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ABSTRACT
This paper seeks to capture the dynamic interaction between the
epidemiological evolution of COVID-19 and its effect on the
macroeconomy, in absence of widespread vaccination. We do
that by building a stylized two-equations dynamical system in the
COVID-19 positivity rate and the unemployment rate. The
solution of the system makes the case for an endemic equilibrium
of COVID-19 infections, thus producing waves in the two
variables in the absence of widespread immunity through
vaccination. Furthermore, we model the impact of the pandemic-
driven unemployment shock on output, showing how the
emergence of cyclical downswings could determine a L-shaped
recession in the medium run, in absence of adequate stimulus
policies. Moreover, we simulate the model, calibrating it for the
US. The simulation highlights the effects on unemployment and
on overall economic activity produced by recurrent waves of
COVID-19, which risk to jeopardize the coming back to the pre-
crisis trend in the medium run.
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1. Introduction

On May 13, 2020, Dr Michael J Ryan, Senior Advisor and emergencies director for the
World Health Organization (WHO) declared during one of the three WHO’s weekly
virtual press conferences that SARS-CoV-2 ‘may become just another endemic virus
in our communities’. More recently – in November 18, 2020 – he updated his analysis
warning that vaccination would not be able to prevent the emergence of new COVID-
19 waves in the next few months, arguing that when vaccines will become widely avail-
able they would only be an extra tool to the existing measures, not the ‘unicorn we have
all been chasing’.1 The words of the WHO representative point to the fact that, before
completely eradicating SARS-CoV-2, public authorities would still need to adopt con-
tainment measures to curb the epidemic, whilst individuals are likely to restrain con-
sumption (especially in the service sector). While these policy and behavioral shifts
could successfully slow down the spreading of the virus, they could at the same time
harm economic activity and, in particular, the unemployment rate. Conversely, relaxing
containment measures and individual behaviors would have the effect of reflating the
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economy on one hand, but at the cost of greater circulation of the virus and thus more
infections, on the other.

Accordingly, our goal in this contribution is to describe in a stylized framework the
dynamic feedback between the epidemiological evolution of COVID-19 and its effects
on the labor market and, in a broader sense, on the macroeconomy. Unlike the majority
of the existing literature - summarized in Section 2 –we do not seek to discuss the efficacy
and intensity of a variety of non-pharmaceutical measures, nor to challenge the negative
economic effects of such interventions. Rather, we take the epidemiological studies as a
mere point of departure, adding the only assumption that an increase in the COVID-19
positivity rate leads to a subsequent adoption of non-pharmaceutical containment mea-
sures (both from individuals and/or imposed by governments), causing in turn an
increase of the unemployment rate.

The theoretical framework is developed in Section 3, in which we build a stylized two-
equations dynamical system from a pair of first-order nonlinear differential equations
that captures the interactions between the COVID-19 positivity rate and the unemploy-
ment rate. We then simulate the effect of the pandemic-driven unemployment shock on
the overall level of economic activity by modeling output in continuous time as partly
stochastic and partly dependent on changes in the unemployment rate, through a
revised version of the Okun’s law. Accordingly, in absence of immunity through wide-
spread vaccination, output would be negatively affected by recurrent unemployment
cycles driven by the pandemic. This key feature inspires the title of the present paper,
making a reference to Leamer (2007).

Section 4 solves the model using the method of numerical integration. First, the model
is calibrated in light of the most recent data on contagion and unemployment in the US
(Subsection 4.1). Then, we simulate the model showing the effects on unemployment and
on overall economic activity produced by potential recurrent waves of COVID-19 (Sub-
section 4.2). In this sense, our model provides a theoretical framework in which, when-
ever the conditions for an endemic equilibrium are met, pandemic-driven
unemployment will arise as a consequence of strengthened containment measures and
restrained consumption. Therefore, the persistence of unemployment may determine a
L-shaped path in the medium run. Alongside, we confront the simulated results with
observed data on positivity rate, unemployment rate and real GDP in the US.
Thereby, we argue that, so far, stimulus policies played a key role in preventing pan-
demic-induced fluctuations in the labor market, reducing at the same time the negative
effect of job losses on GDP. In the light of the comparison between the simulated model
and the observed data, Section 5 focuses on policy implications. In particular, we stress
the need of extending unemployment benefits and targeting the high level of inactivity
rate, the increase in long-term unemployment as well as employment inequality, that
could contribute to magnify our results damaging long-run growth. Last, Section 6 con-
cludes, summarizing our findings.

2. Literature Review

This Section briefly presents a review of a recent and rapidly growing literature on
models that deal with the economic consequences of the COVID-19 pandemic. Table
1 collects these recent contribution summarizing their main findings.
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Table 1. Literature review.
Model Country Findings

Alvarez, Argente, and Lippi
(2020)

SIR – The authors investigate which is the optimal lockdown policies
using the SIR epidemiological model together with a linear
economy model to formalize the planner’s dynamic control
problem.

Assenza et al. (2020) SIR – The authors analyze the optimal economic policy during a
pandemic in a dynamic economic model. They argue that there is
a trade-off between pandemic-induced mortality costs and the
adverse economic impact of policy interventions.

Atkeson (2020) SIR USA The author finds a trade-off between the severity and timing of non-
pharmaceutical interventions and the progression of the disease
in the population.

Berger, Herkenhoff, and
Mongey (2020)

SEIR USA The authors analyze the effectiveness of both testing at a high rate
as well as targeted quarantine policies in terms of decreasing the
economic impact of COVID-19 and diminishing the pressure on
hospitals.

Bethune and Korinek (2020) SIR USA The authors explore the externalities of COVID-19 and compare
rational behavior and social optimum.

Eichenbaum, Rebelo, and
Trabandt (2020)

SIR USA The authors study the interaction between economic decisions and
epidemics, concluding that the best simple containment policy
leads to recession but can save up lives.

Farboodi, Jarosch, and Shimer
(2020)

SIRD – The authors consider a dynamic economic model encompassing
individual optimization, equilibrium interactions and planner’s
maximization problem into a canonical epidemiological model.

Favero, Ichino, and Rustichini
(2020)

SEIR Italy The authors consider the patterns of hospitalization and endogenize
lethality to show different scenarios post-lockdown. They argue
that a safe return (in terms of health and GDP minimum loss) of
productive activities is related to the adoption of policies that split
workers between age groups and the sector in which they are
employed.

Garibaldi, Moen, and
Pissarides (2020)

SIR – The authors endogenize the transition from susceptible to infected
in the SIR model in order to incorporate forward-looking agents
that maximize their utility.

Glover et al. (2020) SAFER USA The authors investigate the optimal compromise between
economic activity and health considering different paths, different
age individuals and sectors.

Jones, Philippon, and
Venkateswaran (2020)

SIR – The authors investigate the different responses of private agents
and the planner, integrating the SIR model with a DSGE.

Kemp-Benedict (2020) SEIR USA The author investigates the interaction between the
epidemiological model and macroeconomic scenarios through
the introduction of demand shocks. He argues that a combination
of social distancing and fiscal stimulus have reduced the health
and economic impacts of the disease.

Krueger, Uhlig, and Xie (2020) SIR Sweden The authors introduce the epidemiological framework into a
neoclassical production economy, advocating for a no
government intervention policy. They argue that the pandemic
can be circumscribed by shifts in private consumer behavior.

Maurer and Semmler (2020) NQM – The authors model the pandemic-driven recession by incorporating
a pandemic shock into the Central Bank’s optimization decision
problem.

Piguillem and Shi (2020) SIR Italy The authors investigate the optimal response to an infectious
disease, advocating for smoother and longer quarantine policies,
as well as for widespread testing.

Russo (2020) sSIR Italy The author uses a stochastic SIR model to assess how different
public health policies and containment measures contribute to
reduce infection at the cost of higher debt levels and lower GDP.

Toxvaerd (2020) SIR – The author shows how social distancing emerges spontaneously
from individuals, flattening the contagion curve, but extending
the duration of the pandemic before reaching herd immunity.
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The backbone of all these models is the seminal contribution of Kermack and
McKendrick (1927), who pioneered the analysis of epidemics through 3 population
groups, i.e. susceptible, infected, and recovered population (SIR). Accordingly, most eco-
nomic models of the COVID-19 pandemic start from amending a compartmental epide-
miological model by assessing the effect of disease spreading on some key economic
variables. The models surveyed in this Section also incorporate more up-to-date versions
of the SIR model including asymptomatic and non-infectious individuals (SEIR), a pop-
ulation of deceased individuals (SIRD), infected with fever-like symptoms and infected
demanding hospital facilities (SAFER), and even including stochastic dynamics (sSIR).
In this sense, all these models try to investigate the dynamics of the pandemic withdraw-
ing some kind of health-policy recommendation that reduces health and/or economic
impacts of the disease. The only contribution not rooted in any epidemiological model
is Maurer and Semmler (2020), who study the pandemic-driven recession throught the
lens of a non-linear quadratic model (NQM) which incorporates a pandemic shock
into the Central Bank’s optimization decision problem (given by an objective function
with quadratic penalty).

With the exception of Kemp-Benedict (2020), all other contributions focus on the
optimality of policy actions, pointing at optimal behavior of individuals, as well as
planners’ welfare maximization problem. We approach the issue from a different per-
spective. The focus of this contribution is to derive a very simple stylized model that
illustrates one key aspect that is often overlooked by epidemiological models, i.e. the
pandemic-induced cyclical downswings of the most impacted macroeconomic vari-
ables. Accordingly, we focus on the labor market and in particular on the unemploy-
ment rate.

Our goal in this paper is not to discuss the efficacy and intensity of a variety of non-
pharmaceutical measures, nor to challenge the negative economic effects of such inter-
ventions. In other terms, the focus of this article is not the efficacy and promptness of
health policies, which should be assessed by epidemiologists in light of the national
(and local) health system capacity. Accordingly, we take the epidemiological studies as
a mere point of departure, adding the only assumption that an increase in the
COVID-19 positivity rate leads to a subsequent adoption of non-pharmaceutical con-
tainment measures (both from individuals and/or imposed by governments), causing
in turn an increase of the unemployment rate. Therefore, we will devote the next
Section to the formalization of these analytical linkages.

3. The Model

This Section develops a two-equations dynamical system that captures the interactions
between the epidemiological evolution of COVID-19 and its effect on the economy, in
absence of widespread vaccination. More specifically, we model the effect of an initial
increase in the positivity rate on the unemployment rate, then leading to a dynamic inter-
action between the two variables.

First, we define the positivity rate i(t) as the ratio of new COVID-19 cases normalized
by new tests performed, under the simplifying assumption that all individuals are equally
at risk of contracting the virus. As regards the recovered population, we simply assume
that this fraction of removed individuals can only infect others as long as they are still
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positive to COVID-19.2 The positivity rate increases over time if new individuals get
infected, whilst it is reduced by recovery, death and social distancing. The parameters
r, c and d describe the contact, recovery and death rate, respectively,3 whereas γ captures
the effect of non-pharmaceutical measures in reducing infections.

The unemployment rate u(t) is conventionally defined as the ratio of unemployed
workers over the labor force. We assume that u(t) responds to a generically defined
normal rate of unemployment un via a reaction coefficient α.4 Moreover, the parameter
ρ represents the interaction term between the unemployment and positivity rates.
Accordingly, an increase in the positivity rate leads to an increase in the stringency of
containment measures weighted by the parameter ρ, thus producing a ceteris paribus pos-
itive change in the unemployment rate equal to ru(t)i(t).5 In this sense, the parameter ρ
captures the sensitivity of the unemployment rate to government-imposed containment
measures, as well as to shifts in individuals’ consumption behavior. In other terms, at this
level of abstraction, ρ can be interpreted as a catch-all parameter, capturing not only the
direct effects on the labor market of government-imposed containment measures, but
also the negative demand spillovers caused by shifts in consumer behavior.6

Therefore, the resulting system of 2 differential equations in two variables is given by:

du(t)
dt

= −a u t( ) − un[ ] + ru t( )i t( ) (1)

di(t)
dt

= i t( ) r − c− d − gu t( )[ ] (2)

where all parameters are assumed to be positive.

2As a consequence, we exclude the possibility of achieving herd immunity through infection, at least in the short run.
Therefore, in line with the epidemiological literature Burgess et al. (2020), we assume that herd immunity could be
achieved through widespread vaccination only.

3In a similar fashion as in compartmental epidemiological models, e.g. the SIR model, our model defines the basic repro-
duction number R0 as the ratio of the contact rate over the recovery plus death rates (capturing what compartmental
models call removed population): R0 = r/(c+ d). The number captures the expexted number of new infections in a
population in which everyone is susceptible, which is true ex definitione in our model.

4It is worth stressing that, at this level of abstraction, the normal rate of unemployment may be interpreted in multiple
ways. Generally speaking, it could be conceived as the rate of unemployment around which the economy gravitates in
normal times. In more theoretical terms, it may be given by what is commonly understood as the NAIRU, i.e. the non-
accelerating inflation rate of unemployment. However, as it will be described below, in our analysis we favor the defini-
tion of un as the degree of involuntary unemployment needed to maintain a given balance of power between labor and
capital, in line with Goodwin (1967). For an overview of the distinction between this notion and the NAIRU, see Shaikh
(2016, p. 721–723).

5Henceforth, we will refer to containment measures as those both imposed by governments (e.g. lockdown, partial clo-
sures, stay-at-home orders, curfew, etc.) and voluntarily put in place by individuals, especially shifts in consumer behav-
ior that negatively impact demand. The latter factor is particularly relevant for two reasons; first, because of the
magnitude of the negative consumption shock it produces and second, because these shifts tend to anticipate govern-
ment measures. As discussed by Chetty et al. (2020), changes in consumer behavior during the pandemic could already
be observed in the beginning of March, while government-imposed restrictions were put in place only after mid-March.
Overall, it seems reasonable to argue that government restrictions add up to shifts in consumer behavior, strengthening
the negative spillovers of the latter on demand and unemployment.

6In order to investigate both effects separately, further research might be done to disaggregate the model at the sectoral
level, as well as to incorporate interactions between heterogeneous agents, thus better focusing on shifts in consumer
behavior.
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Solving for the steady-state (du(t)/dt ; 0, di(t)/dt ; 0) and denoting the fixed points
as u(t) ; u∗ and i(t) ; i∗, it follows that:

−a u∗ − un[ ] + ru∗i∗ = 0 (3)

i∗ r − c− d − gu∗[ ] = 0 (4)

The algebraic solution of equations 3 and 4 yields the following two equilibrium solu-
tions:

[u∗1, i
∗
1] =

r − c− d
g

,
a

r
1− gun

r − c− d

( )[ ]
(5)

[u∗2, i
∗
2] = [un, 0] (6)

The equilibrium presented in equation 5 is an endemic one, i.e. one inwhich the COVID-19
positivity rate is equal to a positive value at any time.More specifically, this holds true in our
model whenever (r − c− d)/g . un, i.e u∗1 . un (See Appendix 2 for stability analysis).

The second equilibrium (equation 6) corresponds to a non-endemic one, that is one in
which the epidemic dies out without causing epidemic waves. We will denote it as a
‘shamrock’ equilibrium, as it would require particularly strict conditions to be achieved,
which unfortunately have already been refuted by the evolution of the epidemic.7

In order to simulate the effect of the unemployment shock caused by the epidemic on
the overall level of economic activity, we amend the system of ordinary differential equa-
tions presented above by including two standard Brownian motions. Accordingly, we
obtain a system of stochastic differential equations, as follows:

du(t)
dt

= −a u t( ) − un[ ] + ru t( )i t( ) + suu t( )dWu t( ) (7)

di(t)
dt

= i t( ) r − c− d − gu t( )[ ] + sii t( )dWi t( ) (8)

The stochastic component in each equation is defined as the product of each variable’s
standard deviation, the variable at time t and a standard Brownian motion (Wu and
Wi for du(t) and di(t), respectively). At this stage, we can model output in line with a
revised version of the Okun’s law, in which the causal relation is assumed to run from
changes in the unemployment rate to output growth:

d lnY(t) = hdt − udu(t) (9)

Output is hence assumed to evolve according to a stochastic differential equation. More
specifically, equation 9 implies that the cyclical component of output depends on the
endogenous positivity rate-unemployment rate feedback and a stochastic component,
through a parameter θ.8 The trend component of output is assumed to be deterministic;

7More specifically, for this equilibrium to take place, the lockdown measures would have to be sufficiently strong to extin-
guish the disease (which depends on the parameter γ). Given that all parameters are positive, this equilibrium point
would be a sink if un = r−c−d

g or a saddle if un , r−c−d
g .

8It ought to be noted that θ can be interpreted as the reciprocal of the Okun’s coefficient when the law is written in its
conventional form, i.e. with du(t) on the left-hand side: d ln Y(t) = hdt + udu(t) ⇔ du = h

u dt − 1
u d ln Y(t). We will

come back to this point when discussing parameter calibration in Subsection 4.1.
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more specifically, this is tantamount to assume that – in absence of the epidemic – output
would grow at a constant rate η.

Therefore, looking at output levels, equation 9 can be rewritten as follows:

lnY(t) = lnY(0)+ ht − uu(t) (10)

where lnY(0) is the natural logarithm of output at time t = 0 (in our case, at the begin-
ning of the pandemic).

Equations 9 and 10 imply that, in absence of widespread immunity through vaccina-
tion, the cyclical component of output will be negatively affected by unemployment
shocks caused by the COVID-19 pandemic. Therefore, our model produces by construc-
tion a pandemic-driven W-shaped recession. More precisely, an increase of the positivity
rate would lead to the strengthening of containment measures and negative changes in
consumer behavior. In turn, this translates in an increase of the unemployment rate,
thus preventing economic activity from coming back to its long-run path. Accordingly,
the persistence of unemployment (u∗ . un) may determine a L-shaped path in the
medium run. In other terms, there will be hysteresis in levels over the short to
medium run. This would hold at least as long as the negative effect of the pandemic
on the unemployment rate is not absorbed or reverted by another shock of opposite
sign, e.g. stimulus policies. More specifically, government spending and direct transfers
to households would be particularly needed to sustain demand in the medium run. We
will come back on this point in Section 5.

Next Section will discuss parameter calibration, then showing how simulation results
compare with actual paths.

4. Numerical Solution

In order to evaluate the time-path of the unemployment rate and the positivity rate, we
use the method of numerical integration to solve the system, calibrating the model using
US data.

4.1. Parameter Calibration and Initial Values

The initial values are set in accordance with the evolution of the pandemic in the US.
More specifically, the initial value of the COVID-19 positivity rate (i0) is given by the
weekly average rate of new cases as a share of the total tests performed in the third
week of March (between March 16 and 22), when the first containment measures were
implemented (Our World in Data, see Appendix 1). The initial unemployment rate
(u0) is simply set equal to the observation of the unemployment rate in March 2020
(FRED data, see Appendix 1). The two initial conditions are reported in Table 2.

Table 2. Initial conditions.
Variable Description Value

u0 Unemployment Rate 0.044
i0 Positive Rate 0.042

Source: authors’ calculation, various sources (see Appendix 1)
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On the basis of John Hopkins University’s daily observed case-fatality (0.023),9 we set the
weekly fatality rate d to 0.016, reflecting a time weight of estimated duration of illness of
10 days.10 Similarly, the recovery rate c is set to 0.684, which can be calculated taking the
complement of the observed case-fatality rate (0.977) and multiplying it by the weekly
recovery rate (7/10), implying a weekly recovery rate of 0.684. The contact rate r is set
to match a basic reproduction number (R0) of around 3.28, as found by Liu et al.
(2020) in the early stage of the contagion in the region of Wuhan. Since c + d = 0.7
and 3.28 = r/0.7, it follows that r = 2.3.

The sensitivity of the weekly COVID-19 positivity rate to containment measures and
consumption restraining (γ) is calibrated based on estimates of how much they reduce
R0, i.e. gu(t) = Rt − R0 where Rt is the effective reproduction number. More specifically,
γ is set on the basis of the estimated effect of non-pharmaceutical interventions (lock-
down, quarantine, closure of schools and universities, shifts in individual behavior,
etc.) in reducing total deaths and peak hospital ICU bed demand, as computed by Fer-
guson et al. (2020).11

We calibrate the normal rate of unemployment to 4.8%, a value that is slightly
above the unemployment rate in March 2020, compatible with conventional esti-
mates of un for the US economy. The sensitivity of the unemployment rate to con-
tainment measures (ρ) is simply calibrated to match the evolution of COVID-19 in
terms of job losses and weekly positivity rates in the US, based on the latest data
available (Appendix 1). Lastly, α is set to 0.235 implying a fairly strong weekly
adjustment of the actual rate to its normal value. The parameter calibration is
reported in Table 3.

As regards the additional parameters of the stochastic model, we calibrate su and si

giving to them the value of the weekly standard deviations of, respectively, the observed
unemployment and positivity rates after March 20th in the US. The parameter η captures
the pre-crisis trend of output. Accordingly, it is obtained by fitting a linear trend to US
real GDP data between January 2009 and December 2020, i.e. the period following the
Great Recession and prior to the COVID-19 pandemic. In order to evaluate output
changes at a higher frequency than the conventional quarterly one, we make use of
the monthly real GDP index computed by IHS Markit (Appendix 1). Using this data,
we set the initial value of the natural logarithm of output – lnY(0) – equal to the value
of the observed variable at the end of February 2020.

As clarified in footnote 8, θ is the reciprocal of the Okun’s coefficient, whose value is
generally estimated to be between 0.4 and 0.6. More specifically, we adopt the estimate of
Fontanari, Palumbo, and Salvatori (2020) since it does not rely on the contested notion of
potential output. Using quarterly data, the authors find that in periods of high unemploy-
ment – u(t) ≥ 0.076 – the estimate of the Okun’s coefficient in the US is 0.55. Therefore,
the parameter θ will take the value of 1/0.55 = 1.82.

9See Appendix 1.
10More precisely, we multiply the weekly rate at which infected people recover or die (7/10) by the observed case-fatality.
This methodology is also used by Atkeson 2020; Alvarez, Argente, and Lippi 2020; Berger, Herkenhoff, and Mongey
2020, among others.

11In particular, the adopted value of g = 16.2 implies that gu(t) contributes to a decrease of the effective reproduction
number between 50% and 78% during the first epidemic wave.
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4.2. Simulation Results

This section discusses the numerical solution of the system of differential equations given
by equations 1 and 2.

The parameter calibration discussed in Subsection 4.1 implies that
(r − c− d)/g . un. Under this condition, the system settles down in an endemic equi-
librium, i.e. the equilibrium value i∗ is positive.12 In light of the initial conditions and
calibration discussed above, the system exhibits the dynamics shown in Figure 1.

In absence of a vaccine and of adequate stimulus policies, the economy would fluctuate
around an equilibriumunemployment rate of about 10%,well above the initial and normal
rates. Conversely, the COVID-19 positivity rate would stabilize around 4.4.

Figure 2 represents the counterfactual case of a sufficiently strong γ in the beginning of
the epidemic which would lead the disease to die out before it spreads.13 Accordingly, the
peak of the positivity rate is at a significantly lower level, without strong negative effects
in the unemployment rate. In this case – contemplated by the equilibrium point (u∗2, i

∗
2)

in equation 6 – the lockdown measures would require an impracticable efficiency of
policy making in terms of prediction (needed to contain the virus before it spreads
too widely), timing and strength. Both magnitudes of the dissemination of the virus
and the increase in the unemployment rate have been proved wrong by real data
already in March 2020. For these reasons, it will not be further discussed.

Figures 3(a,b) show the simulation of the stochastic version of the model, given by
equations 7 and 8, vis-à-vis the observed dynamics of the two variables. The two
dotted lines in Figure 3(a) are set in accordance to the dates in which state regulations

Table 3. Parameter values.
Par. Description Value Moment to Match Source

α Sensitivity of the the actual to the
normal rate of unemployment

0.235 Peaks of unemployment and
positive rates

authors’ calculation

un Normal rate of unemployment 0.048 Endemic equilibrium of the
positive rate

authors’ calculation, BLS

ρ Sensitivity of the unemployment rate
to lockdown policies

2.75 Peaks of the positive rate authors’ calculation

r COVID-19 contact rate 2.3 Peaks and equilibria of
unemployment and positive
rates

Liu et al. (2020)

c COVID-19 recovery rate 0.684 Lagged recovery rate JHU
d COVID-19 death rate 0.016 Lagged fatality rate JHU
γ Sensitivity of the infection rate to

containment measures
16.2 Peaks and equilibria of

unemployment and positive
rates

authors’ calculation

su Unemployment rate’s standard
deviation

0.024 Stochastic movements in the
unemployment rate

FRED

si Positive rate’s standard deviation 0.041 Stochastic movements in the
positive rate

Our World in Data

η Linear trend of output 4 · 10−4 Pre-crisis trend of output (2009-
2019)

FRED

θ Reciprocal of the Okun’s coefficient 1.82 Okun’s Law with high
unemployment

Fontanari, Palumbo,
and Salvatori (2020)

ln Y(0) Output level at time 0 9.87 Output level in Feb 2020 IHS Markit

Source: authors’ calculation, various sources (see Appendix 1)

12See Appendix 2.
13Ceteris paribus the calibration discussed in Subsection 4.1, we set γ such that (r − c− d)/g = un, i.e. g = 33.33.
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were first imposed (e.g. restricting activities and closing facilities) and last relaxed.14 Even
though we highlight these two dates, it is worth noticing that these measures were
removed gradually, and the degree of openness in the US started to increase from the
end of April until the beginning of June. From then on US states decided to either
keep increasing the degree of openness or paused and even reverted the opening
plans.15 Accordingly, it ought to be noted that since the end of March some form of con-
tainment of disease spreading has always been in place (even though they were stricter in
the period highlighted). In addition, there is strong evidence that restrictions also come
from consumer behavior, that began to change previous to government-imposed con-
tainment measures in the beginning of March (Chetty et al. 2020).

We can argue that after the deep and fast downswing of unemployment (Figure 3(b)),
stimulus policies played a key role in preventing recurrent fluctuations in the labor
market caused by pandemic waves, reducing at the same time the negative effect of
job losses on GDP. Since March 2020, several programs have been approved to absorb

Figure 1. The endemic equilibrium.
Source: authors’ representation.

Figure 2. The ’shamrock’ equilibrium.
Source: authors’ representation.

14The state of California was the first to impose stay-at-home orders on March 15, while the state of New Jersey was the
last state to relax stay-at-home orders on June 9.

15The interested reader may refer to the tracking of restrictions on business and the plans to reopen and shut down by
the New York Times, see Appendix 1.
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the shock caused by COVID-19 (e.g. Families First Coronavirus Response Act, the
CARES Act, and the Paycheck Protection Program and Health Care Enhancement
Act). In Figure 3(b), the two dotted lines have been added to represent the signing
into law of the CARES Act (March 27) and the starting day of transfer payments
(April 15). Even though the unemployment rate does not seem to fluctuate much in
the second wave due to these measures, we can clearly observe a slow down in job recov-
ery between mid-June and mid-September.

Figure 4 shows the results of simulation results as regards the natural logarithm of real
output. More specifically, Figure 4(a) provides a graphical representation of the simula-
tion in weekly frequency, according to equation 10. In Figure 4(b), we contrast the sim-
ulated results (monthly averages) with monthly real GDP data (see Appendix 1).
Similarly to Figure 3(b), the two dotted lines correspond to the dates of signing into
law of the CARES Act and the starting day of stimulus payments.

In this sense, our model provides a theoretical framework in which, whenever the con-
ditions for an endemic equilibrium are met, pandemic-driven unemployment will arise
as a consequence of strengthened containment measures and shifting consumer behav-
ior. The stringency of these measures determines the magnitude of the change in the
unemployment rate, whilst their efficiency depends on the value of the sensitivity param-
eter γ. As a result, in the absence of adequate stimulus policies that mitigate the negative
consequences of the pandemic, the unemployment rate would follow the pattern of the
disease, in turn affecting output growth. First infections, then unemployment, then
output: the economic cycle is entirely pandemic-driven.

5. Policy Implications

Before concluding, this Section presents a brief analysis of observed data on the labor
market in the US and draws some policy implications based on these trends and in
light of the theoretical framework presented above.

In the simulated model, the analysis focused on the official unemployment rate (U-3)
only, which was used as the benchmark for the calibration. However, in order to draw
some policy implications, a more comprehensive approach that takes into account the

Figure 3. United States, the positivity and the unemployment rates: observed vs. simulated. (a) Pos-
itivity rate, observed and simulated and (b) Unemployment rate, observed (U-3) and simulated.
Source: authors’ representation, see Appendix 1.
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peculiarities of the COVID-19 crisis is in order. As noted by the International Labour
Organization (ILO 2020, p. 9), ‘focusing on changes in unemployment alone can be mis-
leading’. Accordingly, the organization suggests to focus on inactivity rates as a key
measure to assess labor market dynamics in the COVID-crisis, calling for greater
policy attention. Even though the US inactivity rate for working age population
(Figure 5(a)) went up less than the unemployment rate (in contrast to most of advanced
economies), its increase bears three important implications.

First, it ought to be noted that the inactivity rates were already relatively high in the US
when the COVID-19 crisis hit, following an increasing trend since the early 2000s. More
specifically, even though the inactive working-age population was slightly decreasing
since 2015, its level was still higher than in most advanced economies. Therefore,
policy makers should not only pay attention to the dynamics of the variable in the
crisis, but also to its pre-crisis level. Second, higher inactivity rates slow down the recov-
ery much more than the unemployment rate does; more specifically, ‘experience from
earlier crises shows that activating inactive people is even harder than re-employing

Figure 4. United States, real GDP, data and simulation. (a) Real GDP, weekly simulation and (b) Real
GDP, monthly data and simulation.
Source: authors’ representation, see Appendix 1.

Figure 5. United States, Labor market dynamics: Inactivity rate (15-64) and PUA. (a) Inactivity Rate,
Aged 15-64, All Persons (Ages 15-64), NSA, US and (b) Jobless Claims, National, Pandemic Unemployed
Assistance.
Source: authors’ representation, see Appendix 1.
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the unemployed’ (ILO 2020, p.9). Third, Figure 5(a) clearly shows that the inactivity rate
in the US appears to be much more sensible to the infection and economic cycles, sug-
gesting that – in absence of adequate measures – the inactivity rate may greatly fluctuate
before the US reaches immunity through vaccination.

A second important set of variables that ought to be considered is the access to public
transfer programs, such as the Pandemic Unemployment Assistance (PUA, for workers
not eligible for regular unemployment insurance) and Pandemic Emergency Unemploy-
ment Compensation (PEUC, for the long-term unemployed).16 Figure 5(b) displays daily
data on initial claims for PUA, giving a clear signal that self-employed, gig workers, inde-
pendent contractors, and those with insufficient work history are greatly influenced by
the COVID-19 pandemic and its contagion dynamic. Particularly, the data shows that
workers access the PUA when new COVID-19 waves arise. Moreover, it ought to be
noted that Figure 5(b) does not take into account the stock of recipients of the transfers,
but only initial claims, hence overlooking whether the recipients will be able to go back to
employment when the payments expires.

Overall, the road to complete job recovery remains highly uncertain and paved with
risks. As pointed out in the last EPI report, labor market data in October clearly shows
‘a continued slowdown in job growth’ still 10 million jobs under the level of February
(see Appendix 1). At the current pace, the US would take years to fully recover. In
addition, the report points to an important trend that is related to the duration of
unemployment. In October, long-term unemployment increased by 1.2 million,
while the recovery in overall unemployment was explained by the resumption of tem-
porary employment only.

Consequently, the extension of unemployment benefits (reinforce PUA, extend PEUC
and delay their expiration date) becomes crucial.17 If these measures were not to be
renewed and extended, the combined effects of higher labor underutilization and
reduced consumption may determine hysteresis not only in unemployment – as captured
by the model presented above – but in inactivity in a broader sense.

In this sense, broader measures of labor underutilization point in the same direction of
the theoretical contribution presented above. While strong policy actions prevents the
emergence of a downside scenario with large fluctuations in the labor market (in both
directions), the expiration of these measure combined with new cycles of infection
may lead to the reemergence of pandemic-driven negative shocks to output. Addition-
ally, as predicted by the theoretical model and confirmed by the latest (OECD 2020) pro-
jections, we would likely observe hysteresis effects caused by the pandemic on output
levels in the medium run. As long as the pandemic is not neutralized by widespread vac-
cination, infections would create a ceiling for recovery, strengthening the medium and
long-run detrimental effects of the crisis.

Therefore, without a full recovery in level in the medium run, the fluctuations in
the labor market may activate (in every cycle) income multiplier effects due to the
greater impact faced by low income earners (Fazzari 2020), which may create in

16Besides PUA and PEUC, the CARES Act also introduced the Pandemic Unemployment Compensation (PUC), that
however expired at the end of July.

17Recently published The Century Foundation (see Appendix 1) report estimates that 945.000 people will run out of PUA
before its expiration and other 7.3 million workers would have to face an expiration of the benefit by the end of
December.
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turn negative spillovers of productivity (Michl and Tavani 2020) and labor force par-
ticipation. In addition, the rise in long-term unemployment (particularly from
October) may foster labor-capital mismatches and experience gaps. In this regard,
the significant fluctuations experienced so far by the US economy in the COVID-19
crisis – despite a relatively fast bounce back – could also translate into slower
demand growth in the medium run, especially without major policy interventions
(particularly focused on lower income earners).

6. Conclusion

In this paper, we have built a two-equations dynamical system that captures the interac-
tions between the epidemiological evolution of COVID-19 – through the positivity rate –
and its effect on the unemployment rate, in absence of widespread vaccination. The sol-
ution of the system makes the case for two equilibria.

One of the two possible equilibria is a non-endemic one, with COVID-19 dying out
after its first wave. We denoted it as the ’shamrock’ equilibrium, as the conditions to
reach it are particularly strict. More specifically, for this equilibrium to take place, the
containment measures in the early phase of the disease spreading would have to be
exactly as strong as the force of infection. When confronted with reality – with many
countries going through new waves of infections – this equilibrium position appears
unrealistic. The second – more plausible – equilibrium is an endemic one, in which
COVID-19 new infections as a share of tests performed stabilize around a positive
level. In our model, this endemic equilibrium produces pandemic-driven waves in the
unemployment rate in the absence of widespread immunity through vaccination.

After introducing a pair of stochastic shocks in the original system, we model
output according to a continuous-time version of Okun’s law. More specifically,
the unemployment shock – partly influenced by COVID-19 infections and partly
stochastic – negatively affects output, determining cyclical pandemic-driven down-
swings that hinder the recovery in the medium run. Overall, our model provides
a theoretical framework in which, whenever the conditions for an endemic equilib-
rium are met, pandemic-driven unemployment will arise as a consequence of
strengthened containment measures and restrained consumption. Therefore, the per-
sistence of unemployment may determine a L-shaped recovery in the level of output
in the medium run.

Subsequently, we numerically solve the system, calibrating the stochastic version of
the model by using most recent data on contagion and unemployment in the US. Accord-
ingly, we confronted the simulated results with observed data on positivity rate, unem-
ployment rate and real GDP in the US. Thereby, we have argued that, so far, stimulus
policies played a key role in preventing fluctuations in the labor market caused by the
recurrent pandemic waves, reducing at the same time the negative effect of job losses
on GDP (above all by sustaining aggregate demand). Nevertheless, in the light of the
ongoing labor market situation (high levels of inactivity, increase in long-term unem-
ployment, employment inequality) we have stressed that there is not only the need of
extending unemployment benefits, but also the urgency of major policy intervention tar-
geting aggregate demand and, in particular, lower income earners.
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Appendices

Appendix 1 Data Sources and Web References

. ‘Coronavirus may never go away, World Health Organization warns’, BBC News, https://bbc.
in/35KrRNZ

. Observed case-fatality rate: https://bit.ly/2UIWZH4

. October Jobs Report, News from Economic Policy Institute, Economic Indicators by Elise
Gould: https://bit.ly/2HlKuOQ

. Tracking restrictions on businesses and the plans to reopen or shut down again, The New York
Times, https://nyti.ms/3ff6bwl

. United States, Coronavirus (COVID-19), Tests, Tests Performed, positivity Rate, % of Total,
Daily, Volumes, not seasonally adjusted: https://bit.ly/38RJBc6

. United States, IHS Markit’s index of Monthly GDP (MGDP), Billions of Chained 2012 Dollars,
Monthly, Seasonally Adjusted: https://bit.ly/3nBDJYz

. United States, Inactivity Rate: Aged 15-64: All Persons for the United States, Percent, Monthly,
Not seasonally adjusted: https://doi.org/10.1787/mei-data-en

. United States, Jobless Claims, National, Pandemic Unemployment Assistance, Weekly,
Volumes, not seasonally adjusted: https://bit.ly/3lLZt3v
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https://doi.org/10.1787/mei-data-en
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. United States, Unemployment rate, Percent, Monthly, Seasonally Adjusted [UNRATE]: https://
bit.ly/2ISf7vo

. ‘WHO warns vaccine won’t help countries fend off current wave of infections’, CNBC, https://
cnb.cx/35IR23c

. ‘12 Million Workers Facing Jobless Benefit Cliff on December 26’, The Century Foundation,
Unemployment report by Andrew Stettner in colaboration with Elizabeth Pancotti: https://
bit.ly/36K79wE

All weblinks last accessed on November 19th, 2020

Appendix 2. Stability Analysis

Let us consider the Jacobian matrix of the system of differential equations described in equations
1 and 2.

J[i∗, u∗] = r − c− d− gu(t) −gi(t)
ru(t) ri(t)− a

[ ]

When evaluated at the endemic equilibrium, the Jacobian matrix becomes:

J[i∗, u∗] = 0 −
ag2

r − c− d
g

− un

( )

r(r − c− d)
r(r − c− d)

g
− agun
r − c− d

⎡
⎢⎢⎢⎢⎣

⎤
⎥⎥⎥⎥⎦

Therefore, the trace is Tr(J) = − agun
r−c−d. Given that all parameters are assumed to be positive, the

numerator is always positive. Therefore, under the condition r . c+ d, the trace of the Jacobian
matrix will be negative.

The determinant is given by: Det(J) = ag( r−c−d
g − un), which is positive whenever the numer-

ator is positive, i.e. r−c−d
g . un=⇒u∗ . un, provided that the above mentioned condition holds

r . c+ d – the denominator is positive.
Under these conditions, the fixed points u∗ and i∗ are stable: our 2× 2 system of differential

equations is hence a spiral sink, as represented in Figure A1.

Figure A1. Phase diagram of the system.
Source: authors’ representation.
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