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Abstract

This paper studies the interaction between epidemiological dynamics and the dynamics of
economic activity in a simple model in the structuralist/post-Keynesian tradition. On the one
hand, rising economic activity increases the contact rate and therefore the probability of expo-
sure to a virus. On the other hand, rising infection lowers economic activity through both supply
and demand channels. The resulting framework is well-suited for policy analysis through nu-
merical exercises. We show that, first, laissez-faire gives rise to sharp fluctuations in activity
and infections before herd immunity is achieved. Second, absent any restrictions on economic
activity, physical distancing measures have rather limited mitigating effects. Third, lockdowns
are effective, especially at reducing death rates while buying time before a vaccine is widely
rolled out, at the cost of a slightly more pronounced downturn in economic activity compared
with alternative policies. This casts some doubt on the so-called “lives versus livelihood” policy
trade-off. However, we also highlight the importance of policies aimed at mitigating the effects

of the epidemic on workers’ income.
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1 Introduction

The SARS-CoV-2 pandemic is without a doubt one of the main policy concerns at the global level.
It is almost a platitude to note that it is, and should be, a central focus for the activity of govern-
ments around the globe, and most social and economic measures currently under discussion revolve
around the public response to the pandemic. Implementing the right set of policies — both public
health measures and economic stimulus and relief packages — is important in order to avoid major
losses in social welfare. As is evident from international comparisons, an erratic, uncoordinated, lax
response to the virus has immediate, major negative social and economic repercussions compared
with approaches informed by science and sound economic theory.

But the proposal of effective and equitable policy measures to be adopted here and now in order
to tackle the emergency is only one reason to reflect on the SARS-CoV-2 pandemic. For, all evidence
suggests that the virus is here to stay: even with the availability of vaccines, it will take time to build
herd immunity—if the herd immunity threshold can be crossed at all, given the reluctance of major
segments of the population in advanced countries, the slow uptake globally, and the emergence of
new, pernicious variants—and social and economic life will likely not go back to normal for months
to come. Perhaps more importantly, SARS-CoV-2 is not the first coronavirus to spread globally, and
it will not be the last. Any lessons learned from it are going to be precious in the next decades.

It also seems clear that the pandemic will have long-run structural effects. It is too early to paint a
complete picture but some signs are already clear: while certain sectors are severely hit, others have
gained significantly, and at least some of these structural changes are likely to be irreversible due to
behavioural changes or fixed costs. Perhaps more importantly in an era of staggering inequality, the
pandemic is likely to have major distributive implications via its effect on labour markets, both at the
micro and at the macroeconomic level. For example, once certain emergency government measures
(such as bans on layoffs or major furlough programmes) are lifted, the ensuing unemployment may
hit wages, thus further skewing the functional distribution of income.

Finally, the SARS-CoV-2 pandemic represents a unique natural experiment in comparative polit-
ical economy. Faced with a similar challenge, different socio-economic structures have responded
very heterogeneously, leading to significant divergences in outcomes, which are likely to persist.

In this paper, we develop a simple, flexible framework to analyse the joint dynamics of epi-
demiological variables and economic magnitudes, and to appraise the various policies adopted in
different countries. The model is made of two building blocks. We begin by adopting the SEIR
(Susceptible-Exposed-Infectious-Recovered) framework initiated from the work of [Kermack and
McKendrick| (1927), which is a workhorse in epidemiology (for an overview of this type of mod-
els see [Hethcotel, 2000). Along the lines of a fast growing literature on the topic (for example see
Goenka et al.l 2014; [Eichenbaum et al., [2020; |/Atkeson, [2020), we extend this by explicitly linking
economic activity with the infection rate. This extension constitutes the first building block of our
approach.

The second building block is the main conceptual innovation of the paper: following the post-

Keynesian and structuralist tradition and drawing on (Chiarella and Flaschel| (2000), Chiarella et al.



(2005), and |Flaschel et al.| (2018)), we model economic activity by focusing on the rate of utilisa-
tion of installed capital stock. Because the epidemic has a negative impact on the population, and
therefore on the labour force, we postulate a negative feedback of the number of infected people on
the dynamics of economic activity, and thus of capital utilisation. The focus on the income-capital
ratio as a proxy for economic activity is common in growth models in the structuralist and post-
Keynesian literature, and it allows us to derive the dynamics of economic activity from more basic
relations describing output growth and investment. Nonetheless, the reduced form of the model
remains unchanged and all of our conclusions continue to hold if capital utilisation is replaced with
a direct measure of the output gap (see also the discussion in section [5|below).

Together the two blocks capture the dynamic interaction of epidemiological variables and eco-
nomic activity in the absence of government intervention. To be sure, the description of the relevant
economic mechanisms is rather stylised as we are capturing a whole host of economic factors by
focusing only on one variable, while eschewing an explicit behavioural analysis. In this respect, our
approach differs from much of the literature in economic epidemiology where agents are assumed
to have full information on the contagion dynamics and its effects on health (for example, see [Sethi,
1978; |Chen, 2012} |(Chen and Toxvaerd, 2014} [Toxvaerd, [2019; |Atkeson et al., 2020; [Eichenbaum
et al., 2020; [Toxvaerd, 2020; [Rowthorn and Toxvaerd, 2020). Our framework also differs from
behavioural epidemiological models which assume boundedly rational individuals with limited in-
formation but do not model explicitly economic activity (Manfredi and D’Onofriol 2013} [Eksin
et al., 2019; D1 Guilmi et al.| 2021} |Galanis et al.,|2020). Our model contributes to a growing liter-
ature which analyses the epidemiological/economic interactions while not assuming fully informed
rational agents (Basurto et al.} 2020; Bellomo et al., |2020; |Caiani et al., [2021; |Razmi, 2020)[]

The reduced form description of the dynamic interaction between epidemiological factors and
economic variables — which may be dubbed the SEIR-u model — provides a simple, flexible frame-
work to tackle a range of policy questions, and to compare different approaches to the pandemic.
Furthermore, the focus on capital utilisation allows us to provide a natural way to capture lockdown
measures as hard ceilings on economic activity leading to a forced reduction in the use of produc-
tive endowments. Finally, this framework is well suited to study some of the possible effects of the
pandemic on the functional distribution of income.

The model provides a stark but neat exposition of the main policy tradeoffs faced by governments
aiming to control the epidemic without excessive disruptions of economic activity. First, a laissez-
faire strategy results in fluctuations both in utilisation and in infections before the herd immunity
threshold is crossed. Second, physical distancing without hard restrictions on economic activity is
unlikely to tame the dynamics of infection: we show that, under conservative parameterisations of
the model, physical distancing measures have rather limited mitigating effects on the epidemic and
thus on the epidemic-induced recession. Third, and similar to [Kaplan et al.| (2020), the model is

naturally suited to model lockdowns as hard caps on economic activity as opposed to reductions

"This does not mean that the model is inconsistent with reasonable assumptions on individual behaviour. As shown
in Appendix E} behavioural foundations can be provided to our main equations.



in contacts. We show the effectiveness of lockdowns at reducing infection — and consequently the
number of pandemic-related deaths — while “buying time” before mass vaccination or treatments
are rolled out. These results are robust to several modifications of the model, including an extension
that features the dynamics of the functional distribution of income. In particular, we show the
importance of accompanying public health measures with robust countercyclical policies — such as
employment protection, unemployment insurance, direct transfers, or payroll subsidies to firms, —
in order to mitigate the adverse distributional consequences of the epidemic.

We believe that these conclusions are intuitive and resonate with the epidemiological literature
(Prem et al., 2021). Yet, it is worth stressing at the outset that our simulations are meant to illustrate
the key features of our formal framework, not to provide detailed, specific policy prescriptions. The
main aim of the paper is methodological: our purpose is to devise a simple model that can be used
to gain important qualitative insights on the effects of alternative policy measures in combating the
epidemic, and that can be extended in a number of directions in order to derive more precise policy
prescriptions (we suggest some extensions below).

Similarly, although we shall compare the behaviour of the model with the actual dynamics of
the pandemic in different states, it is worth emphasising that we are not ‘taking the model to the
data’, nor are we trying to validate it in any statistical sense. Rather, our aim is to illustrate some
broad qualitative features of the dynamics of the SARS-CoV-2 pandemic captured by the SEIR-u
model, focusing on the period between February and December 2020, when differences in policy
approaches across states have been starker and the vaccination campaign was far to come. From this
perspective, our analysis is largely retrospective, as we try to learn some lessons from the first phase
of the pandemic, before the discovery of the vaccines. We do not aim to provide a comprehensive
description of what is increasingly a fast-moving environment. Yet, our simple, flexible framework
can be easily adapted to examine the new challenges that will surely emerge as the pandemic unfolds
(we return to this issue in the conclusions).

The introduction of a new predator (a pathogen) into the Volterra-Lotka framework typical of
macrodynamic models in the tradition of |(Goodwin| (1967) has been proposed, independently, by
Gallo and Barbieri-Goes| (2020). While both papers model the interaction between epidemiological
and economic variables as a predator-prey dynamics, there are several important differences. First,
Gallo and Barbieri-Goes|(2020) capture focus on the employment rate. In the theoretical and empir-
ical literature on (Goodwin| (1967), both the employment rate and the rate of utilisation are used and
the key conclusions are usually unaffected by the choice. Nonetheless, we believe that the latter is a
better indicator of economic activity in order to analyse the effect of the pandemic on the economy
and, in particular, to model lockdowns — which, unlike in |Gallo and Barbieri-Goes| (2020), we con-
ceive of as hard caps on capacity utilisation. Second, (Gallo and Barbieri-Goes| (2020) focus on the
(very) short-run dynamics of the pandemic and consider a simplified version of the dynamic rela-
tions capturing the epidemiological side of the model. In contrast, we study the full SEIR dynamics
and obtain a version of their two-dimensional model—which delivers an endemic steady state with

a constant infection rate and a persistent economic depression—as a special case. As shown below,



the behaviour of the general model including all epidemiological compartments is quite different,
and it has rather different policy implications—among other things, the endemic equilibrium dis-
appears. Third, while we adopt a standard macrodynamic perspective and examine a reduced form
model of the interaction between epidemiological and economic variables, in Appendix [A] we ex-
plicitly provide a microeconomic foundation for the postulated effect of the pandemic on economic
activity: the level of infections affects individual distancing decisions which in turn affect aggregate
demand, and thus the real sector. Fourth, we explicitly introduce the dynamics of income shares in
an extension, which allows us to consider some of the effects of the pandemic on distribution.
Regarding the organisation of the paper, after introducing the full model in section[2] we study a
stripped down version that reduces to two-dimensions — utilisation and infections — and is useful to
think through the short-run evolution of the pandemic. We then turn to simulating alternative policy
scenarios in the full epidemiological-economic model in section [3] Section []studies the inclusion
of distributional dynamics as well as a variety of policy exercises. Section [5|summarises the battery

of robustness checks that we have run on the model Section [a concludes.

2 The SEIR-u model: Epidemic dynamics and economic activity

We first describe the complete model featuring the dynamic interaction between economic activity —
as measured by the rate of utilisation of installed capital stock — and infections. The framework has
a simple predator-prey structure: as economic activity increases, the virus spreads, although with
a delay. The rise in infections depresses economic activity through both reductions in aggregate
demand in high-contact sectors and aggregate supply bottlenecks. The resulting decline in economic

activity, in turn, results in a decline in infections.

2.1 Epidemic dynamics

Our starting point is a baseline SEIR model in the absence of a vaccine. Consider a large but constant
population of N agents who, at any point in time ¢, are partitioned into four compartments based
on their health condition: the susceptible, the exposed (who are infected but not yet infectious),
the infectious, and the recovered, whose cardinalities are, respectively, S(t), E(t), I(t), and R(t).
Formally, at all ¢,

N = S(t) + E(t) + I(t) + R(t).

The dynamics of the four compartments is given by the following differential equations. First, the

number of susceptible individuals changes over time as they come into contact with the infectious:

S(t) = —————2, (1)

2 A complete description of all robustness checks and the code of the simulations can be found in the online Addendum,
available at www.danieletavani.com/code .
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where ((t) captures the average number of contacts per person per time, multiplied by the proba-
bility of disease transmission in a contact between a susceptible and an infectious subject.

Once infected, susceptible individuals become exposed. If an exposed individual remains ex-
posed for a period 1/0 before becoming infectious, o is the rate at which an exposed individual

becomes infectious. Thus, the evolution of E(t) is:
—oE(t). 2

If an individual remains infectious on average 1/ periods, — and therefore recovers (or dies) at a

rate «y per unit of time, — the evolution of the infectious compartment of the population satisfies:
I(t) = cE(t) —yI(t). (3)
Finally, the compartment of recovered individuals evolves as follows:
R(t) = ~1(t). &)

Because N is constant, we normalise it to 100. Accordingly, we interpret I(¢) as the percentage
of infectious individuals in the population — or infection rate, for short — at t.

A crucial element of our analysis is the observation that the average number of contacts at any
point in time depends, among other factors, on the overall level of social and economic activity. For
this reason we express (3(¢) as an increasing function of capacity utilisation u(t) = %, where
Y (t) is aggregate income (spending) and K (¢) is the total capital stock: 5(t) = ¥ (u(t)). Given that

B(t) captures the probability of becoming exposed, we adopt a linear specification for 1,[)

B(t) = Bou(t), Q)
where 8y > 0. The dynamics of the susceptible and the exposed then modify as follows:
: t)S(t)I(t
s = AnOSOI0) ©
. 1

Let r(t) = B(t)/~ be the so-called simple reproduction number. At the beginning of the epi-
demic (that is with S = V), the short run condition for the growth rate of infections to be negative
requires that the simple reproduction number be less than one, that is: u(t) < %ﬂ We assume
that @ > -/, which reflects the idea that the number of contacts associated with a normal level
of economic activity fosters the diffusion of the virus absent mitigation policies. In other words,

economic activity does make a difference for the evolution of the epidemic.

3 All of our main results continue to hold under a range of alternative assumptions on v (see sectionbelow).
“We analyse the dynamics of the reproduction number in the various scenarios in Appendix



2.2 Economic dynamics

Even in the absence of physical distancing measures or harder lockdown policies imposed by the
government, we assume that economic activity is affected by the number of infectious individuals
owing both to the direct effect of the virus on the labour force, and broader supply and demand
effects. This assumption is motivated on both empirical and theoretical grounds.

Theoretically, apart from the direct effect of the deteriorating public health situation on the labour
force, individual decisions concerning physical and social distancing are clearly affected by the
state of the pandemic and the risk of infection, which is directly related to the infection rate. In
turn, an increase in distancing and a reduction in mobility tend to affect labour supply, workplace
organisation, capital utilisation and economic activity more generally.

Empirically, it is clearly difficult to establish a direct link between infections and economic
activity prior to the imposition of any mitigation policies. Nonetheless, data from the Bureau of
Economic Analysis| show that in the US real personal consumption expenditure declined by 0.4
percent, while disposable personal income declined by 1.2 percent between October and November
2020, a period of rising infection without hard lockdowns. Even after the imposition of social dis-
tancing measures and lockdowns, there is robust evidence of labour supply and aggregate demand
shocks that are independent of the regulations “reflecting some discouragement in view of the pan-
demic situation ...and possible effects of uncertainty on consumption behaviour” (Anderton et al.,
2020, p.1). Another effect has to do with the disruptions in worldwide supply chains produced by
a surge in infections in some countries first—notably China in early 2020—and then spreading to
other countries: trade linkages result in widespread reductions in economic activity.

We capture the repercussions of the epidemic on economic activity by assuming that a higher

number of infections tend to reduce the growth rate of national income, denoted by Y(t):

N

Y(t) =n—al(t). (8)

Equation (8)) is a reduced form relation postulating a negative effect of infections on output. In
Appendix [A] we provide one possible behavioural microeconomic foundation for it, by postulating
that agents decide whether to practice social distancing or not based on the probability of being
infected, and social distancing affects aggregate demand, and thus economic activity. From this
perspective, the parameters n and « capture the sensitivity of output to aggregate excess demand,
the effect of the level of infections on physical distancing decisions, and the propensity to spend.

Alternatively, the constant growth rate n could be thought of as capturing the long-run (trend)
growth rate of the economy absent the epidemic—assumed to be exogenous throughout,—while o
could be interpreted more generally as a succinct way of capturing a number of channels—both on
the demand and on the supply side—through which the pandemic has a recessionary effectE]

Next, abstracting from depreciation, we model investment through a simple accelerator equation

SMore specifically, the exogenous growth rate 7 can be interpreted as the familiar Harrodian ‘natural’ growth rate that
ensures a constant unemployment rate in the long run. We thank an anonymous referee for pointing this out.
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as a function of capital utilisation as well as featuring a long-run growth componentﬁ

K(t) =n+6(u(t) —a). )
Therefore, given equations —@), the dynamics of the utilisation rate is given by @(t) = Y (t) —
K (t), from which we have:

u(t) = [6(u —u(t)) — al ()] u(t). (10)

The dynamics of capacity utilisation in this paper resemble closely the so-called ‘neo-Goodwinian’
models of (Chiarella and Flaschell (2000), |Chiarella et al.| (2005), Barbosa-Filho and Taylor| (2006)),
Rada and Kiefer (2015, [2016). The main difference is that, unlike the more explicitly Keynesian
frameworks, here the long-run rate of utilisation is exogenously set at % when the pandemic disap-
pears. As such, our framework converges to the ‘classical’ long run of Duménil and Lévy|(1999).

Equations (3), @), (6. (7), and form a five-dimensional dynamical system that links up
the evolution of the epidemic to the dynamics of economic activity. The epidemiological block of
the model is widely understood, and the integration of economic dynamics is quite straightforward.
The complete model can be fruitfully analysed numerically, which we will do in section [3] below.
From an analytical standpoint, the turning point of the epidemic is the crossing of the herd immu-
nity threshold, h, which in terms of the infectious population is related to the simple reproduction
number at the onset of the disease in the following way: h = 1 — r(0)~!. After herd immunity is
reached, infections converge to zero, and economic activity returns gradually to normal[]

From a policy standpoint, however, the fact that the epidemic will eventually disappear is of
limited interest if in the meantime significant disruption in economic activity and a large number
of deaths occur. Our focus will therefore be on the short-to-medium run. In order to illustrate the
core economic-epidemiological interaction and get some intuitions about the short-to-medium run
behaviour of the model, we present a useful special case that strips down the epidemic block into
a single equation describing the evolution of the infectious compartment of the population, so that
the model reduces to two dimensions. This special case has the advantage of being analytically
tractable and of neatly illustrating the perils of a prolonged epidemic-induced recession before the

population reaches the threshold required for herd immunity.

SThe assumption that in the long-run capital and GDP grow at the same rate ensures that the economy is in balanced
growth, at a rate equal to n, at a steady state with normal utilisation and no infections. This simplification rules out
so-called Harrodian instability in the labour market, with employment either exploding or going to zero, and it allows us
to focus on the short-run fluctuations induced by the epidemic.

"Observe, again, that equations — describe the dynamics of epidemiological variables in the absence of a vaccine.
The discovery of a vaccine obviously changes the evolution of the epidemic, which can be modelled by adding a new
compartment, V, denoting the set of individuals who are vaccinated, whose dynamics is driven by the vaccination rate
and the efficacy of the vaccine, which also affect, respectively, the number of susceptible and exposed individuals. If the
vaccine has high efficacy, and the vaccination campaign is sufficiently quick, herd immunity is reached much earlier, and
much more effectively, compared to leaving the pandemic running its course and wreaking havoc along the way.



2.3 A short-run model

The simplest version of our framework can be obtained under two simplifying assumptions: (a)
removing the difference between exposed and infectious, and (b) assuming that the number of sus-
ceptible individuals equals the total population. These two assumptions give rise to a stripped down

two-dimensional dynamical system given by equation (I0) above and

1(t) = [Bou(t) —]I(t), (11)

that can be useful when thinking about the short-run implications of the pandemic before herd
immunity is achieved. This special case has similar properties to the model recently studied in

Gallo and Barbieri-Goes| (2020). The dynamical system has two non-trivial steady states
(1) A no-infection steady state with utilisation at its normal rate:

ulN! = u; N =0; (12)

(i) An endemic steady state with a positive number of infectious agents and below-normal utili-
sation?’] -

Bo’ afBo

2.3.1 Local Stability Analysis

The Jacobian matrix of the dynamical system evaluated at a steady state (I°%, u®®) is:

fou™ =y oI

_auSS _6u88

J(ISS’ uSS) —

At the no-infection steady state (IV! = 0, uN!

= a), our assumptions imply Sou — v > 0 and
therefore the determinant is negative: the two eigenvalues of the matrix are of opposite sign, which
implies that the corresponding steady state is a saddle point

At the endemic steady state, Sott —y = 0 and therefore the matrix has negative trace and positive
determinant, indicating local stability instead. The eigenvalues of the matrix, denoted by (£1, €2),

are the solution to the characteristic equation:

suf n V (0uF)2 — 4By I auF
2 2 .

€12 = — (14)

Therefore, at the endemic steady state, cyclical convergence occurs provided the discriminant

8There also exists a trivial steady state with u” = I” = 0, which can be safely ignored.

Both properties follow from the assumption that v/3o € (0, @).

'9If By was sufficiently low, or  was sufficiently high, then So@ — v < 0, the determinant would be positive and the
trace would be negative, ensuring local stability. However, this scenario implies that the virus has an inherent tendency
to disappear under a business as usual scenario, which is most definitely not the case for SARS-CoV-2.



in equation (I4)) be negative, so that the eigenvalues have imaginary parts. Simple manipulation

reveals that a necessary and sufficient condition is

u¥ 1

— < —. 15

7 <17 % 15)
Under rather general assumptions on the main parameters (including the values used in our numer-
ical implementation, see Table [I] below), the latter condition holds: convergence to the endemic
steady state is therefore cyclical. The economic intuition for the result has to do with the fact that
a rising level of economic activity increases the economy-wide contact rate, which in turn leads to
rising infection. But the higher infection rate depresses economic activity, which lowers the con-
tact rate and reduces infections. Fluctuations in utilisation and infections are ultimately damped,
however, and the dynamics converges to the endemic steady state.

Figure [I] illustrates the dynamics of the two main variables for a representative set of parame-
tersﬂ the left panel plots the two variables against time. The right panel presents the phase plot of
the dynamics of the economy.

As in |Gallo and Barbieri-Goes| (2020), the endemic steady state features a permanently lower
rate of utilisation corresponding to a non-zero infection rate in steady state. Mechanically, this has
to do with two features of the short-run model: the assumption that the susceptible compartment
of the population does not change in size as the pandemic unfolds; and the result that the simple
reproduction rate is equal to one at the endemic steady state, so that each infectious individual is
responsible for the contagion of another individual without the pandemic ever fading away.

The existence of an endemic steady state in the simplified 2D model is interesting, in our view:
the interaction between economic and epidemiological variables endogenously delivers waves in
both, until the economy settles onto a permanently depressed state with a constant infection rate.
Given the various waves of the pandemic observed so far, and the significant uncertainty on the
behaviour of the virus (in particular, the emergence of new variants against which vaccines may
prove ineffective), the simplified 2D model, and the endemic steady state, might have some em-
pirical appeal. Nonetheless, a more comprehensive analysis of the effect of the pandemic on the
economy—and of the necessary policy responses—requires relaxing the simplifying assumptions

underlying the 2D model and considering the full SEIR dynamics. To this issue, we turn next.

3 SEIR-u model: Simulations and policy exercises

The complete epidemiological-economic model comprises equations (3), @), (), (7), and (I0).
Given the high dimensionality of the system it is difficult to gain insights on the interaction between
epidemiological variables and economic activity analytically, especially in the study of out of steady
state dynamics and policy exercises. We therefore turn to numerical methods.

Because our aim is to examine the main qualitative features of the different approaches to the

See Table Recall that in the 2D model, I(t) = E(t) all ¢.



Figure 1: Baseline 2D simulation: laissez-faire scenario.
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pandemic, and their economic implications, we do not calibrate the model to the data of any specific
country. Rather, we choose a set of parameters that reflect what may be considered to be represen-
tative, or average values across a range of countries based on the available evidence reported in the
literature@ We then run a large number of checks in order to verify that our main conclusions are
robust to significant perturbations of the parameters (see section[5.1]below).

The baseline parameter calibration and the choice of initial conditions are summarised in Table
We follow the convention used in much of the epidemiological literature, and in reporting on

the pandemic, and choose one day as the time unit in all simulationsE-]

Parameter / Value Moment to match Source
Initial Condition

Bo 1.27 r(0) =3 Flaxman et al.|(2020); [Li et al.| (2020)
v 0.143 yl=7 Prem et al.| (2020)
1) 0.2 n/a Authors’ calculation
« 0.025 n/a Authors’ calculation
o 0.143 ol=17 Atkeson et al.| (2020)

u(0) 0.33 u=0.33 Piketty| (2014)

E(0) 0.35 % 1074 n/a Authors’ calculation

Table 1: Baseline parameter calibration

12See Appendix @for more details on the calibration of the model.

B3 The datasets used below, as well as the Mathematica code used for these simulations — including a variety of addi-
tional robustness checks and extensions — is available at https://www.danieletavani.com/code.

'“In normal times, the utilisation rate in any given economic unit does not necessarily change on a daily basis. However,
the aggregate rate of utilisation is the product of many decisions and it can be taken as changing daily even though this is
not true of any individual unit. Further, the utilisation rate during the pandemic has moved at a speed different from that
of normal times — most notably, but by no means exclusively, as a result of government policies.
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3.1 Laissez-faire

Our first exercise is to examine the joint dynamics of the epidemiological and economic variables in
a laissez-faire scenario in which the pandemic runs its course, and the government adopts no mea-
sures. The left panel of Figure [2illustrates the dynamics of the main two variables — the utilisation

rate and the infection rate — against time. The right panel focuses on the epidemiological variables.

Figure 2: SEIR-u model: laissez-faire
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The dynamics of the integrated SEIR-u model is rather different from that of the standard SEIR
model, in which the interaction between economic activity and the epidemic is ignored. In partic-
ular, rather than having a monotonic increase in infections, followed by a monotonic decline once
herd immunity is reached, the SEIR-u model predicts a cyclical movement in both epidemiological
and economic variables, with successive waves of infection interacting with business cycles.

At the onset of the epidemic the economy is running at full capacity. As the virus is left free to
spread, the epidemic hits the population and economic activity drastically declines. The decline in
the utilisation rate yields a reduction in contacts, which in turn leads to a drop in infections, just as
in the 2D model. As economic activity resumes, so does the growth rate of the pandemic, and the
cycle repeats, although with lower intensity, leading the economy to move, after about a year and
a half, in the vicinity of the steady state without infections. The fact that the endemic steady state
— which was the crucial feature of the 2D model — disappears in the full SEIR model is due to the
economy eventually crossing the herd immunity thresholdE]

Does the cyclical dynamics of the SEIR-u model capture a relevant mechanism of the joint
interaction of economic and epidemiological variables in the real world? Figure [3| displays data
on daily deaths for SARS-CoV-2 in BrazilE] whose Federal Government has purposely elected not

to implement any stringent regulations on behaviour and economic activity, and sometimes even

15This happens around 300 days into the epidemic in Figure [2| due to the chosen parameter calibration, which draws
on the consensus in the literature. A lower r(0) (as long as it is above 1) would result in the epidemic lasting longer, and
consequently in a longer period of economic fluctuations.

'6Given the massive changes in testing capacity and policy since the beginning of the pandemic, data on daily new
cases are rather unreliable. Although factors such as the response and ability to cope of health systems has also changed
over time, data on daily new deaths are likely to better capture broad trends in infections. It is worth keeping in mind,
however, that we are not trying to validate our model econometrically, and any comparisons between our model and
individual countries are merely illustrative.
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Brazil

Daily deaths (weekly average)

Figure 3: Daily deaths and rolling 7-day average (green) in Brazil, February 15th—-December 12th,
2020. Source: Worldometer.

actively undermined the policies adopted by independent bodies and local governmentsm

Perhaps even more informative is the comparison of different US states. For there exists “signif-
icant variation across states . .. For example, Republican-led and Midwestern states have the lowest
levels of policy stringency even as they face increasing case counts. These trends hold particular
relevance in the absence of a centralized, federal response” (Hale et al.| 20204 p.3). Figure @] shows
data on daily deaths for SARS-CoV-2 in the US States with the lowest stringency indices@

To be sure, no stylised low-dimensional model pitched at a high level of abstraction can provide
an accurate depiction of social reality. Yet the pattern depicted in Figure [2]is consistent with the
empirical evidence of those states who have adopted a relatively lax approach (Figures [3] and [).
Indeed, with the exception of states which were facing the first wave of the epidemic at the end of
2020, the similarity with the cycles depicted in Figure [2]is striking. This suggests that the SEIR-
u model does capture some important mechanisms linking economic activity and the dynamics of
infections.

Three features of the dynamics displayed in Figure 2] should be emphasised, which are relevant
for the welfare implications of the pandemic. First, absent any government intervention, the signif-
icant increase in infection rates in the first wave is likely to lead to major welfare losses, including
deaths, as the health system is overrun (see section [3.3|below). Second, the economy experiences a
sharp downturn, and wide fluctuations in economic activity. Third, the disruption is not short-lived:
in the simulation presented, it takes well over a year and a half for the epidemic to be under control
with economic activity still below the normal level.

In summary, based on the available evidence on the infectiousness of SARS-CoV-2, and on rather

conservative estimates of the effect of the epidemic on economic activity, our results cast significant

"The stringency of government measures adopted worldwide to tackle the pandemic has been measured on a daily
basis by |[Hale et al.|(2020b). Although Brazil has had a relatively high stringency index for most of the past ten months
this is due to the uncoordinated and largely ineffective actions taken by state and local governments (for a comprehensive
discussion, see Petherick et al.||2020). Besides, if one normalises the stringency index dividing it by the number of cases
per million inhabitants, Brazil’s average stringency index during the last several months is among the lowest in the G20.

8We normalise the data focusing on deaths per million inhabitants in order to facilitate comparisons with US states
with a high stringency index in FigureElbelow.
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doubts on laissez-faire strategies. The virus does not disappear on its own within a reasonable time
frame, and the economy does not quickly return to normal, possibly after some turbulenceE] What

are, then, the most appropriate measures to tackle it? This question is addressed in the next section.

3.2 Policy

One of the key features of the pandemic has been the very wide range of measures adopted globally:
from hard lockdowns to mild physical distancing, to almost uncoordinated business-as-usual. The
wide variety of policies adopted in different social and economic contexts is one of the reasons why
the pandemic may be considered as a unique natural experiment in comparative political economy.

It is impossible to incorporate the vast range of measures adopted by any one government during
the pandemic in a single formal model, and indeed it would not even be particularly informative to
do so, as it would not allow us to disentangle their effects. Our aim here is different: we use our
analytical framework in order to examine alternative policies in vitro. We focus on what may be
considered the two main approaches adopted in the last few months — namely, physical distancing
measures and hard lockdowns. First, we analyse them separately, then we consider a more complex

policy mix in which restrictions on economic activity interact with distancing advice.

19 An anonymous referee has aptly pointed out that it takes about eight years for real activity to recover to its prior
cyclical peak following an ‘ordinary’ recession, while our simulation displays a recovery well under way after 500 days
from the onset of the pandemic. It is obviously too early to reach a definite conclusion on this point. Nonetheless, the
evidence so far seems to suggest that the pandemic-induced shock is quite unlike regular business cycles, as it has been
characterized by both a sharper downturn and a faster recovery as compared to ordinary recessions. (Of course, the
fastest recovery can be partially attributed to more robust fiscal policy action than before.) Formally, this is captured by
our assumption that, with zero infections, the economy moves along a steady state growth path, which allows us to focus
specifically on the effect of the pandemic on economic activity.
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Figure 4: Daily deaths per million inhabitants, and rolling 7-day average (red) in US States with
low stringency index, March 1st-December 28th, 2020. Source: The COVID Tracking Project at
the Atlantic.
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3.2.1 Physical distancing measures

One model policy approach to the epidemic consists in enforcing physical distancing regulations
and advising the public to refrain from certain social activities, without restricting economic activ-
ity. The main effect of physical distancing, whether enforced by government policies (e.g. with
regulations concerning the use of public, or even private, spaces) or resulting from behavioural
changes, is to reduce the number of contacts, and thus the reproduction number r(¢). We can cap-
ture this effect by assuming that physical distancing has a scaling effect on the infection probability.

Formally, let A € [0, 1] denote the proportion of physical contacts occurring after the introduction
of distancing prescriptions: the parameter captures both the stringency of policy and the behavioural
response of the public. If no restrictions on social activities are imposed and agents do not change
their behaviour, then A\ = 1 and the number of contacts remains unchanged. Values of A below
1 correspond to increasingly stringent distancing advice, and more radical behavioural changes,

leading to a greater reduction in contacts. Then, equations (6))-(7) can be generalised as follows:

s = M5OI, 6
E(t) Aﬁou(tﬁ(tﬂ ® _ or). (17)

Given the exogenous determinants of the probability of infection fy, the rate of utilisation u(t),
and the recovery rate -y, equations (I6)-(I7) seem to suggest that health authorities can target the
amount of physical distancing, A, required to significantly mitigate the effect of the virus and in the
limit even ensure that the disease die out by enforcing distancing measures such that SpAu(t) <
~. This seems to capture the beliefs of governments, such as, famously, the Swedish one, who
have elected to avoid harder measures, while enforcing basic physical distancing measures, and
encouraging the public to reduce social activities. In so doing, the government hoped to reduce the
impact of the virus without major economic losses.

If the joint action of government regulation and changes in behaviour and social norms were
able to reduce contacts significantly (yielding a sufficiently low \), then the epidemic would die out
within a few months while causing a mild and short-lived adverse economic effect. Such scenario
is represented in the top panels of Figure[5| corresponding to a distancing parameter A = .15.

Yet, no society can reach the levels of reduction in social interactions necessary for the epidemic
to stop without affecting economic activity. One can use the value of the reproduction number at
the beginning of the pandemic, 7(0) = 3, and the condition that (0)A < 1 for the disease to die
out to find that A must be smaller than 1/3 in order for physical distancing to contain the epidemic
without restricting economic actiVityFE] It is completely unrealistic to think that physical distancing
alone can reduce contacts by around two thirds (let alone 85%) in the entire population without any

policy measures or behavioural reactions directly or indirectly affecting the economy.

27t is not difficult to show that A = 1/3 is the cut-off value below which the no infection steady state of the simplified
model in section switches from locally unstable to locally stable.
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Figure 5: SEIR-u model: strong vs. weak physical distancing
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How about lower levels of physical distancing? The right panel of Figure[5|depicts the behaviour
of the model with a constant 30% reduction in contacts (A = .7)@ It is immediately apparent that
weaker physical distancing yields an evolution of the epidemic that is qualitatively identical to the
laissez-faire case: health advice and the related behavioural response may lead to a lower peak in
infections as well as a lower drop in economic activity, but both reductions are relatively small.

The limited effect of physical distancing is all the more remarkable if one notes that, while less
far-fetched, a 30% across-the-board reduction in contacts underlying the right panel of Figure [3]
remains extremely unlikely. As shown by the Swedish experience, and contrary to the hopes of
the country’s government, it is not possible to enforce high enough physical distancing without any
additional measures affecting economic activity — in our framework, the rate of capacity utilisation
u. There are only a limited number of social activities whose reduction has no impact on economic
activity, and there is only so much one can do by, say, reducing entry in public playgrounds and
parks, requiring people to avoid family gatherings, or limiting the number of social visits, to mention
a few. In other words, it is impossible to reduce contacts to sufficiently low levels —i.e. to achieve
a sufficiently low A — without interfering — directly or indirectly — with economic activity.

Figure [6] shows data on daily deaths in Sweden: the pattern is remarkably similar to that in the

2Kaplan et al.(2020) also distinguish reductions in contacts due to decreases in economic activity and an exogenous
component capturing “reductions in the transmission rate . ..that arise from changes in social norms about cheap pre-
ventive measures, such as wearing masks, washing hands” (Kaplan et al., 2020} p.18). They consider reductions in such
exogenous component of 20%. Other empirical papers argue for larger reductions in the order of 40% (see, for example,
Mitze et al.,2020). We have chosen an intermediate value.
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lower panels of Figure[5]and it clearly illustrates the limitations of physical distancing policies.
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Figure 6: Daily deaths and rolling 7-day average (black) in Sweden, February 15th—December 12th,
2020. Source: Worldometer.

3.2.2 Lockdowns

One of the most widespread approaches adopted throughout the globe at the peak of the pandemic
has been to impose direct restrictions on economic activity. These restrictions have ranged widely in
terms of their severity, and the economic sectors involved, but the common feature of all lockdown
measures has been a reduction of economic activity relative to potential — namely, a reduction in
capacity utilisation. Thus, our framework provides a natural way of modelling lockdowns as hard
caps on utilisation, u, imposed whenever certain conditions obtain.

In the simulation displayed in Figure [7] we assume that when the infection rate reaches the
threshold value of I = 1%, the government puts in place measures that shut down activity in a
large part of the economy, reducing u to 20% of its normal value and keeps them in place until the
infection rate goes below [ = .01%@

Figure 7: SEIR-u model: lockdowns
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2This choice of parameters and the focus on the infection rate — rather than, say, the reproduction number — is merely
illustrative: as we already noted, lockdown policies have varied greatly across time and space. Our main results are robust
to a large set of perturbations of the specification of lockdown policies (see section@below).
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Figure[7|clearly shows that lockdowns provide an extremely effective way of reining the infection
in. When a lockdown occurs, economic activity immediately drops to the cap, which curbs the
growth rate of infections and the peak of the first wave is significantly lower than in the laissez-
faire scenario. Yet, as the reduction in contacts affects the spread of the epidemic only with a lag,
the lockdown can only be lifted after a certain period. The slump is large, and the loss of output
significant, but it is also rather short and the infection rate drops rather quickly. Indeed, a comparison
of Figures [2 and [7]immediately shows that, given the independent negative effect of the epidemic
on economic activity, the main effect of a lockdown is to make the downturn only slightly more
pronounced, but significantly shorter compared with the laissez-faire.

Further, even when the lockdown is lifted, and economic activity resumes, — as it happened
throughout the world at the end of the Spring of 2020 — the infection rate remains very low for a
rather long period — in our model, about four months, which is similar to the experience of most
European countries after the first wave. Of course, following the upturn in economic activity, and
the consequent surge in contacts, the pandemic dynamics eventually resumes. But the main goal of
lockdown policies is not to eliminate the virus: it is to buy time, dramatically reducing infections —
albeit at the expense of sharp but temporary downfalls in economic activity — while the population
(and the economy) waits for widespread vaccination.

Keeping in mind the caveat that our simple model does not aim to provide a comprehensive,
detailed picture of any given economy, a quick look at the data of countries and US states which
have adopted stringent restrictions on economic activity suggests that the SEIR-u model does cap-
ture some relevant aspects of lockdowns. Figures [§] and [ display the dynamics of daily deaths,
respectively, in France and Spain — two countries that have imposed strict lockdown policies at the
various stages of the epidemic — and in select US states among those with the highest stringency
index (Hale et al., [2020a)). Again, the broad similarity with the simulation results is hard to miss.
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Figure 8: Daily deaths and rolling 7-day average (red) in Spain and France, February 15th—
December 12th, 2020. Source: Worldometer.
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Figure 9: Daily deaths per million inhabitants and rolling 7-day average (red) in US States with
high stringency index, March 1st-December 28th, 2020. Source: The COVID Tracking Project at
The Atlantic.
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3.2.3 Lockdowns/Physical distancing interactions

Even though it is informative to look at distancing policies and lockdowns separately, and the two
sets of measures can and should be separated conceptually, in reality they tend to interact, and lock-
downs have been imposed in conjunction with distancing recommendations. As we noted in section
[B.21] it is not possible to promote sufficient physical distancing without affecting the economy.
Conversely, physical distancing measures are more effective when restrictions on economic activity

are also in place. Relatively high levels of physical distancing are likely attainable when schools and
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higher education institutions are closed, occupancy limits are imposed in the service and hospitality
sector, as well as theatres, concert halls, etc. Further, part of the effect of lockdowns is not just in
terms of reduction of contacts on the workplace, but also on work-related social interactions.

It is straightforward to integrate the two policies, as displayed in Figure [I0] below. For this
simulation, we use A = .7 corresponding to a reduction in contacts among the population of 30%,

and the same specification of lockdowns as above.

Figure 10: Lockdowns/physical distancing interactions.
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An alternative policy experiment would involve the government authority setting a less stringent
cap on economic activity, counting on compliance by the public on physical distancing recommen-
dations. Figure[TT|displays a simulation where the cap on economic activity is set to 30% of normal,
instead of 20%. The trajectory followed by the economy appears to conform with common sense:
while in principle there is a tradeoff between the stringency of a lockdown and the behavioral reduc-
tion in contacts by the public, relying extensively on the latter — while relaxing the former — exposes
a society to higher epidemiological risks, while sudden and frequent stoppages are likely to be more

disruptive than longer but sporadic interruptions of economic activity.

Figure 11: Less stringent lockdowns with physical distancing.
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3.3 Death rates

A proper welfare analysis would require the explicit formulation of a social welfare function and
a comprehensive description of the multifaceted effects that different policies have throughout the
economy. This goes well beyond the scope of our simple model. Nonetheless, one key objective of
any public policy tackling the effects of the epidemic is to minimise deaths.

One major advantage of lockdown policies is precisely that they drastically reduce the number
of deaths associated with an epidemic. Using data on death rates from the United States we can
calculate the case-fatality rate of the disease as the ratio of total deaths over total reported cases. On
December 29th, 2020, the New York Times reports a total of 19.3 million cases and 335,141 deaths.
The left panel of Figure |12 uses the corresponding ratio to plot the number of individuals who die
in different scenarios in the SEIR-u model. Two features of the simulations immediately stand
out. First, although there is no outright dominance throughout, it seems clear that uncoordinated,
laissez-faire policies are the worst possible approach from the standpoint of public health.

Second, the simulations clearly show that lockdowns should be a fundamental ingredient of any
approach to the epidemic. To be sure, it may seem difficult to rank a pure lockdown policy and
physical distancing measures, as the former appears to be more effective only in the later stages of
the epidemic. This is only because, in order to analyse different policies in vitro, we have assumed
that until the imposition of the lockdown, the government is passive: lockdown measures are effec-
tive once they are introduced but in the meantime a laissez-faire approach is de facto adopted. In
contrast, physical distancing measures are adopted from the very beginning of the epidemic.

If one considers the more realistic policy mix discussed in section [3.2.3] in which the govern-
ment imposes physical distancing measures immediately while being prepared to impose severe
restrictions on economic activity, then the importance of lockdown policies from the standpoint of
public health is evidentF_gl

These results are all the more remarkable given that we are using a constant case-death ratio
at all stages of the epidemic, and regardless of the number of infected individuals. This is equiv-
alent, de facto, to assuming that there exists no capacity constraint in the health sector — a strong
assumption during a pandemic. If one assumed that the case-death ratio increases once infections
cross a certain threshold, then the advantage of lockdown policies — whose main effect is precisely
to prevent any spikes in infections, at the possible cost of a slightly longer diffusion of the disease
— would be even more evident. As an illustration, the right panel of Figure [12| multiplies the nu-
merical solution of infection rates corresponding to different policy scenario (laissez faire, physical
distancing, lockdowns, and lockdowns with physical distancing) by the observed case-fatality rate
in the United Kingdom since March 6th, 2020, which has indeed spiked during the first wave, and
then slowly declined thereafter and until the second waveFj] This thought experiment highlights

BThe effectiveness of lockdown policies in reducing deaths is even clearer in the simplified, short-run 2D model; see
the online addendum at danieletavani.com/code, Of course, less stringent lockdown policies, such as those considered at
the end of section@ yield less dramatic reductions in deaths.

Z*Naturally, the actual case-fatality-rate is endogenous to the adoption of mitigation policies by the government. How-
ever, because infections at time ¢ in all the various policy scenarios are multiplied by the same CFR at time ¢ — just like in
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even more starkly the superiority of a combined lockdown - physical distancing policy mix.

Figure 12: Death rates: constant case-fatality rate (left) vs. variable case-fatality rate (right).
Sources: The New York Times and Our World in Data, University of Oxford.

Laissez faire (blue); low dist. (purple); lockdown (red); lockdown + dist. (green) Laissez Faire (blue); low dist. (purple); lockdowns (red); lockdowns + dist. (green)
006FT T T T T B ‘ T T T T T ‘

0.4+
005+

004+

03

003+

% Deaths

02+
002+

0.1+
001+

Daily deaths (%, based on CFR from the UK)

0.00+

0.0t | N f T
0 100 200 300 400 500 0 50 100 150 200 250 300
Days Days since March 6, 2020

4 Distributional dynamics

From a policy perspective, controlling the epidemic and mitigating the fall in output are certainly
focal concerns, especially in the short run. Nonetheless, as we noted in the Introduction, losses in
aggregate income are only one of the economic consequences of the pandemic. Equally relevant are
its distributional implications, and in particular the effect on workers’ incomes: having a smaller set
of alternatives, employees are likely to bear the brunt of the epidemic@

We examine the distributive implications of the epidemic by adding a dynamic equation to in-
corporate the evolution of income shares in the model. We focus on the wage share w, defined
as the ratio of real wages to labour productivity, while being fully aware that it provides a coarse
measure of the distributional impact of the pandemic, which has disproportionately affected already-
disadvantaged groups—most notably, women, minorities, low-wage workers—through a variety of
channels (job loss, exposure to the virus as ‘essential workers’, increased responsibility for child-
care and/or the supervision of schooling). In standard structuralist and post-Keynesian models, the
rate of change of the wage share is typically assumed to increase in economic activity as the labour
market tightens and wages rise relative to labour productivity. In order to obtain an interior steady
state, and because the wage share is bound above by 1, we also assume a stabilizing mechanism so
that further increases in the wage share reduce its rate of change. Finally, we incorporate a “drift”
parameter > 0, which is necessary in order for the wage share not to drop to unreasonably low

values when utilisation becomes very small@ The equation describing the evolution of the wage

the left panel of the figure — the figure is informative because it allows for a fair comparison of alternative measures.
BSelf-employed people are also disproportionately affected by the reduction in economic activity. It is now customary
in most datasets to adjust the measure of the wage share for self-employed income: our stylised model of distributional
dynamics should be understood as including self-employed income.
*The parameter 7 is best interpreted as a determinant of the intercept of the so-called distributive curve (see |Barbosa-
Filho and Taylor, 2006), and captures the institutional features of income distribution that are independent of the state
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share is

w(t) = [0+ Ou(t) — gw(t)]w(t), (18)

where all parameters are assumed to be positive and numerically calibrated in order to obtain a value
of the wage share roughly equal to two-thirds of national income when the economy is at capacityF_g]
This specification of the dynamics of income shares delivers a direct long-run relationship between
the wage share and utilisation, which in the literature has been dubbed as profit squeeze; such
relationship appears to be empirically relevant for both the United States (Barbosa-Filho and Taylor,
2006) and wider samples of OECD countries (Rada and Kiefer, 2015, 2016)17_91

Figure |13| shows the simulation results for a country that adopts a laissez-faire policy and lets
the infection run its course. The epidemic causes a significant decrease in the wage share (about
7-8 percentage points in our simulation) which does not return to its long run value for a very long

time. This arguably provides a further reason for the government to intervene.

Figure 13: SEIR-(u,w) model: laissez-faire
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Do policy measures aimed at tackling the epidemic also moderate its distributional effects
Figure[T4]shows the dynamics of the virus, economic activity, and, through the latter, income distri-
bution, corresponding both to a physical distancing policy with A = .7 and to a hard lockdown. Two
features are immediately apparent. First, even if a 30% reduction in contacts was indeed feasible
without intervening in the economy, it is clear that besides being relatively ineffective in dealing

with the epidemic, this would have a rather minor effect on the fall in the wage share.

of the economy. In fact, in the extremely unrealistic case of zero utilization, the steady-state wage share would take the

value of 77/ ¢.
2" Considering the simplified 2D model in section the long-run values for the labour share corresponding to the
— E
no-infection steady state and the endemic steady state are obtained as: w’¥! = 2% and ¥ = 29" Given our

assumptions, the endemic equilibrium is locally asymptotically stable, while the no infection steady state is unstable.

BSpecifically, we assume 7 = 1/3, 0 = .25, ¢ = .68175. All other parameters are as specified in Table

P Conversely, we have assumed no feedback from distribution to activity dynamics in this extended model. The reason
is that we did not want to enter the longstanding debate on whether long-run utilisation is wage-led or profit-led. As noted
already, in fact, the steady state of our extended model resembles closely the |Duménil and Lévy| (1999) ‘classical’ long
run with exogenous utilisation and therefore no role for effective demand.

31n the simplified model in section any policy that gets the epidemic completely under control, and avoids the
endemic scenario, would be ultimately beneficial to income distribution, as wf < Wl See footnote
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Figure 14: SEIR-(u, w) model: physical distancing vs. lockdowns
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Second, as argued in section [3.2.2] lockdown policies are way more effective in dealing with
the epidemic at a comparatively limited cost in terms of output loss. Yet, their distributional effects
are relatively limited. Caps on economic activity as infections spike lower real wages given the
resulting slackness in the labour market. As infection subsides and lockdown measures are lifted,
the wage share rises: but inevitably, the infection rate spikes again, which forces another lockdown
and consequently a reduction in the wage share.

Although in both scenarios the wage share eventually returns to its normal value in the long
run, a major slump, or wide fluctuations in the wage share over a prolonged period of time are
arguably undesirable. Moreover lockdown measures do tend to produce larger falls in the wage
share compared with the laissez-faire scenario.

This is an important point, both from the viewpoint of distributive justice and in terms of policy
feasibility. For, distributing more evenly the burden of public health policies is not only fair: it is
an important ingredient to insure compliance, and therefore ultimately the success of any policy
measuresEr] This provides a robust justification for public intervention aimed at attenuating the
economic effects of the epidemic, and of the measures to tackle it, for important segments of the
population. Actually, although various forms of subsidies may be introduced (or increased) in order
to make up for any income losses, our model suggests that employment protection policies, and
bans on layoffs are equally, if not more important.

We therefore examine some simulations in which labour-market policies such as unemployment
insurance or direct transfers are introduced in order to partially shield workers from the loss of wage
income arising from layoffs occurring during epidemic-induced recessions.

There is no obvious way of introducing active labour market policies in our model. Theoretically,
in the structuralist literature, labour market conditions affect distribution via the bargaining power
of the working class. It is therefore natural to assume that if the government wants to mitigate
the adverse distributive effect of the epidemic, it will intervene with policies that weaken the link

between economic activity, labour market conditions, and wages.

3'n this paper, we ignore the issue of compliance by implicitly assuming all policies to be automatically enforced.
This is merely for analytical purposes as it allows us to compare all measures in vitro. However, it is rather unclear
whether different policies are systematically associated with different levels of compliance.
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This intuition could be formalised, for instance, by turning the parameter 6, which captures the
cyclical dependence of the wage share on utilisation, into an inverse function of economic activity,
so that & = 6(u) with derivative 6,, < 0. In the simulation displayed in Figure we used a
specification #(u) = fpu~P, 0y = .05,p = 1.1 which implies a mildly countercyclical response
of the wage share to economic activity through the effects of unemployment insurance or direct
transfers to households. It is worth emphasising that this simulation aims to illustrate the importance

of active labour market policies, and it is not meant to actually replicate any specific measures
adopted by a given country or local government.

Figure 15: Lockdowns with unemployment insurance.
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5 Robustness checks and extensions

We have analysed many variations of our models in order to assess the robustness of our results
This section briefly summarises the main points. []

5.1 Alternative calibrations

In order to capture a situation corresponding to the very beginning of an epidemic — before it has
any perceivable effect on the economy — all of our simulations have been initialised assuming that
the economy is at the normal level and only a very small proportion of the population is infected.
Different values of E(0) slightly modify the shape of the first wave of infections (higher values
imply a slightly higher first peak) but nothing else changes.

Similarly, a normal rate of utilisation equal to one third is common in advanced countries, how-
ever the model predictions are virtually unchanged for a wide range of values of @, up to .8 if one
interprets capacity utilisation as done for instance by the Federal Reserve in its business survey. The
value of u affects the endemic infection rate in the 2D model; but it is of no consequence on the
qualitative features of the transitional dynamics, either in the 2D model or in the full SEIR-u.

Estimates of the duration of the infectiousness of SARS-CoV-2 vary greatly depending on the

type of cases analysed (symptomatic vs. asymptomatic), the relevant demographics (age groups,

3More details can be found in the online Addendum at www.danieletavani.com/code| .
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gender), and the methodology adopted in the study. We have set v = 1/7, reflecting an average
duration of infectiousness of 7 days based on meta-analyses of the clinical literature, but we have
run our simulations allowing 1/~ to range from 5 to 10 days. Calibrating (5, to match r(0) = 3, the
qualitative behavior of the model is not affected by the chosen value of the parameter VFEI

We have analysed the behaviour of the model for a range of values of 7(0) between 2.5 and 4.
Lower values of the simple reproduction number imply a slower diffusion of the virus, which delays
the peak of the epidemic and also the crossing of the herd immunity threshold. But other than that,
nothing changes. Indeed, the qualitative dynamics of the model are unchanged provided r(0) > 1,
or Bou — v > 0. If fyu — v < 0, then starting from a normal utilisation rate and a low level of the
infection rate, the infection causes a barely noticeable, temporary drop in economic activity and,
as the infection dies out, the utilisation rate converges monotonically back to its normal value. The
simulation corresponding to such a scenario — which could describe a regular flu season for example
— mimics very closely the path under high physical distancing in Figure [5}

Because there is no natural way of calibrating the speed of adjustment parameters « and 9, in
our baseline simulations, we have adopted a conservative strategy choosing values that do not drive
the dynamics of the model. However, we have run a number of robustness checks for lower values
of 9 as well as higher values of «. The behaviour of the model does not change.

Finally, the analysis of the interplay between the pandemic and distribution in section 4| are
robust to a wide variety of perturbations of the parameters 7, 6, and ¢ provided they are calibrated
to constrain the wage share to remain in the [0, 1] interval. Changes in these parameters affect the

amplitude of the boom-bust cycles in laissez-faire, but not the qualitative behavior of the model.

5.2 Alternative model specifications

First, as already noted, nothing of substance changes in the model-—except the need for a different
parameterisation of the contact rate 3y in order to match r(0) = 3—when the rate of utilisation is
replaced with log real GDP, and normal utilisation is replaced with potential log (real) GDP so that
the difference u(t) — u can be interpreted as the output gaszI Further, we studied a version of the
model with more persistent effects of the pandemic by simply allowing the long-run utilisation rate
to be sensitive to current utilisation, namely by postulating @ = (u*)*u(t)!~*, with u* denoting the
long-run utilisation rate and p being a parameter between zero and one. Higher values of u yield
more persistent effects of the pandemic and a slower return to pre-pandemic activity levels; but no
fundamental change in the dynamics.

Second, in addition to the main SEIR-u model, we have analysed in depth the simplified 2D
model in section [2.3]in order to focus on the short-run effects of different policies. The results
are even starker: realistic levels of physical distancing make hardly any difference either to the

dynamics of the infection, or to economic activity. The economy displays cyclical dynamics very

31n the 2D model, at the endemic equilibrium the infection rate varies with -y, while the utilisation rate is unaffected.
3*Clearly, in this case equation (10)) is imposed from the outset, and is not derived from the underlying dynamics of
Y, K as done in the benchmark model.
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similar to those of the laissez-faire scenario around a marginally-improved endemic steady state.
Instead, lockdowns act swiftly and effectively to reduce infections although at the cost of slightly
bigger (cyclical) reduction in economic activity.

Third, all of our conclusions remain unchanged if we obliterate the distinction between exposed
and infectious individuals, and simplify the epidemiological block of our model into the so-called
SIR model. The main difference with respect to our core SEIR-u framework is that lockdown
policies have instantaneous effects and start curbing the contagion as soon as they are imposed.

Fourth, because [3(t) captures a probability, the multiplicative structure in equation (5)) is a natu-
ral way of modelling the effect of economic activity on the dynamics of the epidemic. Nonetheless,
we have examined the model under alternative assumptions. Specifically, we have considered the
family of exponential functions 5(t) = Bou(t)?, o € [1,2), of which the linear model is a special
case. This makes the predicted swings in economic activity slightly more pronounced, but as long
as o is below 2 — which seems quite plausible given the observed interaction between economic
activity and infection — the dynamics of the model remains essentially unchanged.

Finally, there is no obvious way of choosing the function § = 6(u) describing the effect of
active labour market policies in the model presented in section d] We have opted for a functional
form reflecting rather conservative assumptions but our conclusions are robust both to a wide range
of choices of the parameters g, p and to a number of different functional forms (with derivative
0, < 0). For instance, higher values of the policy parameter p result in more countercyclical

behaviour of the wage share; linear functional forms have similar implications.

5.3 Alternative policy specifications

Concerning physical distancing, we ran a number of simulations with alternative values of A. For
any value of A below the minimum required physical distancing — which, importantly, varies with 5
— the pandemic dies out on its own; while for any value of A above the minimum required physical
distancing, the model behaves similarly to the laissez-faire scenario.

We have also run simulations corresponding to lower as well as higher mandated reductions in
economic activity. In the former case, lockdowns tend to be shorter and more consequential in terms
of reductions in output; in the latter case, the crucial cutoff for the lockdowns to bite is to impose a
lockdown rate of capacity utilisation below the endemic utilisation rate in the 2D model, otherwise
the behaviour of the economy will revert to the laissez-faire case.

Similarly, we have run simulations with lower and higher values of the threshold values for the
activation and lifting of lockdown measures, respectively I and I. If I is lowered, economic activity
grinds to a halt sooner leading to a more significant impact on infections, and a more significant
reduction in deaths, but the measures need to stay in place for a shorter period.

We have also explored different ways of conceiving of lockdown policies. To be specific, first, we
have analysed a different specification with lockdowns conceived of as sharp but temporary drops
in %. Compared with laissez-faire (or realistic physical distancing measures), stop-and-go measures

of this sort produce sharper decreases in infections, but their effect is short-lived: disruptions in
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economic activity are therefore temporary but recurring and frequent.

Second, we have run simulations assuming that hard caps on utilisation are imposed after the
reproduction number — rather than the infection rate — crosses a certain threshold; specifically, one.
This is justified given the concern of policymakers with hospital capacity and with the dismal arith-
metic of COVID-related deaths rising about two weeks after spikes in the reproduction number.
Lockdowns of this kind deliver low infection rates for a longer period by more pronounced shut-
downs in economic activity. Further, the bounce-back is slower to unfold, and subsequent swings
in economic activity (and infection) are less tamed than when lockdowns are conditional on the
infection rate.

Third, we have checked the robustness of the results concerning the deaths associated with alter-
native policy approaches when the case-fatality rate is allowed to change over time, as in the right
panel of Figure[I2] Our conclusions remain unchanged if, instead of the actual case-fatality rate of
the United Kingdom, one focuses on any of the countries that we have considered as examples of
the different approaches to the pandemic, such as Brazil, the US, Spain, France, or Sweden.

Finally, as we argued in section [3.2.3] the level of physical distancing that can be reached in
a given society depends on economic activity. Lower levels of economic activity arguably make
physical distancing measures both easier to comply with and more effective. Formally, A = f(u),

and we have simulated our model postulating a simple affine form for f as follows:
A(t) = Ao + Au(t), (19)

where \g captures exogenous factors such as health advice and behavioural changes (including
wearing masks and other cheap preventive measures), while \; captures the interaction between the
utilisation rate — our proxy for economic activity — and non-work-related physical distancing.

We have run various simulations using different values of Ag, )\1 Given the nonlinear effect
of utilisation on the probability of contacts, these simulations deliver shorter lockdowns (lasting
about three weeks) followed by about three months of infections close to zero before the infection
rate climbs up again to the threshold required for a new lockdown to take effect. Otherwise, the

dynamics are very similar to the mixed policy scenario in section[3.2.3]

6 Conclusion

This paper develops a policy-friendly framework for analysing the interaction between economic
activity and the dynamics of an epidemic. Our approach links a standard SEIR epidemiological
model with models in the post-Keynesian and structuralist tradition, by allowing the infection rate
to influence the utilisation rate and, in turn, the utilisation rate to affect the amount of physical
contacts across individuals and hence the number of infections. We dub this the SEIR-u model.

We use the SEIR-u model to examine three different basic scenarios: laissez-faire, physical dis-

51n the online Addendum we present the results of two simulations in which we calibrated \(t) using mobility data
for the UK from |Di Guilmi et al.|(2021), in conjunction with the parameterisation in Table E}
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tancing without hard restrictions on economic activity, and lockdowns — modelled as government-
mandated caps on the utilisation rate. A laissez-faire approach causes endogenous, sharp fluctu-
ations of the predator-prey type in both utilisation and infections before the latter die out as herd
immunity is reached in the long run. Under reasonable assumptions, physical distancing measures
alone cannot reduce the reproduction number under one, and the economy behaves in a manner
qualitatively identical to the laissez-faire scenario. Lockdowns, in contrast, are very effective in
reducing infections, albeit at the cost of sharp but temporary recessions. Even when the restric-
tions are lifted, and economic activity resumes, the infection rate remains very low for a rather long
period.

The SEIR-u model sheds light on some important (and widely debated) issues. For, first, it calls
into question the “lives versus livelihood” policy trade-off that has been emphasised in political
circles as well as the popular press. Lockdowns clearly dominate all alternative courses of action
in terms of reducing pandemic-induced deaths: hard caps on economic activity pull the break on
the spread of the virus, thus avoiding the health system being overrun, and allow public authorities
to buy time. Although this does entail a significant fall in economic activity, the loss in aggregate
output caused by lockdown measures may be much more limited than commonly believed, given
the independent negative effect of the epidemic on economic activity. The SEIR-u model suggests
that the main effect of a lockdown is to make the downturn only slightly more pronounced, but
significantly shorter compared with the alternative scenarios.

Second, a reduction in aggregate output is not the only cost of an epidemic, and of the measures
to contain it; equally important are its distributive effects. Thus, we have generalised the SEIR-u
model in order to examine the effect of the virus on aggregate income shares. Assuming that work-
ers’ bargaining power, and thus the wage share, depend on economic activity, we have highlighted
the importance of labour market policies in order to protect wage incomes. Indeed, employment
protection, furlough programmes, and extensive provision of unemployment benefits are crucial
especially if stringent public health measures affecting economic activity are adopted.

Of course, our analysis does not cover the full range of policy issues related to a major epidemic
— such as the SARS-CoV-2 pandemic — which has ramifications in virtually all aspects of social and
economic life. Nor does our model fully describe the economic-epidemiological interaction—and
trade-offs faced by policy-makers—once vaccines become available. In theory, a mass vaccination
campaign affects the SEIR component of the model by quickly reducing the number of susceptible
individuals and by increasing recovery rates (and also by lowering case fatality rates), thus lead-
ing to a faster disappearance of the virus and a quicker recovery. The challenges of the current
phase, however, suggest some caution: the resistance of major segments of the population, even in
advanced countries, to vaccination and the emergence of a new and more pernicious variant of the
virus suggest that we may still be far from reaching the threshold of herd immunity and raise the
spectre of further adverse mutations against which existing vaccines may be ineffective.

Our main aim, however, is to provide a general framework to understand some key mechanisms

underlying the interaction between epidemiological and economic variables within which such is-
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sues can be analysed. The SEIR-u model can be extended in a number of directions to tackle a

range of questions. It outlines, we believe, a fruitful research programme.
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A Behavioural microfoundations

The SEIR-u model focuses on the structural aspects of the interaction between the epidemic and
economic activity and does not explicitly deal with individual decision-making. This does not mean
that the key relations are inconsistent with reasonable assumptions on individual behaviour. In this
section, we illustrate this point by providing behavioural microfoundations to equation ().

Assume a large population of heterogeneous agents who, at each point in time, choose between
physical distancing (d) and not (nd). Their choice depends on the utility of the two alternatives:
agent ¢ chooses d if and only if

Ui = ud —ul® >0, (20)

where uf, u?d represent the utility of individual ¢ when choosing, respectively, d or nd, and U is the
difference between the two. Following |Di Guilmi et al.|(2021)) who build on discrete choice models

along the lines of McFadden| (2001)) and Train| (2009)), we assume that

U=V +e, 1)

where V' is the same across agents and depends on observable factors and ¢; varies across individ-
uals. For a given set of measures, the relevant determinant of the common component of U; in our
model, V, is the infection rate, I(¢), which determines the probability of being infectedPE] In rep-
resentative agent models, everyone makes the same choice; here, for a given I(¢) < N, in general
some agents will choose d, other nd.

Let P%(I(t)) be the probability of a random individual choosing d given I(t), where the func-
tional form of P4(I(t)) depends on the distribution of ¢;. Drawing on the empirical analysis of

Galanis et al.|(2020)), for the UK, we postulate a linear relationship such that

PL=CI(t). (22)
Physical distancing practices have a direct effect on aggregate demand Y ” such that

YP =a,(1 - PYY =a,(1 - CI(t))Y, (23)

where oy, € (0, 1) can be thought of as the reduced-form propensity to spend in the economy. With

z > ( being a parameter describing an autonomous output growth component,

Y =2V + x(YP ~Y) = 2Y + x[a,(1 — CI(1))Y — Y] (24)

*QObviously during a hard lockdown individual choices are severely restricted as the public is compelled to take
distancing measures.
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or

A~

Y =2+ xlay(1 = CI(t)1 — 1] = 2+ x(ay — 1) — xCayI(1). (25)

For z + x(ay — 1) = n and x(a, = o, we get equation (8).

B Numerical calibration

This section describes the numerical calibration of our model used in the baseline simulations.

We have chosen the value for the basic reproduction number in a laissez-faire scenario with
economic activity running at the normal level — r(0) = Spu/7y — to be equal to 3 as this value sits
in between the values used in two key studies on the topic (Flaxman et al., 2020; |Li et al., 2020).
Following |Atkeson et al.[(2020) and |Prem et al. (2020) we set 1/ = 7, corresponding to an average
duration of illness of 7 days. Assuming a normal utilisation rate = 1/3 — the long-run average for
the output-capital ratio in advanced countries such as the United States (Pikettyl 2014) — it follows
that By = 1.27273. This implies that (¢) < 1 when u(t) < 0.112245]]

Given the obvious difficulty in choosing specific values of the parameters capturing the speed
of convergence of the economic dynamics, ¢, and the effect of infections on economic activity, a,
we have opted opt for some conservative estimates for the baseline simulations and checked the
robustness of our results for a wide range of values. To be specific, we have set 6 = .2, which
implies that the utilisation rate displays a reasonably fast self-correcting tendency around its normal
value, and oo = .025, implying that a one percentage-point increase in the infection rate reduces the
rate of change of the utilisation rate by a quarter of a percentage point all else equal. In other words,
consistent with our conservative approach, in the baseline simulations we have assumed that, absent
any restrictive policies, the pandemic does not affect economic activity too severely.

In order to make sure that the model’s time step is reasonably close to one day, we fixed the
annual growth rate of the economy at 2% and then divided the number by 365, which is the—
admittedly crude—daily growth rate of the economy.

Finally, we have initialised all simulations using the same values of the state variables. In order to
capture a situation corresponding to the very beginning of an epidemic, — before infections have any
perceivable effect on the economy, — all of our simulations have been initialised assuming that the
economy is at the normal level, u(0) = @ = 1/3, and the virus has infected a very small proportion
of the population, £(0) = .35 x 10~4, while there are no infectious or recovered individuals yet and

the number of susceptible agents is determined as a residual (S(0) = 100 — E(0)).

C Effective reproduction numbers

Recall that (t) = B(t)/~ is the so-called simple reproduction number, and let 7¢(¢) = r(¢)S(t)/N
be the effective reproduction number. An important feature of our framework is that, unlike the

37 A two-third reduction in economic activity may seem rather dramatic. Yet, it is worth stressing that this is the value
of the utilisation rate required to contain the infection absent any policy measures and behavioural changes.
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baseline SEIR model, both numbers are endogenous, because they depend on the level of economic
activity u(t). In this section, we describe the dynamics of (¢) and 7¢(¢) in the main simulations.
The left panel of Figure[I6]plots the simple reproduction number corresponding to three different
scenarios: low physical distancing, lockdown policies, and the interaction between lockdowns and
low distancing@ The right panel displays the effective reproduction number in laissez-faire as

compared to both the low physical distancing and the lockdown policy scenario.

Figure 16: SEIR-u model: reproduction numbers.

R(1): low dist. (blue); lockdowns (orange); lockdown + dist. (green)

R°(n): laissez faire (black); low dist. (green); lockdowns (orange)
30FT ! 40 T T - T

Simple Reproduction Number
Effective Reproduction Number

0.5k, L L ! L 1

3The simple reproduction number in laissez-faire is omitted from the plot for the following reason. The model is
initialised at w(0) = @ with an r(0) = 3. Since the utilisation rate converges to  in the SEIR model after the herd
immunity threshold is crosses — given that both v and ¢ are parameters — the simple reproduction number in laissez-faire
returns to 3 when the pandemic is over.
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