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Abstract

A premature death unexpectedly brings a life and a career to their
end, leading to substantial welfare losses. We study the retirement deci-
sion in an economy with risky lifetime, and compare the laissez-faire with
egalitarian social optima. We consider two social objectives: (1) the max-
imin on expected lifetime welfare (ex ante), allowing for a compensation
for unequal life expectancies; (2) the maximin on realized lifetime welfare
(ex post), allowing for a compensation for unequal lifetimes. The latter
optimum involves, in general, decreasing lifetime consumption profiles, as
well as raising the retirement age, unlike the ex ante egalitarian optimum.
This result is robust to the introduction of unequal life expectancies and
unequal productivities. Hence, the postponement of the retirement age
can, quite surprisingly, be defended on egalitarian grounds —although the
conclusion is reversed when mortality strikes only after retirement.
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1 Introduction

The continuous rise in life expectancy observed in industrialized economies in
the last two centuries hides a fundamental feature of human life. Despite major
advances in medical sciences, a human life remains a lottery, with a significant
variance in longevity outcomes. This point is well illustrated by survival curves,
which give us the probabilities to reach all ages of life (based on the age-specific
mortality rates prevailing at the year under study). As shown by Figure 1 for
French males, provided mortality rates remain constant, more than 13 percent
of the cohort born in 2010 will die before having reached the official retirement
age of 62 years.! Moreover, about 20 percent will die before age 67.
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Figure 1: Period survival curves: French males (1816 to 2010)

Average life expectancy statistics therefore hide this important uncertainty,
and the induced inequalities in longevity outcomes. Only 61 percent of French
males will reach the average life expectancy, equal to 78.04 years. The remaining
39 percent of the population will have a shorter life.

Those observations are not without consequences for optimal policy-making,
in particular when considering the design of optimal pension system. From a
policy perspective, the observed annual three-months increase in average life
expectancy has often been used to justify postponing the legal retirement age
in countries with Pay-as-You-Go pensions systems. Indeed, if individuals tend,
"on average", to live longer, and if the retirement age remains the same, the
sustainability of the pension system requires, under a constant fertility, either
to increase the pension contributions, or to reduce the replacement ratio.?

The problem is that such a reasoning relies on a "on average" way of looking
at things. In reality, there remain, as shown above, large longevity inequali-

ISources: the Human Mortality Database (2013).
20n the potential gains from postponing the age at retirement, see Cremer and Pestieau
(2000, 2003).



ties, and it is not at all clear that policy-makers should concentrate on average
outcomes. An obvious reason why more attention should be paid to longevity in-
equalities is that a significant proportion of those inequalities are due to factors
on which individuals have no influence at all, and, thus, are circumstances for
which agents can hardly be regarded as responsible.? For instance, Christensen
et al (2006) claim that about one quarter to one third of longevity inequalities
within a cohort can be explained by differences in genetic background.

Given that longevity inequalities are, to a significant extent, independent
from individual behavior, there is a strong ethical support for a social security
system that does not penalize the short-lived. The goal of this paper is to
examine the design of the optimal retirement system in an economy with risky
lifetime, with a social objective that incorporates a concern for inequalities.

In the context of risk, there are two main ways of taking account of in-
equalities. One can first focus on inequalities in expected lifetime utility, and
in particular give priority to people having lower life expectancy. This connects
well to the policy proposal of making retirement age depend on working con-
ditions which affect longevity. But one can also look at the final distribution
of longevity and realized utility across individuals, and thereby take account
of the residual inequalities due to good or bad luck in the lottery of longevity.
This relates to the policy discussions about giving less priority to the (lucky)
elderly people who had their "fair innings". The former approach we call ex
ante egalitarianism, and the latter ex post egalitarianism.

Here is a brief summary of our results. We first study the retirement decision
in a two-period economy with identical agents and a risky lifetime. In such a
simple framework, the laissez-faire allocation coincides with the ex ante egali-
tarian social optimum, but not with the ez post egalitarian optimum because
of the remaining longevity inequalities. The latter optimum involves a declin-
ing consumption profile over the life cycle and a later retirement than in the
laissez-faire. We then introduce inequalities in life expectancy which make the
ex ante egalitarian approach depart from the laissez-faire, and show how the ex
ante and the ex post approaches still differ significantly. We finally focus on the
result that the ex post approach implies a later retirement, and we show that
the opposite result can be obtained when mortality occurs mostly after retire-
ment. The reason is that when mortality occurs early, a late retirement helps
providing high consumption to the young, in order to help those among them
who will have a short life. In contrast, when death strikes after retirement, it
helps the short-lived to give them an early retirement. Finally, we study a more
general model with wage heterogeneity and tax redistribution, and confirm our
results, qualitatively, in this setting.

In sum, the present paper suggests that adopting an er post egalitarian
social objective would lead to a strong reorganization of the lifecycle in terms of
consumption and labour. As such, the present study complements the existing
literature in several ways. First, it complements the existing positive literature

3See Fleurbaey (2008) on the distinction between circumstances and responsibility charac-
teristics.



on optimal labour and retirement age (see Sheshinski 1978, Crawford and Lilien
1981, Kahn 1988), by applying a model of labour and retirement decisions in a
context of risky lifetime. Second, it also complements the normative literature
on (socially) optimal labour and retirement age (see Cremer et al 2004), which
relies on classical (Benthamite) utilitarianism, unlike the present, egalitarian
ethical framework.? Third, it complements recent attempts to apply ex post
egalitarian social criteria to economies with risky lifetimes (see Fleurbaey et al
2011), but which did not consider labor and retirement decisions.

The rest of the paper is organized as follows. Section 2 presents the basic
framework where individuals who are identical ez ante turn out to have unequal
longevity, and compares the laissez-faire with the social optimum under ex ante
and ez post egalitarianism. Section 3 introduces unequal life expectancies and
discusses several difficulties with the ex ante egalitarian approach. Section 4
studies the ez post approach under different assumptions about when mortality
strikes in the lifecycle. Section 5 introduces a more general model with double
heterogeneity: life expectancy and labour earnings. Section 6 concludes.

2 Identical individuals facing mortality risk

We consider a two-period model with risky lifetime. The population is a contin-
uum of agents, with a measure normalized to 1. Agents live either one period
or two periods. The old age (second period) is reached with a probability .
During the young age (first period), agents supply their labour inelastically,
consume and save resources for the old age. At the old age, agents can still
work some subperiod, of length z, and are retired over the remaining subperiod
of length 1 — z.

We assume that lifetime welfare takes a time-additive form, and that old-
age temporal welfare is additively separable in the utility of consumption and
the disutility of labour. Assuming that agents have preferences satisfying the
expected utility hypothesis, their preferences can be represented by:?

u(e) + 7 [u(d) = v(2)], (1)

where ¢ and d denote first- and second-period consumptions, z denotes the
retirement age, while u(+) is the temporal utility from consumption, whereas
v(-) denotes the disutility of old-age labour. As usual, u(-) satisfies v/(-) > 0
and v’ () < 0, and v(+) satisfies v(0) = 0, v'(-) > 0 and v" () > 0. Let u (¢p) =0
for a given ¢y > 0.

For analytical convenience, we assume that the labour market is perfectly
competitive. Workers are paid at a wage rate w, which is taken as given by

4Utilitarianism also prevails in optimal retirement age studies in a dynamic setting (see
Michel and Pestieau 2002, Crettez and Le Maitre 2002, Lacomba and Lagos 2005).

5As usual, the utility of death is normalized to 0. Moreover, we assume away pure time
preferences for the simplicity of presentation. Note that the survival probability acts as a kind
of "natural" discount factor.



them. There also exists a perfect annuity market, with actuarially fair returns.
This amounts to assuming that consumption at the old age is:

d:@+wz (2)
T

where R equals one plus the interest rate, while s denotes savings. For the sake
of presentation, we will, throughout this paper, assume that R equals 1.

2.1 Laissez-faire and ex ante egalitarianism

In this simple setting, the laissez-faire allocation involves no ex ante inequality,
and is therefore also the ex ante egalitarian optimum.
Agents choose their consumptions, savings and retirement age so as to max-
imize their expected lifetime welfare subject to their budget constraint:
max u(c) + 7 [u (d) — v(2)]
c,d,z

st.c+rd=w(l+7z)

From the first-order conditions, we obtain:

W) = (d) 3)
¢c = w(l4+mz)—nd (4)
V(z) = J(dw (5)

The laissez-faire involves a perfect smoothing of consumption across periods,
i.e. ¢ =d, as well as a retirement age such that the marginal disutility of old-age
labour (LHS) equals the marginal welfare gain from working (RHS).

Let us provide the intuition for comparative statics with a few figures. To
study the impact of a change in 7, consider the following two equations, which
derive from (4) and (5) after substituting ¢ for d

1+mz
¢ = wy -, (6)
V(z) = u(c)w. (7)

From equation (7) one can write consumption as ¢ = f(z), with f'(z) < 0 and
f"(2) > 0. This gives a decreasing convex curve (see Figure 2) that is intersected
by the line of equation (6) with intercept w/ (14 m) and slope wn/ (14 ).
When 7 increases (raising life expectancy), only the budget equation (6) is
affected® and this line goes down (its value at z = 1 remains unchanged, at w),
which implies that z goes up and ¢ = d go down.

To study the impact of a change in w, consider the different system formed
by (6) and the following equation, which derives from (7) after substituting w
for its value in (6):
1+7mz
1+m’

u'(c)e =" (2)

(8)

6This, however, depends on our assumption of perfect annuities. Otherwise life expectancy
would affect the choice of labour directly.
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Figure 2: Impact of 7 on laissez-faire

This equation provides a vertical line when u(c) = In¢, a decreasing curve if
u is more concave than the logarithm, and an increasing curve when it is less
concave than the logarithm (see Figure 3). In the former case, an increase in w,
which raises the line of equation (6), triggers a decrease in z and an increase in
¢ = d; in the latter case, provided that the curve of equation (8) is steeper than
the line (6) at the intersection —this turns out to be always true— an increase
in w triggers an increase in both z and ¢ = d. When u(c) = In¢, z is unaffected
by a change in w.

As explained in the introduction, this allocation may not be satisfactory
when it exhibits large welfare inequalities between the long-lived and the short-
lived individuals. The latter’s lifetime welfare U*! equals u(c), whereas the
former’s lifetime welfare U" equals 2u(c) — v (z). Long-lived agents are better
off than short-lived agents if and only if:

w(l + 7z)

u(d)v(z)u( e

> —v(2)>0 (9)
that is, if the second period is worth being lived. We focus on this case here,
and ignore the opposite case of poor economies in which it is a calamity to live
in old age.

Let us briefly examine how this inequality depends on the parameters. As
far as life expectancy is concerned, given that a rise in 7 reduces d and raises
z and, thus, v(z), it follows that lifetime welfare inequalities due to unequal
lifetimes are smaller in economies with a higher expectancy.”

"The intuition is that economies with higher life expectancy are characterized by more
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Figure 3: Impact of w on laissez-faire

When the effect of productivity on retirement age is negative, or positive
but small enough, a rise in w increases lifetime welfare inequalities between
long-lived and short-lived.

The following proposition summarizes our results.

Proposition 1 o At the laissez-faire, we have:
. = 4= w(l + 7z)
I
V'(2) = W(dw
gz 0 < Rgr(c)s1
dw < me =
de dd
— = —>0
dw dw = 7
dz dc dd
% > 07 % — % < 07
where Rr(c) = —u" (c)c/u'(c) is the degree of relative risk aversion.

o Long-lived agents enjoy a higher lifetime welfare than short-lived agents if

and only if
w(l + 7z)
u< = )—v(z)>0.

labour and less consumption at the old age, so that a premature death is necessarily less
damaging there, in comparison with economies with worse survival conditions. This is, again,
influenced by the perfect annuity assumption.



Lifetime welfare inequalities between long-lived and short-lived are decreas-
ing in life expectancy; they increase with productivity if

(e 79

Proof. See the Appendix. =

Finally, note that, if the retirement age were fixed, i.e. z = Z, then a rise
in productivity would raise lifetime welfare inequalities between short-lived and
long-lived, as this would increase consumption at the old age, and, hence, make
premature death more damageable ceteris paribus. The endogeneity of the re-
tirement decision prevents us from drawing such conclusions: agents may, under
a higher productivity, work more or less, depending on whether the substitution
effect dominates the income effect or not.

2.2 Ex post egalitarian first-best optimum

Let us now characterize the ex post egalitarian social optimum of this economy.
Under this social objective, the social planner’s problem can be rewritten as:

max min {u(c),u(c) + u(d) —v(2)}

c,d,z

st. c+wd =w(l+ 7z)

The objective function of that planning problem is continuous, but not dif-
ferentiable. However, we can rewrite that problem in a simpler form assuming
that the optimum features u(d) = v(z). This condition is necessary and suffi-
cient to insure the equality of lifetime welfare across individuals, whatever their
longevity. Therefore, the social planner’s problem can be rewritten as maximiz-
ing ¢ under the constraints

u(d) = wv(z)
c+md = w(l+m7z).

This boils down to maximizing the quantity

c=w(l+7mz)—mutov(z).

1

This is a concave function because u~+ o v is convex. The first order condition

is
wu' (utow(2)) =0 (2),
which is just (5) because v~ ov (2) = d.

We focus on the case of an interior solution. As the FOC is just (5), it
is easy to graphically compare the laissez-faire and the egalitarian optimum.
From wu'(d*) = v'(z*), one derives d* = f(z*), where, as in Figure 2, f(z*) =
'~ (v (2%)/w), with f/(2*) <0 and f”(z*) > 0. Moreover, c* = w(l + 7z*) —
md* can be represented in the (z*,c¢*) space as a concave function ¢* = w(1 +



wz*) — wf(2*) that is below the line ¢* = w(1 4+ 72*) and has this line as an
asymptote (see Figure 4).8 The socially optimum levels of d* and z* are obtained
at the intersection of d* = f(z*) and the egalitarian constraint u(d*) = v(z*),
rewritten as d* = u~lov(z*).? Given that lim,_of(2) > lim,_ou~!ov(z) and
lim,_1f(2) < lim,_1u~"! ov(z), such an intersection always exists. Then, for
that level of z*, we obtain, from ¢* = w(1+ wz*) — wf(2*), the socially optimal
consumption c*.

0 Z z* 1%
Figure 4: Comparing laissez-faire and social optimum

The ex post egalitarian optimum can be compared with the laissez-faire
as follows. At the laissez-faire, the optimal level of z is characterized by the
intersection of the decreasing curve d = f(z) with the increasing concave curve
¢ =w(l+mz) —wf(z). On the contrary, at the ex post egalitarian optimum,
the optimal level of z is determined by the intersection of d = f(z) with the
increasing convex curve d = u~! o v(z). The intersection between d = f(z)
with d = u~1 ov(z) is, in general, on the south east of the intersection between
d= f(z) and ¢ = w(l +72z) — mf(2).1° Hence the retirement age at the ex post
egalitarian optimum exceeds its laissez-faire level, and that old-age consumption
is lower than at the laissez-faire, whereas young age consumption is higher than
at the laissez-faire. The following proposition specifies our results.

Proposition 2 Comparing the ex post egalitarian optimum (*) with the laissez-
faire, if u(d) > v(z) at the laissez-faire, then:

cF>c=d>d*, 2" >z

8Observe that the curves of equations ¢ = w(1l + 72) — 7f(2), ¢ = f(2), and ¢ = w(l +
mz)/(1 4+ 7) intersect at the same point.

9Note that, if 2* =0, d* =4~ (0) = co > 0.

10Exceptions include very poor economies (see supra).



Proof. Both the laissez-faire and the egalitarian optimum satisfy

¢c = w(l4mz)—nf(z)
d = f(2),

where f(z) = u'~! (v/(2)/w). The first expression is increasing in z whereas the
second is decreasing. Therefore, ¢* > ¢ and d* < d if and only if z* > z.

The laissez-faire, in addition, satisfies ¢ = d; in contrast, the egalitarian
optimum has u(d*) = v(z*).

At the laissez-faire, one therefore has w(l +7z) — 7 f(z) = f(2), i.e., f(z) =
w(l+7z)/ (14 ). At the egalitarian optimum, one has u(f(z*)) = v(2*), i.e.,
f(z*) =utouv(z").

Under the assumption that u(d) > v(z) at the laissez-faire, then w(1 +
7z)/ (1+7) > u~! ow(z), which implies that f(z) > u=!ow(z). As f is
decreasing and u~! o v is increasing, the equation f(z*) = u~! o v(z*) requires
Z*>z n

The proof actually shows an "if and only if" fact: if u(d) < v(z) at the laissez-
faire (a poor economy), then the inequalities are reversed, and the egalitarian
optimum transfers resources from the young to the old in order to make life
bearable in old age: ¢* < ¢, d* > d and 2* < z.

Hence, in the case of affluent economies, ex post egalitarianism involves
longer lifetime working periods. This somewhat counterintuitive result can be
explained as follows. From an ex post egalitarian perspective, the only thing
that matters is to maximize the welfare of the worst-off. In advanced economies
with a sufficiently large output, the worst-off is, unambiguously, the short-lived.
Therefore, if one wants to minimize ex post welfare inequalities, all resources
need to be targeted towards the short-lived individuals. Given that those can
hardly be identified ex ante, nor compensated after their death, the only solution
is to allow young age consumption that is as large as possible. This is achieved
by making the surviving old work longer than at the laissez-faire.

This has some consequences when one thinks about the direction of intertem-
poral resource transfers, that is, the issue of positive or negative savings. The
laissez-faire is characterized by positive savings, since ¢ = w < w for
m,z < 1, leading to a transfer of resources from the young age of life towards
the old age. On the contrary, under the ex post egalitarian optimum, the direc-
tion of intertemporal resources transfers is the opposite: from old age towards
the young age. Indeed, from the budget constraint, we have:

cf=w+m(wz* —d¥)

The curve of equation d = wz is an increasing linear curve that lies above the
curve u(d) = v(z) at z = z* if w is high enough, so that the factor (wz* — d*)
is then positive, which implies the occurrence of negative savings. Thus, the
ex post egalitarian optimum involves intertemporal transfers from the old age
towards the young age, in sufficiently productive economies.

If, for some reason (e.g., political constraints), intertemporal transfers from
the old age towards the young age are not possible, one can seek to obtain

10



a constrained egalitarian optimum, which has ¢ = w and d = wz. One can
show that z is then at an intermediate value between the laissez-faire and the
unconstrained optimum. Inequalities are then not fully eliminated and long-
lived agents are now better off than the short-lived.

3 Unequal life expectancies

Not all human activities are characterized by the same mortality risks. Blanpain
(2011) shows that, in France (2000-2008), life expectancy at age 35 is equal to
40.9 years for a blue collar, against 47.2 years for an executive. In this light, it
makes sense to explore what our results become under unequal life expectancies.

For this purpose, we introduce two kinds of individuals, with unequal mor-
tality risks, in the two-period model:

e Type-H agents, who have a high life expectancy 1+ my;
e Type-L agents, with a lower life expectancy 1+ 7, with 7y < 7mg.

For simplicity, we assume that there exists an equal proportion of type-H
agents and of type-L agents in the population (at the young age). We also
assume that there exist type-specific annuity markets for the two types of in-
dividuals. Hence type-i¢ agents who survive to the old age benefit from savings
returns equal to W%

3.1 Laissez-faire

In the laissez-faire, individuals of type ¢ € {H, L} face the following problem:

8i,2i i

max u(w — ;) + 7; [u <S’ - ziw) — U(Zz’):|

The FOCs are:

V(z) = u(d)w (11)

w(l+ zgmy)
CcL L 1+, > CH H i

and that z;, < zp.

Thus, type-L agents enjoy higher consumption at all periods and retire ear-
lier. Despite this, type-L agents may have a lower expected utility, due to their
greater mortality, i.e., it is possible to have

u(eg) + 7w [u(er) —v(zp)] > uler) + 7r [u(en) — v(zL))

in spite of cg < ¢p and u (cy) —v(zy) < u(er) —v(zL)-

11



Proposition 3 At the laissez-faire, if u(cy) —v(zg) > max.c., -, v (2)(1 —
z)/ (1+7L), then

uleg) +7mh [uleg) —v(zg)] > ulep) +7p [u(er) —v(z)].

Proof. Consider the comparative statics of Prop. 1. The expression u(c) —

v(z) is decreasing in m. Therefore if u(cy) — v(zp) > max.c[z, ., 0" (2)(1 —

z)/ (1 +7p), one has u(c) —v(z) > v'(2)(1 —2)/ (1 +x) for all & € [7p, TH].
The expression u(c) + 7 [u (¢) — v(z)] is increasing in 7 if

dc dz
! o / el _
I4+mu (c)d7r ' (2) T u(c) —v(z) > 0.
Using wu/(¢) = v'(z), one obtains
uw'(c) |(1+7) ;l—c — ﬁwj—; +u(c)—v(z) >0

One has ¢ = w(1+7z)/ (1 + 7). The expression in bracket is therefore equal to

de dz w(l +7z) wz wr dz dz
1+m ¥ e = - il i
(1+m) dm ﬂ-wdw (1+m)] (1+7r)2 +1+7r 1+7Td7r] Wwdﬂ

= —[w(l-2)/1+m)].

The result is obtained by using wu'(c) = v'(z) once again. m

Observe that it is not sufficient to have u(c) —wv(z) > 0 to make it a benefit to
have greater life expectancy. The reason is that with perfect annuities, the rate
of return on savings decreases, making the initial consumption-labour bundle
unaffordable after an increase in 7. If we assumed that all agents faced the same
rate of return, then it would be easier to obtain inequalities in expected utility
to the benefit of the agents with greater life expectancy.

3.2 Ex ante egalitarian optimum

A social planner whose aim is to maximize the minimum expected lifetime
welfare faces the following problem:

max min {u(cy) + 7y [u(dy) —v(zg)],ulcy) + 71 [u(dy) —v(zL)]}

Ciydiyzi
s.t. Z [ci +mid;]) = Z [w + wz;]
i=H,L i=H,L

We can thus reformulate the social planner’s problem as follows:

max f [u(er) +mp [u(dp) —v(z)]] + (1 — p) [u(er) + 7w [u(dr) — v(zw)]]

ciydi,zi

s.t. Z [w+ Twz;]| — Z [ci +mid;i] =0

i=H,L i=H,L

12



where p is set so as to ensure that we obtain:

[u(er) + 7 fu(dr) = v(zp)]l = w(cy) + 7o [u(dy) — v(zp)]

We obtain the following first-order conditions:

W) = u’(dz>=§ (12)
W(cy) = u’(dm:ﬁ (13)
() = w(dpw (14)
() = (dyw (15)

Under the objective of maximizing the utility of the worst-off agent, and
assuming that the type-L agent is the worst off, we have that p > 1 — i, so that
type-L consumptions are larger than the ones of a type-H agent.

We thus have consumption smoothing, but at different levels for the two
types of agents. Type-L agents enjoy higher consumption at the two periods.
Hence, from the last two FOCs, it follows also that type-H agents should also
work longer, and retire later than type-L agents, on the grounds of the equal-
ization of expected lifetime welfare.

Proposition 4 Under mg > my, the ex ante egalitarian optimum involves:

*

_ * * g%
¢, = dp>cy=dy

27 <z

Proof. The proof follows from the FOCs. m

Thus, at the ex ante egalitarian optimum, individuals with lower survival
chances should consume more than individuals with high survival chances, and
retire earlier than these. Unequal consumption patterns and retirement ages are
indeed the only way to yield an equalization of expected lifetime welfare across
groups with unequal survival prospects.

Let us mention that, under asymmetric information, there would be a con-
flict between the ex ante egalitarian constraint and the incentive compatibility
constraint. Indeed, if the social planner cannot observe individual survival prob-
abilities, and proposes the first-best contracts, type-H agents have an interest
in claiming to be type-L ones. Hence, under asymmetric information, one needs
to add an incentive constraint of the form,

ulen) + 7y [u(dy) —v(zm)] — [u(er) + 7a [u(dr) —v(z2)]] > 0 (16)

to the first-best problem so as to prevent mimicking from type-H agents. In equi-
librium, this constraint is binding and no contract {(cr,dr,z1), (ca,dp,zm)}
can satisfy both the incentive compatibility constraint (16) and the egalitar-
ian constraint. There is thus a conflict between egalitarianism and incentive
compatibility.
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This analysis reveals two problems with ez ante egalitarianism.'’ First,
equalizing expected lifetime welfare across groups with different life expectancies
may still leave large ex post welfare inequalities between long-lived and short-
lived individuals. Indeed the above allocation of resources only equalizes the
expected lifetime utility across groups, but there still remain large inequalities
within groups, as a consequence of unequal lifespans.

The second problem is perhaps less apparent, but no less deep. It is assumed
here that 7wy, 7y are simultaneously the average survival rate in the two sub-
groups and the individual survival probability of each member of the group. In
real-life applications, this assumption never holds. The average life expectancy
of blue-collar workers is not the individual life expectancy of every blue-collar
worker. It is in fact deeply problematic for the ex ante egalitarian approach
to require defining individual life expectancies. First, individuals may not be
trusted to have the best estimate of their own life expectancy, because average
subjective life expectancy generally differs from observed average life expectancy
(Brouwer and van Exel 2005). Second, the very notion of an individual life ex-
pectancy is problematic. In a deterministic world, individual life expectancy
and individual final longevity coincide. The ex post approach, by focusing on
the distribution of actual longevities, may in fact be the best version of the ex
ante approach, because it relies on the true individual life expectancy, not on
subgroup average life expectancy. In a sense, the ex ante egalitarian approach
remains utilitarian at the subgroup level (individual expected utility being abu-
sively proxied by subgroup average utility). In welfare economics, individualistic
approaches are better. If inequality aversion is introduced, it should be at the
individual level, not at the subgroup level. Therefore, from now on we focus
mainly on the ex post approach.

3.3 Ex post egalitarian optimum

From an ex post perspective, the planner’s problem is:

max min {U}, U, UL U} sit. Z [ci +mid;] = Z [w+ Tiziw]
oz i=H,L i=H,L

We can rewrite the social planning program in a more convenient way, by
adding egalitarian constraints. Three egalitarian constraints are needed: two
constraints guaranteeing that long-lived and short-lived agents for a given type
are equally well:

u(dp) —v(zp) =u(dg) —v(zg) =0,

and one additional constraint guaranteeing that individuals with some equal
longevity are equally well-off across ex ante types: u(cy) — u(cy) = 0. The
latter implies cjf = c7* = c¢**.

11 Additional rationality arguments against ex ante egalitarianism (i.e., it violates statewise
dominance) can be found in Fleurbaey (2010).
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The budget constraint, supplemented with the egalitarian constraints, im-
plies

2 =w 2+ w2y +rpel) —mpguTtow (25) —mpuTow (25F).

Maximizing ¢** under this constraint implies w = (u™! o v)/ (zi)=(u"to v)/ (25%).

Therefore, 237 = 27, hence djj = dj*. The two subgroups have the same
consumption-labour bundle, independent of their survival rate:

s dy = dy

2y = zp

We thus have an equal optimal age at retirement, as well as equal old-age
consumptions, which are inferior to first-period consumption.'?

To compare this with the laissez-faire, remember first that the ex post egali-
tarian optimum z** is obtained as the intersection of the f curve d = f(z) with
the egalitarian constraint d = u~! o v(2). This intersection determines d;* and
z7* for the two types, which can then be substituted in the resource constraint,
to obtain first-period consumptions, i.e., 2¢** = w(2 4+ wpz** + wg2**) — (7 +
) f(2").

The laissez-faire equilibrium is represented as the intersection of the f curve
with the corresponding ¢ curves, i.e. ¢; = w(l + m;2;) — m; f(2;). Observe that
the previous curve for ¢** is the average of these two curves.

From Proposition 2 it is clear that, if u(dg) > v(zg) (which implies u(dr) >
v(zr)), ¢iF =i > en, & = dif < dg <dp,and z}* = 25 > zg > 21, but
the comparison between c¢}* and c¢p (which is greater than cy) is ambiguous.
However, if one assumes that at the egalitarian optimum, wz** > d**, then
2** is greater than the solution 2% to wz™ = f(z1). At 27, the two curves
¢ = w(l + mz) — mif(z) cross. When z** > 2zt > 2, therefore, necessarily
c** > cp,ch, as can be seen from Figure 5.

The following proposition summarizes our results.

Proposition 5 o The ex post egalitarian optimum involves:
A
2" = zZif.

e In comparison to the laissez-faire, assuming that u(dgy) > v(zy), we have:

g = ¢y >cn
di¥ = dy <dg <dg
2i° =z > zm > 2L

12 As above (section 2.2), we focus here on the case of sufficiently rich economies. In very
poor economies, the optimal lifecycle consumption profile would be increasing rather than
decreasing, as the low productivity level would not allow for u(d;) — v(z;) > 0.
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Figure 5: Comparing laissez-faire and social optimum

e [f, in addition, one assumes that wz** > d**, we have:
c;f=cy >ecL>cp.

Proof. See above. =

In sum, the introduction of unequal life expectancies does not affect the ma-
jor features of the ex post egalitarian optimum. Note also that this allocation
is still implementable under asymmetric information, as the allocation is inde-
pendent of the survival probabilities. In comparison to the ex ante egalitarian
optimum, the ez post egalitarian optimum recommends more consumption at
the young age (except possibly for type L), and less consumption at the old age.
Moreover, the optimal retirement age is also later under the ex post egalitarian
optimum than under the ex ante egalitarian optimum. Thus, adopting an ez
post view leads to a deterioration of the living conditions of surviving type-L
agents, that is, of lucky, long-lived agents who faced initially a lower life ex-
pectancy, as well as a widening of consumption possibilities for type-H agents
at the young age, on the grounds of a possible premature death even within the
type-H group.

4 Egalitarianism and retirement age

The conclusion that egalitarian concerns require postponing retirement is driven
by the fact that the worse-off are individuals who die before retiring. The most
one can do for them is to increase their consumption, and to this effect it is ben-
eficial if the lucky long-lived work even more to provide for more consumption
resources to transfer to the young.
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This reasoning may not be very robust. It might be possible to improve
the lot of the disadvantaged by granting them early retirement. This section
explores variants of the model in which this opposite conclusion may arise.

The idea is to introduce three periods so that mortality may be described
as striking primarily before or after retirement. Let us now assume that agents
work in the first and second periods, retire during the second period and then,
if still alive, enjoy their retirement in the third period. The probability to reach
period 2 is now denoted by mws, whereas the probability to reach the old age,
conditionally on survival to period 2, is denoted by 3.

4.1 Laissez-faire

At the laissez-faire, the individual problem is now:

S1 52
max u(w — s1) + 72 {u ( +zw — 32> - (z)] + momsu ()
51,52,% T2 T3

where s1, so denotes first- and second-period savings. Assuming an interior
solution, the FOCs can be rewritten as:

u'(c) = u/(d)=u'(b) (17)
V(z) = u(dw (18)
¢ = w(l+mez) — mad — wamsb (19)

where b is third-period consumption. We thus have a perfect consumption
smoothing across periods. Substituting in the budget constraint yields:

w(l + m22)

c=d=b= ———"7"—
1+7T2+7T2’/T3

One can thus represent the laissez faire as the intersection, in the (z, ¢) space,

of the increasing line ¢ = Tt o2 with the decreasing curve
. 2+mam3
d = f(z) obtained from v'(

1 ”2+”,2 +72 ..
d3>w A rise in productivity w pushes the d

curve up, and raises both the intercept and the slope of the ¢ line. Hence, it
contributes to increase consumption, but has an effect on retirement age that
depends the elasticity of u’, as in Prop. 1. A rise in 7y leaves the function
d = f(z) unchanged, but lowers the c¢ line, implying a later retirement age, as
well as a lower consumption (see Figure 2 —the only difference here is that the
fixed point of the ¢ line when 75 changes occurs for z = 1+ 73 instead of z = 1).
Similarly, a rise in 73 leaves the function d = f(z) unchanged, and lowers the ¢
line, implying a higher z, as well as a lower consumption. Thus changes in w5
and 73 have qualitatively similar effects on retirement age at the laissez-faire.

Regarding welfare inequalities, individuals who live the maximum length of
life are better off than those who die after the second period if and only if:

1
o 2ET22) N
1+’/T2+7T27T3
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Moreover, individuals who live only two periods are better off than those
who live only one period if and only if:

. ( w(l + 727)

1+7T2+7T27T3

)—v(z)>0

From this, it follows that, if agents who live only two periods are better-
off than those who live only 1 period, agents living the maximum life will also
be better off than those living the minimum life. When considering lifetime
welfare inequalities between agents with different longevity, it appears that a
rise in productivity, by raising consumption at all ages of life, raises the welfare
inequalities between those living three periods and those living only two periods.
A rise in w9, by implying a later retirement and a lower consumption, will
reduce welfare inequalities between those living only one period and the other
individuals, who enjoy longer lives. The same is true for a rise in 3.

Proposition 6 o At the laissez-faire, we have:
e = dep— w(l + 7a2)
1+ 79 + moms
Vv'(z) = u(d)w
dz dz dz
— s 0,—>0,—>0
dw = dmo =9 dms o

e Agents with the minimum longevity are the worst-off if and only if

. ( w(l + my2)

1+ 7o + mams

>v(z)>0

o Lifetime welfare inequalities between agents living 8 periods and agents
living 1 period are increasing in w, but decreasing in wo and 3.

Proof. See the Appendix. =

4.2 Egalitarian first-best optimum

Here again, we will not focus on the ex ante egalitarian optimum, which yields
the same allocation as the laissez-faire, and focus instead on the ex post welfare
of the worst-off individual.

Note that, under mo < 1, that egalitarian constraint includes two parts:

u(d) —v(z) =0 and wu(b)=0

The first part states that individuals living one more period are not better off
than those who die after period 1, whereas the second part states that individu-
als living two more periods are not better off either. This implies that b** = cy.
But we also need to set u(d) — v(z) = 0, so as to avoid inequalities between
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agents who live two periods and those who live only one. As in the previous
section with only two periods, the social planning problem can be written in a
simple form:

1

max ¢ = w (1 + m22) — mau™ o v (z) — Tam3Co.
z

Lo

As far as z is concerned, this boils down to maximizing w (1 + w92) — Tou™
v (2), a problem that has already been studied in Subsection 2.2. If 7o < 1, we

thus obtain a decreasing consumption profile over the lifecycle:?
ot > d** > b = Co.

But let us now examine the special case in which there is no premature death
during the career, so that mo = 1. In that case, the egalitarian constraint is only
u(b**) = 0, leading to b** = ¢y. Hence the social planner’s problem becomes:

max u(c) +u(d) —v(z) + A|w + zw — ¢ — d — w3¢0]

c,d,z

where A is the Lagrange multiplier associated to the resource constraint of the
economy. Hence the FOCs are now:

V() = W (d)w (21)
w4+ 2w = ™+ d 4 s (22)

From which we now have:'4

Hence, in that case, there is perfect consumption smoothing during the active
life (1st and 2nd life-periods), which is akin to what happens in the laissez-faire.

But ¢** = d** are greater than at the laissez-faire (in affluent economies),
because they determine the well-being of the short-lived. Given the relationship
V' (2**) =/ (d**)w, a greater d** implies a lower z**. Therefore we now obtain
that optimal retirement occurs earlier than at the laissez-faire.

This result can be understood as follows. As death strikes only during re-
tirement, the goal is to enhance the well-being of the active and the young
pensioners. As efficiency requires retirement to occur when working more has a
marginal disutility equal to the marginal utility of the consumption it pays, a
better situation for these people means that they have a lower marginal utility
of consumption, therefore should stop working before marginal disutility rises

13We leave aside the extreme case of very poor economies, where the low productivity
level would always make the long-lived worse off than the short-lived, and where the ex post
egalitarian optimum would involve an increasing optimal consumption profile, contrary to
what prevails under non-poor economies.

14Once again, we assume here that the productivity level is sufficiently large, so as to allow
longer-lived agents to be better off than shorter-lived agents (see above).
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too much. Their extra welfare (compared to the laissez-faire) is split between
extra consumption and extra leisure.

In sum, the extent to which the egalitarian optimum differs from the laissez-
faire depends on the timing of premature deaths. If premature deaths occur
during the career, the retirement age should be postponed from an egalitarian
perspective. However, if death only arises at the end of the career, then the
retirement age should be advanced.

Proposition 7 e Suppose that mo < 1. Comparing the ex post egalitarian
optimum (** ) with the laissez-faire, we have:

> d<d; b < by 2> 2

o Suppose that mo = 1. Then, comparing the ex post egalitarian optimum
(** ) with the laissez-faire, we have:

> d™ >d; b < by 2 < 2

Proof. See above. m

In any case, consumption at the young age is always too low at the laissez-
faire in comparison with the ex post egalitarian optimum. But the crucial differ-
ence lies in the treatment of individuals in the second part of their career. The
er post egalitarian optimum recommends to reduce their consumption and to
postpone their retirement with respect to the laissez-faire when some premature
deaths occur during the active life, whereas it recommends the opposite when
death only occurs once the career is fully completed. Our advanced societies are
still very much concerned with the first case, but, over time, may come closer
and closer to the second case, as illustrated on Figure 1 for French males.

4.3 Moderate egalitarianism

The above analysis reveals a tension between the interests of the very worse-off
who die at the end of the first period, and for whom increasing consumption
(therefore postponing retirement) is beneficial, and the slightly less disadvan-
taged who die one period later and would benefit from earlier retirement.

Full egalitarianism focuses only on the very worse-off, but if one considered
a moderate form of egalitarianism, it may happen that the fate of the less
disadvantaged looms larger, for instance if they are sufficiently many while the
worse-off are few. It is therefore worth exploring the possibility to obtain a
policy of early retirement even when mortality strikes at all periods, provided
that mortality in period 2 is small and that the degree of priority for the worse-
off is moderate.

A moderate egalitarian social planner seeks to maximise the following social
welfare function, where G(-) is an increasing concave transform:

(1=m2)G(u(e))+m2 (1 — 73) G(u(c)+u(d)—v(z))+mam3G(u(c)+u(d)—v(z)+u(b))
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subject to the following resource constraint:
w(l +7T22) Z C+7T2d+7T27T3b

The first order conditions of this problem are written as follows:

a@é = [(1-7m2)G(U1) +ma (1 = 73) G’ (Ua) 4 mam3G’ (Us)]u' (¢) = A =0
O 11— G (U) 75 (W) (d) ~ A= 0

oL , , -

S = G (1) - A=0

O 1RO () e (W) () +hw =0

where U; is the ez post utility of an agent living t = 1,2,3 periods of life:
Uy = u(e); Uy = ule) + u(d) — v(z); Us = u(e) + u(d) — v(z) + u(b).

The above FOCs do not allow us to draw unambiguous results about the form
of the moderate egalitarian optimum. In the following, we provide a numerical
example aimed at comparing the moderate egalitarian optimum with the full
egalitarian optimum. To do so, we use the following functional forms: wu(c) =

In(c), v(z) = 222 and G(u(x)) = @ We also assume that w = 10 and
w9 = 0.9 and w3 = 0.8. We make the parameter of inequality aversion e vary
between 1 and —30.1° The following table contrast the laissez-faire (Section 4.1)
with the full egalitarian optimum (Section 4.2) and the moderate egalitarian

optimum, under different degrees of inequality aversion.

LF Moderate Egalitarianism Full Egalit.

£ 1 0.5 0.1 -0.5 -1 -2 -3 -10 -30

c 541 541 567 593 640 685 7.76 858 11.30 12.58 13.26
d 541 541 537 532 521 509 483 458 3.78 3.43 3.25
b 541 541 5.12 4.87 448 4.15 355 3.07 1.74 1.23 1.00
Z 0.46 046 047 047 048 049 052 0.55 0.66 0.73 0.77
Uy | 169 169 1.73 1.78 1.86 1.92 205 215 2.42 2.53 2.59
Us | 295 295 298 301 3.05 307 309 308 288 2.70 2.59
Us | 463 463 462 459 455 449 435 420 3.43 291 2.59

Under full and moderate egalitarianism, first-period consumption should be
increased with respect to the laissez-faire, whereas second- and third-period
consumptions should be decreased.' However, the extent to which optimal and
laissez-faire levels differ depends on the degree of aversion toward inequality:
the difference between first-period and subsequent-periods consumption levels
is maximum under full egalitarianism, but decreases as € increases.

15 Assuming € = 1 under moderate egalitarianism is equivalent to assuming a utilitarian
social planner maximising ex ante utilities.
16 That result is in line with a previous study by Bommier et al (2011).
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Regarding the optimal retirement age, we also obtain that, under moderate
egalitarianism, the optimal z increases with the degree of inequality aversion.
To interpret those results, one can assume that each period lasts 25 years, with
the active life starting when the individual is aged 25. At the laissez-faire, the
age at retirement is equal to about 61.5 years. When ¢ is remains high, the
optimal retirement age under moderate egalitarianism is close to the one at the
laissez-faire. For instance, the optimal age at retirement when ¢ = —1 is equal
to about 62.5 years. The largest retirement age under moderate egalitarianism,
obtained under ¢ = —30, is equal to 68.25 years. This remains below the
optimal retirement age under full egalitarianism, which is equal to 69.25 years.
The underlying intuition behind those higher retirement ages under a higher
inequality aversion is the following: making individuals work longer tends to
reduce the welfare differentials between those who live a short life and those
who enjoy a longer life. Note, however, that the optimal retirement age remains,
even under full egalitarianism, limited, because of the high desutility of old-age
labour postulated in this numerical example.

Note also that, while inequalities in utilities between individuals living one,
two and three periods are maximum under the laissez-faire and utilitarianism,
those inequalities are reduced as inequality aversion increases. Under full egal-
itarianism, we find, not surprisingly, that ex post utilities are equalized across
individuals having unequal realized longevity.

How would an improvement of survival conditions affect the social optimum
under moderate and full egalitarianism? To answer that question, the following
table shows the laissez-faire, the moderate egalitarian optimum and the full
egalitarian optimum when 74 is as high as 0.99.

LF Moderate Egalitarianism Full Egalit.

5 1 0.5 0.1 -0.5 -1 -2 -3 -10 -30

c 5.28 528 536 543 556 568 6.01 6.43 9.63 12.16 13.59
d 5.28 528 533 536 541 545 547 543 446  3.65 3.25
b 5.28 528 5.07 490 4.62 438 391 347 1.90 1.25 1.00
z 0.47 047 047 047 046 046 046 046 0.56 0.68 0.77
Uy | 166 1.66 168 1.69 1.71 1.74 1.79 1.86 226 2.50 2.59
Us | 288 288 291 294 298 301 308 313 313 286 2.59
Us | 454 454 453 452 451 449 444 437 377  3.08 2.59

An interesting result concerns the optimal age at retirement. At the laissez-
faire, the age at retirement is now larger than under 7o = 0.9. However, under
full egalitarianism, the optimal age at retirement remains, under 7o = 0.99,
exactly the same as under 72 = 0.9, and equal to 0.77 (or, in usual units, 69.25
years). On the contrary, under moderate egalitarianism, the optimal retirement
age is, under mo = 0.99, significantly lower than under 7o = 0.9. Hence, while
an improvement in survival conditions makes individuals work longer at the
laissez-faire, the two kinds of egalitarian optima have very different implications
in terms of the optimal age at retirement.
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In sum, this non-exhaustive numerical illustration shows that moderate egal-
itarianism involves, depending on the degree of inequality aversion, a large span
of intermediate social optima - including different optimal retirement ages -
between two extreme situations: on the one hand, the laissez-faire (equivalent
here to the utilitarian optimum), and, on the other hand, the full egalitarian
optimum. Moreover, an improvement of survival conditions is shown to have
quite distinct effects on the optimal age at retirement under the laissez-faire
and under the two egalitarian optima considered. While raising 7o leaves the
optimal age at retirement unchanged under full egalitarianism, this raises the re-
tirement age at the laissez-faire and reduces the retirement age under moderate
egalitarianism.

5 Unequal life expectancy and productivity

Whereas the previous sections relied on a unique source of heterogeneity ex
ante - unequal life expectancy -, let us conclude this study by studying the dou-
ble heterogeneity case, where both individual survival prospects and individual
productivities differ. For that purpose, we turn back to the baseline 2-period
model, but introduce four types of agents ex ante, who differ in their survival
type ¢ € {H, L} and in their productivity type j € {h, £}. We have:

T > T

wy > wy

Hence, there exist four distinct groups of agents ex ante: types Hh, H¢, Lh and
LY. For simplicity, we assume that there exists an equal proportion of the four
types of agents in the population (at the young age).

5.1 Laissez-faire

As in the previous sections, there exists a perfect annuity market, which yields
a return on annuities, 1/m; where the gross interest rate is R = 1. Individuals
of type {i,j} face, at the laissez-faire, the following problem:

max u(w; — 8;5) + m; [u (SU + Zijwj> - U(Zu)]

SijyZij Uy’
and the FOCs are:

o' (dij) (23)
ul
As in the previous cases, consumption should be equalized across time so that

U)J(l —+ Zijﬂ-i)

A
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Using the results of Proposition 1, we obtain the following ranking

cth = dpn > cap =dmn
cre = dpe>che=dme
cth = dpn > cre=dre

can = dgn > cae=dmye

or equivalently

CLh > CHR Z CLe > CHL
The ranking of retirement ages follows that of Proposition 1 so that dz;; /dw; < 0
(depending on the value of Rr(c))) and dz;;/dm; > 0. Hence, it is not possible
to have a complete ranking of the retirement ages as a function of the different
sources of heterogeneity. Only it is possible to show that:

ZHj > ZLj V] S {h,é}
Long-lived agents are better off than short-lived ones if and only if:
u(di;) — v (zi5) > 0

Using results from section 2.1 (and the conditions set in Proposition 1), we
obtain that welfare inequalities between long-lived and short-lived agents of the
same er ante type ij are smaller for agents with higher life expectancy and
higher for agents with higher productivity under the condition on Rg(c)) set in
Proposition 1. Putting together these results, we obtain that welfare inequalities
between short- and long-lived agents according to their types are as follows:

w(dpn) — v (zrn) > uldgn) — v (zan) S uldpe) — v (zre) > u(dme) — v (zme)

Agents with high productivity and low life expectancy face a higher welfare loss
if they die at the end of the first period than, at the other extreme, agents with
low productivity and high life expectancy.

5.2 Perfect information
5.2.1 FEzx ante egalitarian optimum

A social planner whose aim is to maximize the minimum expected lifetime
welfare faces the following problem:

max min {u(c;;) + 7 [u (dij) — v(zi5)]}

Cij,dij,2ij

S.t. Z Z [Cij —|—7Tidij] = Z Z Wi [1+7rizij]

i=H,L j=h,t i=H,L j=ht

The problem can be formulated as follows:

max )y {3 fulei) + mi fu (di) = v(2i)]]

Cij,dij,zij
PTG —H L j=h.¢

+A [cij + midiy — wj (14 75245)]}
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where the y,; represent the weights which ensure the equality in ez ante utilities
for all types {4, j}. Assuming that low productivity and low survival probability
agents are the worst-off agents (as it would be the case with standard utilitari-
anism), the ranking of y,; is such that:

Bre™> HpeS frn > Hpp-

We obtain the following first order conditions:

A
u' (cf;) = “'(%’)Z; (25)
ij
Vi) = (26)
ij

from which we obtain the following ranking:

cre = dpg>che=dye S cpy =dpy >y = duy,

e < ZaeS Zpn < Zpn
This ranking reproduces what we had in the one-source of heterogeneity cases
and ensures the equalization of ex ante utilities across types.

For each type ¢j, consumption is smoothed across the lifecycle. The con-
sumption profile of agents with low life expectancy and low productivity (i.e.
type L) is higher than the one of agents with high life expectancy and high
productivity (i.e. type Hh), whereas there is no clear ranking in terms of con-
sumption for the intermediate types (i.e. types H¢ and Lh). In their case, one
needs additional assumptions on the relative size of differences in longevity and
productivity (i.e. whether inequalities are higher in one or the other dimension
of heterogeneity) in order to obtain a clear ranking of their consumptions.

Regarding the optimal retirement ages, we obtain that agents with low pro-
ductivity (i.e. type if) should, ceteris paribus, retire earlier than agents with
high productivity (i.e. type ¢h). That result is standard in the literature. We
obtain also that agents with low life expectancy (i.e. type Lj) should, ceteris
paribus, retire earlier than agents with high life expectancy (i.e. type Hj).
That earlier retirement would be a kind of compensation for the lowest survival
prospects. Here again, there is no clear ranking when considering the opti-
mal retirement ages for the intermediate groups: low productivity / high life
expectancy, and high productivity / low life expectancy.

5.2.2 Ez post egalitarian optimum

In this section, we thus have eight types of agents, depending on whether they
are long-lived or short-lived. The planner’s problem is thus written as follows:

max min{U,fjl,UZ} s. t. Z Z (cij + midij) = Z Z w; (14 mi25)

Cij,dij,zij . ; . ;
' ' i=H,L j=h{ i=H,L j=h{

25



where as before, one has
Uil = ulcy)
Ui = ulei;) +u(diy) —v(zi)

As in the preceding sections, we can rewrite this problem in a more convenient
way by expliciting the egalitarian constraints. First, short-lived and long-lived
of given types must be equally well:

u (d;j*) —u(z}) =0 Vi, j (27)

Note that this corresponds to a case where one can have CHAES 0.17 Second,
short-lived agents have to be equally well:

u(c;‘;) =u Vi, j
The latter constraint implies that ¢; = ¢ for every agent. Using the same
approach as in section 3.3, we have that

4e** = Z Z wi(1+mzf) — mou™ ' ov(z]))
¢

i=H,L j=h,

Maximising ¢** with respect to z7" yields:

wj = (u™ 0v)" (2]]) (28)
and thus, that 235 = 235, > 275 = z3,. From (27) this implies that d}} =

in > diy = dif,. That allocation is independent of survival rates. This is a
direct consequence of the ez post egalitarian approach, as what matters is the
realized outcome and not the expected one. Regarding the form of the lifecycle
consumption profile, and focusing on the case of sufficiently rich economies, we
obtain, as in the baseline model, that the optimal consumption profile is, in
general, decreasing over time for each type, so that ¢** > d}}, d};. Finally, note
that ex post utilities are the same for short and long-lived agents and across
types. This is a direct consequence of the first period consumption equalization
and of (27).

The following proposition summarizes our results under perfect information.

Proposition 8 Consider a two-period economy with risky lifetime, and inequal-
ities in terms of life expectancy (wpg > ) and productivity (wp, > wy).

o The laissez-faire involves:

= dy;Vie{HL}Yje {h
CLh > CHWh Z CLe > CHy
drn > dgn 2 dpe > dpe

ZHj > ZLj Vj S {h, E}

Cij

171f s;; was constrained to be positive, one would have that second period utility would be
equal across types but not necessarly null.
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e The ex ante egalitarian optimum involves:

c;; = di;Vie{H,L},Vje{hl}
€Le > CHe 2 CLp > Chp

e > dpg2dp, >dyy,
e < ZaeS 20 < Zpn

o The ex post egalitarian optimum involves, if u(d;j) — v (zi;) > 0 for all
1,7 at the laissez-faire:

cf = ™ >dvie{H L}, Vje {ht}
n = dyp >dp,=dy,
ZLh = ZHn > ZLi= ZHe

Proof. See above. m
The laissez-faire and the ex ante egalitarian social optimum exhibit a smoothed

consumption profile, unlike under the ex post egalitarian social optimum. The
main dissonance between the three allocations concerns the retirement age. At
the laissez-faire and at the ex ante egalitarian optimum, agents with a higher
life expectancy should retire later on, in comparison with agents with low life
expectancy. That result does not prevail under the ex post egalitarian optimum,
where agents with the same productivity level should retire at the same age,
independent of their life expectancy. Hence differences in survival chances are
irrelevant under the ex post egalitarian optimum. The only relevant piece of
information is productivity: high productivity agents should retire later than
low productivity agents. That result was also prevailing under the ex ante egal-
itarian optimum. Therefore the main source of tension between ex ante and
er post egalitarianisms remains the treatment of life expectancy differentials,
exactly as in the model without wage heterogeneity (see section 3.3).

5.3 Asymmetric information

We now study the planner’s problem under asymmetric information. For that
purpose, we will proceed in two stages. In a first stage, we will show that,
with both ex post or ex ante egalitarianism, under asymmetric information, the
equalization of utilities is not incentive compatible (as it was already shown
in Section 3.2). Whereas in the first-best, the maximin criterion implies equal
utilities, in the second-best the self-selection constraint implies utilities that
are necessarily unequal. Then, in a second stage, we will derive the maximin
solution under asymmetric information.

To make our point, we assume a positive correlation between life expectancy
and productivity.'® That assumption is in line with the existing literature,
which suggests that there exists, in general, a positive correlation between labour

18We make this assumption so as to avoid unecessary complexification of the analysis when
studying the second-best optimum. Our argument could be extended to the four-type case.
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earnings and life expectancy (see Duleep 1986, Deaton and Paxton 1998). We
assume that type-H agents have better survival prospects as well as a higher
productivity, while it is the reverse for type-L agents.

5.3.1 Incentive constraints and egalitarianism

Under asymmetric information, if agents were proposed the first-best alloca-
tions, type-H agents would always have interest in claiming to be L-type agents.
Hence, one needs to add to the previous problem the following incentive con-
straint:

u(cy) +7n [u (drr) — v(iﬁ)} > u(cr) + 7 [u (dr) — U(ij{)]

This constraint has to be binding in equilibrium. This is clearly not compatible
with the equality of ex ante utilities, that is

u(e) + o [u (dg) — ’U(yH):| =u(ecr) + 7L {u (dr) — U(yL)] .
wH wr,

The same problem arises with ex post egalitarianism. The only difference
is that first-period consumptions are the same across types, so as to ensure
that there is no inequality among agents who live for only one period. Saying
this differently, mimicking is possible only in the second period. The incentive
constraint leads to setting:

u(e) +u () = v(2) > u(e) +u(dr) —v(2)
wH WH
which is binding in equilibrium. This is obviously not compatible with the
egalitarian constraint,
w(e) +u(dn) = v(25) = u(e) +u (dy) — v(2E).
wH wr,

All in all, under asymmetric information, the egalitarian and the incentive
constraints cannot be satisfied at the same time. This result is independent of
whether we use an ex ante or an ex post approach.

In the following, we will thus use an alternative social welfare criterion, i.e.
the maximin criterion so as to solve the planner’s problem under asymmetric
information.

5.3.2 The maximin ex ante solution

Under asymmetric information, the ex ante maximin solution is obtained from
solving the following problem:
max u(cp)+ 7L [u (dr) — v(yL)]
¢i,di,Yi wr,
3 (e + midi) < Xjw; (14 72)
s. t ! !
uley) +7H {u(dH) — v(yi)} >wu(ep) + 7y |u(dp) —v(E)

WH H
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The first-order conditions for this problem can be rearranged so as to obtain
the following marginal rates of substitution:

Zjﬁf;;% =1 (29)
Z((fli; N ll_jf“ (31)
. | omn

W = wp - WHWZ@ < wg, (32)

V7L wi v(y; Jwr)

where v is the Lagrange multiplier associated to the incentive constraint. First,
note that we obtain the usual result of no distortion at the top for the type-
H agent. For this agent, consumptions are equalized across periods and the
marginal rate of substitution between consumption and labour is equal to his
productivity. In contrast, type-L agent consumptions should be decreasing over
time, i.e. ¢} > dj, and the retirement age should be distorted downwards. Under
asymmetric information, it is optimal to put an implicit tax on the retirement
age of type-L agents, so as to avoid mimicking from type-H agents.

Finally, note that we have the following ranking of utilities between the
short- and the long-lived:

utein) + mo fuai) = o 2| =)+ [u(d) - o2

> uleh)+ i [ulay) - o)

Clearly, at the second-best optimum, the type-H agent needs to have higher
utility than type-L agents, so as to avoid mimicking behavior.

5.3.3 The maximin ex post solution

Let us now turn to the ex post approach. As in the perfect information case,
we want to avoid inequalities in first-period consumption, i.e., ¢} = cj* = ¢**,
to ensure that short-lived agents are equally well-off. Yet, as we showed before,
under asymmetric information, the equalization of utilities is not possible, since
incentive constraints lead to:

w(dn) — o2y = u(dy) —v(Z) > u(dr) —v(Z2) =0
wH wH wr,

where we got rid of the utility of first-period consumption. The first part of the
equality ensures that type-H will not be tempted to pretend to be a type-L,
while the second inequality ensures that the long-lived and short-lived of type
L are equally well off. Obviously, under asymmetric information, one cannot
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avoid that the long-lived H-type is better-off than the rest of the population.
Because of the incentive problem, one has to leave him some rent. This being
said, the problem of the planner can be written as follows:

max 2¢ = wy+wp+ 7y + 7Ly — Tgdy — wrdyp

di,yi
w(dg) —v(EE) = u(de) —v(ZE)
s.to{ u(dL)—v(i—LL):O

We assume that the social planner does not use the information revealed in the
previous period regarding wage levels, as otherwise the planner could observe
who is effectively of type L or H.

Denoting by v and p the Lagrange multipliers associated with respectively
the incentive constraint and the egalitarian constraint, we obtain the following
marginal rates of substitution between the retirement ages and second-period
consumption:

V(i [wn)

— e = 33
T )
1(, %% _

U@Lid/w) - P | < (34)
v = Y i o)

Hence the trade-off between consumption and retirement is not distorted for
type-H agent (this is the usual result of no distortion at the top), but we find
that it is distorted downwards for the type-L. Hence taxation of the retirement
age would be justified on equity grounds.'®

Let us look at the ranking of second-period consumptions. Using the fact
that: ,

vy fwe) _ v'(yp/we)
' (df) u' (")

and the binding incentive constraint, one can show that the only possible solu-
tion is such that yj; > y7* and djf > d7*.

The following proposition summarizes our results at the second-best.

Proposition 9 Consider a two-period economy with risky lifetime, and inequal-
ities in terms of life expectancy (mg > w1 ) and productivity (wp > wy). Assume
asymmetric information about agents typesij, and a positive correlation between
life expectancy and productivity, implying two types H and L. We obtain:

e The equalization of expected or realized lifetime utilities across ex ante
types violates incentive compatibility constraints.
e Under the ex ante maximin, we have:
¢y = dy;cp>d}

v'(z) = wau(dy);: V' (21) <wpu'(dy)

198ee Gruber and Wise (1999) for reviewing evidence of the existence of an implicit tax on
retirement.
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e Under the ex post maximin, we have:

o= =
Kok Kok koK s
dy > di°s yg >yp

v'(z5) wrv! (di); v'(217) < wpd (di)

Proof. See above. m

The introduction of asymmetric information affects the form of the ez ante
egalitarian optimum at three levels. First, the optimum now involves inequal-
ities in terms of the expected lifetime welfare between types H and L, since
equalizing expected lifetime welfare is incompatible with incentive constraints.
A higher expected lifetime welfare for type H is necessary to prevent type-H
agents from pretending to be of type L. Second, the optimal consumption pro-
file is no longer flat for type-L agents, but is now decreasing, unlike at the
first-best. Moreover, type-L agent’s optimal retirement age is here distorted
downwards. Making type-L agents consume less and retire earlier at the second-
period makes mimicking unappealing for type-H agents. Regarding the ez post
egalitarian optimum, the same incompatibility with incentive constraints holds,
and therefore inequalities in realized welfare remain at the optimum, between
type-H and type-L agents. Those inequalities are not related to the young age,
since first-period consumptions are equalized across all agents. On the con-
trary, second-period consumptions are not equal, since type H enjoy a higher
consumption than type L. Here again, the age at retirement is distorted down-
wards for the type-L agent, in such a way as to make mimicking by type-H
unappealing.

Note, however, that, although asymmetric information makes both the equal-
ization of expected lifetime welfares and realized lifetime welfares across agents
incompatible with incentive constraints, the major difference between the two
social optima remains: their different sensitivity to life expectancy differentials.
Under the ez post planning problem, survival probabilities 7y and 7 matter
only through the economy’s resource constraint. On the contrary, under the ex
ante planning problem, survival probabilities affect not only the resource con-
straint, but, also, how a given (¢;;, d;;, z;;) bundle turns out to be valued by
agents. As shown above, that different treatment of demographic information
is far from neutral for the design of the optimal age at retirement. That general
result remains valid under asymmetric information.

6 Concluding remarks

Despite major medical advances, human lives remain inherently risky. The
corollary of that uncertainty consists, in a laissez-faire world, in large inequalities
in lifetime welfare between those who enjoy a long life, and those who suffer from
a premature death. Given that a significant part of longevity inequalities are
due to factors on which individuals have no influence at all, there is a strong
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ethical support for adopting an egalitarian social objective, which tries to reduce
welfare inequalities between short-lived and long-lived individuals.

Two egalitarian objectives were explored here. On the one hand, ex ante
egalitarianism, which recommends to maximize the minimum expected lifetime
welfare in the population. On the other hand, ex post egalitarianism, which
recommends to maximize the minimum realized lifetime welfare. Those two
social objectives were shown to provide quite different views of the optimal
organization of the lifecycle in terms of labour and retirement age.

Whereas the ez ante egalitarian optimum coincides with the laissez-faire
allocation in an economy of ex ante identical individuals, the ex post egalitarian
optimum recommends, in an advanced economy, higher consumption at the
young age, and lower consumption at the old age, as well as a later retirement.
Old-age labour thus appears to be a major ingredient of a fair production under
risky lifetime: the longer lives are, the longer the working period should be.

That result also holds in a more general economy with three life-periods,
provided some individuals turn out to die during their career. In that extended
framework, premature deaths during the career support the postponement of
retirement, and not an earlier retirement. On the contrary, the absence of early
deaths during the career tends to support the advancement of the retirement
age. Once heterogeneous life expectancies and productivities are introduced,
the ez ante and ex post egalitarian optima still differs significantly, whatever we
consider full information on agents’ characteristics or asymmetric information.

Hence, adopting an ex post egalitarian approach has sizeable effects on the
design of the optimal lifecycle. Such an approach would have major corollaries
when thinking about the real world. To see this, consider, for instance, the
hardness of labour, which leads, through occupational diseases, to a lower life
expectancy. Such a lower life expectancy is often used to legitimate earlier re-
tirement for high-risk workers. This is in conformity with the ex ante egalitarian
optimum, but it is compatible with the ex post egalitarian optimum only if early
deaths occur only after retirement, or if the number of deaths before retirement
is small enough and the degree of egalitarianism is moderate.

The choice between ex ante and ex post egalitarianisms in a risky environ-
ment is a complex issue. There is no space here to provide a complete treatment
of that problem, which is examined in Fleurbaey (2010). Nonetheless, an egali-
tarianism that focuses on inequalities in life expectancies rather than in actual
longevities may miss its target. At the end of the day, what matters is what
people achieve, not what they expected to achieve. A person dying at the age,
let us say, of 45 years, suffers from a serious damage, even if he enjoyed a life
expectancy of 78 years. That damage would hardly be affected if the life ex-
pectancy was, instead, equal to 77 years. Moreover, ex ante egalitarianism that
is based on average mortality statistics is not really ex ante egalitarian as it fails
to track individuals’ true life expectancy. In a deterministic world, the true ez
ante perspective coincides with the ex post perspective.

In sum, life expectancy statistics, although most useful for various purposes,
can be quite misleading. That average figure hides the inequalities that really
matter: inequalities in the lifespan actually enjoyed. Policy-makers should def-
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initely not fall under the tyranny of life expectancy. But, as we showed in this
paper, adopting such an ez post egalitarian perspective would have substantial
implications for the organization of the lifecycle. Under risky lifetime and sub-
stantial mortality at working age, fairness in terms of realized well-being may
require the elderly to work more, not less.
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8 Appendix

8.1 Proof of Proposition 1

The first two equalities in the first point of Proposition 1 follow immediately
from the FOCs. Regarding the effects of w and 7 on z, ¢ and d, assuming
differentiability to the desired order, one obtains the following results. Fully
differentiating

1+ 7wz
¢ = wi—, (35)
V(z) = u(c)w. (36)

with respect to w and rearranging terms, one obtains:

dz u” (¢) e+ (c)

dw v’ (z) —u(c) ?l”_i:
u'(c)(1 — Rg(c))
U”(Z) _ u//(c) 110_"2_7;

where Rr(c) = —u"(c)c/u/(c) so that dz/dw > 0 if Rr(c) < 1 and dz/dw < 0
if Rr(c) > 1. We also obtain:
de (14 m2)v"(z) + wru'(c

dw (1 4 ) [or(2) —“”(Cﬁ"jﬂ

> 0.

Fully differentiating (35) and (2) with respect to m and rearranging terms, we
obtain:

dc dz
%<Oand%>0.

whenever z < 1, which is always the case here.
Inequalities in lifetime welfare increase with w if

dc dz
!/ R !/ =
u’ (c) >’ (2) ”

Substituting for the expressions of d¢/dw and dz/dw above, we obtain that this
inequality holds if and only if
(1+7m2)v"(2) T
(1+mv'(z) Q4+

from which we deduce the second part of Proposition 1.

> (1= Rg(c))
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8.2 Proof of Proposition 6

Fully differentiating ¢ with respect to w, one obtains

E_ 1-’-7’(’22 wTo %
do  1+7m(1+m3) 1+m(l+m3)dw

and differentiating the FOC with respect to z, one has:

" % _ " ﬁ /
0" (z) 70 = WY (d) o +u' (¢

Substituting one into the other and rearranging terms, we get:

dz  wu' (d) ity v/ (o)

4z _ 147 (1+m3) <0
dw v (2) — %u” (¢) —
Substituting into de/dw, we obtain:
de 1 (14 m22)v" (2) + v (c) wre >0
dw Itm(lam) | v @) - mEdE @ |

Using the same reasoning for comparative statics with respect to mo and w3, we
obtain

dz dd

Tm 0 and di’]TQ <0
dz dd

— 0and — <0
dﬂ'g - an d’ﬂ'g <

Differentiating the expressions for welfare inequalities and using the above com-
parative statics, we obtain the last point of Proposition 4.
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