
percent lower fall in profits than in the benchmark simulation. The yearly output of
firms declines by 1.37 percent because of the epidemic, which implies a 0.12 percent
higher fall in output than in the benchmark simulation. In turn, we consider a policy
that eliminates the costs that firms incur by paying the remuneration of furloughed em-
ployees. Such a policy motivates the firm to send some employees on temporary leave,
reduce teleworking, rotate employees between on-site work and teleworking and leave
and increase the rotation as compared to the benchmark. It increases the yearly profits
of the firm by 0.04 percent and reduces the symptomatic infections and death toll by
2.15 percent. However, it also results in a 1.1 percent larger fall in output relative to
the benchmark.?

Many countries have implemented lockdowns and imposed restrictions on produc-
tion during the Covid-19 epidemic. These lockdowns and production restrictions have
also often served as important motivations for policies subsidizing the costs of the re-
muneration of employees on leave. This paper focuses on producers and their behavior
and abstracts from consumers. Admittedly, consumer behavior during the epidemic
can also result in reduced demand and a fall in equilibrium output (see, e.g., Acemoglu
et al., 2021, Brotherhood et al., 2021, Eichenbaum et al., 2021). 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 3.5 percent during the year when the epidemic started as
compared to the case when there is no epidemic. This is the fall in GDP per capita in
the US in 2020.

During the epidemic, the firms have to choose the allocation of infections over time.
They anticipate the economic downturn, as well as the reversal and the economic up-
turn. It is optimal for the firm to allocate infections to the beginning of the economic

downturn because the marginal product of workers is low during the downturn, a higher

2Policies subsidizing sick leave and furlough payments have been implemented in Germany, Spain, and
the US, for example.



number of exposed workers will be recovered at the economic upturn, and a small frac-
tion of the sick employees pass away.® A higher number of recovered employees allows
the firm to extract more gains from the economic recovery. However, this behavior of
the firms increases infections in the economy and causes a deeper recession.

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
demand. The fight against infections allows firms to have 1.61 percent lower losses in
terms of yearly profits and 0.46 percent lower losses in terms of output. Without this
fight, their losses would be about 13 percent in terms of profits and 4 percent in terms
of output.

Finally, we consider a government that acts as a planner and can choose the economy-
wide allocations of workers. We assume that it values output and has a non-pecuniary
valuation of life. It benefits from lower infections and death during the epidemic be-
cause the output declines as the number of sick and the death toll increase and, in
addition, the death toll increases its non-pecuniary costs because of the lost lives. It
takes into account the effects of its allocation of labor into on-site work, teleworking,
and furlough on the aggregate path of the epidemic. The government reduces the in-
fections and death toll by 6.6 percent more than the benchmark equilibrium when the
non-pecuniary value of life is low. It adopts a “non-Covid strategy” for moderate and
high non-pecuniary values of life. It reduces the infections and death toll by 48 percent
more than the benchmark equilibrium when the non-pecuniary value of life is moderate.
It reduces the infections and death toll by about 74 percent more than the benchmark
equilibrium when the non-pecuniary value of life is high. The government implements
a type of lockdown policy and allocates a very large fraction of employees to telework
during the epidemic to achieve the latter result.

This paper contributes to the literature that combines epidemiological models with
equilibrium behavioral choice. Studies in this literature have analyzed the role of in-
dividual choices for the dynamics of the epidemic and have emphasized the negative
externality that infected individuals impose on susceptible individuals by not internal-
izing the costs of transmission. Kremer (1996) was one of the first to study this negative
externality and to show that it increases infections (see also Chen et al., 2011, Toxvaerd,
2019). A few studies have also considered the role of this externality in quantitative

economic models of disease transmission (e.g., see Chan et al., 2016, Greenwood et al.,

3The disease is not particularly deadly for the working-age employees, and about 0.25% of sick pass
away in the model.



2019). Many very recent studies in this literature investigate the Covid-19 outbreak.
These studies investigate a broad spectrum of issues, such as the design of optimal
containment policies and the economic effects of the implemented policies (Acemoglu
et al., 2021, Alvarez et al., 2021, Buera et al., 2021, Eichenbaum et al., 2021), the effects
of testing and social distancing on the evolution of the epidemic (Brotherhood et al.,
2021, Eichenbaum et al., 2022, Fernandez-Villaverde and Jones, 2022), heterogeneous
impacts of Covid-19 on the population and firms (Alon et al., 2020, Brotherhood et al.,
2020, Favero et al., 2020, Fernandez-Cerezo et al., 2021, Kaplan et al., 2020, Kozeni-
auskas et al., 2022, Lee et al., 2021), and its effects on the allocation of time and the
labor market (Boppart et al., 2022, Kapicka and Rupert, 2020).

All these studies have emphasized the importance of the behavior of individuals for
the evolution of the epidemic. To the best of our knowledge, we are the first to develop
an epidemiological model that takes into account the employment allocation decisions
of firms. We use this model to study the trade-offs faced by firms that emerge in the
epidemic, and how the resulting choices of the firms affect the dynamics of the epidemic.
In our model, the firms fight against infections at the workplace. This fight reduces
infections. It can thus alleviate the effects of the individual-level negative externalities.
We abstract from the individual-level externalities in this model. Instead, we model
negative externalities among firms assuming that they do not take into account the
effect of their choices on the aggregate path of the epidemic.

There is evidence that the allocation of employment to on-site and remote work can
affect the evolution of the epidemic (e.g., see Alipour et al., 2021). The identification
of the quantitative importance of firms’ decisions regarding changes in this allocation
is not trivial because the observed changes in the places of work can be the result of
the decisions of firms and employees, as well as the enacted policies. In this regard, our
numerical exercises suggest that the allocation decisions of the firms play an important
role for the evolution of an epidemic.

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. There is a continuum of identical firms of a unit mea-
sure. A firm makes choices on how to manage its workforce to maximize its discounted

profits in an epidemic environment. 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 sick leave (z).

The production function of the firm has decreasing returns to scale and is given by
f(n.h) = Alon? + (1= 0) 7)<, (1)

where A > 0, o, 0 € (0,1), and we assume that o € (0,1) so that the tasks that on-site
and teleworking employees perform are gross substitutes. The instantaneous profits of

the firm at time ¢ are given by
Ty = f (nt, ht) — (5nwnt — 5hwht — 5@w€t — 5szt, (2)

where 0, 5, 07, 6, > 0, and w > 0 is the wage rate. The parameters 6 measure the
relative cost of each type of employee, and we use them to model various policies, such
as subsidies to teleworking and to sick leave. The benchmark value of parameters 0 is
1. The wage rate is an exogenous parameter in the model.

The firm does not anticipate the epidemic. It solves a static problem before the

epidemic. It chooses n and h to maximize its instantaneous profits taking w as given:

max f(n,h) —w(6,n+ dh). (3)
Let N = n + h denote the optimal employment in the firm. 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 (s), exposed to infection (e), infectious with an incubated infection (i),
either sick with symptoms (z) or sick without symptoms (a), and either recovered (r)
or deceased (d). The exposed employees become infectious with an incubated infection
in the next period. In turn, employees with incubated infection have no symptoms and
become sick with symptoms or without symptoms in the next period. The exposed em-
ployees 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 the employee has no symptoms. All these employees have an uncertain health status
for the firm. Figure 1 summarizes the health status of a worker in the model as well as
its transitions.

In each period, a fraction of sick employees (pq) dies and a fraction of surviving



Figure 1: Health states
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sick employees (p, .) recovers in the next period, thus, adding to the pool of deceased

employees (d) and to the pool of known recovered employees (77),

dir1 = di + pazt, (4)
TI:Z+1 =r;+ (1 - pd)pr,zzt- (5)

Employees with uncertain health status were either working on-site or were not on-
site in the previous period. We use superscript n for employees with uncertain health
status who were on-site in the previous period and m for employees who were not on-
site. The number of asymptomatic sick employees at the workplace and out of the
workplace at time ¢ is a; ; for j € {n,m}. A fraction of them (p,,) recovers in the next

period, thus, adding to the pool of recovered asymptomatic employees (%),

an _ _amn
Tl =Tt 1 Pralin, (6)
am __ _am

Tt—&-l - rt + pr,aat,ma (7)
a __ .an a,m

Tiv1 = Ter1 + i (8)

There can be employees with incubated infection among on-site, teleworking, and
furloughed employees. These employees can transmit the disease. We use 4;,, and 7, to
denote the number of on-site workers and not on-site workers with incubated infection
at time ¢, respectively.

The employees with incubated infection become sick in the next period and show
symptoms with a probability ¢ € (0,1). The number of sick employees who show

symptoms is given by

Zip1 = (L= pa) (1 = pr2) 2o + @ (Gen + itm) - 9)



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

a?Jrl = (1 - pr,a)at,n + (1 - So)it,m (1())
alty = (1= pra)aem + (1 — @)igm, (11)
Qpp1 = agyy +agy. (12)

Susceptible employees who either work remotely or are on leave (s;,,) become ex-
posed to infection (e;,,) at time ¢ with a probability ¢ € [0,1]. The probability of
infection out of the workplace depends on the stage of the epidemic and is exogenous
for the firm. The susceptible on-site employees (s;,) also become exposed to the in-
fection (e;,) but with a higher probability. In addition to this risk, the susceptible
on-site employees face the risk of getting infected at the workplace. The probability of
becoming exposed to the infection when working on-site is a function of the number of
infectious on-site employees, which are composed of employees with incubated infection

(i) and asymptomatic sick employees (ay,+):

P = min {H%qﬁh + Hp,n(it,n + an,t)7 1} 5 (1?))

where II,, > 1 and II,, > 0. Parameter 1I,, captures the effect of, for example,
commuting to work on the probability of infection. Parameter 1I,, measures how
the infection risk increases with the number of infectious on-site workers, capturing
characteristics such as workplace density and hygiene.

In each period, the firm decides how to manage workers who have uncertain health
status and recovered symptomatic workers. Employees who have uncertain health sta-
tus and worked on-site in the previous period have a higher probability of being infec-
tious 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.

The firm has two groups of employees with uncertain health status and a group
of known recovered employees (r). Let k! denote the number of employees in group
j € {n,m,r} who are in situation k& € {n,h,¢} in time period ¢t. For example, h}
denotes the number of workers who have uncertain health status, worked on-site in
t — 1, and work remotely in . We assume that the firm cannot track the history of
on-site work and being not on-site for each individual employee. Table 1 summarizes

our notation for the choice variables of the firm.



Table 1: The choices of the firm

On-Site in ¢ | Teleworker in ¢ | Leave in ¢
Uncertain | On-Site in t — 1 ny hy oy
status Not on-site in ¢t — 1 ny hi" o
Recovered workers ny hy A

We use this notation and write the number of sick on-site employees with no symp-
toms as the number of asymptomatic sick employees who are currently on-site and were

asymptomatic in the previous period:

n m
Ty Ty

Qpp =0y ————— + ) ———————————. 14
b P hp 4 Tt i h 4 (14)
Similarly, the number of sick employees with no symptoms who are not on-site is:
hy + ¢} hjr + "

Pnp 4 hp 0t 4 b 4 0

The firm cannot distinguish the health status of uncertain workers. However, it can
predict the number of asymptomatic workers in the workplace and out of the workplace
as a function of its choices using these equations.

Employees who work on-site and are in the incubation stage at time ¢ were exposed
to infection in ¢ — 1 either in the workplace or out of the workplace. The number of
on-site employees in the first group is given by the fraction of employees who were

on-site in the previous period and exposed to the disease on-site,

€i—1,n = Pt—1St—1,n- (16)

The number of on-site employees in the second group is given by the fraction of employ-
ees who were not on-site in the previous period and they were exposed to the disease

out of the workplace,

€t—1,m = Gt—15t—1,m- (17)

Finally, the number of on-site employees in the incubation stage is given by

ny N ny"
tn = €i—1n €t—1,m .
ny + hi + 03 ny + h* + 0

i (18)

9



An equation similar to (18) holds for the number of employees, who are not on-site

and are in the incubation stage in period ¢:

. he + 7 hm 4 £

Yy = Ctlp——————— + Cgy—————————. 19
b I Y Ay Oy (19)

Finally, the number of susceptible workers who were on-site and out of the workplace

in the previous period is given by

n m . a
Stim =Ny + 1" — b1 — Gt — i s (20)

_n m m m . a
St—1m = Ny H G+ G — i — Geam — Ti—1m: (21)

The firm faces the following constraints in terms of its human resources:

n +h" 0" =h 0 R O — Pl 1m, (23)
ny + hy + 0 = r{. (24)

The right-hand-side of equation (22) denotes the number of workers with uncertain
health status who worked on-site in ¢ — 1 and are available to work in ¢. This is given
by the number of on-site workers with uncertain health status in ¢ — 1 minus those who
start showing symptoms in ¢. These workers can be allocated either into on-site work
or teleworking or leave in ¢ according to the left-hand side of equation (22). A similar
interpretation holds for equations (23) and (24).

The firm has a discount factor § € (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. All its dynamic
constraints depend on h; and ¢; through the sum of both variables, m; = h; + ¢;. This
happens because teleworkers and employees on-leave face the same risk of infection,
q;- 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, n] for j € {n,m,r}, and out of the workplace, m] for j € {n,m,r}, to solve the

10



following dynamic problem

[e.9]
max Z B,
t=0

{nmingmy ng mi 322,

s.t. (25)

(2) — (24),

with mJ = bl + ¢4 for j € {n,m,r}.
In the second (inner) stage, the firm allocates the employees out of the workplace

between teleworking and leave in each ¢ solving a static problem:

max f (ng, hy) — dp,wny — Spwhy — dpwly — 0wz

hi e
s.t. ( 9 6)
hi + 0y = my" +m;" +my
ny = ny +ny" +ny.
We assume that infections start at t = —1, with a small fraction € > 0 of workers in

the incubation stage, and that the firm could not anticipate the epidemic before ¢ = 0.

The initial conditions for the firm are

{nfl, h}ﬁl} = argnrirllaxf (n,h) —w (0,n + oph) , (27)
n" bt = Nom™ =Rt (28)
i_1n =en"y i_1m = chly, (29)
n"=n", =m" =m'=d =z,=r",=r" =a41=0. (30)

The time path of infection probability {¢;}°, is determined in equilibrium, and
depends on the number of infectious workers in the economy. At time ¢, this probability
is given by

g =, (I + Ay), (31)

where I, > 0 is a parameter that governs the transmission rate of the disease out of

the workplace, and in equilibrium
jt = it,n + it,m and At = Qy¢. (32)
Definition of Equilibrium: The equilibrium consists of time paths of labor force alloca-

11



tions, {n, h],¢]}2, for j € {n,m,r}, and infection probabilities {¢}°,, such that:

1. Taking the sequence {¢:};°, as given, firms choose labor allocations to solve prob-
lem (25) and (26).

2. The firms’ choices and the law of motions give rise to the sequences {g;}°, and

the distribution of workers across health states.

This model has a few notable and intuitive features. The epidemic has negative
effects on the output and profits of the firm.* The workforce of the firm shrinks during
the epidemic because employees catch infections and take a sick leave. This reduces
the output and profits since ¢, > 0 and the firm cannot achieve its optimal size given
by the solution of static problem (3). The workforce of the firm also shrinks during the
epidemic because of deaths among workers. This also reduces output and profits. We
assume that the workforce of the firm returns to its original level after the culmination
of the epidemic.

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 employ-
ees, py, and infections among all employees given that p, > ¢;. For the same reasons,
it can have an incentive to increase the number of employees on leave during an epi-
demic. The firm incurs losses in terms of current profits when it allocates employees
into teleworking and leave but reduces future profit losses which stem from sick leave
payments and adjustments in the size of the workforce. 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. All these incentives are
stronger for higher values of the ratio p;/q.

The choices of the firm are also influenced by the values of 6,,, o5, d,, and ., which
we treat as policy parameters. For example, on-site work can be restricted and more
costly to carry during a lockdown. We assume that lockdowns can increase the value of
0, and that increases the costs of carrying on-site work in the firm. An increase in the
value of ¢,, amplifies the incentives of the firm to allocate employees into teleworking.
Subsidies to teleworking have a similar effect on the incentives of the firm. We model

such subsidies as a reduction in the value of §;,. The firm does not furlough workers

4The firm has positive profits because o < 1. One way to rationalize the market structure in this model
is to assume that the firms incur entry costs and profits serve to cover these costs as in Hopenhayn
(1992) and Melitz (2003).

12



when 6, = ¢; since teleworking bears higher rents at the same cost. Schemes that
reduce the costs of employment adjustments can be represented as reductions in the
value of §, because a lower value of 9, implies a lower cost of sending employees to
leave and adjusting the size of the workforce and production. In turn, subsidies for the
remuneration of employees on sick leave can be represented as a reduction in the value
of 0,. The latter two policies can reduce the costs of the firm. However, for example,
a lower value of ¢, also reduces the incentives of the firm to fight infections because it
reduces the cost of infections for the firm.

The firms in this model do not internalize the effect of their choices on the out
of the workplace, aggregate infection ¢q. This creates negative externalities among the
firms since infection risk among employees of all firms increases if any number of firms

chooses to cut back their fight against infections.”

3 Calibration

We interpret the model period as being one week and select a value for the time discount
parameter [ such that annual time discounting is equal to 0.96. We normalize the value
of productivity parameter A to 1 and set o = 0.7, which implies that the share of labor
force compensation in an environment with no disease/epidemic is 0.7. We set the
wage rate so that the optimal size of the firm is equal to 1 in such an environment, i.e.,
N =1.

We choose the values for the relative productivity of on-site workers 6 and the
elasticity of substitution between working on-site and teleworking ¢ in a way that the
firm chooses 5.7% of its employees to be teleworkers in a non-epidemic environment.
Moreover, it chooses about 30% of its active labor force to be teleworkers at the peak of
the epidemic in the benchmark equilibrium. This is in line with the evidence reported by
U.S. Census Bureau (2022) and Brynjolfsson et al. (2020). U.S. Census Bureau (2022)
reports that about 5.7% of employees were teleworking in 2019. In turn, Brynjolfsson
et al. (2020) conducted a survey among workers in the US and found that nearly 30%
of the interviewed individuals were teleworkers on April 1, 2020, but used to commute
to work before the Covid-19 outbreak.

®Many recent studies incorporate externalities among individuals when studying individual choices
during epidemics (e.g., Kremer, 1996, Chen et al., 2011, Toxvaerd, 2019). In this model, we consider
firms that internalize infections among their employees and choose to fight against these infections. In
this sense, the firms’ actions can alleviate the negative externalities among individual employees, and
we focus on negative externalities among the firms.

5The weekly production falls by more than 6% at the peak of the epidemic because of our choice of the
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Table 2: Calibration of parameters

Parameter Value Comment

Panel A. Firm

A 1 Normalization

N 1 Normalization

a 0.7 Labor share of revenues

153 0.961/%2 Time discount

w 0.436 Wage is such that optimal N = 1 in no disease/epidemic times
7 0.516 ~ 5.7% teleworkers in 2019 (CPS)

o 0.9772 { 30% teleworkers at peak (Brynjolfsson et al., 2020)
On 1 Policy parameter

op 1 Policy parameter

) 1 Policy parameter

0, 1 Policy parameter

Panel B. COVID-19

Pd 0.00248 Infection-fatality rate (CDC, 2022)

Prz 0.496 Average duration of hospitalization (Vekaria et al., 2021)
Pr.a 0.496 Same as p .

11, 0.56 Ry =125
1L, ., 0.726 { ~ 50% of infections in the workplace (Ferguson et al., 2006)
11, , 1 No discontinuity from ¢ to p

© 0.5 Prop. asymptomatic, range: 4%-75% (CEBM, 2020)

€ 0.001 0.1% infected workers in first period

The benchmark equilibrium is defined as the situation with no government policy,
so that all § parameters are equal to one. Table 2 summarizes the values of all these
parameters.

Regarding the parameters related to Covid-19, we set p; = 0.00248 and p, . = 0.496
simultaneously so that the model fits an infection-fatality rate of 0.25151% (CDC, 2022)
and an average symptom duration of 14 days (Vekaria et al., 2021). We assume that
the average duration that an asymptomatic individuals stays infectious is the same as
that of a symptomatic person, p,, = pr ..

The estimates of the fraction of asymptomatic individuals who caught Covid-19 are

values of § and o. This number is close to the results of Brotherhood et al. (2021) and Aum et al.
(2020).

14



highly imprecise and range from 4% to 75% (CEBM, 2020). We set ¢ = 0.5, which
implies that the numbers of asymptomatic and symptomatic sick individuals are equal
in the model. We assume that the probability of an on-site employee catching Covid-19
if there are no infected on-site employees is the same as that of an employee catching
Covid-19 out of the workplace, yielding II,, , = 1.

According to Ferguson et al. (2006), 70% of influenza transmissions occur outside
of the household. We calibrate II,,,, so that 50% of the transmissions in the benchmark
equilibrium happen in the workplace. In turn, the value of II, is chosen so that the
basic reproduction number (Rg) of Covid-19 in our simulations is equal to 2.5. This
falls within the range of the estimates of Ry for Covid-19, from as low as 1.6 to as high
as 4 (e.g., see Zhang et al., 2020, Remuzzi and Remuzzi, 2020). As an initial condition

for the infection, we start with 0.1% infected workers in t = —1.

4 Simulations

The data about the Covid-19 epidemic and its economic impact have limitations, and
wide ranges are reported for some of the available data. For example, the true fatality
rates are hard to compute because infection rates in the population are not precisely
known. 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.

We assume that the disease entirely disappears after 1.5 years. This is in line with
the timeline of vaccine arrival for Covid-19. Moreover, the number of new infections be-
comes negligible after a year in all our firm-level simulations because of herd immunity.”

This implies that the firm has a static problem after 1.5 years.®

4.1 Benchmark equilibrium

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 12 weeks to the

"Acemoglu et al. (2021) utilize a very similar assumption regarding the length of the epidemic.

8There have been several waves of the Covid-19 most notably caused by its various mutations. We can
incorporate this assuming an unanticipated fall in the immunity to the disease among the recovered
workers. We prefer abstracting from multiple waves in order to highlight the importance of the behavior
of firms in a more basic environment.
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peak of infections. About 16 percent of the population is infected at the peak and 8
percent has symptoms. The disease infects 78.777 percent of the population during its
course and 78.579 percent recover. The remainder pass away.

The firm puts a fight against infections. It increases the percentage of teleworking
employees making it greater than 5.7%, which is the value in normal times. As illus-
trated in Figure 3, these adjustments are slow at the beginning. However, the firm
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 between m

and n in Figure 3.

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

Benchmark — = Fixed choices‘

shows the difference between these dynamics and the dynamics of the epidemic in a hypothetical
scenario where the firm does not take into account infections among its employees and does not rotate
them (dashed lines). It keeps all employees with uncertain health status and previously working on-site
n in on-site work n. It does the same for all employees with uncertain health status and previously
out of the workplace m. All recovered are allocated into n and m so that the ratio of n to m is fixed
and equal to the case when there is no disease. The graphs for z and a and r* and r* coincide because

i = 0.5 and there are equal numbers of symptomatic and asymptomatic employees.
The output of the firm declines by 1.249 percent during the first year of the epidemic
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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 the firm takes into account infections among their employees (solid lines). It
also shows the choices of the firm regarding the rotation of employees between on-site work, teleworking,
and leave. It compares these dynamics with the dynamics of allocations in a hypothetical scenario
where the firm does not take into account infections among its employees and does not rotate them
(dashed lines). It keeps all employees with uncertain health status and previously working on-site n
in on-site work n. It does the same for all employees with uncertain health status and previously out
of the workplace m. All recovered are allocated into n and m so that the ratio of n to m is fixed and

equal to the case when there is no disease.

as compared to the normal environment where there has been no disease. The reduction
in 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 3.834 percent, while the value of the firm declines
more modestly by 0.155 percent.

We compare these results with the results from a hypothetical scenario where the
firm does not internalize infections among its employees in the workplace. In such
a case, the firm does not fight against infections. It does not rotate employees and
keeps all employees with uncertain health status and previously working on-site n in
on-site work n. It does the same for all employees with uncertain health status and
previously out of the workplace m. All recovered are allocated into n and m so that the
ratio of n to m is fixed and equal to the ratio of n and m in the normal environment.
Column 2 of Table 3 presents the results from the model with fixed shares of labor
allocations. It takes 13 weeks to the peak of infections in this case. About 13 percent

of employees are sick and have symptoms at the peak of infections, a 4.823 percentage
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points increase from the benchmark value. About 17 percent more employees become
sick with symptoms and pass away over the course of the epidemic in the case when
the firm does not fight against infections as compared to the benchmark. The choices
of the firm and its fight against infections have significant effects on the dynamics of
the epidemic and they flatten the infection curve.

The firm gains 0.396 percent of its yearly profits by fighting against infections in the
workplace. It gains 0.016 percent in terms of the present discounted value of 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 lifespan nor a very large death
toll. Moreover, infections are not very persistent.

The firm’s losses from increasing teleworking are exacerbated by the lower productiv-
ity of teleworking relative to on-site work, # > 1/2. In column 3 of Table 3, we consider
the case when the relative productivity of teleworking employees increases by 1% but
the productivity of on-site employees does not change. This is achieved by reducing the
value of A to 0.5135 and adjusting the value of A so that A = (Q