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A B S T R A C T

The COVID-19 pandemic led governments around the world to impose unprecedented restrictions on economic
activity. Were these restrictions equally justified in poorer countries with fewer demographic risk factors and
less ability to weather economic shocks? We develop and estimate a fully specified model of the macroeconomy
with epidemiological dynamics, incorporating subsistence constraints in consumption and allowing preferences
over ‘‘lives versus livelihoods’’ to vary with income. Poorer countries’ demography pushes them unambiguously
toward laxer policies. But because both infected and susceptible agents near the subsistence constraint will
remain economically active in the face of infection risk and even to some extent under government containment
policies, optimal policy in poorer countries pushes in the opposite direction. Moreover, for reasonable income-
elasticities of the value of a statistical life, the model can fully rationalize equally strict or stricter policies in
poorer countries.
1. Introduction

The COVID-19 pandemic led governments around the world to
impose unprecedented restrictions on economic activity. These mea-
sures were surprisingly uniform across countries at all income levels:
throughout 2020, low-income countries enacted policies roughly as
stringent as those in high-income countries (Fig. 1). In the United
States, a survey in late March 2020 found zero leading economists
disagreed that the policy response to the pandemic should involve
‘‘a very large contraction in economic activity until the spread of
infections has dropped significantly’’ (IGM Forum, 2020). At the same
time, many economists expressed reservations about applying similar
policy prescriptions to developing countries (Ray et al., 2020; Ray
and Subramanian, 2020; Barnett-Howell et al., 2021; Ravallion, 2020;
Miguel and Mobarak, 2022).
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countries, respectively, and to the difference in their pandemic outcomes as the ‘‘rich-poor gap’’.

In this paper, we ask whether poor countries were justified in
imposing equally harsh restrictions as rich countries – despite fewer
demographic risk factors and lower ability to weather economic shocks.
We show that these similar policy responses between rich and poor
countries can be rationalized by extending a standard macroeconomic
model, with feedback between the economy and the pandemic, to allow
for the trade-off between lives and livelihoods to vary by income.1
Empirical patterns are consistent with the model predictions under
two, very reasonable, conditions: (a) poor countries are close to their
subsistence constraint below which consumption cannot fall, and (b)
the valuation of lives versus income is increasing in income which
means that at the margin, poor countries value lives relative to income
more than rich countries.

Our analysis starts from the model of Eichenbaum et al. (2021),
henceforth ERT, in which agents expose themselves to infection risk
vailable online 14 April 2023
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Fig. 1. Stringency of pandemic containment policies during 2020 by income group. The figure shows the daily average in the level of restrictions as measured by the Oxford
oronavirus Government Response Stringency Index (Hale et al., 2021) across countries in income groups as defined by the World Bank. The stringency index varies between 0
nd 100 and calculates an average of all containment measures a country has taken, including school closures, workplace closures, cancellation of public events, restrictions on
athering size, closure of public transport, and stay-at-home requirements.
hen working and consuming, and, realizing this danger, reduce eco-
omic activity as infection risk rises. However, they do not weigh the
mpact of their own labor and consumption decisions on the pandemic’s
pread, creating an externality which the social planner seeks to inter-
alize. The model allows for a policy lever in the form of a value-added
ax on consumption, discouraging economic activity and hence slowing
isease transmission. The policymaker chooses the tax to maximize the
resent value of aggregate utility, taking into account utility losses from
oth reduced consumption and lost lives.

We generalize ERT’s model by incorporating two features that may
rive differences in optimal policy between countries at different in-
ome levels and with different fatality risk from COVID-19: a subsis-
ence constraint, and varying values of a statistical life (VSL). First,
o capture the intuition that poorer people may be less able to reduce
heir economic activity during the pandemic than richer counterparts,
e introduce a subsistence constraint below which consumption cannot

all. Second, we also allow the trade-off between consumption and
atching a potentially deadly infection to vary by income. That is, the
SL will always be lower in poorer countries, but the VSL-income ratio
ay not. Specifically, we allow the VSL to be a non-linear function of

ncome and show that optimal policy depends crucially on the income-
lasticity of the VSL, as the social planner trades off risks of deaths
gainst the utility of the living. We estimate both these parameters,
.e. the subsistence constraint and the income-elasticity of the VSL,
sing indirect inference.

The model highlights two important points. First, recognizing that
oregoing short-term consumption may be a question of survival for
oor households has somewhat counter-intuitive implications for pol-
cy. Because both infected and susceptible agents, who are pushed
lose to their subsistence constraint will remain economically active
n the face of infection risk and even government containment policies,
ptimal policy in poorer countries becomes more rather than less strict.
econd, comparative statics illustrate that any statement about the
esirability of laxer lockdowns in poorer countries is highly sensitive
o the VSL and how it changes with income.

Next, we examine how pandemic outcomes and policies varied by
ncome and infection fatality rates (IFR) for 125 countries through the
ens of this model. We find, for instance, that, relative to rich countries,
oor countries had slightly stricter containment policies during the first
ear of the pandemic (i.e. before vaccines arrived), but nevertheless
xperienced smaller drops in economic activity. They also saw higher
nfections yet fewer deaths. On the other hand, countries with low IFR
isplay laxer containment policies, lower economic contractions, and
2

ess excess mortality despite higher infection rates.
We then use indirect inference to estimate the unobserved subsis-
tence constraint and income elasticity of the VSL that produce a close
match between data and model in the difference in pandemic outcomes
across rich and poor as well as high- and low IFR countries. The model
successfully matches the data with an income-elasticity of the VSL
which is strictly less than unity – implying the value countries place
on lost lives increases less than proportionally with income – and a
subsistence constraint that is strictly greater than zero. The value for
the income-elasticity of the VSL is in line with estimates in Viscusi and
Masterman (2017) who suggest an income-VSL elasticity between 0.8
and 1.2, and lines up with recent cross-country estimates of the income-
elasticity of health expenses (Farag et al., 2012). A positive subsistence
level is consistent with a lower elasticity of substitution between labor
and consumption at low income levels (see King et al. (1988)) that is
commonly found in historical data (Ohanian et al., 2008; Bick et al.,
2018; Boppart and Krusell, 2020).

A key contribution of our analysis is to show that a relatively
parsimonious SIRD (Susceptible–Infected–Recovered–Deceased) macro
model can explain broad qualitative patterns of the aggregate variables
and the policy responses across countries. In terms of the model’s
implications, our estimation implies that relatively strict containment
policies by developing countries in the early stages of the pandemic
can be rationalized if policymakers in the developing world placed a
relatively higher value on life (though well within the existing range
of empirical estimates) and households faced subsistence constraints
which limited their spontaneous social distancing and their compliance
with containment policies.

Our study contributes to an emerging literature assessing the wel-
fare implications of pandemic containment policies in low- and high-
income countries using macroeconomic models (Alon et al., 2020;
Hausmann and Schetter, 2022). Alon et al. (2020) assume that workers
in the informal sector cannot be shielded from the disease by a lock-
down and argue that containment policy will hence be less effective
in countries with larger informal sectors. Our approach highlights a
similar effect, though grounded in the utility maximization of agents
which in turn affects the planner’s optimal policy: when faced with a
given risk of contracting the disease through economic activity, poorer
agents will rationally reduce their exposure less, requiring relatively
stricter policies to achieve the same reduction in deaths. Alon et al.
(2020) further emphasize that demographic differences, as captured
by the country-varying IFR in our framework, account for most of
the differences in mortality rates between their modeled rich and

poor countries. Our approach illustrates that lower mortality risk may
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not only mechanically affect the overall death rate, but also influ-
ence individual-level optimization and adaptation behavior. In contrast
to Hausmann and Schetter (2022)’s two-period model of households
facing subsistence constraints, we jointly model the full paths of in-
fections and optimal policy and allow for households’ decisions to
endogenously affect the pandemic’s development.

Our paper further complements studies explaining different pan-
demic and economic outcomes by levels of incomes both within and
across countries (Eichenbaum et al., 2022; Kim et al., 2023). Similar
to our study, Eichenbaum et al. (2022) introduce different VSLs and
a subsistence constraint to understand heterogeneous behavioral reac-
tions and health outcomes among different income groups within the
United States. Our paper differs in its focus on developing countries,
and validates key model choices for optimal policy determination: the
subsistence constraint and the scaling parameter for the VSL. We share
the cross-country perspective with Kim et al. (2023), but differ in our
focus on individual-level behaviors affecting aggregate optimal policy,
as opposed to explaining cross-country outcomes.

The macro-pandemic model we consider adds a global perspective
to recent work incorporating economic decision-making into the SIRD
framework. According to these integrated models, agents facing con-
tagion risk will voluntarily reduce their economic activity, thus partly
containing the virus (Toxvaerd, 2020; Garibaldi et al., 2020; Chudik
et al., 2022). However, analyses suggest that, from a social welfare
perspective, further government action is justified by agents’ failure to
internalize their own contribution to the spread of infections (Eichen-
baum et al., 2021; Farboodi et al., 2020; Krueger et al., 2022; Glover
et al., 2021; Alvarez et al., 2021).

In the following section, we lay out our extensions to the basic
model, combining epidemiological and economic frameworks. We cal-
ibrate the model for two pairs of representative countries – rich and
poor, and high and low IFR – and present comparative statics across in-
come, IFR, and preferences for lives vs. income in Section 3. We present
empirical estimates of the evolution of excess mortality, infections,
lockdowns and economic contraction in Section 4. We structurally
estimate and validate the model in Section 5. Section 6 discusses the
plausibility of the structural estimates and Section 7 concludes with
implications for policy.

2. Model

2.1. The pandemic

We begin with a standard SIRD model to describe the evolution of
the pandemic over time. The model compartmentalizes the population
into four groups, namely susceptibles, 𝑆𝑡, who have not yet had the
disease, infected, 𝐼𝑡, who are currently sick and can infect others,
hose who have already recovered (and are assumed to have acquired
asting immunity) 𝑅𝑡, and deceased, 𝐷𝑡. The stocks of these groups

in the population are described by the following system of difference
equations. First, the number of susceptibles in period 𝑡 + 1 equals the
stock in the previous period minus the number of newly infected in
period 𝑡, 𝑇𝑡:

𝑆𝑡+1 = 𝑆𝑡 − 𝑇𝑡

Second, the number of infected in period 𝑡 + 1 equals the stock of
infected in period 𝑡 plus those who are newly infected in period 𝑡 minus
those who either recovered in the previous period (share 𝜋𝑟 of the
infected) or died (share 𝜋𝑑 of the infected). The probability 𝜋𝑑 is the
nfection fatality rate (IFR), i.e. the probability of dying from COVID-19
onditional on being infected:

𝑡+1 = 𝐼𝑡 + 𝑇𝑡 − (𝜋𝑟 + 𝜋𝑑 )𝐼𝑡

hird, the stock of the recovered at time 𝑡 + 1 equals the stock of
ecovered in period 𝑡 plus those who recovered in period 𝑡:
3

𝑅𝑡+1 = 𝑅𝑡 + 𝜋𝑟𝐼𝑡 t
Finally, the stock of the deceased increases by those who were infected
and died in the previous period:

𝐷𝑡+1 = 𝐷𝑡 + 𝜋𝑑𝐼𝑡

he population therefore evolves according to

𝑜𝑝𝑡+1 = 𝑃𝑜𝑝𝑡 − 𝜋𝑑𝐼𝑡.

he pandemic ends once a sufficiently large share of the living popula-
ion has acquired immunity. In Section 3, we detail how we calibrate
he transition probabilities between the different states.

.2. The economy during the pandemic

We generalize the model of Eichenbaum et al. (2021) by incor-
orating three features that may drive differences in optimal policy
etween countries at different income levels. First, we allow poorer
gents to respond less to the pandemic threat and any containment
easures to combat it. We achieve this by introducing a subsistence

onstraint which is standard in demand system estimations going back
o Stone (1954). Such a constraint has been shown to be consistent with
istorical data on consumption and leisure choices (Bick et al., 2018) as
ell as with evidence from the United States during the early stages of

he pandemic showing that richer households accounted for the bulk of
pending reductions (Chetty et al., 2021). Second, when calibrating the
odel in later sections, we allow two key characteristics of a country

hat matter for its pandemic response – IFR and income – to vary across
ontexts. Third, we make the (otherwise implicit) value of statistical life
n explicit function of income.

The economy consists of representative agents for each of the sus-
eptible, the infected and the recovered groups. Each type of agent,
= 𝑠, 𝑖, 𝑟, maximizes the discounted sum of instantaneous utility 𝑢,
hich is a function of their consumption 𝑐𝑗𝑡 and hours worked 𝑛𝑗𝑡 :

𝑗 =
∞
∑

𝑡=0
𝛽𝑡𝑢(𝑐𝑗𝑡 , 𝑛

𝑗
𝑡 ) (1)

he instantaneous utility function 𝑢 depends on two additional param-
ters: (i) we allow for a subsistence constraint for consumption by
ncluding a constant 𝑐 that may or may not be zero. In general, this
onstant is thought of as non-negative and representing a consumption
evel below which income cannot fall. With a positive subsistence con-
traint the elasticity of consumption with respect to a tax is increasing
n income. (ii) We target specific VSLs by incorporating a baseline
tility value of being alive, �̄�, which is increasing in the targeted VSL.
he target VSL is an increasing function of income, and we specify
elow how it is obtained. With log-preferences for consumption and
convex disutility of labor, this gives

(𝑐𝑗𝑡 , 𝑛
𝑗
𝑡 ) = ln(𝑐𝑗𝑡 − 𝑐) − 𝜃

2
(𝑛𝑗𝑡 )

2 + �̄�. (2)

The budget constraint for agent 𝑗 = 𝑠, 𝑖, 𝑟 is given by

(1 + 𝜇𝑐𝑡)𝑐𝑡 = 𝑤𝑡𝜙
𝑗
𝑡 𝑛𝑡 + 𝛤𝑡. (3)

where 𝑤𝑡 is the wage, 𝜇𝑐𝑡 is a value added tax that discourages con-
sumption – the social planner’s policy lever that we explain below –
and 𝛤𝑡 is a lump-sum transfer from the government. 𝜙𝑗

𝑡 is a productivity
parameter that equals 1 for the susceptible and recovered and less than
1 for the infected.

Output in the economy is generated by a representative firm, which
produces a consumption good using labor with the technology 𝐶𝑡 =
𝐴𝑁𝑡. Hours worked are chosen to maximize firm’s profits 𝛱𝑡 = 𝐴𝑁𝑡 −
𝑤𝑡𝑁𝑡 with the first-order condition 𝑤𝑡 = 𝐴. The government’s budget
constraint is

𝜇𝑐𝑡(𝑐𝑠𝑡 𝑆𝑡 + 𝑐𝑖𝑡𝐼𝑡 + 𝑐𝑟𝑡𝑅𝑡) = 𝛤𝑡(𝑆𝑡 + 𝐼𝑡 + 𝑅𝑡). (4)

he model is closed by the equilibrium conditions that agents’ labor
upply equals the firm’s labor demand, 𝑛𝑠𝑡𝑆𝑡+𝜙𝑖𝑛𝑖𝑡𝐼𝑡+𝑛

𝑟
𝑡𝑅𝑡 = 𝑁𝑡 and that

heir consumption equals the output produced, 𝑐𝑠𝑆 + 𝑐𝑖𝐼 + 𝑐𝑟𝑅 = 𝐶 .
𝑡 𝑡 𝑡 𝑡 𝑡 𝑡 𝑡
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We now explain how the economy and the pandemic interact. In
the standard SIRD model, the probability of infection is given by a
single parameter independent of agents’ behavior. Following ERT, we
instead allow economic activity to raise the risk of infection because
susceptible and infected interact with each other in order to consume
and work. The probability that a susceptible agent becomes infected
through consumption activities is assumed to be proportional to their
own consumption, 𝑐𝑠𝑡 , and the total consumption of the infected, (𝐼𝑡𝑐𝐼𝑡 ).
t is denoted by 𝜋𝑠1𝑐𝑆𝑡 (𝐼𝑡𝑐

𝐼
𝑡 ). Similarly, the probability that a susceptible

ecomes infected at work is proportional to their hours worked, 𝑛𝑆𝑡 , and
he total hours worked by the infected 𝐼𝑡𝑛𝐼𝑡 . It is denoted by 𝜋𝑠2𝑛𝑆𝑡 (𝐼𝑡𝑛

𝐼
𝑡 ).

inally, just as in the standard SIRD, we assume that some infections
appen irrespective of the intensity of economic interactions, and the
robability that a susceptible contracts the disease in this way is simply
roportional to the number of infected, i.e. 𝜋𝑠3𝐼𝑡.

With these assumptions, the probability that a susceptible becomes
nfected in period 𝑡 via one of the three channels is

𝑡 = 𝜋𝑠1𝑐
𝑆
𝑡 (𝐼𝑡𝐶

𝐼
𝑡 ) + 𝜋𝑠2𝑛

𝑆
𝑡 (𝐼𝑡𝑁

𝐼
𝑡 ) + 𝜋𝑠3𝐼𝑡. (5)

he proportionality constants 𝜋𝑠 ensure that 𝜏𝑡 as well as each of
ts the three components are well-defined probabilities. To give an
ntuitive interpretation of these parameters, 𝜋𝑠1 (𝜋𝑠2) is the probability
hat a susceptible gets infected when they meet another infected and
hey both consume (work to earn) one dollar. It would be larger, for
nstance, the more contagious is the disease, the more time is spent
hopping (working) per each dollar consumed (earned), or the higher
he interaction between susceptibles and infected during consumption
work) activities.2

The endogeneity of infection risk creates a feedback loop between
he economy and the pandemic: susceptible agents want to avoid infec-
ion both because it lowers their productivity temporarily and because
t carries a risk of dying and thus foregoing utility from consuming
nd being alive. As a consequence, they reduce consumption and hours
orked, which in turn slows the spread of the pandemic. Specifically,

he discounted lifetime utility of a susceptible person is
𝑠
𝑡 = 𝑢(𝑐𝑠𝑡 , 𝑛

𝑠
𝑡 ) + 𝛽[(1 − 𝜏𝑡)𝑈 𝑠

𝑡+1 + 𝜏𝑡𝑈
𝑖
𝑡+1],

here 𝑈 𝑖
𝑡+1 is the discounted lifetime utility when infected. This, in

urn, is given by
𝑖
𝑡 = 𝑢(𝑐𝑖𝑡 , 𝑛

𝑖
𝑡) + 𝛽[(1 − 𝜋𝑟 − 𝜋𝑑 )𝑈 𝑖

𝑡+1 + 𝜋𝑟𝑈
𝑟
𝑡+1],

here (1 − 𝜋𝑟 − 𝜋𝑑 ) is the probability of still being infected in period
+ 1, 𝜋𝑟 is the probability of recovering in period 𝑡 + 1 and 𝑈 𝑟

𝑡+1 is the
ifetime utility after recovery. Thus, when the baseline utility �̄� = 0, the
ost of dying, which happens with probability 𝜋𝑑 when infected, equals
he discounted lifetime utility of consumption and leisure the individual
ust forego. Finally, the discounted lifetime utility of recovered agents

s simply
𝑟
𝑡 = 𝑢(𝑐𝑟𝑡 , 𝑛

𝑟
𝑡 ) + 𝛽𝑈 𝑟

𝑡+1.

We can find optimal consumption and hours worked by maximizing
ach agent’s 𝑗 = 𝑠, 𝑖, 𝑟 discounted lifetime utility subject to their budget
onstraint by way of a Lagrangian. For the susceptible the maximization
nvolves an additional choice, namely the optimal value for the proba-
ility of becoming infected 𝜏𝑡, and an additional constraint, namely the
ependence of this probability on the agent’s consumption and labor
upply (Eq. (5)). Letting 𝜆𝑗𝑏𝑡 denote the Lagrange multiplier on each
gent’s budget constraint and 𝜆𝜏 the Lagrange multiplier on the infec-
ion probability constraint, the constrained maximization results in the

2 Having defined the probability of infection in period 𝑡, 𝜏𝑡, the sum of new
infections from the three channels in period 𝑡 equals:

𝑇𝑡 = 𝜏𝑡𝑆𝑡 = 𝜋𝑠1(𝑐𝑆𝑡 )(𝐼𝑡𝑐
𝐼
𝑡 ) + 𝜋𝑠2(𝑛𝑆𝑡 )(𝐼𝑡𝑛

𝐼
𝑡 ) + 𝜋𝑠3(𝐼𝑡𝑆𝑡).
4

b

following first-order conditions for consumption, 𝑐𝑠,𝑖,𝑟𝑡 (Eqs. 𝑆, 𝐼, 𝑅 (𝑖)),
ours, 𝑛𝑠,𝑖,𝑟𝑡 (Eqs. 𝑆, 𝐼, 𝑅 (𝑖𝑖)), and (for the susceptible) the endogenous
robability of infection, 𝜏𝑡 (Eq. 𝑆(𝑖𝑖𝑖)):

S: (𝑖) 𝑢1
(

𝑐𝑠𝑡 , 𝑛
𝑠
𝑡
)

− 𝜆𝑠𝑏𝑡
(

1 + 𝜇𝑐𝑡
)

+ 𝜆𝜏𝑡𝜋𝑠1
(

𝐼𝑡𝑐𝐼𝑡
)

= 0
(𝑖𝑖) 𝑢2

(

𝑐𝑠𝑡 , 𝑛
𝑠
𝑡
)

+ 𝜆𝑠𝑏𝑡𝑤𝑡 + 𝜆𝜏𝑡𝜋𝑠2
(

𝐼𝑡𝑛𝐼𝑡
)

= 0
(𝑖𝑖𝑖) 𝛽(𝑈 𝑖

𝑡+1 − 𝑈 𝑠
𝑡+1) − 𝜆𝜏𝑡 = 0

I: (𝑖) 𝑢1
(

𝑐𝑖𝑡 , 𝑛
𝑖
𝑡
)

− 𝜆𝑖𝑏𝑡
(

1 + 𝜇𝑐𝑡
)

= 0
(𝑖𝑖) 𝑢2

(

𝑐𝑖𝑡 , 𝑛
𝑖
𝑡
)

+ 𝜆𝑖𝑏𝑡𝜙
𝑖𝑤𝑡 = 0

R: (𝑖) 𝑢1
(

𝑐𝑟𝑡 , 𝑛
𝑟
𝑡
)

− 𝜆𝑟𝑏𝑡
(

1 + 𝜇𝑐𝑡
)

= 0
(𝑖𝑖) 𝑢2

(

𝑐𝑟𝑡 , 𝑛
𝑟
𝑡
)

+ 𝜆𝑟𝑏𝑡𝑤𝑡 = 0

The additional terms in the first-order conditions for the susceptible
(𝜆𝜏𝑡𝜋𝑠1

(

𝐼𝑡𝑐𝐼𝑡
)

for consumption and 𝜆𝜏𝑡𝜋𝑠2
(

𝐼𝑡𝑛𝐼𝑡
)

for hours worked) im-
ply that susceptible agents respond to the pandemic by reducing hours
and consumption even in the absence of any containment measures.
In general, this endogenous response will reduce economic activity less
than what is socially optimal, because infected agents fail to internalize
the risk of exposing others. There is thus a role for government to use
taxes to reduce economic activity and contain the pandemic further.
The optimal sequence of containment rates during the course of the
pandemic {𝜇𝑐𝑡}𝑇𝑡=0 is chosen by the social planner to maximize the sum
of lifetime utilities of the three types of agents in the economy, subject
to the government’s budget constraint. That is, the social planner solves

max
{𝜇𝑐𝑡}𝑇𝑡=0

(𝑆0𝑈
𝑠
0 + 𝐼0𝑈

𝑖
0), (6)

subject to

𝜇𝑐𝑡(𝑐𝑠𝑡 𝑆𝑡 + 𝑐𝑖𝑡𝐼𝑡 + 𝑐𝑟𝑡𝑅𝑡) = 𝛤𝑡(𝑆𝑡 + 𝐼𝑡 + 𝑅𝑡) ∀𝑡,

where agents’ choices, in turn, are optimal given the containment rate.3

3. Model calibration

We now analyze the model’s predictions via simulations. In a first
step, we illustrate its main mechanisms for a benchmark high-income
country, the United States. In a second step, we examine how optimal
containment policy and agents’ response to it change under scenarios
with differing levels of disease risk and poverty. In both cases, the
model is set to a weekly frequency.

3.1. Benchmark calibration

For our benchmark calibration, we set the value of the newly
introduced parameters, 𝑐 and �̄�, to zero. We describe the calibration
f the remaining parameters below and in column 2 of Table 1.

To calibrate the economic part of the model, we follow ERT in
etting the weekly discount factor to 𝛿 = 0.96

1
52 . We calibrate labor

roductivity 𝐴, and the disutility of labor 𝜃 using information on United
States’ pre-pandemic income and hours worked: we convert World
Bank annual GDP figures at 2010 constant dollars into weekly values,
𝑌𝑤𝑒𝑒𝑘𝑙𝑦,𝑈𝑆 = 55,753

52 and set steady-state weekly hours worked for the
United States, 𝐻𝑤𝑒𝑒𝑘𝑙𝑦,𝑈𝑆 , to 30 (Charmes, 2015). Using the represen-
tative firm’s production function, we calculate the labor productivity
parameter for the United States as 𝐴𝑈𝑆 = 𝑌𝑤𝑒𝑒𝑘𝑙𝑦,𝑈𝑆

𝐻𝑤𝑒𝑒𝑘𝑙𝑦,𝑈𝑆
. From this, we can

calculate steady-state weekly consumption as 𝑐∗𝑤𝑒𝑒𝑘𝑙𝑦,𝑈𝑆 = 𝐴
(𝐻𝑤𝑒𝑒𝑘𝑙𝑦,𝑈𝑆 )

.
We find the disutility of labor parameter for the United States by
inverting the household’s first-order condition for hours worked in the
absence of a pandemic: 𝜃𝑈𝑆 = 1

(𝐻𝑤𝑒𝑒𝑘𝑙𝑦,𝑈𝑆 )2
.

3 Note that there are only terms for the susceptible and the infected in
he planner’s objective function because there are no recovered agents at the
eginning of the pandemic.
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Table 1
Mapping model parameters to data.

Definition Benchmark Representative countries All countries Source

Estimated parameters

𝑐 Subsistence constraint (if < 0: home
production)

0 𝑐 ∈ [−200, 600], precise value to
be estimated

𝑐 ∈ [−200, 600], precise value
to be estimated

𝜂 Elasticity of VSL to income NA 𝜂 ∈ [0.7, 1.2], precise value to be
estimated

𝜂 ∈ [0.7, 1.2], precise value to
be estimated

Viscusi and
Masterman
(2017)

Calibrated parameters

𝛽 Annual discount factor 0.96 0.96 0.96 ERT

𝐴 Productivity of labor 35.74 Calculated using steady-state
weekly hours in representative
countries

From country-specific weekly
hours

ERT, World
Development
Indicators;
Charmes (2015)

𝜃 Disutility of labor 0.0011 Calculated using steady-state
weekly hours in representative
countries

From country-specific weekly
hours and GDP/capita

ERT; Charmes
(2015)

𝜙 Productivity while infected 0.8 0.8 0.8 ERT

𝜋𝑑 Prob. of dying within 7 days of
infection

0.0064 × 7
18

IFR of representative country Country-specific predicted IFR ERT; Ghisolfi
et al. (2020)

𝜋𝑟 Prob. of recovering within 7 days of
infection

(1 − 0.0064) × 7
18

’’ ’’

𝜋𝑠𝑘 Scaling parameters in a susceptible’s
probability of getting infected if
exposed during
- consumption (𝑘 = 1)
- work (𝑘 = 2)
- other contacts (𝑘 = 3)

A susceptible’s
probability of
getting infected
if exposed
during
𝜋𝑠1 = 7.84 × 10−8

𝜋𝑠2 = 1.24 × 10−4

𝜋𝑠3 = 0.3901

Calculated using steady-state
consumption and hours in
representative countries

Calculated using steady-state
consumption and hours in
each country

ERT
To calibrate the pandemic part of the model, we follow ERT in
etting the productivity loss from getting infected at 20% (i.e 𝜙 = 0.8),

and also in assuming that the average time to either recovery or death
is 18 days.

For the probability of dying from COVID-19 conditional on being
infected, we depart from ERT and use country-specific predictions
from Ghisolfi et al. (2020), where a country’s IFR is predicted as a
function of its demography (younger populations have a lower IFR),
the prevalence of relevant comorbidities, and its health system capacity
(health systems with a proven track record of treating viral respiratory
diseases are assumed to exhibit a lower IFR). For the United States,
the authors predict an IFR of 0.64 percent. This results in a weekly
probability of dying from COVID-19 when infected of 𝜋𝑑 = 7

18 × 0.0064
nd a weekly probability of recovering of 𝜋𝑟 = 7

18 (1 − 0.0064) for the
enchmark case.

Finally, we follow ERT in calibrating the parameters 𝜋𝑠1, 𝜋𝑠2, 𝜋𝑠3 in
the expression for the transmission probability of COVID-19 (Eq. (5)).
Specifically, we set the initial share of the population that is infected to
0.001 and simulate the evolution of the pandemic under the assumption
that the susceptible and infected work steady-state hours and have
steady-state consumption in each period for an initial guess of the 𝜋𝑠𝑘.
We then adjust the 𝜋𝑠𝑘 until 1/6 of infections each period are due to
work interactions, 1/6 are due to consumption interactions and 2/3
are due to random interactions, and 60% of the population have been
infected by week 250 of the pandemic.

Given the calibrated 𝜋𝑠𝑘, the share of initial infections and steady-
state hours and consumption, we can calculate the average number of
secondary infections produced by a typical case of an infection in a
population where everyone is susceptible, which is basic reproduction
number 𝑅0 of the pandemic (see Eichenbaum et al. (2021), p.5163).
For the US benchmark case, this amounts to 1.5, which is at the lower
end of estimates reported for the early stage of the pandemic in Liu
et al. (2020).

Fig. 2 shows the results of our benchmark calibration. The dotted
black line displays the course of the epidemic without any behavioral
5

adjustment or government intervention — the basic SIRD model as
outlined in Section 2.1.4 The epidemic cannot end before a sufficient
share of the population has acquired immunity. Given a basic re-
production number of 𝑅0 = 1.5, the herd immunity level is 33%.5
However, the rapid increase in infections in the pure SIRD-model leads
to an overshoot of infections (and deaths) above this herd-immunity
level (Moll, 2020). At the end of the pandemic, 60 percent have ever
been infected (targeted by the parameterization), and 0.38 percent have
died (60 percent infected * 0.64 percent IFR = 0.38 percent). Hence,
the final epidemic size as measured by the share of people that ever
gets infected is almost twice as large as the minimal level necessary for
herd immunity.

Agents’ rational adjustment to disease risk can reduce the over-
shoot in infections. In the figure, the solid blue lines represent the
augmented SIRD (‘macro-SIRD’) model without any containment pol-
icy. In response to the pandemic, aggregate consumption (and hours)
spontaneously fall by up to 12 percent and track the level of infections,
because susceptible agents voluntarily adjust their consumption and
labor supply in order to reduce their risk of infection.6 The voluntary
response reduces the pandemic overshoot by about 10 percentage
points (about one third) and deaths by about 0.8 percentage points
(about one quarter) relative to the standard SIRD.

4 Except for the calibration of the infection probabilities 𝜋𝑠1, 𝜋𝑠2 and 𝜋𝑠3,
which use steady state consumption and hours worked, the economy is not
modeled in the basic SIRD. Hence, there are no predictions for hours and
consumption for the basic SIRD in the figure.

5 The herd immunity level is achieved when the share of remaining
susceptible is such that the epidemic’s effective reproduction number 𝑅 =
𝑅0 × susceptible is less than 1, at which point the epidemic stops. This implies
that a share 1 − 1

𝑅0
must have been infected (ignoring deaths).

6 Mechanically, the infected also reduce their consumption because their
labor becomes 20 percent less productive. This leads only to a small drop in
consumption, however: with a peak infection rate of 5 percent, this amounts
to a 1 percent reduction in consumption.
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Fig. 2. Benchmark calibration. The figure shows simulated time series for epidemic and economic outcomes for the basic SIRD-model (dotted line), the SIRD-macro model without
policy (solid blue line) and the SIRD-macro model with optimal i.e. welfare-maximizing policy (dashed blue line). The dashed horizontal line indicates the minimum share of
recovered in the population for the epidemic to end. Parameters in this benchmark calibration are chosen as in Table 1, column 2.
𝑐

Besides this voluntary adjustment, the social planner can internalize
the individual agents’ contribution to the pandemic by taxing con-
sumption (𝜇𝑐𝑡 in Eq. (3)) and thereby discouraging economic activity
beyond the voluntary adjustment. To choose this ‘containment rate’, the
planner maximizes the sum of the lifetime utility of the agents in the
different epidemiological states, weighted by the states’ respective sizes
subject to the government budget constraint (Eq. (6)). The evolution
of the pandemic economy with an optimal – i.e. utility-maximizing
– containment policy is represented by the dashed lines in the figure
and the optimal containment tax is plotted in the bottom right panel.
Containment tracks the path of infections and corresponds to a value-
added tax on consumption of up to 88 percent during peak infections
or 49 percent on average over the first year. As a result, the economy
contracts even further, culminating in a drop of hours and consumption
by 35 percent. This further slows infections and reduces deaths by an
additional 21 percentage points, almost closing the gap between final
epidemic size and the herd immunity level.

3.2. Calibrating the model with heterogeneity in income and IFR, a subsis-
tence constraint and non-homothetic preferences

Having reviewed the basic mechanisms of the model, we now use
its extended version, which allows for a non-zero subsistence constraint
and an external VSL-target to affect agents’ and policy-makers response
to the pandemic, to examine how the pandemic evolves in countries
that differ from the US benchmark in terms of their income and IFR.

3.3. Heterogeneity in income and the IFR

There are many dimensions along which countries differ and which
may affect their response – optimal or actual – to the pandemic.
We focus here on two dimensions which, a priori, seem salient for a
country’s response, and for which data are available: (i) the country’s
income and (ii) the country-specific risk of dying from COVID-19 when
infected.

Specifically, for each country’s weekly income 𝑌𝑤𝑒𝑒𝑘𝑙𝑦,𝑗 , we take
World Bank GDP per capita figures at 2010 constant dollars and convert
them into weekly numbers. We also allow for (limited) variation in
6

hours worked by income: Following Charmes (2015), weekly hours are
set to 30 for high and upper middle income countries and to 50 for
low and lower middle income countries.7 For country 𝑗′s IFR, we use
the values predicted by Ghisolfi et al. (2020). The authors estimate the
COVID mortality rate in a wide range of countries using each country’s
specific age distribution, the prevalence of comorbidities which have
been found to increase risk of death from COVID, and adjusting for
the health system’s ability to treat respiratory infections. The final
estimates of the predicted COVID-19 IFR range from 0.37% in Western
Sub-Saharan Africa to 1.45% for Eastern Europe

3.4. Preferences

Once we consider countries with incomes far below the United
States, it becomes salient to allow the pandemic response to vary (non-
linearly) with a country’s income. We do this in two ways: First, we
admit non-zero values for the subsistence constraint 𝑐 in the utility
function. This implies that the elasticity of substitution between leisure
and consumption is no longer constant with income as would be the
case for log-preferences in the benchmark simulation. Specifically, for
̄ > 0, the poorer a country and thus the closer its income to the 𝑐, the
less agents will respond to a containment tax.

Second, we follow Viscusi and Masterman (2017) in making a
country’s value of a statistical life a log-linear function of its income
with the common cross-country income elasticity of the VSL denoted
by 𝜂. Specifically, a country’s VSL depends on a base VSL and the
ratio between its income and the income of the base country via the
following function:

𝑉 𝑆𝐿𝑗 (𝜂) = 𝑉 𝑆𝐿𝑏𝑎𝑠𝑒 ×
(

𝑌𝑗
𝑌𝑏𝑎𝑠𝑒

)𝜂

As the base country we use the United States because there are reli-
able empirical estimates for its VSL. For example, Viscusi and Master-
man (2017) report a value of $9.6million. Here, we use $𝑉 𝑆𝐿𝑏𝑎𝑠𝑒 =

7 We obtain the latter value from summing the reported weekly hours
of paid and unpaid work for men and women in time-use studies from
Sub-Saharan Africa since 2010, as summarized in Charmes (2015).
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9.3million, which is similar and equals the VSL implied by the model
for the US when �̄� = 0. 𝑌𝑗 and 𝑌𝑏𝑎𝑠𝑒 are given by GDP/capita of country
𝑗 and the US, respectively. From the expression for the VSL in country
𝑗, it can be seen that if 𝜂 < 1 countries that are poorer (richer) than
the base country have a higher (lower) VSL-to-income ratio than the
base case. More generally, countries with different incomes respond
differently to the pandemic when the common income elasticity, 𝜂,
differs from unity because their VSL-income ratios differs.

The VSL introduced in Eq. (2) will in general differ from the $-value
of life-time discounted utility over steady-state consumption and leisure
and thus requires �̄� ≠ 0. Hence, we need to adjust �̄� in the utility
function, such that the discounted lifetime utility 𝑈 in consumption
nits equals the desired VSL. That is,

𝑈
𝑢′(𝑐𝑗 )

=
𝑐𝑗 − 𝑐
1 − 𝛽

(ln(𝑐𝑗 − 𝑐) − 𝜃
2
𝑛2𝑗 + �̄�) = 𝑉 𝑆𝐿𝑗 (𝜂),

where 𝑐𝑗 and 𝑛𝑗 are steady-state consumption in the absence of a
pandemic in country 𝑗. Solving for �̄� gives

̄ = 𝑉 𝑆𝐿𝑗 (𝜂)
1 − 𝛽
𝑐𝑗 − 𝑐

−(ln(𝑐𝑗 −𝑐)−
𝜃𝑗
2
𝑛2𝑗 ) = 𝑈 (1−𝛽)−(ln(𝑐𝑗 −𝑐)−

𝜃𝑗
2
𝑛2𝑗 ). (7)

hus for the model to deliver a particular 𝑉 𝑆𝐿𝑗 (𝜂), �̄� must equal
he difference in the per-period value of the discounted life-time util-
ty implied by the desired 𝑉 𝑆𝐿𝑗 (𝜂) and the per-period utility from
teady-state consumption and leisure.

We remain agnostic as to the precise values of the subsistence
onstraint 𝑐 and the income elasticity of the VLS, 𝜂. Instead, we first

examine how the model’s outcomes vary for country’s at different
income and IFR levels as the preference parameters traverse a grid of
plausible values (Section 3.4.1), in order to then structurally estimate
𝑐 and 𝜂 on this grid (Sections 5.1 and 5.2).

In setting the range for the preference grid, we are motivated
y existing estimates for the absolute subsistence constraint and the
ncome elasticity of the VSL. For the subsistence constraint, we consider
alues from $0 to $600, covering the estimates presented in Duarte and

Restuccia (2010; ∼ $0) and Bryan et al. (2014; ∼ $50). The upper bound
corresponds to the 5th percentile of yearly GDP/capita across countries
where such data is available, which is close to, but below, the World
Bank’s 2.15 $

day poverty line.8 To allow for the possibility that poor
ountries may respond more to a containment tax than rich ones, we
lso consider negative values of 𝑐, namely 𝑐 = $ − 200. In this case, the
arameter 𝑐 could be interpreted as a kind of basic consumption level
hat is always achieved (akin to an unconditional safety net or home
roduction) even when households do not purchase consumption.9
ote that, for simplicity, we will refer to 𝑐 as the subsistence constraint

n the rest of the paper.
For the income elasticity of the VSL, we consider values between 0.7

nd 1.3. This range encompasses the values for the income elasticity
dvocated by Viscusi and Masterman (2017), who estimate 𝜂 to lie
etween 0.8 to 1.2. For these parameter ranges the utility equivalent
f the targeted VSL for poorer countries is larger than the steady-state
iscounted life-time utility from consumption and leisure in the model,
.e. �̄� > 0.

8 We do not include the 2.15 $
day

poverty line in our grid since the relatively
igh (uniform) value for 𝑐 would imply a negative argument to the log-utility
unction for the poorest countries and thus lead to their exclusion from the
imulations.

9 Negative values of 𝑐 are usually considered for sub-aggregates of con-
umption, for example, in models of structural transformation where aggregate
onsumption is disaggregated into agricultural, manufacturing and service con-
umption, where it is assumed that households always consume a nonnegative
mount of services regardless of their consumption decisions (see Herrendorf
t al. (2014)). While there may be less empirical support for a negative 𝑐 in the
tility function for aggregate consumption, we nevertheless use this modeling
evice to consider the possibility that the response to a containment tax could,
n principle, be decreasing in income.
7

With this specification and range for 𝑐 and 𝜂, we obtain the special
ase of constant elasticity between leisure and consumption as well as
omothetic preferences between lives and livelihoods when 𝑐 = 0 and

𝜂 = 1. That is, for this combination of preferences, all countries would
set the same percentage value added tax and experience the same
percentage drop in consumption. For all other combinations of 𝑐 and 𝜂,

country’s response to the pandemic is not proportional to income. To
e sure, applying the original ERT model with �̄� = 0 to countries with
ower income than the United States also generates non-homotheticity,
ut not in a desirable way. Specifically, a �̄� = 0 implies values for the
SL-income ratio in poorer countries that are unreasonably low. For
xample, in Uganda, the VSL-income ratio would be 52, one third of the
S’ VSL-income ratio, producing an income-elasticity of 5 for the VSL,

ar outside of our grid. This would make living is an extreme luxury
ood.

.4.1. Comparative statics: how do income and the ifr affect agents’ and
olicymakers’ response to the pandemic?

We now present comparative statics to show that the model out-
omes vary substantially and systematically with the dimensions of
bserved cross-country heterogeneity, income, and IFR. We also find
hat the direction and strength of this variation, especially for income,
epends on the direction and strength of non-homotheticity.

To do so, we construct two pairs of representative countries: (i)
‘rich-poor’ pair, where pre-pandemic steady-state incomes equal the
orld Bank’s minimum thresholds for high and middle income coun-

ries (GDP/capita = $12, 696 for the ‘rich’ and GDP/capita = $1, 045 for
he ‘poor’ country) and IFR is held constant and set to the median IFR
n our sample of countries (0.5%); and (ii) a ‘high-low IFR’ pair with
he IFRs equal to the 10th and 90th percentile of the global predicted
istribution in Ghisolfi et al. (2020) (0.3 percent for the ‘low-IFR’ and
.9 percent for the ‘high-IFR’ country) and pre-pandemic steady-state
ncome equals the median income level in our sample of countries
GDP/capita = $5, 853). We set weekly hours to 50 for both pairs of
ountries.

We examine the effect of the non-homothetic preferences and the
ubsistence constraint separately by varying one preference parameter
t a time. First, we examine the VSL-income ratio channel by varying
over a range from 0.7 to 1.3, while fixing 𝑐 at zero (which implies a

onstant response to a given tax across countries). Second, we examine
he subsistence constraint channel by varying 𝑐 from $−200 to $600,
hile fixing 𝜂 at one (which implies a constant VSL-income ratio across

ountries).
With these inputs, the model’s parameters for the representative

ountries in each of the pairs described above are calibrated as follows:
he weekly discount factor is set to 0.961∕52 as in the benchmark
alibration. Labor productivity is set to 𝐴𝑟𝑒𝑝𝑟 = 𝑌𝑤𝑒𝑒𝑘𝑙𝑦,𝑟𝑒𝑝𝑟

𝐻𝑤𝑒𝑒𝑘𝑙𝑦,𝑟𝑒𝑝𝑟
, which

produces steady state weekly consumption of 𝑐∗𝑤𝑒𝑒𝑘𝑙𝑦,𝑟𝑒𝑝𝑟 = 𝐴
(𝐻𝑤𝑒𝑒𝑘𝑙𝑦,𝑟𝑒𝑝𝑟)

.

The disutility of labor is found by inverting the first-order condition
for hour’s worked when there is a subsistence constraint in the utility
function, which gives 𝜃𝑟𝑒𝑝𝑟 =

𝐴𝑟𝑒𝑝𝑟

𝐴𝑟𝑒𝑝𝑟(𝐻𝑤𝑒𝑒𝑘𝑙𝑦,𝑟𝑒𝑝𝑟)2(1−
𝑐

𝐻𝑤𝑒𝑒𝑘𝑙𝑦,𝑟𝑒𝑝𝑟
)2

. Given these

parameters and values for 𝜂 and 𝑐 on the grid, �̄� is found from Eq. (7).
The time to recovery and the productivity drop from infection are

set to the same values as in the benchmark case. The scaling parameters
𝜋𝑠𝑘 in the probability of infection are calibrated with the represen-
tative country’s steady state consumption using the same procedure
described in Section 3.1. (We summarize the calibration for the pairs
of representative countries in column 3 of Table 1).

The comparative statics results for the rich-poor and high-low IFR
pairs of countries are shown in Fig. 3. Each column of the figure
graphs one of three measures of the economic response (peak drop
in hours worked with no containment tax, peak government response
in the form of value added tax, and peak drop in hours with the

optimal government response over the first year of the pandemic) and
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two measures of the pandemic’s evolution (cumulative infections and
cumulative deaths from COVID-19 after the first year of the pandemic)
on the vertical axis as function of the parameters on the horizontal
axis.10 In the first rows of panel (a) and panel (b), the variable on the
𝑥-axis is the income-elasticity of the VSL, 𝜂, (with 𝑐 = 0 fixed) while in
the second rows in panel (a) and panel (b) the variable on the 𝑥-axis
is the subsistence level, 𝑐 (with 𝜂 = 1 fixed). Each subgraph in panel
(a) contains two curves representing the two income scenarios, and
each subgraph in panel (b) contains two curves representing the two
IFR scenarios. The lines’ slopes thus represent the partial derivative of
the given outcome with respect to the parameter on the horizontal axis
(holding income and IFR constant). The height difference of the lines,
on the other hand, measure how the model’s outcomes vary across
rich and poor and low- and high-IFR countries (for given values of the
preference parameters 𝜂 and 𝑐).

Our main concern is to explain the observed gap in pandemic re-
sponse between rich and poor countries, or high- and low-IFR countries,
which may be functions of the unobserved preferences. In short, we are
concerned with the relative height of the two lines in each panel of
Fig. 3 over the underlying grid of preferences.

First, in the top row of Fig. 3(a), the individual response in absence
of a tax, optimal tax, and total response are all greater in poor than
in rich countries for 𝜂 < 1, smaller for 𝜂 > 1 and independent of
income for 𝜂 = 1. By way of intuition, note that when 𝜂 < 1 the VSL-to-
income ratio is higher for poorer countries, and thus (in absence of a
subsistence constraint which equals zero in the top row) they are more
willing to reduce economic activity to avoid pandemic deaths. As a
result, infections and deaths are lower in poor countries when 𝜂 < 1
(and vice versa if 𝜂 > 1).11

Second, in the bottom row of Fig. 3(a), the individual response is
greater in poor than in rich countries for 𝑐 < 0, smaller for 𝑐 > 0, and
independent of income for 𝑐 = 0 (and 𝜂 = 1). This happens because with
a higher subsistence constraint, the marginal utility cost of reducing
consumption or hours worked to avoid deaths is higher — especially
in poor countries whose consumption levels are close to the subsistence
constraint already in pre-pandemic times.

The optimal policy, however, leans against this individual response,
and is stricter in poor countries for a positive subsistence constraint.
This happens because the policymaker needs to counteract the response
of the infected agents, who—because of the subsistence constraint—
increase their labor supply relative to the recovered in order to compen-
sate for the productivity drop that arises as a consequence of infection.
Similarly, for a given infection level, the subsistence constraint also
mutes the voluntary response of the susceptible.12 The policymaker
is now faced with a world where agents find a reduction in hours

10 We compare the maxima/cumulative values of such outcomes through
ime as these are sufficient statistics for the ‘‘strength’’ of the model’s response
o the pandemic.
11 The yellow and blue lines in panel (a) of Fig. 3 cross at values slightly
ifferent from unity, since even when we scale the VSL linearly with income
𝜂 = 1), differences in the assumed steady-state values of consumption let
he epidemiological parameters differ between scenarios. Specifically, since
e assume final epidemic size to be constant across countries, but infections

o increase with hours worked and consumption expenditures, much lower
evels of the latter in LIC imply substantially larger values for 𝜋𝑠1 there. To

address this, we could, in principle, hold epidemiological parameters constant
across contexts, and assume a function converting differing hours worked
and consumption expenditure into identical levels of actual exposure. Since,
however, the intersections’ distances to unity are rather small, we stick with
the original formulation.

12 For the susceptible, the effect of a subsistence constraint is ambiguous, the
subsistence constraint has two effects: (i) for given infections, it makes their
voluntary response more muted, but (ii) the increased activity of the infected
encourages a stronger voluntary response. For our parameter values, the first
effect outweighs the second, and hence the individual response is decreasing
in 𝑐.
8

and consumption more costly for a given infection level, but where
there are more infections relative to a zero subsistence constraint. This
leads the policymaker to set a stricter containment policy, albeit not
strict enough to completely overturn the weaker response of the sus-
ceptible (since the policymaker also cares about the agents’ subsistence
constraint).

The net effect is a total drop in hours worked that is smaller in poor
countries the higher is the positive subsistence level, while the response
of rich countries does not vary much with the subsistence constraint.
As a result, the model predicts worse epidemic outcomes in poor than
rich countries, i.e. higher infections and deaths, when the subsistence
constraint is high.

Third, in Fig. 3(b),we see that the individual response in absence
of a tax, the optimal tax, and hence the total response are always
weaker in low IFR countries than in high IFR countries for all values of
the unobserved preference parameters 𝜂 and 𝑐. As a result, infections,
which are more costly the higher the IFR, are decreasing in the IFR.
In the end, this is not enough for high IFR countries to reduce deaths
below those of low IFR countries though, even in the SIRD-Macro model
with optimal policy.

In sum, we have shown that the optimal policy prescriptions and
agents’ response to it strongly depend on the IFR and income, as well as
on the underlying parameters. Thus, both sets of extensions we propose
appear important for understanding pandemic policy-making outside of
high-income countries.

Specifically, the ranking of rich and poor countries’ responses will
depend on the income elasticity of the VSL and the subsistence level of
consumption. Put another way, poorer countries should set laxer poli-
cies because of their lower income only for certain parameter values.
And in particular, the intuition that policy should be laxer because of
subsistence constraints may fail because it neglects the fact that these
constraints themselves raise infections, which calls for stricter policies
all else equal. Finally, the comparative statics also show that a lower
IFR, regardless of countries’ preferences, always leads to laxer policy.

4. Empirical evidence

We now examine the empirical counterparts of the macro-pandemic
model outcomes presented in the previous section. Specifically, we
show how actual containment policies, economic contractions, infec-
tions, and deaths differed between rich and poor as well as high- and
low-IFR countries during the first year of the pandemic.13

4.1. Data

We use the following outcomes (or proxies) measured throughout
2020. As a measure of national containment policies, we use the
lockdown index and the stringency index from the Oxford University
Blavatnik School of Government (Hale et al., 2021). The lockdown in-
dex captures restrictions on movement and international travel, ranging
from 0, when there is no lockdown, to 3, for the most severe lockdown.
The stringency index calculates an average of all containment measures
a country has taken, including school closures, workplace closures,
cancellation of public events, restrictions on gathering size, closure of
public transport, and stay-at-home requirements. Varying between 0
and 100, these data are available for 160 countries at weekly frequency.
For both indices, we compute the country-level maximum between
January and December 2020 to allow for differential timing of the
pandemic across countries.

To measure the reduction in economic activity, we use data from
the Google Mobility Report (Google LLC, 2021), which tracks how

13 We concentrate on the first year of the pandemic before the widespread
roll-out of vaccines in high-income countries, which may have provided
alternative justification for different policies.
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Fig. 3. Comparative statics of economic response by varying 𝑐 and 𝜂. Panel (a) shows simulations of five model outcomes (three economic and two epidemic) across two sets
of parameter ranges (VSL-income elasticity 𝜂 ∈ [0.7, 1.3] in top row; subsistence constraint 𝑐 ∈ [$ − 200, $600] in bottom row), comparing model configurations differing in their
income while fixing the IFR at the median across countries. Panel (b) shows the same statistics for the same parameter ranges, comparing model configurations differing in their
IFR and holding income constant at the median across countries. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of
this article.)
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often GoogleMaps users frequent specific locations relative to pre-
pandemic levels. Locations are classified into six categories: grocery
and pharmacy; parks; transit stations; retail and recreation; residential;
and workplaces. In this analysis, we use workplace attendance as a
proxy for hours worked. This data is available at weekly frequency
for 125 countries. For each country, we compute the maximum drop
in mobility in 2020.14 As an alternative indicator, we also compute
ifferences in per capita consumption from national accounts data for
020, available annually for 135 countries from the World Bank World
evelopment Indicators, 2022.

To measure infections, we use the SeroTracker dataset compiled
y Arora et al. (2021), which collects COVID-19 seroprevalence studies
cross a large number of rich and poor countries. The data set includes
ome studies drawn from convenience samples (such as medical per-
onnel, vendors, or taxi drivers), who may be either more or less likely
o be infected than the general population. To avoid this bias, we select
tudies where the sample of interest was categorized as either ‘‘Blood
onors’’ or ‘‘Household and community samples’’. We then compute a
eekly average seroprevalence by country. The result is a dataset of
95 country-week observations for 28 countries.15

To measure deaths, we would ideally like to have data on cumu-
ative COVID-19 mortality in the first year of the pandemic. While
fficial death tallies exist for almost all countries on a weekly basis
see e.g., Hale et al. (2021)), there is strong evidence they severely un-
ercount actual COVID-19 deaths, especially in poorer countries (The
conomist, 2022). Thus we follow the common practice of relying
n excess all-cause mortality estimates, drawing on the estimates for
umulative excess mortality compiled for 191 countries by Wang et al.
2022) and, specifically, on their estimate of the country-specific ratio
f excess mortality to official mortality at the end of 2021. The re-
aining challenge we face is that Wang et al. (2022) report cumulative
easures for the end of 2021, whereas our focus is on the first year of

he pandemic. To arrive at cumulative excess deaths at the end of 2020,
e multiply the cumulative officially recorded COVID-19 deaths at the
nd of 2020 by the ratio computed by Wang et al. (2022).16 The result

is an estimate of cumulative excess mortality at the end of the first year
of the pandemic for 174 countries.

We classify countries as high- or low-income using World Bank
GDP/capita figures at 2010 constant dollars. A country is classified
as high-income if its GDP is above the median in the data and as
low-income otherwise. Furthermore, we classify countries as high- or
low-IFR on the basis of their predicted IFR according to Ghisolfi et al.
(2020). A country is classified as high-IFR if its predicted IFR is above
the median in the data and as low-IFR otherwise.

14 It is possible that by focusing on smartphone users, the index may not
epresent the average response for the overall population. However, given
indings that poor citizens are less able to adjust labor supply in response
o shocks (Desai and Pramanik, 2020; Chetty et al., 2021), and assuming that
oor individuals also have lower rates of smartphone ownership in low-income
ountries, the effect we find should be a lower bound of the difference in
esponse between high- and low-income countries.
15 The SeroTracker aggregates published peer reviewed research articles,
reprints, reports, and media (unpublished grey literature). In our dataset, 74
37%) observations come from peer-reviewed, published studies (at the time
f writing), 64(32%) preprints, 40 (20%) official reports, and 20 (10%) come
rom news or media. Rich and poor countries have the same number of data
oints coming from published articles or media, but no poor country has data
oints coming from official reports, while they have double the number of
ata points coming from preprints as rich countries. We also confirm that the
iming of the seroprevalence studies does not differ between high and low
ncome countries. The sign and magnitudes of the estimates do not vary if we
nclude 1. only the seroprevalence data coming from peer-reviewed articles 2.
eer-reviewed or preprint, 3. peer-review, preprint or official reports.
16 As the ratio of excess to official mortality in rich countries can also take
alues below one (and, in some cases, can even be negative), we bound the
inimum number of estimated deaths to be at least as high as the number of

ecorded deaths. The results are very similar without this adjustment.
10
4.2. Empirical results

We now estimate the gap in outcomes between high and low-IFR
countries and rich and poor countries by regressing each outcome 𝑌 =
{Containment policy (𝑃 ),Drop in Economic Activity (𝐸𝐷), Infections
𝐼),Deaths (𝐷)} on an indicator variable I𝑋>median for whether a coun-
ry falls above or below the global median for either the IFR (𝑋 = IFR)
r for income per capita (𝑋 = GDP/capita)17:

𝑖 = 𝛼 + 𝛽I𝑋>median + 𝜀𝑖 (8)

or the regressions using peak containment, peak drop in economic ac-
ivity, and cumulative excess deaths, data are at the country-level with
ne observation per country. For seroprevalence, the data comprise
n unbalanced panel, with one observation per country-week when a
eroprevalence study was reported. In this regression, standard errors
re clustered at the country level.

The results are summarized in Table 2. In columns (1) and (2), we
eport the average outcomes in high- and low-IFR countries, respec-
ively. Column (3) reports the difference (expressed as percentage of
he high-IFR countries’ outcome) and in column (4), the p-value of the
ifference. Columns (5) to (8) report the same statistics for rich and
oor countries. Column (9) reports the number of observations for each
utcome (see Table 2).

High-IFR countries set on average stricter containment policies than
ow-IFR countries: maximum lockdown severity was 2.11 (out of 3)
nd maximum stringency was 84 percent in high-IFR countries, while
hese numbers stood at the 2.00 and 83 percent in low-IFR countries.
onsistent with this, the economies of low-IFR countries contracted less
uring the pandemic: at its lowest point, mobility had dropped by 56
ercent in high-IFR countries and by 49 percent in low-IFR countries.
imilarly, annual per capita consumption decreased by 5 percentage
oints in high-IFR countries and by 2.2 percentage points in low-IFR
ountries.

On the health side, countries with a high IFR experienced fewer
nfections, but more deaths than low-IFR countries. The average sero-
revalence was 9 percent in high-IFR countries and 17 percent in
ow-IFR countries, while cumulative excess deaths stood at 96.3 per
00,000 in high-IFR countries and at 49.8 per 100,000 in low-IFR
ountries.

Comparing rich and poor countries, we find that the latter set the
ame (if not stricter) containment policies, confirming the graphical
nalysis in the introduction. Maximum lockdown severity was 2.06 and
aximum average stringency was 84 percent in both sets of countries.
espite similar containment, the economy contracted 16 percent less

n poor countries, and the average consumption drop was 4 percentage
oint lower.

The pandemic’s death toll was higher in richer countries during
ts first year (this changes in 2021 due to the introduction of the
accines), though the difference between rich and poor countries is not
s pronounced as the difference between high- and low-IFR countries.
umulative excess deaths reached 77.9 per 100,000 in rich countries
nd 68.1 per 100,000 in poor countries. Infection rates, on the other
and, were higher in poorer countries, with a seroprevalence of 20
ercent compared to 9 percent.

17 Note that we discuss here the unconditional differences, even if we
acknowledge that IFR and GDP are not independent. The reason is that the
literature and policy debate has focused on the difference between high and
low-income countries unconditionally, therefore we choose to target these
moments rather than conditional ones when we estimate the model on the
full sample of countries. We have also conducted the model estimation on the

conditional moments, and our results remain the same.
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Table 2
Estimated outcome gaps.

(1) (2) (3) (4) (5) (6) (7) (8) (9)
High IFR Low IFR % Gap P-value High GDP Low GDP % Gap P-value Obs

Peak policy difference
Stringency 84.43 83.37 1 0.59 83.38 84.42 −1 0.50 160
Lockdown 2.11 2.00 5 0.36 2.06 2.06 −0.2 0.90 160

Peak economic activity difference
Max mobility drop 56.38 48.96 13 0.00 57.48 48.02 16 0.00 126
Avg consumption drop 5.00 2.23 55 0.01 5.53 1.87 66 0.00 135

Cumulative infections difference
Seroprevalence 0.09 0.17 −82 0.01 0.09 0.20 −131 0.00 195

Cumulative deaths difference
Excess death rate 96.30 49.74 48 0.00 77.90 68.14 13 0.40 174

Columns (1) and (2) report the average outcomes in high- and low-IFR countries, respectively; column (3) reports the difference (expressed as percentage of the high-IFR countries’
outcome); and column (4) reports the 𝑝-value of the difference. Columns (5) to (8) report the same statistics for rich and poor countries. Column (9) reports the number of
observations for each outcome.
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5. Matching the model to the data

We now ask whether the macro-pandemic model can generate the
pattern of outcomes we see in the data for ‘‘sensible values’’ of the
underlying parameters 𝜂 and 𝑐. The stylized example and comparative
statics in Section 3 suggest that it could, but those simulations do not
take into account the strong positive correlation between a country’s
income and its predicted IFR that we observe in the data. Hence we now
simulate the model’s outcomes conditional on the full joint distribution
of income and IFR, i.e. for all countries in our data set.

With this simulated data we can answer the question at hand using
indirect inference. That is, we find the set of preference parameters, if
any, for which the model produces rich-poor and high-low IFR gaps
which match the empirical ones or, more precisely, their signs. We
content ourselves with matching signs – rather than magnitudes – of
the target moments, because model outcomes are not directly observed
in the real world and we rely on proxies (stringency for containment
tax, mobility for consumption and hours worked) or variables measured
with error (as in the case of seroprevalence and deaths).

5.1. Simulated endogenous model outcomes

To simulate the model-implied rich-poor and high-low IFR gaps,
we return to the country-aggregate data presented in the previous
section, focusing on the 125 countries for which we have full data for
containment, mobility, and deaths over the course of the pandemic.

Specifically, we calibrate the model’s parameters for each of 125
countries using the country’s predicted IFR, pre-pandemic observed
GDP per capita and hours worked and letting 𝜂 and 𝑐 take on values
n a 7 × 5 where 𝜂 ranges from 0.7 to 1.3 in steps of 0.1 and 𝑐 ranges
rom −200 to 600 in steps of 200.18 The calibration is analogous to
hat is described in Section 3.4.1, but uses each individual (rather than

he representative) country’s GDP, hours and IFR. Full details of the
alibration are found in column 4 of Table 1.

For each of the 35 combinations of 𝜂 and 𝑐 on the grid, the model is
hen solved for each of the 125 countries. Specifically, we create sim-
lated sequences for weekly containment policy (the planner’s optimal
alue added tax), the drop in economic activity (the model’s percentage
eviation of aggregate consumption from the steady state), infections,
nd deaths for the first 100 weeks of the pandemic, for a total of 35
ets of simulated data for 125 countries.

For each of these 35 sets of simulated data, we then calculate
he size of the gap for peak containment policy, peak economic con-
raction, cumulative infections, and cumulative deaths between rich

18 Pre-pandemic hours worked are set to 30 for countries above median
ncome and to 50 for countries below, see Section 3.3.
11
and poor countries and high- and low-IFR countries over the first
year of the pandemic, just as in Section 4.2. That is, we calculate for
each 𝑌 = {Containment policy (𝑃 ),Drop in Economic Activity (𝐸𝐷),
Infections (𝐼),Deaths (𝐷)} and for each 𝑋 = {𝐼𝐹𝑅,𝐺𝐷𝑃 } :

𝛥𝑋𝑌 (𝜂, 𝑐) = 𝐸(𝑌𝑖(𝜂, 𝑐)|𝑋𝑖⟩median) − 𝐸(𝑌𝑖(𝜂, 𝑐)|𝑋𝑖 ≤ median) (9)

In Fig. 4, Panel A, we graph the combinations of 𝜂 and 𝑐 which
produce gaps equal to zero between rich and poor countries in the four
outcomes, and indicate regions where the gaps have positive/negative
sign. The zero-level curves for the IFR gaps lie outside the parameter
space and are therefore not shown. We focus on the zero-lines both
because we are only interested in matching the signs of the moments
and because the contour lines related to different levels of the gap are
effectively parallel (the full contour map for non-zero levels of the gaps
is shown in Fig. A.1).

Relative to the comparative statics in Section 3.4.1, the qualitative
model predictions remain the same when simulating the model’s en-
dogenous outcomes on the full two-dimensional parameter space and
for the joint distribution of income and IFR in data. For example, it
is still the case that policy is always stricter, and the total drop in
economic activity always higher and thus total infections lower in high-
IFR countries. Despite this, high-IFR countries always experience more
deaths. Together, this results in sgn(𝛥𝑃 , 𝛥𝐸𝐷, 𝛥𝐼, 𝛥𝐷) = {+,+,−,+}
or the IFR gaps for all values of the preference parameters 𝜂, 𝑐 (as
een in the full contour map in the Fig. A.1). Similarly, as can be
een from Fig. 4, it remains the case, that rich-poor gaps in policy,
conomic contraction, infections and deaths can take on positive, zero,
nd negative values depending on the parameters. And just as before,
he rich-poor policy gap is increasing in 𝜂 and decreasing in 𝑐, (indi-
ated by the upward sloping null line), while the rich-poor gap in the
conomic contraction, infections and deaths is increasing in both 𝜂 and
̄ (indicated by the downward sloping null lines).

Simulating the model on the two-dimensional parameter space does,
owever, clarify the trade-offs between the preference parameters in
enerating the model’s outcomes. For example, both an income elas-
icity of the VSL of 𝜂 = 0.95 and a subsistence level of 𝑐 = 600, and
n 𝜂 = 0.88 and a 𝑐 = 0, will produce a zero policy-gap between rich
nd poor countries. In the first scenario, poor countries have a slightly
igher VSL-to-income ratio than rich countries, but – because of the
igh subsistence constraint – a much lower individual response and
ensitivity to the containment tax, which the poor country policymaker
eeds to counteract by setting a stricter policy. In the second case,
here is no subsistence constraint and so policymakers do not need
o compensate for limited shielding by the susceptible. Their VSL-to-
ncome ratio is much higher than in the first scenario, though, which
ushes them towards stricter policies. These two effects cancel each
ther out to produce the same (zero) policy gap in the two scenarios.
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Fig. 4. Set-identification of the parameters. Panel A combines the zero-level curves for the four rich-poor gaps for policy (𝛥𝑃 ), drop in economic activity (𝛥𝐸𝐷), infections (𝛥𝐼)
and deaths (𝛥𝐷) (see the top row of Fig. A.1). The zero-level curves for the IFR gaps lie outside the parameter space and are hence not shown. Each zero-level curve partitions
the parameter space into two regions, producing either a positive or a negative gap for the respective moment (indicated by 𝛥𝑌 ≷ 0 next to the level curve). Together, the four
zero-level curves partition the parameter space into seven regions, denoted I to VII. Each parameter region generates a particular sign pattern for the high-low IFR and rich-poor
gaps. In Panel B, we display the sign pattern for the high-low IFR gaps and summarize the rich-poor sign patterns shown in Panel A. On the left we show the sign patterns for
high-low IFR gaps for policy (column 2), drop in economic activity (column 3), infections (column 4) and deaths (column 5). On the right, we show the sign patterns for the
rich-poor gaps for the same four pandemic outcomes.
The slope of the null-lines is also informative about the sensitivity of
a rich-poor gap to changes in the unobserved preferences. For instance,
the zero-level curve for economic policy shows that rich countries enact
stricter containment policies for values of 𝜂 higher than 0.9, almost
independent of 𝑐. In contrast, the zero-level curve for excess deaths
depends on both parameters: rich countries experience lower deaths
than poor countries in the northeast quadrant, corresponding to high
values of 𝜂 and 𝑐.

Finally, taking into account the correlation between IFR and income
in the data does change the model outcomes quantitatively relative
to the comparative statics in Section 3.4.1. For example, the zero-line
for policy (and economic contraction and infections) no longer passes
through 𝜂 = 1 (and 𝑐 = 0), but is located to the left of the unit elasticity.
This happens because income and IFR are highly positively correlated
in the global data: being in the bottom half of the income distribution
across 174 countries implies a 42 percent higher chance of having an
IFR below the median. As a result, at 𝜂 = 1 poorer countries have the
same VSL-to-income ratio as richer countries, but their lower IFR drives
them to set a laxer policy. To be pushed to equality thus requires an 𝜂 <
1 (between 0.85 and 0.95 depending on the subsistence level), because
this increases the VSL-to-income ratio in the poor country relative to the
12
rich. For the same reason, the zero-line for deaths is located far to the
right of unity, because even when richer countries set stricter policies
than poorer countries, they will still experience relatively more deaths
because their IFR is on average higher.

5.2. Estimating preferences

Broadly, it is clear from Fig. 4 that the signs of the gaps in policy
can be used to (set) identify the underlying preferences and test the
model’s validity.

Regarding the former, variation in preferences creates systematic
variation in the signs of the rich-poor gaps. By implication, these
gaps can therefore be used to identify preferences. To be precise, the
four zero-level curves in Fig. 4 partition the parameter space into
seven connected regions, denoted I to VII, one for each sign pattern
that the model is able to generate (as summarized in Panel B of the
figure). For example, all parameter combinations in region IV generate
sgn(𝛥𝑃 , 𝛥𝐸𝐷, 𝛥𝐼, 𝛥𝐷) = {+,+,−,+} for the high- vs low-IFR gaps and
sgn(𝛥𝑃 , 𝛥𝐸𝐷, 𝛥𝐼, 𝛥𝐷) = {−,+,−,+} for the rich-poor gap. Thus, if
we observed this sign pattern in the data, we would conclude that
the unobserved preferences lie in region IV. The preferences are thus
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Fig. 5. Alignment of rich-poor and high-low IFR gaps in model and data. The left panel of the figure shows the relative difference between rich and poor countries’ ((𝑌𝑟𝑖𝑐ℎ−𝑌𝑝𝑜𝑜𝑟)∕𝑌𝑟𝑖𝑐ℎ)
modeled (blue) and observed (red) values for four outcomes over the first year of the pandemic. The right panel shows the relative difference between high and low-IFR countries’
((𝑌ℎ𝑖𝑔ℎ𝐼𝐹𝑅 −𝑌𝑙𝑜𝑤𝐼𝐹𝑅)∕𝑌ℎ𝑖𝑔ℎ𝐼𝐹𝑅) modeled (blue) and observed (red) values for four outcomes over the first year of the pandemic. A value close to one implies that the values between
poor and rich (low/high IFR) countries are approximately equal and a ratio larger than one implies that the outcome is larger in the poor (low-IFR) country than in the rich
(high-IFR country). A difference between blue and red bars implies that the ratios are different between modeled and observed data. ‘Peak policy’ refers to the peak containment
rate in the model and the peak stringency index from Hale et al. (2021). ‘Peak economic drop’ refers to the reductions in hours worked in the model and the reduction in
attendance of workplaces as measured by Google LLC (2021). ‘Average Seroprevalence’ refers to cumulative infections in the model and estimates compiled in Arora et al. (2021).
‘Cumulative deaths’ refers to the same in the model and estimates compiled by Wang et al. (2022). (For interpretation of the references to color in this figure legend, the reader
is referred to the web version of this article.)
𝑐

Table 3
Parameter region estimated to target signs of IFR gaps and rich-poor gaps.

Data Model

Estimates
Parameter region IV
Income elasticity of VSL, 𝜂: (0.7, 0.95) (0.7, 0.95)
Subsistence level, 𝑐: (50, 600)

Target moments
High-low IFR gaps

Policy response + +
Drop in economic activity + +
Infections − −
Deaths + +

Rich-poor gaps
Policy response − −
Drop in economic activity + +
Infections − −
Deaths + +

The top panel of the table reports the estimated parameter region and ranges for 𝜂 and
𝑐 that arise from maximizing the number of sign agreements between the rich-poor
and high-low IFR gaps in data and model. The bottom panel reports the signs of the
gaps in data and model in the estimated parameter region IV.

set-identified from the rich-poor gaps and the quality of identifica-
tion depends on precisely what sign pattern one observes in the data
(i.e. some regions in the figure are larger than others).

Regarding the latter (model validation), the fact that the model
can generate only 7 sign patterns of a possible 28 = 256, and only
one sign pattern for the IFR gaps in particular, makes the model
falsifiable. Thus matching the signs of the simulated and data moments
is not trivial (even for those moments which vary with the unobserved
preferences) and, intuitively, the fewer signs we are able to match,
the more skeptical we should be that the model generated the data.
Specifically, we should reject the model as a data generating process
if the sign pattern for the IFR and rich-poor gaps in the data does not
correspond to one of the 7 patterns in Panel B of Fig. 4.

Given this heuristic discussion, our estimation boils down to choos-
ing regions for 𝜂 and 𝑐 to maximize the number of sign agreements
between the rich-poor and high-low -IFR gaps in the simulated and
observed data. The results of this estimation are shown in Table 3. To
recap, in the data, individuals living in poor countries reduced their
economic activity less than in rich countries, despite equally strict (or
stricter) containment policies. This led to higher infections but a lower
13
death rate. Countries with lower IFRs set laxer policies, experienced less
of an economic contraction, and had higher infections, and lower death
rates. The simulated model matches this pattern exactly for parameters
in region IV and the number of sign agreements between model and
data is thus maximized for any parameter combination in IV. Hence,
we estimate lower and upper bounds for 𝜂 of 0.75 and 0.9 and for 𝑐
of $50 and $600. The fact that we match the sign pattern in the data
exactly indicates a good fit between model and data.

5.3. Comparing estimated model and data

Having used the congruence of signs to estimate the unknown
preferences, we now examine how well the structurally estimated
model matches the actual magnitudes of the differences in the core
outcomes across rich and poor and high- and low-IFR countries in the
data. Within the range of parameter values consistent with the sign
of our empirical estimates, we focus here on plausible values of both
the VSL elasticity and the subsistence constraint, namely 𝜂 = 0.9 and
̄ = $400, which yield magnitudes for policy stringency, the contraction
in economic activity, and cumulative death rates that are close to what
we observe in the data. For each of the four model-generated outcomes,
we calculate the relative rich-poor gaps ((𝑌𝑟𝑖𝑐ℎ−𝑌𝑝𝑜𝑜𝑟)∕𝑌𝑟𝑖𝑐ℎ) and relative
high/low-IFR gaps ((𝑌ℎ𝑖𝑔ℎ𝐼𝐹𝑅 − 𝑌𝑙𝑜𝑤𝐼𝐹𝑅)∕𝑌ℎ𝑖𝑔ℎ𝐼𝐹𝑅) and compare each
gap to its data counterpart.

Fig. 5 shows that the magnitudes of the relative rich-poor gaps line
up closely between model and data, with the exception of the infection
data, where infection rates in poor countries were much higher than our
model predicts. If anything, this discrepancy makes the policy response
of low-income countries appear even more reasonable.

The magnitudes of the relative high-low IFR gaps diverge somewhat
more between model and data. In particular, the model predicts a larger
policy gap than what we see in reality. This is perhaps not surprising
since our model assumes that policymakers know the relevant IFR, thus
abstracting from the fact that there was considerable uncertainty about
this parameter, especially at the beginning of the pandemic. Moreover,
the pandemic started in countries with relatively high IFRs, which may
have influenced policy-making in countries with lower IFRs. Including
these considerations in the model would lead it to predict more similar
policies in high- and low-IFR countries.

Overall, the broad congruence between model predictions and data
for the rich-poor and the high-low IFR gaps across the four outcomes
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makes us confident that even a relatively parsimonious model such
as ours can be used to rationalize pandemic policy-making and make
inference about policy-makers’ preferences.

6. Discussion

Do the structurally estimated preferences indicate that poor coun-
tries reacted too strongly to the pandemic because they put too high a
value on life over livelihoods? If our results implied values of 𝜂 or 𝑐 that

ere inconsistent with what we know from the existing literature, for
xample a VSL that is independent of income or a negative subsistence
onstraint, we would be inclined to question the wisdom of pandemic
olicy-making in low-income countries. The range we estimate for the
references suggests there is no reason to do so. On the contrary, the
lasticity we estimate implies a VSL that increases strongly but less
han proportionally with income. It also lies squarely in the range
stimated in the academic literature and adopted by policymakers. For
xample, Viscusi and Masterman (2017) collect VSL estimates from
ontexts varying by income and estimate the cross-country income
lasticity of the VSL to lie between 0.8 and 1.2. A review by the OECD
2012) recommends the use of an income elasticity of 0.8.

The estimated elasticity is also consistent with other observed policy
hoices. For example, the amounts governments and citizens spend
o finance their health system relative to income suggest that poorer
ountries are indeed willing to put relatively more money into saving
ives than increasing livelihoods than richer countries. In our sample,
e find an income-elasticity of health expenditure of 0.85 among

ountries categorized as low- and lower-middle income by the World
ank, while the elasticity in the whole sample is around 1.1. More
etailed analyses – for example, Farag et al. (2012) – find elasticities
ower than unity using either cross-section or time-series variation,
hich qualifies health expenditure as a non-luxury good.

Similarly, the existence of a subsistence level and thus an elasticity
f substitution between consumption and leisure that is increasing in
ncome, is widely accepted. Our finding of 𝑐 > $50 per person per
nnum is consistent with this. If one wants to relate 𝑐 to an absolute
overty line below which consumption must not fall, then the upper
ound of $600 corresponds to about $1.6 per day. Although subsistence
evels and poverty lines are certainly not invariant across contexts,
uch a value seems well within the plausible range of a bare minimum
onsumption level, below which agents might be unwilling or even
nable to trade off consumption to reduce COVID-19 exposure.

. Conclusion

In early 2020, many countries enacted strict containment policies,
mposing economic pain to reduce the spread of disease. Especially
uring the first stages of the pandemic, the stringency of these policies
as quite similar in rich and poor countries.

In this paper, we attempt to make sense of these policy choices from
he point of view of national policymakers maximizing social welfare,
efined as an aggregate of individual utilities. To do so we follow
he emerging COVID-19 economics literature by embedding a standard
ompartmental model from epidemiology (with agents moving between
our categories: susceptible, infected, recovered, or deceased) within a
imple macroeconomic framework. On the economic side, agents make
ecisions about consumption and labor supply, each of which exposes
hem to an increased risk of infection and, hence, death, but fail to
nternalize the externality their choices have on others. Policymakers
an tax consumption to discourage risk-taking and achieve the social
ptimum.

We focus on two ways that rich and poor countries differ which
e hypothesize are salient for understanding their respective pandemic
olicy responses: their incomes, of course, and their infection fatality
ate (IFR). With their younger populations, poorer countries faced
14

ower IFRs, which in all versions of our model point unambiguously
oward laxer containment policies. We expand on earlier work to allow
ncome to affect agents’ and policymakers’ choices in two ways. First,
s explored in the large literature on the value of a statistical life,
oorer countries may place a higher (or lower) monetary value on life
n proportion to their income. This is mostly an empirical question:
n our theoretical framework, a higher VSL as a share of per capita
ncome points unambiguously toward stricter containment policies,
ilting the trade-off between lives and livelihoods toward the former.
econd, we also allow for subsistence constraints, such that individuals
elow some consumption threshold become qualitatively less willing
o forego consumption to reduce disease risk. As we show, the impact
f subsistence constraints on optimal behavior and policy is more
uanced.

Empirically, we estimate these underlying preference parameters
sing measures of policy severity (proxied by an index of stringency,
ggregating various policy levers such as school closures, stay-at-home
rders, etc.), agents’ economic behavior (proxied by Google’s mobility
ndex), COVID-19 infections from seroprevalence studies, and measures
f excess mortality during the pandemic. We see that while poorer
ountries enacted equal or stricter containment policies, they also wit-
essed less acute drops in economic activity. Dividing countries by their
redicted infection fatality rate, we see (as the model unambiguously
redicts) less strict policies and smaller drops in economic activity in
ountries with lower IFRs, as well as higher infection rates combined
ith lower mortality rates.

Calibrating the model for 125 countries and a grid of possible
SL and subsistence constraint parameters, we show that the observed
mpirical patterns are consistent with the model when two conditions
old: (a) the income-elasticity of the VSL is less than one, such that
oorer countries have a proportionally higher value on life and (b) the
ubsistence constraint is strictly greater than zero. Both of these fea-
ures appear consistent with empirical literature from various sources
rior to the pandemic.

It is important to note that we are not in a position to make any
laims about whether a given policy in a given country was or was not
ptimal from a welfare-maximizing perspective. Rather, we find that
model that balances economic and disease considerations using an

ncome specific value of a statistical life and a subsistence constraints
ppears consistent with the empirical data. Within such a model, we
dentify the forces that might push poorer countries toward relatively
tricter policies, despite their lower infection fatality risk. In combi-
ation, these features can explain why a poor country might impose
qually strict or stricter containment measures as a rich country, despite
hat — and in fact, because — agents in the former face subsistence
onstraints, making it harder for them to comply with containment.

ata availability

Replication packages for the tables and figures in the article are
vailable https://www.dropbox.com/sh/pklj09epvcannf1/AAD9Wi3vf
CK30F0nD71jJDpa?dl=0.

ppendix

In Fig. A.1, we plot the selected simulated moments on the two-
imensional parameter grid by way of a contour map. In the top row,
he contour lines in each panel show the combinations of parameters
hat produce a given rich-poor gap. In the bottom row of Fig. A.1,
e repeat the exercise for the gap in outcomes between high- and

ow-IFR countries. Of particular importance are the zero-level curves
indicated by a black line) in each panel, which allow us to partition
he parameter space into two regions: one region containing parameter
ombinations that induce a positive gap in the outcome (shaded red
ith darker colors indicating larger positive values), and one region
here the parameter combinations induce a negative gap (shaded blue
ith darker colors indicating larger negative values) (see Fig. 4, panel
, Table A.1).
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Fig. A.1. Contour maps of outcome differences by rich vs. poor and high vs. low IFR countries. The top row of the figure shows percentage-point differences in model outcomes
between rich and poor countries across a parameter grid including the subsistence level 𝑐 ∈ [$ − 200, $600] on the vertical axis and the VSL-income elasticity 𝜂 ∈ [0.7, 1.3] on the
orizontal axis. ‘Policy’ refers to the peak policy during the first year of the pandemic. ‘Economic activity’ refers to peak contraction in hours worked. ‘Infections’ and ‘Deaths’ refer
o cumulative infections and deaths over the first year of the pandemic, respectively. We classify rich and poor countries by whether they are above or below the global median
DP per capita across countries from the World Bank World Development Indicators. For parameter combinations falling into blue-shaded areas, our model predicts a higher value

e.g. a stricter peak policy, more infections) for rich countries, and vice-versa for red-shaded areas. The bottom row repeats the exercise for the gap in outcomes between high-
nd low-IFR countries, where we again classify countries by their IFR relative to the global median using data from Ghisolfi et al. (2020). (For interpretation of the references
o color in this figure legend, the reader is referred to the web version of this article.)
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Countries included in analyses.
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Afghanistan X X X X Cameroon X X X X X
Albania X X X Canada X X X X X X
Algeria X X X Central African Rep. X X X
Angola X X X X X Chad X X X
Antigua & Barbuda X X Chile X X X X X
Argentina X X X X X China X X X X
Armenia X X Colombia X X X X X X
Australia X X X X X X Comoros X X
Austria X X X X X X Congo Rep. X X X X
Azerbaijan X X Costa Rica X X X X X
Bahrain X X X X Cote d’Ivoire X X X X
Bangladesh X X X X X Croatia X X X X X
Barbados X X X X Cuba X X X
Belarus X X X X X Cyprus X X X X
Belgium X X X X X X Czech Rep. X X X X X
Belize X X X X X Congo DRC X X X

(continued on next page)
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Table A.1 (continued).
Benin X X X X X Denmark X X X X X X
Bhutan X X X Dominican Rep. X X X X X X
Bolivia X X X X X Ecuador X X X X X X
Bosnia & Herzegovina X X X X X Egypt X X X X X
Botswana X X X X X El Salvador X X X X X
Brazil X X X X X X Equatorial Guinea X X
Brunei X X X Estonia X X X X X X
Bulgaria X X X X X Eswatini X X X
Burkina Faso X X X X Ethiopia X X X X
Cabo Verde X X X X X Fiji X X X X
Cambodia X X X X X Finland X X X X X
France X X X X X X Liberia X X
Gabon X X X X X Lithuania X X X X X
Georgia X X X X X X Luxembourg X X X X X X
Germany X X X X X X Macedonia X X X
Ghana X X X X X Madagascar X X X
Greece X X X X X Malawi X X
Grenada X Malaysia X X X X X
Guam X X X Maldives X X
Guatemala X X X X X Mali X X X X X
Guinea X X X Malta X X X X
Guinea Bissau X X X Mauritania X X X
Guyana X X Mauritius X X X X X
Haiti X X X X X Mexico X X X X X X
Honduras X X X X X Micronesia X
Hungary X X X X X X Moldova X X X X X
Iceland X X X X X Mongolia X X X X X
India X X X X X X Montenegro X X
Indonesia X X X X X Morocco X X X X X
Iran X X X X X Mozambique X X X X X
Iraq X X X X Myanmar X X X X
Ireland X X X X X X Namibia X X X X X
Israel X X X X X X Nepal X X X X X
Italy X X X X X X Netherlands X X X X X X
Jamaica X X X X X NewZealand X X X X X
Japan X X X X X X Nicaragua X X X X X
Jordan X X X X X Niger X X X X X
Kazakhstan X X X X X Nigeria X X X X X X
Kenya X X X X X X Norway X X X X X
Kiribati X X Oman X X X X X
Kuwait X X X X Pakistan X X X X X X
Kyrgyz Rep. X X X X X Panama X X X X X
Lao PDR X X X Papua New Guinea X X X X
Latvia X X X X X Paraguay X X X X X
Lebanon X X X X X Peru X X X X X X
Lesotho X X Philippines X X X X X
Poland X X X X X Sweden X X X X X X
Portugal X X X X X X Switzerland X X X X X X
Qatar X X X X Tajikistan X X X X
Romania X X X X X Tanzania X X X X X
Russian Federation X X X X X X Thailand X X X X X
Rwanda X X X X X The Bahamas X X X X X
Samoa X The Gambia X X X
Sao Tome & Principe X Timor Leste X X X

Saudi Arabia X X X X X X Togo X X X X
Senegal X X X X X Tonga X X
Serbia X X X X X Trinidad and Tobago X X X X
Seychelles X X Tunisia X X X
Sierra Leone X X X Turkey X X X X X
Singapore X X X X X Turkmenistan X X
Slovakia X X X X X Uganda X X X X X
Slovenia X X X X X Ukraine X X X X X
Solomon Islands X X United Arab Emirates X X X X X
South Africa X X X X X United Kingdom X X X X X X
South Korea X X X X X United States X X X X X X
Spain X X X X X X Uruguay X X X X
Sri Lanka X X X X X Uzbekistan X X X
St Lucia X Vanuatu X X
St Vincent & Grenadines X Vietnam X X X X X
Sudan X X X Zambia X X X X
Suriname X X Zimbabwe X X X X

The table indicates whether data for a given country on a specific indicator is available and, as indicated in the rightmost column, included in our analysis. ‘Stringency’ refers to
data on containment measures compiled by (Hale et al., 2021). ‘Mobility’ refers to data on workplace attendance from Google LLC (2021). ‘Income’ refers to GDP/capita measures
from the World Bank World Development Indicators. ‘Seroprevalence’ refers to the SeroTracker dataset compiled by Arora et al. (2021). ‘Deaths’ refer to the excess mortality
estimates compiled for 191 countries by Wang et al. (2022)
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