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Abstract
This paper examines the robustness of the optimal lockdown strategy to the postu-
lated social welfare criterion. We show that utilitarianism can, under some conditions,
imply a COVID-19 variant of Parfit’s (1984) Repugnant Conclusion: for any (inte-
rior) lockdown with life periods of low quality, there must be a stricter lockdown that
is regarded as better, even though this reduces the quality of life periods even more.
On the contrary, the ex post egalitarian criterion (giving priority to the worst-off ex
post) implies zero lockdown. Varying between its minimal and its maximal levels, the
optimal lockdown is not robust to the postulated ethical criterion. We also identify a
general ethical dilemma between the goal of saving lives (modeled by the Survivors
Number Count axiom) and the goal of giving priority to the worst-off (Hammond
Equity).
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1 Introduction

In order to battle against the COVID-19 pandemic and to save lives, governments
around the world relied massively on lockdown strategies during spring 2020. At
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the beginning of April 2020, about 3.9 billion humans—that is, more than half of
humanity—were asked or ordered to stay at home to prevent further expansion of the
pandemic.1

Those (more or less strict) lockdown strategies saved lives, but at the cost of caus-
ing a major macroeconomic slowdown and a rise in unemployment. According to
Deb et al. (2020), the Great Lockdown reduced the number of fatalities by about
90% in comparison to a baseline with no containment policies. But at the same time,
the lockdown had also a major impact on economic performance. According to the
OECD (2020), the scale of the decline in the level of output is equivalent to about 2
percentage points of GDP growth lost for each month of strict lockdown. As a conse-
quence, the 3 months of strict lockdown in spring 2020 imply an annual GDP growth
that was, for 2020, lowered by about 6 percentage points, and thus unambiguously
negative, i.e., a severe contraction of economic activity.2 The macroeconomic impact
of COVID-19 is studied in more details in Atkeson (2020) and Eichenbaum et al.
(2020).

The design of optimal lockdown requires weighting the gains and losses from
maintaining the economy under more or less strong sanitary constraints. Recent
papers by Acemoglu et al. (2020), Alvarez et al. (2020), and Gollier (2020) examined,
using various theoretical settings, the optimal lockdown strategy within dynamic
economic models including the (potentially amended) susceptible, infected, and
recovered (SIR) structure of epidemiological frameworks. Those papers studied
not only the optimal extent of the lockdown, but, also, the optimal timing of the
lockdown.3

The goal of this paper is to focus on another aspect of the optimal lockdown
problem: its robustness to the postulated social welfare criterion. The research ques-
tion that we would like to address in this paper is to know how robust the optimal
lockdown strategy is to the underlying ethical criterion.

Our research question is motivated by the fact that the design of an optimal lock-
down strategy is an inherently prescriptive task. Deriving an optimal lockdown is, by
nature, normative, in the sense that this tells us something about what governments
or national health agencies should do. As emphasized by Moore (1903), a norma-
tive proposition—whatever it is—cannot be deduced from positive premises only, but
requires necessarily, among the premises, at least one normative proposition. Any
policy can only be “optimal” with respect to some pursued goal, which is norma-
tive in nature. What is true in general is also true in the times of COVID-19: any
“optimal” lockdown can only be “optimal” given some pursued goal. As a conse-
quence, the study of the optimal lockdown cannot avoid a discussion of its normative
foundations.

During the COVID-19 crisis, governments gave the impression that the pursued
goal was to “save as many lives as possible”. Whereas further research would be

1See Euronews (2020).
2Obviously, those figures will have to be updated, in the light of what takes place in 2021, where the
COVID-19 epidemic is still active.
3Other recent papers on optimal size and timing of the lockdown include Bosi et al. (2021), Garriga et al.
(2020), and Piguillem and Shi (2020).
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needed to “rationalize” government’s strategies during the COVID-19 crisis, one can
raise doubts about a social objective that would consist in saving as many lives as pos-
sible. Such a normative objective would ignore all other aspects of life, and, as such,
would be too restrictive. Ideally, a social objective should incorporate and weight all
aspects of life (not only the quantity of life, but, also, the quality of life). This paper
explores the implications of several distinct social welfare criteria for the design of
optimal lockdown strategies.

In order to address that issue, this study develops a dynamic model of the human
life cycle with risky lifetime. In our model, an epidemic, which has its own dynamics,
increases mortality and reduces the proportion of old individuals in the population. In
that economy, the government has only one policy instrument against the epidemic: a
lockdown strategy, which decreases the prevalence of the epidemic and the mortality
due to the epidemic, but at the cost of reducing consumption possibilities and causing
direct disutility.4 We examine the solution of the optimal lockdown problem under
various social welfare criteria.

The model studied in this paper is designed so as to be the simplest framework
allowing us to examine how different ethical criteria address the trade-offs between
the goals of saving lives and economic prosperity. Our model includes, unlike SIR
models, only two states: individuals can be either alive or dead, and the average age
at death varies with the prevalence of the pandemic. But despite its simplicity, our
model accounts for the fact that individuals of different ages are not equally vulner-
able to the pandemic. The prevalence of the pandemic is modelled as an equilibrium
phenomenon, whose level depends on the strength of lockdown policies. Following
Acemoglu et al. (2020), we consider not only the design of optimal (undifferentiated)
lockdown policies (as those carried out in 2020), but, also, the design of optimal age-
differentiated lockdown policies (with a degree differing between the young and the
old).

When examining the design of optimal lockdown policies, this paper differs from
the existing literature on optimal timing issues (optimal “stop-and-go” policies).
Unlike that literature, this paper focuses on the selection of stationary lockdown poli-
cies allowing to reach the equilibrium prevalence of the pandemic, which can be
interpreted as a “target” selected by the public authority. Abstracting from transi-
tional issues allows us to pay more attention to the determinants of the selection of the
target. Although a simplification, this theoretical shortcut is most relevant for policy-
makers facing trade-offs between saving lives and prosperity. Governments around
the world designed their policies by fixing a target for the prevalence of the pan-
demic, a target with respect to which they adjusted lockdown policies up and down.
Our setting allows us to focus on the selection of that target, whose level reveals how
the trade-off between saving lives and prosperity is dealt with. This paper aims at
examining how different ethical doctrines address that difficult trade-off.

Our main result is that the optimal lockdown strategy is not robust to the postulated
social welfare criterion. Utilitarianism leads to a strictly positive lockdown level,

4This paper considers thus a second-best framework, where other policy instruments, such as vaccination
policies, are not available.
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and can also, under some conditions, imply a COVID-19 variant of Parfit’s (1984)
Repugnant Conclusion: for any (interior) lockdown with life periods of low quality,
there must be a stricter lockdown that is regarded as better, even though this reduces
the quality of life periods even more. On the contrary, the ex post egalitarian criterion,
which gives priority to the worst-off ex post (once individual durations of life are
known), implies a zero lockdown, a result in sharp contrast with utilitarianism.5

Although the sensitivity of an optimal policy to the pursued social objective could
be anticipated, the contribution of this paper is to show that, in the case of the design
of optimal lockdown, the lack of robustness takes an extreme form: the optimal lock-
down varies between its minimal level (under ex post egalitarianism) and its maximal
level (prevailing, in general, under utilitarianism). The strong sensitivity of the opti-
mal lockdown policy to the postulated social criterion is robust to extending the set of
available policy instruments to allow for age-differentiated lockdown policies. Under
utilitarianism, there is still, in general, some support for positive age-differentiated
lockdown, whereas the ex post egalitarian optimum involves zero lockdown
for all.

Beyond the comparison of optimal lockdown under utilitarianism and ex post egal-
itarianism, our results point to a general ethical dilemma between two goals: on the
one hand, saving lives (modeled by the Survivors Number Count axiom), and, on the
other hand, giving priority to the worst-off (Hammond Equity). Preventive policies
like the lockdown achieve the first goal, but at the cost of deteriorating the situation
of the most disadvantaged in the society.

This paper is organized as follows. Section 2 presents the model. The optimal
lockdown is then derived under the utilitarian criterion in Section 3. Section 4 iden-
tifies the condition under which the utilitarian criterion leads to a COVID-19 variant
of Parfit’s Repugnant Conclusion. The ethical dilemma between saving lives and
Hammond Equity is studied in Section 5. Section 6 characterizes the optimal lock-
down under the ex post egalitarian criterion. In order to study the robustness of our
results to the set of available policy instruments Section 7 examines the optimal age-
specific lockdown policies under utilitarianism and ex post egalitarianism. Section 8
concludes.

2 Themodel

Let us consider a simple model of the human life cycle in the presence of an epidemic.
Time is discrete, and goes from t = 0 to t = +∞. The model is a two-period
overlapping generations economy: there are two ages of life—the young age and
the old age—and the duration of each period of life is normalized to unity.6 Young
individuals are active, while old individuals are retired. The number of young adults

5The ex post egalitarian social criterion was previously studied by Fleurbaey and Ponthiere (2013) and
Fleurbaey et al. (2014).
6For the sake of simplicity, we abstract here from childhood.
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is denoted by N > 0. For the sake of simplicity, we assume that all cohorts have the
same size N (i.e., no population growth).7

The survival process An epidemic takes place in the society, and increases the
strength of mortality. Let us denote by 0 ≤ St < 1 the probability to survive to the
old age at time t . Abstracting from infant and childhood mortality, life expectancy at
birth in our economy is thus equal to 1 + St .8

The probability of survival to the old age is decreasing with the degree of preva-
lence of the epidemic, denoted by 0 ≤ It ≤ 1, and increasing with the strength
of the lockdown, denoted by Zt . The degree of lockdown can go from Zt = 0 (no
lockdown) to Zt = 1 (full lockdown). We have:9

St = S (It , Zt ) (1)

In the absence of any epidemic (i.e., It = 0) and lockdown, we have St = S(0, 0) =
S̄ < 1. The first-order derivatives of S (I, Z) satisfy: SI < 0, SZ > 0 when It > 0
and SZ = 0 when It = 0.

Using the Law of Large Numbers, the number of old persons at time t is:
NS (It , Zt ). The strength of the pandemic only affects the number of old individuals,
but not the number of young individuals (N). This feature of the model captures an
important asymmetry concerning the impact of the COVID-19 epidemic on mortal-
ity: the epidemic increased the mortality of the old, while the mortality of the young
remained low and only marginally affected.10

The prevalence of the epidemic The prevalence of the epidemic at time t depends on
prevalence at time t − 1, and on the degree of lockdown imposed by the government
at time t − 1, according to the law:

It = M + It−1

1 + It−1 + Zt−1
(2)

where 0 < M < 1. That simple dynamic law ensures that the prevalence of the
epidemic It belongs to the [0, 1] interval, is increasing in the past prevalence It−1,
and decreasing in the strength of the lockdown Zt−1. We have:

�It ≡ It − It−1 = M − I 2t−1 − It−1Zt−1

1 + It−1 + Zt−1
(3)

7That assumption prevents us from considering the effect of unequal cohort sizes on the pandemic. Note,
however, that replacement fertility is a standard assumption when studying countries having reached
advanced stages in the demographic transition (Lee 2003).
8It is assumed that all young individuals live the entire young age (of duration 1), and that only a fraction
S of them will reach the old age (also of duration 1).
9We assume that individuals cannot invest in preventive behaviors increasing survival chances. The only
way to reduce mortality is through lockdown policies. This simplifying assumption is made to be as
close as possible to the context of COVID-19, where lockdown policies imposed themselves as major
instruments against the pandemic.
10Abstracting from infant mortality and young adult mortality has a cost in terms of realism. But introduc-
ing mortality at younger ages would complicate the model without bringing new insights for the study of
the general trade-off between saving lives and prosperity.
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In the absence of lockdown (Zt−1 = 0), the prevalence of the epidemic grows
(i.e., �It > 0) when M > I 2t−1. That condition is quite weak when the prevalence of
the epidemic is initially low, as it is always the case with epidemics in the real world.
On the contrary, the prevalence declines (i.e., �It < 0) in the absence of lockdown
when M < I 2t−1, which can only be achieved when the prevalence is quite high.

Introducing a lockdown Zt−1 > 0 reduces the growth of the prevalence of the epi-
demic. The growth of the prevalence is strictly positive when M > I 2t−1 + It−1Zt−1,
and declines when M < I 2t−1 + It−1Zt−1. Thus, imposing a lockdown reduces the
growth of the prevalence of the epidemic, and can also, if the lockdown is sufficiently
strict, decrease the prevalence of the epidemic.

The production process The output is denoted by Yt > 0. For simplicity, production
involves only labor. Young individuals supply one unit of labor inelastically. The
output obtained from a given quantity of labor depends on the extent of the lockdown
policy decided by the government. The stronger the lockdown is, and the lower the
output is, for a given quantity of labor.

The production process is described by the following production function:

Yt = F (N, Zt ) (4)

where FN > 0, FNN < 0 (decreasing marginal productivity of labor), as well as
FZ < 0. We assume also that, for any level of labor, the output remains strictly
positive even when the lockdown chosen by the government takes its maximal value,
that is, that: F(N, 1) = Ŷ > 0.11

The resource constraint At any period of time, the production is consumed by the
population. Let us denote by ct ≥ 0 the consumption of each young adult at time t .
Let us assume that each old adult receives a defined benefit Pay-As-You-Go pension
bt ≥ 0.12 Thus, the following resource constraint holds in the economy at any period
of time:

F (N, Zt ) = Nct + NS (It , Zt ) bt (5)

The left-hand side (LHS) is equal to the total production at time t , whereas the
right-hand side (RHS) is the total consumption, of either young adults (first term) or
old adults (second term). The extent of the lockdown policy chosen by the govern-
ment affects the resource constraint on the two sides. On the one hand, a stronger
lockdown reduces the available output (LHS); on the other hand, the degree of the
lockdown also increases the proportion of old individuals in the population, which
increases aggregate consumption of the old (RHS).

11For simplicity, we assume that the only channel through which the pandemic affects the production
process is through the lockdown policy. Thus, we do not take into account here the direct effects of the
pandemic on labor productivity (through the health of workers). This assumption can be justified as a first
approximation: it reflects the fact that the pandemic affected much more the elderly than the young adults.
12Note that our results would not be affected if we were assuming a PAYGO system with defined
contributions instead of defined benefits.

246



Optimal lockdown and social welfare

Rewriting the consumption of each young adult as follows:

ct = F (N, Zt )

N
− S (It , Zt ) bt (6)

it appears that the lockdown imposes a double pressure on the consumption of the
young, by reducing output per worker (first term of RHS) and by increasing the
transfer of each worker to the elderly (second term of RHS).

Preferences Individuals are assumed to have preferences over lotteries of life that
satisfy the expected utility hypothesis. Expected lifetime well-being for a young adult
at time t is given by:13

EUt = u(ct ) − vZt + S (It , Zt )
[
u(bt+1) − vZt+1

]
(7)

where the utility function u (·) is increasing and concave in consumption.14

Expression Eq. 7 represents individual preferences, and, as such, captures how
individuals value consumption and lifetime.15 Following Becker et al. (2005), we
assume that there exists a finite consumption level b̄ > 0 that makes a person indiffer-
ent, in the absence of lockdown, between life and death. When consumption exceeds
b̄, the person would, in the absence of lockdown, prefer being alive to being dead. On
the contrary, when consumption is below b̄, the person prefers, in the absence of lock-
down, being dead to being alive. 16 Throughout this paper, we consider an advanced
economy, where consumption lies above the threshold, making lives worth living.

The parameter v ≥ 0 captures the pure disutility from the lockdown, that is, the
welfare loss that arises independently from the fall of consumption. The pure disutil-
ity from the lockdown vZt has various sources. The lockdown restricts fundamental
liberties (freedom of circulation, right of assembly, etc.) and limits social contacts
(with family and friends), which cause welfare losses. The term vZt allows us to
incorporate in the analysis all lockdown-related welfare losses that are not due to
variations in consumption.

Note that the postulated utility function treats all premature deaths in a similar
way, whatever their cause is (epidemic or not). The underlying intuition is that the
damage due to a premature death lies mainly in the opportunity cost of death (i.e.,
all the things that would have been lived provided death had not taken place), rather
than in the circumstances of death.

13The utility function deliberately abstracts from pure time preferences. Actually, the survival probability
S (It , Zt ) can be interpreted as a biological discount factor.
14The utility of being dead is normalized to 0.
15Given that this paper focuses on the trade-off between saving lives and prosperity, we assume here that
the effect of the pandemic on welfare goes either through survival conditions, or through consumption
possibilities, or through the pure disutility of lockdown. Adding a term for the utility of health would
complicate the analysis, without adding key insights for the issue at stake.
16The existence of the threshold b̄ can be justified by reductio ad absurdum. If that finite threshold b̄ > 0
did not exist, it would be the case either that all lives (even the most miserous ones) are worth living (when
b̄ ≤ 0), or that no life (even the richest ones) is worth living (when b̄ → +∞). None of those two cases
is attractive. Thus, the existence of a finite threshold b̄ > 0 makes sense. See Fleurbaey and Ponthiere
(2019).
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Equilibrium prevalence of the epidemic The prevalence of the epidemic follows the
dynamic law:

It = M + It−1

1 + It−1 + Zt−1
(8)

In the absence of any lockdown policy (i.e., Zt−1 = 0 ∀t), the prevalence of the
epidemic follows the law:

It = M + It−1

1 + It−1
(9)

so that the equilibrium prevalence It = It−1 = I is given by: I ∗ = 2
√

M < 1. Given

that
∣
∣∣ ∂It

∂It−1

∣
∣∣
I=I∗ < 1, the prevalence of the epidemic will, in the absence of lockdown,

converge to a level equal to 2
√

M . We then have: St = limI→∞ S
(

2
√

M, 0
)

= S̆ with

0 < S̆ < 1.
Let us now assume that a constant positive lockdown Zt−1 = Z > 0 takes place.

The equilibrium prevalence of the epidemic is now given by:

I ∗ = −Z + 2
√

Z2 + 4M

2
> 0 (10)

The equilibrium prevalence of the epidemic I ∗ under a positive lockdown is smaller
than in the absence of lockdown, since I ∗ is decreasing in the size of the lockdownZ.

Note also that the absolute value of the derivative of the prevalence dynamic
equation at the equilibrium prevalence satisfies the condition:

∣
∣
∣∣

∂It

∂It−1

∣
∣
∣∣
I=I∗

= 1 + Z − M
(
1 + Z + −Z+ 2

√
Z2+4M
2

)2
< 1

so that the equilibrium prevalence I ∗ is locally stable. This means that, for any initial
prevalence I0 and any level of lockdown Z, the prevalence of the pandemic will
converge towards its equilibrium level I ∗.

One can interpret the equilibrium prevalence of the pandemic I ∗ as a kind of “tar-
get” that the government can achieve through the selection of a particular degree of
lockdown Z. Obviously, the level of the “target” selected by the government depends
on the underlying social welfare criterion. The rest of the paper is dedicated to
examining that policy choice.

3 Optimal lockdown under utilitarianism

Let us now consider the design of a socially optimal lockdown policy. For that
purpose, this section adopts the standard utilitarian ethical criterion. Introduced by
Bentham (1789) and Mill (1863), utilitarianism recommends to implement policies
that satisfy the Principle of Utility, or the Principle of the Largest Happiness for
the Largest Number. Under utilitarianism, social ethics is reduced to a calculus of
pleasures and pains. The question of the optimal lockdown is here reduced to char-
acterizing the degree of lockdown that leads to the largest social welfare, defined as
the sum of individual utilities.
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Let us consider a utilitarian social planner, who chooses the consumption per
young adult c, the PAYGO benefit b, and the degree of lockdown Z in such a way
as to maximize the sum of individual utilities prevailing at the steady-state equilib-
rium, while satisfying the economy’s resource constraint, and while assuming that
the prevalence of the epidemic takes its equilibrium level.17

The problem of the utilitarian social planner can be written as:

max
c,b,Z

N [u(c) − vZ + S (I, Z) [u(b) − vZ]]

s.t. c = F (N, Z)

N
− S (I, Z) b

I = −Z + 2
√

Z2 + 4M

2
Z ≥ 0 and 1 − Z ≥ 0

The last two conditions insure that 0 ≤ Z ≤ 1, that is, the lockdown is between 0 (no
lockdown) and 1 (full lockdown).

The above social planning problem can be interpreted as follows. The equilib-
rium level of the prevalence I can be interpreted as a “target” for the prevalence of
the pandemic. The social planner, by selecting a degree of lockdown Z, also selects
an equilibrium level for I , and, hence, some “target” in terms of the prevalence of
the pandemic. This “target” reveals how the social planner addresses the trade-off
between the goals of saving lives and prosperity.

Substituting for the first two constraints, the utilitarian social planner’s problem
can be rewritten as the following Lagrangian:

max
b,Z

N

⎡

⎢
⎢
⎣

u

(
F(N,Z)

N
− S

(
−Z+ 2

√
Z2+4M
2 , Z

)
b

)
− vZ

+S

(
−Z+ 2

√
Z2+4M
2 , Z

)
[u(b) − vZ]

⎤

⎥
⎥
⎦ + λZ + μ(1 − Z)

where λ and μ are two Lagrange multipliers.
First-order conditions (FOCs) are:

− S

(
−Z + 2

√
Z2 + 4M

2
, Z

)

u′(c) + S

(
−Z + 2

√
Z2 + 4M

2
, Z

)

u′(b) = 0 (11)

and

N

[
u′(c)

(
FZ (·)

N
− SZ (·) b

)
− v + SZ (·) [u(b) − vZ] − S (·) v

]
+ λ − μ = 0

(12)

17The social planner faces an informational constraint: the planner cannot identify the persons who will
have a long life and those who will die prematurely. This explains why the planner selects a unique level
of consumption c at the young age, for all individuals (short-lived or long-lived). This informational con-
straint can be defended on the grounds of realism. Governments in the real world cannot identify citizens
who will turn out to die prematurely in the future. Note, however, that the solution of the utilitarian prob-
lem would remain exactly the same if the planner could identify ex ante the persons who will be short-lived
or long-lived.
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where SZ (·) is the derivative of S (I (Z), Z) with respect to Z, as well as:18

λ ≥ 0, Z ≥ 0 (13)

μ ≥ 0, 1 − Z ≥ 0 (14)

with complementary slackness.
The first FOC can be simplified to:

u′(c) = u′(b) (15)

that is, it is socially optimal, from a utilitarian perspective, to smooth consumption
along the life cycle. We thus have:

c = b = F (N, Z)

N (1 + S (I, Z))
(16)

Consumption possibilities are thus decreasing with the extent of the lockdown.
Let us now focus on the socially optimal lockdown level under utilitarianism. The

second FOC simplifies to:

SZ (·) [u(b) − vZ] = v(1 + S (·)) − u′(c)
(

FZ (·)
N

− SZ (·) b

)
− λ

N
+ μ

N
(17)

The LHS is the marginal gain in social welfare from allowing more elderly people
to survive thanks to stricter lockdown, whereas the RHS is the marginal loss in social
welfare due to a stronger lockdown, which includes, on the one hand, a direct utility
loss from the lockdown (for the young and the old) (first term of RHS), and, on
the other hand, a reduction of consumption possibilities due to the fall of output per
worker and the additional pressure on resources due to a larger number of elderly
persons (second term of RHS).19

In a nutshell, the condition for optimal lockdownZ depends on three key elements:
first, the marginal impact of a higher degree of lockdown on survival conditions
(as valued by individuals); second, the marginal pure disutility from the lockdown
(independently from its effect on consumption possibilities); third, the effect of the
lockdown on temporal utility via the reduction of consumption possibilities. The rel-
ative strengths of those three elements will determine the level of optimal lockdown
from a utilitarian perspective.

Let us now examine the condition under which the optimal lockdown is zero.
Lagrange multipliers take the values λ > 0 and μ = 0. This case occurs when,
if Z = 0, the marginal welfare gain from a rise in Z is lower than the marginal

18We have: SZ (·) = S1
dI (Z)
dZ

+ S2, where S1 and S2 denote, respectively, the partial derivatives of S (·)
with respect to its first argument, and with respect to its second argument.
19Note that, in the absence of epidemic, we would have SZ (·) = 0, implying that the optimal lockdown
would be equal to zero, since in that case the marginal welfare gains from a positive lockdown would be
equal to zero, while the associated costs on the RHS would be strictly positive, so that we must have λ > 0
and μ = 0, that is, Z = 0.

250



Optimal lockdown and social welfare

welfare loss associated to such a rise. Denoting ĉ ≡ F(N,0)

N
(
1+S

(
2√

M,0
)) , the necessary

and sufficient condition for a zero optimal lockdown level is:

SZ

(
−Z + 2

√
Z2 + 4M

2
, Z

)∣
∣∣∣
∣
Z=0

[
u(ĉ) − u′(ĉ)ĉ

] ≤ v(1 + S̆) − u′(ĉ)
(

FZ (·)
N

∣∣
∣∣
Z=0

)
(18)

Since SZ (·) > 0 at Z = 0, and assuming u(ĉ) − u′(ĉ)ĉ > 0, the LHS is strictly
positive. The two terms of the RHS are also strictly positive. The higher the pure
marginal disutility of the lockdown is, the more likely it is that the optimal lockdown
is zero. Another key determinant is the level of the marginal output loss due to a
marginal rise in the degree of lockdown when Z = 0. If the pure marginal disutility
of the lockdown is low (i.e., v � 0), and if the output reacts little to a marginal rise
in Z (i.e., FZ (·) � 0 at Z = 0), the RHS is close to 0, so that the condition is not
satisfied, and the optimal lockdown is strictly positive.

Using the above discussion, Proposition 1 presents the necessary and sufficient
condition for a strictly positive optimal lockdown.

Proposition 1 Consider the utilitarian social optimum. The optimal lockdown is
strictly positive if and only if

SZ

(
−Z + 2

√
Z2 + 4M

2
, Z

)∣∣∣
∣∣
Z=0

[
u

(
ĉ
) − u′ (ĉ

)
ĉ
]

> v(1 + S̆) − u′ (ĉ
) (

FZ (·)
N

∣
∣∣∣
Z=0

)

Proof See above.

The necessary and sufficient condition for a strictly positive lockdown levelZ > 0
is relatively weak, especially when the direct disutility of the lockdown is low. The
intuition behind that statement is that the survival function is likely to be extremely
sensitive to a marginal rise in the extent of the lockdown when the initial lockdown
level is zero. Thus, the first factor of the LHS of the condition in Proposition 1 is
likely to be quite high, implying that the LHS exceeds the RHS, leading thus to a
strictly positive optimal lockdown level.

It is thus possible, under mild conditions, to rationalize, on utilitarian grounds, the
existence of a strictly positive lockdown in the presence of an epidemic like COVID-
19.20 Note, however, that the degree of strictness of the optimal lockdown under
utilitarianism is more complex to characterize, since this optimal degree (i.e., the
level of optimal Z) is the outcome of a complex calculus of pleasures and pains,
where various forces are at work, as we discussed above. Having stressed this, we

20Given that this paper focuses on the selection of optimal stationary policies, utilitarianism would thus
recommend here a positive stationary, i.e., permanent, lockdown. While that result may seem counterintu-
itive at first glance, it should be reminded that we study here a second-best setting where the lockdown is
the unique policy instrument against the epidemic.
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can nonetheless identify some conditions under which the optimal lockdown would,
under utilitarianism, take its maximal level (Z = 1).

4 A COVID-19 Repugnant Conclusion

The utilitarian social criterion is a standard benchmark in social ethics and in public
economics. However, when applied to an economy with a pandemic, the utilitarian
criterion can have quite counterintuitive implications.

A first unattractive implication consists of its tendency to imply a variant of Parfit’s
1984 Repugnant Conclusion. In a seminal work in population ethics, Parfit showed
that classical utilitarianism suffers, under mild conditions, from the Repugnant Con-
clusion: for any large population of individuals having a low quality of life, it is
always possible to find a larger population where each individual enjoys a lower
quality of life, but which is regarded as better.

Within the context of a pandemic, utilitarianism can lead to some form of Repug-
nant Conclusion. Under some conditions, the society is, under utilitarianism, locked
in a kind of COVID-19 variant of the Repugnant Conclusion: for any (interior)
lockdown with life-periods of low quality, there must be a stricter lockdown that is
regarded as better, even though this reduces the quality of life-periods even more.
A utilitarian society would thus, under some conditions, be condemned to maximal
lockdown leading to life periods of low quality.

In order to understand that result, let us turn back to expression Eq. 17, and let
us now consider the condition under which the optimal lockdown is Z = 1. In that
case, Lagrange multipliers in Eq. 17 take the levels λ = 0 and μ > 0. Denoting

S̄ = S
(−1+ 2√1+4M

2 , 1
)

< 1, and c̄ ≡ F(N,1)
N(1+S̄)

, the necessary and sufficient condition

for the maximal lockdown to be socially optimal is:

SZ

(
−Z + 2

√
Z2 + 4M

2
, Z

)∣
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∣
∣
Z=1

[
u(c̄) − u′(c̄)c̄ − v

]
> v

[
1 + S̄

] − u′(c̄)
(

FZ (·)
N

∣
∣
∣∣
Z=1

)
(19)

That condition depends on how reactive the survival function S(·) is to a variation
of Z when the lockdown is at its maximal level. If that reactivity is low (i.e., SZ (·) �
0), the above condition is never satisfied. However, there is no reason to impose
that assumption. There is no obvious reason why small deviations from maximal
lockdown should have a negligible effect on survival to the old age. It is plausible
that the survival function is sensitive to Z even at the maximal lockdown level.21

If so, the above condition may be satisfied, especially in economies where the pure
disutility from lockdown is low.

21Note that the parallel with the modelling of a production process may be here quite misleading. Indeed,
when modelling a production function, it is usual to assume some form of Inada conditions, that is, that
the marginal productivity of an input tends to be extremely low when the quantity of that input tends to be
extremely large. But the modelling of a survival function is quite different: it is possible that, even at the
maximal degree of lockdown, reducing slightly the degree of lockdown may lead to a substantial rise of
mortality. Thus, one cannot use Inada conditions to rule out the case where maximal lockdown is optimal.
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Under that condition, a level of lockdown less than the maximal lockdown is never
socially optimal. There is always a gain in social welfare from shifting from Z to
Z′ > Z. Obviously, such a shift from Z to Z′ > Z has a cost in terms of the average
welfare level prevailing in the population at a given time period. To see this, note that
average welfare at time t is:

N (u(c) − vZ) + NS

(
−Z+ 2

√
Z2+4M
2 , Z

)
(u(c) − vZ)

N

(
1 + S

(
−Z+ 2

√
Z2+4M
2 , Z

)) = u(c) − vZ (20)

which is decreasing in Z. Hence, when shifting from Z to Z′ > Z, there is always a
loss in average welfare at time t , but a gain in aggregate welfare.

Hence, under some conditions, utilitarianism leads to a form of Repugnant Con-
clusion, since this leads societies to sacrifice the quality of life periods on the grounds
of promoting the quantity of life periods. Proposition 2 summarizes our results.

Proposition 2 Consider the utilitarian social optimum. If
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(
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√
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2
, Z

)∣∣∣
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Z=1

[
u(c̄) − u′(c̄)c̄ − v

]
> v

[
1 + S̄

] − u′(c̄)
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FZ (·)
N

∣
∣∣∣
Z=1

)

then for any (interior) lockdown Z < 1 with life periods of low quality, there must
be a stricter lockdown Z′ > Z that is regarded as better, even though it reduces the
quality of life periods even more.

Proof See above.

Proposition 2 states a condition under which any interior lockdown is not optimal
from a utilitarian perspective: for any interior lockdown with a low quality of life
periods (i.e., a low average welfare at a given period), there exists a higher degree
of the lockdown that is regarded as better, even though it reduces the quality of life
periods even more. That result can be regarded as a COVID-19 variant of Parfit’s
Repugnant Conclusion.

Let us say a few words on how the result of Proposition 2 can be related to Parfit’s
original Repugnant Conclusion.

Parfit’s Repugnant Conclusion states that, for any large population of individuals
having a low utility level, it is always possible to find another, even larger, population,
where each individual enjoys an even lower welfare level, but such that total welfare
is larger. The reason why Parfit’s result is regarded as a counterintuitive implication
of classical utilitarianism lies in the fact that utilitarianism justifies a—somewhat
unattractive—substitution between the quantity of lives and the quality of lives: the
Repugnant Conclusion amounts to replace lives with a high quality by a larger num-
ber of born individuals enjoying poor lives (see Blackorby et al. (2005), Arrhenius
(2013)).
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Proposition 2 identifies the condition under which utilitarianism leads to a
COVID-19 variant of the Repugnant Conclusion. In comparison to Parfit’s result, the
utilitarian criterion justifies here another type of substitution: a substitution between
average welfare at a given time period and the quantity of life for a given number of
born individuals. That form of substitution is somewhat counterintuitive: the quality
of each life period is here being sacrificed on the ground of a rise in the total num-
ber of life periods. As in Parfit (1984), there is, here again, some form of substitution
between quantity and quality. The difference is that Parfit’s result involves a sub-
stitution between the quantity of lives and the quality of lives, whereas Proposition
2 involves a substitution between the quantity of life periods and the quality of life
periods.22

Note that the extent to which one regards the result of Proposition 2 as being
“repugnant” is a matter of ethical sensibility. As for Parfit’s result, some readers
might find that this result is in conflict with their basic moral intuitions. Other read-
ers might find this conclusion not “repugnant”. We do not want to impose a particular
view here. We just want to highlight that utilitarianism can legitimate extreme lock-
down policies on the ground of a substitution between the quantity of life periods and
the quality of life periods. Whether this kind of substitution is ethically attractive or
not goes beyond the scope of this paper.

5 Saving lives versus Hammond Equity

When considering issues of social justice, a major benchmark consists of the prop-
erty of Hammond Equity (1979). Hammond Equity regards as socially desirable any
transfer of well-being from a more advantaged person to a less advantaged person,
whatever the sizes of the welfare loss for the former and of the welfare gain for the
latter. In some sense, Hammond Equity consists of giving absolute priority to the
worst-off in the society.

It can be shown that the utilitarian optimum leads, in the context of selecting an
optimal lockdown under a pandemic, to a violation of Hammond Equity. To see this,
let us first calculate the welfare levels of all individuals in the society.

The realized or ex post lifetime well-being of the short-lived is, at the utilitarian
optimum, given by:

USL = u

(
F (N, Z)

N (1 + S (I, Z))

)
− vZ (21)

The realized or ex post lifetime well-being of the long-lived is, at the utilitarian
optimum, given by:

ULL = u

(
F (N, Z)

N (1 + S (I, Z))

)
− vZ + u

(
F (N, Z)

N (1 + S (I, Z))

)
− vZ (22)

22The policy result derived in Proposition 2 is ethical in nature: it does not concern a one-person choice
between the quantity of life periods and the quality of life periods, but a social dilemma that involves many
persons, everyone making some sacrifices in terms of quality of life periods for the sake of increasing the
quantity of life periods of some individuals.
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Assuming that a life is worth living, that is, that the utility of being alive at a given
time period is higher than the utility of being dead (normalized to 0), that is:

u

(
F (N, Z)

N (1 + S (I, Z))

)
− vZ > 0 (23)

we can see that, at the utilitarian optimum, persons who have a short life are worse-off
than persons who enjoy a long life.

Does the utilitarian criterion satisfy Hammond Equity? The answer to that ques-
tion is, in general: No. To understand why the utilitarian criterion violates Hammond
Equity, let us remind that, under the condition of Proposition 1, the utilitarian opti-
mum involves a strictly positive level of the lockdown Z > 0. It should be stressed,
however, that the well-being of the short-lived is decreasing with the strength of the
lockdown:

∂USL

∂Z
= u′

(
F (N, Z)

N (1 + S (·))
)

FZ (N, Z) N (1 + S (·)) − F (N, Z) NSZ (·)
(N (1 + S (·)))2 − v < 0

Therefore, if one wants to satisfy Hammond Equity, one needs here to set the
lockdown level Z to zero, in such a way as to maximize the lifetime well-being of
the short-lived, USL. This is not the case under utilitarianism in general. Proposition
3 summarizes our results.

Proposition 3 Hammond Equity requires to set the lockdown level to Z = 0. Under
the condition of Proposition 1, the utilitarian criterion leads to a strictly positive
lockdown, Z > 0, thus violating Hammond Equity.

Proof See above.

Utilitarianism violates Hammond Equity, since it fails to give priority to the worst-
off ex post. Such a failure is problematic: within our economy, being long-lived
or short-lived is a pure matter of luck, a pure matter of circumstances. Well-
being inequalities due to unequal lifetimes are arbitrary, and the short-lived are
victims of circumstances. Hence, if a government wants to be fair with respect to
short-lived individuals, it should, in line with Hammond Equity, implement a zero
lockdown. Utilitarianism, by recommending a strictly positive lockdown, fails to
satisfy Hammond Equity.

At this stage, it is worth explaining the reason why utilitarianism implies a positive
lockdown. Actually, as shown above, the average welfare at a given point in time
is decreasing in the extent of the lockdown. Moreover, the well-being of the worst-
off (the short-lived) is decreasing with the strength of the lockdown. Hence, why
does utilitarianism lead to a positive lockdown level? The answer to that question
can be found by going back to the FOC characterizing the optimal lockdown under
utilitarianism:

SZ (·) [u(b) − vZ] = v(1 + S (·)) − u′(c)
(

FZ (·)
N

− SZ (·) b

)
− λ

N
+ μ

N
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The unique gain, in terms of social welfare, appears on the LHS of the condition: it
comes from the fact that the strength of the lockdown strategy increases the survival
probability to the old age, and, hence, leads to saving lives. If that motive were absent
(i.e., SZ (·) = 0), the utilitarian criterion would not legitimate any lockdown.

In the light of all this, it appears that there exists a fundamental dilemma between,
on the one hand, Hammond Equity and, on the other hand, saving lives. Under the
conditions of Proposition 1, utilitarianism implements a strictly positive lockdown
and, hence, violates Hammond Equity. Under the conditions of Proposition 2, util-
itarianism implies the maximal lockdown, and, hence, leads to save as many lives
as possible. But when the conditions of Proposition 1 are satisfied and not the ones
of Proposition 2, utilitarianism implies an interior lockdown, which violates both
Hammond Equity and the goal of saving lives.

As formalized by Fleurbaey and Ponthiere (2013), a basic way to present the
objective of saving lives takes the form of the Survivors Number Count Axiom. That
axiom states that the certainty to save one life justifies a general rise of the preventive
effort in the population, consumption levels being left unchanged.

Does the utilitarian criterion satisfy the Survivors Number Count Axiom? To
answer that question, let us consider the hypothetical choice of a lockdown level
ceteris paribus, that is, the hypothetical choice of a lockdown level in an economy
where consumption possibilities are not affected by the lockdown (i.e., FZ (·) = 0).23

Under that assumption, the FOC for optimal lockdown becomes:

SZ (·) [
u(c) − u′(c)c − vZ

] = v(1 + S (·)) − λ

N
+ μ

N

We can see that, if

(SZ (·)|Z=1)
[
u(c̄) − u′(c̄)c̄ − v

]
> v(1 + S̄)

the utilitarian optimum would involve, in that hypothetical case, the maximal lock-
down, meaning that the certainty to save one more life would definitely justify
as much prevention as possible. That condition is necessary and sufficient for the
utilitarian criterion to satisfy the Survivors Number Count Axiom.

Proposition 4 The Survivors Number Count Axiom requires to set the lockdown to
Z = 1 when the lockdown does not affect consumption possibilities. The utilitarian
criterion satisfies the Survivors Number Count Axiom if and only if:

(SZ (·)|Z=1)
[
u(c̄) − u′(c̄)c̄ − v

]
> v(1 + S̄)

Proof See above.

Thus, while the utilitarian criterion fails to satisfy Hammond Equity, it can, in
some cases, satisfy the Survivors Number Count Axiom. Obviously, when there is no
direct welfare loss due to the lockdown, the condition of Proposition 4 is necessarily

23That assumption is not realistic, but is made here only for the sake of evaluating whether the utilitarian
criterion would satisfy the Survivors Number Count Axiom.
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satisfied, and the utilitarian criterion satisfies the Survivors Number Count Axiom.
However, in cases where there is a high disutility of lockdown, this may not be the
case.

Whereas the Survivors Number Count Axiommay be regarded as a quite mild way
of formalizing the goal of “saving lives,” that axiom is actually incompatible with
Hammond Equity, as shown in Fleurbaey and Ponthiere (2013). This contradiction
between those two ethical principles is a general result, which can be expressed also
in an economy with a pandemic like the one studied here.

Indeed, Hammond Equity requires to set the lockdown level to Z = 0 even in
the hypothetical case where the lockdown does not affect consumption possibilities
(i.e., when FZ (·) = 0). The reason is that a strictly positive lockdown level would
reduce the welfare of the worst-off (the short-lived), because of the pure disutility of
lockdown. But at the same time, the Survivors Number Count Axiom requires, in that
hypothetical case, to set Z = 1 (maximal lockdown), on the ground of the certainty
to save one life. Those two implications being contradictory, there exists no ethical
criterion that would satisfy both Hammond Equity and the Survivors Number Count
Axiom.

Proposition 5 Assume a strictly positive disutility from lockdown v > 0. No ethical
criteria can satisfy both Hammond Equity and the Survivors Number Count Axiom.

Proof See above.

Proposition 5 points to a fundamental dilemma between two attractive social goals:
on the one hand, giving priority to the worst-off and, on the other hand, saving lives.
A choice is to be made between those two objectives.

The utilitarian criterion violates Hammond Equity, but can, under the conditions
of Proposition 4, satisfy the Survivors Number Count Axiom. As such, the utilitarian
criterion tends to give priority to the goal of saving lives. One may, on the contrary,
opt for a social criterion that gives priority to the worst-off. A social objective of that
kind is studied in the next section.

6 Optimal lockdown under ex post egalitarianism

Welfare inequalities due to unequal lifetimes are a pure matter of luck, and one
may argue that such arbitrary inequalities should be abolished. One way to advocate
for this consists of referring to the Principle of Compensation, according to which
welfare inequalities due to circumstances should be abolished (see Fleurbaey and
Maniquet 2004, Fleurbaey 2009).

Let us now assume an alternative social criterion, which does justice to the Princi-
ple of Compensation. Following Fleurbaey et al. (2014), we consider here the ex post
egalitarian social criterion, which gives absolute priority to the interests of the worst-
off ex post. Note that the social planner cannot identify the persons who will turn
out to be short-lived and those who will turn out to be long-lived. As a consequence,
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it is difficult for the planner to identify precisely the persons who will be the most
disadvantaged ex post (i.e., once durations of life are revealed). But this informa-
tional constraint does not prevent the social planner from selecting a triplet {c, b, Z}
that maximizes the well-being of the worst-off individual ex post. Indeed, the social
planner knows that some individuals will turn out to be short-lived, and that piece
of information is sufficient to select the triplet {c, b, Z} that will maximize the life-
time welfare of the persons—not identified—who will turn out to be the worst-off ex
post.24

Under the ex post egalitarian criterion, the problem of the social planner is:

max
c,b,Z

min {u(c) − vZ, u(c) − vZ + u(b) − vZ}

s.t. c = F (N, Z)

N
− S (I, Z) b

I = −Z + 2
√

Z2 + 4M

2
Z ≥ 0 and 1 − Z ≥ 0

The objective function is not differentiable. However, it is possible to rewrite
that planning problem as the maximization of the welfare of the short-lived sub-
ject to the egalitarian constraint specifying that the long-lived and the short-lived are
equally well-off, and subject to the resource constraint and the equilibrium epidemic
prevalence constraint. The problem can be rewritten as:

max
b,Z

u

(
F (N, Z)

N
− S (I, Z) b

)
− vZ

s.t. u(c) − vZ = u(c) − vZ + u(b) − vZ

I = −Z + 2
√

Z2 + 4M

2
Z ≥ 0 and 1 − Z ≥ 0

The first constraint consists of an egalitarian constraint. That constraint specifies
that the long-lived persons and the short-lived persons must be equally well-off. That
egalitarian condition can only be satisfied provided:

u(b) − vZ = 0 ⇐⇒ b = u−1 (vZ)

Substituting for this and for the equilibrium prevalence, the planning problem
becomes:

max
Z

u

(
F (N, Z)

N
− S

(
−Z + 2

√
Z2 + 4M

2
, Z

)

u−1 (vZ)

)

−vZ +λZ +μ(1−Z)

where λ, μ are two Lagrange multipliers.

24See Fleurbaey et al. (2014) on this issue. Note that, if the ex post egalitarian planner could identify the
persons who will turn out to be short-lived, the planner would differentiate young-age consumptions, and
give more resources to the short-lived (unlike what the utilitarian planner would do in the same circum-
stances). Given the lack of realism of that case, this paper focuses on problems where the planner cannot
identify the short-lived ex ante.
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The FOCs are:

u′(c)
[

FZ (·)
N

− SZ (·) u−1 (vZ) − S (·) 1

u′ ◦ u−1 (vZ)

]
− v + λ − μ = 0 (24)

as well as:

Z ≥ 0, λ ≥ 0 (25)

1 − Z ≥ 0, μ ≥ 0 (26)

with complementary slackness.
Note that, since the first, the second, and the third term in brackets of the first FOC

are all strictly negative, the above equality cannot prevail, except if λ > 0 and μ = 0,
which implies Z = 0. The optimal lockdown under the ex post egalitarian criterion
is thus the absence of lockdown, that is, Z = 0. That result is in line with what we
showed above: Hammond Equity requires a zero lockdown. As a consequence, the
ex post egalitarian criterion, which gives absolute priority to the worst-off, implies
also a zero lockdown.

Quite interestingly, this policy recommendation is in sharp contradiction with
what the utilitarian criterion would recommend. Indeed, under the mild conditions
of Proposition 1, utilitarianism implies a strictly positive lockdown level. This lock-
down level may also take its maximal level under the conditions of Proposition 2.
Those policy recommendations are not compatible with what the ex post egalitarian
criterion implies.

This is not the only point of divergence between the two social criteria in the
context of a pandemic. There is also a substantial divergence concerning the shape of
consumption profiles. As we have seen in Section 3, utilitarianism recommends a flat
consumption profile, with young age consumption c being exactly equal to the old-
age pension benefit b. But such an equality does not hold at the ex post egalitarian
optimum.

Indeed, the egalitarian constraint requires, at a zero lockdown level:

u(c) = u(c) + u(b) ⇐⇒ b = b̄

We thus have that the old-age pension benefit is, in the light of the egalitarian
constraint, reduced to the level b̄ > 0.25

Consumption at the young age satisfies:

c = F (N, 0)

N
− S

(
2
√

M, 0
)

u−1 (0) = F (N, 0)

N
− S̆b̄ (27)

Under general conditions, we have that F(N,0)
N

− S̆b̄ > b̄, which implies that the
ex post egalitarian optimum involves a decreasing consumption profile with the age.
That policy recommendation is in sharp contrast with what utilitarianism implies.

25The ex post egalitarian optimum involves thus a strictly positive old-age consumption equal to b̄. The
intuition is that if old-age consumption were lower than b̄, long-lived individuals would be worse-off than
short-lived persons. Alternatively, if b > b̄, the short-lived would be worse-off than the long-lived.
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The intuition behind that policy recommendations goes as follows. The govern-
ment has here, as an objective, to maximize the well-being of the worst-off ex
post. Those worst-off individuals are, under mild conditions (see above), the persons
who die prematurely. Those persons cannot be identified ex ante. Moreover, once
individual durations of life are revealed, it is generally too late to compensate the
disadvantaged (because he is already dead). However, despite those difficulties, it is
possible for a government to improve the situation of the worst-off, by transferring
resources at young ages of life, in such a way as to increase the consumption of all
young individuals. By proceeding in that way, the government will also, indirectly,
improve the lives of the persons who will turn out to be short-lived. Hence, consump-
tion profiles decreasing with the age are part of a strategy in order to improve the
situation of the worst-off (see Fleurbaey et al. (2014)). Proposition 6 summarizes our
results.

Proposition 6 The ex post egalitarian social optimum involves zero lockdownZ = 0,
as well as a decreasing consumption profile with the age: c > b.

Proof See above.

Proposition 6 points to two major reasons why the Great Lockdown went against
the interests of the worst-off.

First, giving priority to the worst-off recommends to impose zero lockdown, con-
trary to the policies carried out in spring 2020. The Great Lockdown aimed at saving
lives, but deteriorated the living standards of young individuals, some of whom will
turn out to be short-lived (because of the epidemic or because of other causes).

Second, giving priority to the worst-off requires to impose decreasing con-
sumption profiles with age. However, the large economic crisis that followed the
Great Lockdown had, as a major consequence, to reduce incomes and consump-
tion possibilities especially for young adults. This goes against the interests of
worst-off individuals, since reducing consumption possibilities at the young age also
deteriorates the situation of individuals who will turn out to be short-lived.

7 Optimal age-differentiated lockdown

Up to now, we characterized optimal lockdown under various social objectives, while
assuming that the lockdown must be global, and cannot be differentiated across age
groups. One might criticize this approach, and argue that our analysis assumed a kind
of second-best setting. Actually, given that the elderly are most vulnerable to the
COVID-19, and given that the cost of the lockdown consists mainly of the economic
losses due to the reduction of production, there is a strong support for a targeted
lockdown that would focus only on the old. That point was made by Acemoglu et al.
(2020).

This section aims at examining to what extent our previous results are robust to
allowing for age-differentiated lockdown. Throughout this section, we assume that
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the government facing the pandemic can choose different degrees of lockdown for
the young and for the old. Let us denote by Z

y
t the lockdown for young adults, and

by Zo
t the lockdown for the old.

The survival conditions faced by the elderly depend on the prevalence of the
pandemic and on age-specific lockdown levels Zo

t and Z
y
t :

St = S
(
It , Z

y
t , Zo

t

)
(28)

First-order derivatives of S (I, Zy, Zo) satisfy: SI < 0 , SZy > 0 when It > 0 and
Zo

t < 1 as well as SZy = 0 when It = 0 and/or when Zo
t = 1.26 We also have:

SZo > 0 when It > 0 as well as SZo = 0 when It = 0.
The prevalence of the epidemic follows the dynamic law:

It = M + It−1

1 + It−1 + αZ
y

t−1 + (1 − α)Zo
t−1

(29)

where 0 < M < 1 and where α ∈ [0, 1] measures the strength of the (marginal)
impact of the lockdown of the young on the prevalence of the epidemic, while 1 −
α ∈ [0, 1] measures the strength of the (marginal) impact of the lockdown of the
old on the prevalence of the epidemic. In case of non-differentiated lockdown (i.e.,
Z

y

t−1 = Zo
t−1), that formula vanishes to the one studied above.

The equilibrium prevalence is:

I ∗ = − (αZy + (1 − α)Zo) + 2
√

(αZy + (1 − α)Zo)2 + 4M

2
> 0 (30)

Note also that:

∣∣
∣
∣

∂It

∂It−1

∣∣
∣
∣
I=I∗

= 1 + αZy + (1 − α)Zo − M
(
1 + αZy + (1 − α)Zo + −Z+ 2

√
(αZy+(1−α)Zo)2+4M

2

)2
< 1

so that the equilibrium prevalence is locally stable.
The production process is only affected by the lockdown faced by young adults

(i.e., workers):

Yt = F
(
N, Z

y
t

)
(31)

where FN > 0, FNN < 0 (decreasing marginal productivity of labor), as well as
FZy < 0.

26The intuition is that the degree of lockdown for the young does not affect survival conditions of the
elderly when there is no pandemic, or when the elderly are under maximal lockdown (i.e., then completely
isolated from the remaining of the population).
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The utilitarian problem The problem of the utilitarian social planner can be written
as:

max
c,b,Zy,Zo

N
[
u(c) − vZy + S

(
I, Zy, Zo

) [
u(b) − vZo

]]

s.t. c = F (N, Zy)

N
− S

(
I, Zy, Zo

)
b

I = − (αZy + (1 − α)Zo) + 2
√

(αZy + (1 − α)Zo)2 + 4M

2
Zy ≥ 0 and 1 − Zy ≥ 0

Zo ≥ 0 and 1 − Zo ≥ 0

Substituting for the first two constraints, the utilitarian social planner’s problem
can be rewritten as the following Lagrangian:

max
b,Zy ,Zo

N

⎡

⎢
⎢
⎣

u

(
F(N,Zy)

N
− S

(
−(αZy+(1−α)Zo)+ 2

√
(αZy+(1−α)Zo)2+4M
2 , Zy, Zo

)
b

)
− vZy

+S

(
−(αZy+(1−α)Zo)+ 2

√
(αZy+(1−α)Zo)2+4M
2 , Zy, Zo

)
[
u(b) − vZo

]

⎤

⎥
⎥
⎦

+λZy + μ(1 − Zy) + ςZo + χ(1 − Zo)

where λ, μ, ς , and χ are Lagrange multipliers.
First-order conditions (FOCs) are:

u′(c) = u′(b) (32)

and

N

[
u′(c)

(
FZy (·)

N
− SZy (·) b

)
− v + SZy (·) [

u(b) − vZy
]] + λ − μ = 0 (33)

and

N
[
u′(c) (−SZo (·) b) + SZo (·) [

u(b) − vZy
] − S (·) v

] + ς − χ = 0 (34)

where SZi (·) denotes the derivative of S (·) with respect to Zi , as well as:

λ ≥ 0, Zy ≥ 0 (35)

μ ≥ 0, 1 − Zy ≥ 0 (36)

ς ≥ 0, Zo ≥ 0 (37)

χ ≥ 0, 1 − Zo ≥ 0 (38)

with complementary slackness.
The first FOC implies that it is socially optimal, from a utilitarian perspective, to

smooth consumption along the life cycle. We thus have: c = b = F(N,Zy)
N(1+S(I,Zy,Zo))

.
Let us now focus on the socially optimal lockdown levels {Zy, Zo} under

utilitarianism. The second and third FOCs simplify to:

SZy (·) [
u(b) − vZy

] + λ

N
− μ

N
= −u′(c)

(
FZy (·)

N
− SZy (·) b

)
+ v (39)
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and

SZo (·) [
u(b) − vZy

] + ς

N
− χ

N
= −u′(c) (−SZo (·) b) + S (·) v (40)

Those conditions are studied in the Appendix. Proposition 7 summarizes our
results.

Proposition 7 Assume:

lim
Zo→0

SZo (·) > SZy (·)∀Zy ∈ [0, 1] and lim
Zy→1

SZy (·) < SZo (·) ∀Zo ∈ [0, 1]

At the utilitarian optimum under age-differentiated lockdown strategies, only four
cases are possible:

• No lockdown for the young and for the old: Zy = 0, Zo = 0,
• No lockdown for the young and interior lockdown for the old:Zy = 0, 0 < Zo <

1,
• No lockdown for the young and maximal lockdown for the old: Zy = 0, Zo = 1,
• Interior lockdown for the young and for the old: 0 < Zy < 1, 0 < Zo < 1.

Proof See the Appendix.

Proposition 7 states that, under general conditions, the utilitarian optimum
excludes maximal lockdown for the young, but may involve maximal lockdown for
the old. That result is in sharp contrast with the COVID-19 Repugnant Conclusion of
Section 4 and, as such, requires some explanation.

When there is no possibility to apply different lockdown policies to different age
groups, it can be optimal, under a large set of conditions, to apply maximal lock-
down from a utilitarian perspective (Proposition 2). The underlying intuition is that,
in that case, the trade-off between prosperity and saving lives is harsh, and the goal
of maximizing social welfare, which requires to save many lives, may, under some
conditions, justify to apply maximal lockdown.

However, once the available policies include the possibility to differentiate the
degree of lockdown across age groups, the social planner benefits from a larger set
of strategies, and the trade-off between prosperity and saving lives takes a different
form. It is now possible, by applying age-differentiated lockdown policies, to save
many lives by isolating the elderly, without giving up too much prosperity. One can
thus now achieve the goal of saving lives without having to pay a too large cost
in terms of giving up output. This cheaper way of saving lives makes the maximal
lockdown for the young adult socially suboptimal. Given the new form of the trade-
off between prosperity and saving lives, it cannot be socially optimal to have maximal
lockdown for the young, since this strategy is dominated by the lockdown of the
elderly, which saves (marginally) more lives and at a lower cost in terms of prosperity.
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The ex post egalitarian optimum Under the ex post egalitarian social objective, the
problem of the social planner becomes:

max
c,b,Zy,Zo

min
{
u(c) − vZy, u(c) − vZy + u(b) − vZo

}

s.t. c = F (N, Zy)

N
− S

(
I, Zy, Zo

)
b

I = −(αZy + (1 − α)Zo) + 2
√

(αZy + (1 − α)Zo)2 + 4M

2
Zy ≥ 0 and 1 − Zy ≥ 0

Zo ≥ 0 and 1 − Zo ≥ 0

After some substitutions, the problem can be rewritten as follows:

max
b,Zy,Zo

u

(
F (N, Zy)

N
− S

(
I, Zy, Zo

)
b

)
− vZy

s.t. u(c) − vZy = u(c) − vZy + u(b) − vZo

I = −(αZy + (1 − α)Zo) + 2
√

(αZy + (1 − α)Zo)2 + 4M

2
Zy ≥ 0 and 1 − Zy ≥ 0

Zo ≥ 0 and 1 − Zo ≥ 0

The first constraint consists of an egalitarian constraint. That egalitarian condition
can only be satisfied provided:

u(b) − vZo = 0 ⇐⇒ b = u−1 (
vZo

)

Substituting for this, the planning problem becomes:

max
Zy,Zo

u

⎛

⎜⎜
⎝

F (N,Zy)

N
− S

⎛

⎜⎜
⎝

( −(αZy + (1 − α)Zo)

+ 2
√

(αZy + (1 − α)Zo)2 + 4M

)

2
, Zy, Zo

⎞

⎟⎟
⎠ u−1 (

vZo
)

⎞

⎟⎟
⎠

−vZy + λZy + μ(1 − Zy) + ςZo + χ(1 − Zo)

where λ, μ, ς, χ are Lagrange multipliers.
The FOCs are:

u′(c)
[

FZy (·)
N

− SZy (·) u−1 (
vZo

)] − v + λ − μ = 0 (41)

u′(c)
[
−SZo (·) u−1 (

vZo
) − S (·) 1

u′ ◦ u−1 (vZo)

]
+ ς − χ = 0 (42)
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as well as:

Zy ≥ 0, λ ≥ 0 (43)

1 − Zy ≥ 0, μ ≥ 0 (44)

Zo ≥ 0, ς ≥ 0 (45)

1 − Zo ≥ 0, χ ≥ 0 (46)

with complementary slackness.
The analysis of the FOCs is provided in the Appendix. Proposition 8 summarizes

our results.

Proposition 8 The ex post egalitarian optimum under age-differentiated lockdown
strategies involves zero lockdown for the young and for the old: Zy = 0, Zo = 0.

Proof See the Appendix.

Proposition 8 states that the ex post egalitarian optimum involves zero lockdown
for the young and for the old. Thus, the possibility to differentiate the degree of lock-
down with the age does not influence the result that we already had in the baseline
model (Proposition 6): giving absolute priority to the worst-off individual ex post
implies zero lockdown.

The intuition behind that result goes as follows. Take first the lockdown of young
adults. That lockdown is a source of direct disutility for the young (through the disu-
tility inherent to restricting liberties), and, also, reduces consumption possibilities for
the young through two distinct channels: reduction of output and rise of the burden
of the elderly’s consumption (because of the associated rise of S). Thus, from the
perspective of individuals who will turn out to be short-lived (and thus enjoy only
the young age), zero lockdown is optimal for the young. Consider now the lockdown
for the old. This reduces consumption possibilities for the young through two chan-
nels: first, this increases the burden of the old’s consumption, and, second, positive
lockdown for the elderly requires to increase the old’s consumption (via the egalitar-
ian constraint), which reduces consumption possibilities of the young. Hence, zero
lockdown for the old is also optimal from an ex post egalitarian perspective.

Taken together, Propositions 7 and 8 illustrate the robustness of the main result
of this paper: the optimal lockdown is strongly sensitive to the postulated social
objective. This was true when considering the design of optimal (undifferentiated)
lockdown, and this remains true once we consider the choice of age-differentiated
lockdown.

8 Concluding remarks

This paper proposed an exploration of the normative foundations for lockdown poli-
cies in the context of a pandemic. Our main result consists of the lack of robustness
of the optimal lockdown to the postulated ethical criterion. Utilitarianism recom-
mends a strictly positive lockdown level, and may also, under some conditions, lead
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to a COVID-19 variant of Parfit’s (1984) Repugnant Conclusion: for any (interior)
lockdown with life periods of low quality, there must be a stricter lockdown that is
regarded as better, even though this reduces the quality of life periods even more.
On the contrary, the ex post egalitarian criterion, which gives priority to the worst-
off ex post, implies a zero lockdown. The ex post egalitarian optimum involves also
decreasing consumption profiles with age. This last result points to a strategy against
the epidemic that has not been explored so far: modifying consumption profiles so as
to improve the situation of the young, some of whom will turn out to die prematurely.

Quite interestingly, our exploration also reveals that there exists a general dilemma
between the goal of giving priority to the worst-off (Hammond Equity) and the objec-
tive of saving lives, modeled by the Survivors Number Count Axiom. The Survivors
Number Count Axiom would imply, in the hypothetical case where the lockdown
would leave the production process unaffected, the maximal lockdown, whereas
Hammond Equity would, in that case, recommend zero lockdown. Thus, there exists
a fundamental dilemma between saving lives and giving priority to the worst-off.

All in all, this paper highlights that the weight assigned to the worst-off deter-
mines the extent to which a lockdown is socially desirable, and, if yes, how strict it
should be. This general result holds whatever we consider the choice of (undiffer-
entiated) lockdown, or the selection of age-differentiated degrees of lockdown. This
paper, by highlighting the lack of robustness of optimal lockdown to the ethical cri-
terion, underlines that the design of lockdown policies is a matter of social choice.
Normative foundations behind those policies are far from obvious, and these should
be more discussed within the public debate.

Finally, it should be stressed that, although the paper focuses on a second-best
setting where the lockdown is the only available policy against the epidemic, some of
our results could be used to study the normative foundations of other policies, such as
vaccination. Introducing vaccination as another policy instrument could, under some
conditions, crowd-out lockdown policies. However, some of our results would still
remain relevant. In particular, the conflict between the goal of saving lives (Survivors
Number Count) and the goal of giving priority to the worst-offs (Hammond Equity) is
a general conflict, which concerns all preventive policies that save lives at the cost of
decreasing the welfare of the worst-offs. Those two goals being attractive (at least for
progressive governments), we face here a general ethical dilemma, which concerns
all societies, not only in the context of COVID-19, but, also, beyond that pandemic.

Appendix

Proof of Proposition 7 Let us rewrite the conditions for optimal Zy and Zo as
follows:

SZy (·) [
u(b) − u′(b)b − vZy

] + λ

N
− μ

N
= −u′(c)

(
FZy (·)

N

)
+ v (47)

and

SZo (·) [
u(b) − u′(b)b − vZy

] + ς

N
− χ

N
= S (·) v (48)
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9 cases are a priori possible:

1. Zy = 0, Zo = 0 : λ = ς > 0, μ = χ = 0.
2. Zy = 0, 0 < Zo < 1 : λ > 0, μ = 0, ς = χ = 0
3. Zy = 0, Zo = 1 : λ > 0, μ = 0, ς = 0, χ > 0
4. 0 < Zy < 1, Zo = 0 : λ = μ = 0, ς > 0, χ = 0.
5. 0 < Zy < 1, 0 < Zo < 1 : λ = μ = ς = χ = 0.
6. 0 < Zy < 1, Zo = 1 : λ = μ = 0, ς = 0, χ > 0.
7. Zy = 1, Zo = 0 : λ = 0, μ > 0, ς > 0, χ = 0.
8. Zy = 1, 0 < Zo < 1 : λ = 0, μ > 0, ς = χ = 0.
9. Zy = 1, Zo = 1 : λ = ς = 0, μ, χ > 0.

The RHS of the FOC for Zy is larger than the RHS of the FOC for Zo . Hence, the
analysis of the feasibility of the different cases requires to check the conditions under
which the LHS of the FOC for Zy is also larger than the LHS of the FOC for Zo.

Assume Zo = 1. We know that SZy (·) = 0 when Zo = 1. Hence, cases 6 and 9
are excluded.

Moreover, under limZo→0 SZo (·) > SZy (·)∀Zy ∈ [0, 1], cases 4 and 7 are
excluded.

Finally, under limZy→1 SZy (·) < SZo (·)∀Zo ∈ [0, 1], case 8 is excluded.
As a consequence, the only possible cases are cases 1, 2, 3, and 5.

Proof of Proposition 8 The FOCs for optimal Zy and Zo can be rewritten as:

u′(c)
[

FZy (·)
N

− SZy (·) u−1 (
vZo

)] = −λ + μ + v (49)

u′(c)
[
−SZo (·) u−1 (

vZo
) − S (·) 1

u′ ◦ u−1 (vZo)

]
= −ς + χ (50)

9 cases are a priori possible:

1. Zy = 0, Zo = 0 : λ = ς > 0, μ = χ = 0.
2. Zy = 0, 0 < Zo < 1 : λ > 0, μ = 0, ς = χ = 0
3. Zy = 0, Zo = 1 : λ > 0, μ = 0, ς = 0, χ > 0
4. 0 < Zy < 1, Zo = 0 : λ = μ = 0, ς > 0, χ = 0.
5. 0 < Zy < 1, 0 < Zo < 1 : λ = μ = ς = χ = 0.
6. 0 < Zy < 1, Zo = 1 : λ = μ = 0, ς = 0, χ > 0.
7. Zy = 1, Zo = 0 : λ = 0, μ > 0, ς > 0, χ = 0.
8. Zy = 1, 0 < Zo < 1 : λ = 0, μ > 0, ς = χ = 0.
9. Zy = 1, Zo = 1 : λ = ς = 0, μ, χ > 0.

Take the first condition. Its LHS is unambiguously negative. Hence, the equal-
ity can only hold provided the RHS is also negative. This excludes cases 4, 5, 6,
7, 8, and 9.

Take the second condition. Its LHS is negative. Hence, the equality can only hold
provided the RHS is also negative. This excludes cases 2 and 3.

Hence, only one case remain: zero lockdown for the young and for the old.

267



P. Pestieau, G. Ponthiere

Acknowledgements The authors would like to thank Guillaume Allègre, Oded Galor, Eric Heyer, Gilles
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