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Abstract

This paper characterizes the optimal level of pollution in a two-period
OLG economy where pollution deteriorates survival conditions. We com-
pare two long-run social optima: on the one hand, the average utilitarian
optimum, where the long-run average well-being is maximized, and, on the
other hand, the ex post egalitarian optimum, where the realized well-being
of the worst-off at the stationary equilibrium is maximized. It is shown
that the ex post egalitarian optimum involves, under weak conditions, a
higher level of pollution in comparison with the utilitarian optimum. This
result is robust to introducing health expenditures in the survival func-
tion. Finally, we examine the decentralization of those two social optima,
and we compare the associated optimal taxes on capital income aimed at
internalizing the pollution externality.
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1 Introduction

Environmental pollution is a major cause of mortality around the world. Various
aspects of the environment affect mortality outcomes, including air pollution,
water pollution and soil pollution.! The impact of environmental quality on
human longevity can be illustrated by the significant overmortality due to air
pollution. According to a recent study by WHO (2014), about 7 million deaths
can be imputed, around the world, to (indoor and outdoor) air pollution in
2012. A large proportion of premature deaths due to air pollution take place in
urban areas around the developing world.?

The pollution/mortality relationship raises deep challenges for policy-makers.
An obvious challenge consists of designing appropriate fiscal instruments, such
as Pigouvian taxes, in order to internalize pollution externalities. But inter-
nalizing externalities is not the only goal of public policy in the presence of
pollution. Actually, pollution is not only a source of externalities, it is also a
cause of large inequalities in longevity. Because of pollution, some individuals,
who are more vulnerable, turn out to have shorter lives, whereas other individ-
uals can still enjoy a long life. As a consequence, longevity inequalities due to
pollution generate large inequalities in lifetime well-being.

What should governments do in front of those inequalities? To answer that
question, let us consider Fleurbaey’s theory of fairness. Fleurbaey (2008) distin-
guishes between two kinds of inequalities: on the one hand, inequalities due to
circumstances (on which individuals have no control), and, on the other hand,
inequalities due to responsibility variables (on which individuals have some con-
trol). According to Fleurbaey’s Principle of Compensation, inequalities due
to circumstances should be abolished. The Principle of Compensation is most
relevant for longevity inequalities due to pollution. True, pollution is not a cir-
cumstance; on the contrary, this constitutes a social product. However, although
pollution is a social phenomenon, only some persons suffer, because of arbitrary
reasons (i.e. a larger vulnerability), from premature death due to pollution. As
a consequence, pollution victims can hardly be regarded as responsible for their
premature death. Hence the question of their compensation matters.

The goal of this paper is precisely to study the compensation of pollution
victims, i.e. persons who die prematurely because of pollution. From that per-
spective, a key question concerns the selection of an adequate social welfare
criterion. Standard normative criteria such as utilitarianism cannot, in general,
justify the compensation of pollution victims. As it is well-known, once we
consider a population where individuals differ on fundamental aspects (affect-
ing their capacity to convert resources into well-being), the utilitarian criterion
often leads to a counterintuitive treatment of disadvantaged individuals.® This
problem arises when considering individuals who are homogeneous ez ante (i.e.
before the duration of their life is known), but who turn out to have unequal
realized longevities ex post. In that case, utilitarianism equalizes, ex ante, the
expected lifetime well-being of all ex ante identical individuals. However, there

LOn the various effects of environmental quality on human longevity, see Sartor (2002).

2Qther important studies on the impact of air pollution on mortality include Kinney and
Ozkanyak (1991), Finkelstein et al (2003), Peng et al (2005), and Laden et al (2006).

3Those limits were emphasized, in different contexts, by Arrow (1971), Sen (1973) and Mir-
rlees (1982). If, for instance, handicapped persons exhibit a lower capacity to convert resources
into well-being, utilitarianism will penalize them, by allocating fewer resources to them. But
many would argue that we should give not less, but more resources to the handicapped.



remain in general, at the utilitarian social optimum, large inequalities in real-
ized lifetime well-being between short-lived and long-lived individuals. When
those inequalities are due to circumstances, there is a strong motivation for
compensating short-lived persons, which is something that utilitarianism can-
not do.* This intuition motivated the development of alternative normative
criteria aimed at minimizing inequalities in realized lifetime well-being between
short-lived and long-lived individuals.

In recent works, Fleurbaey and Ponthiere (2013) and Fleurbaey et al (2014)
studied, in the context of risky and unequal lifetimes, the allocation of resources
induced by a particular social welfare criterion of the ex post mazimin form: that
social criterion ranks allocations according to the level of realized lifetime well-
being of the worst-off. The term "realized" is important: what matters from
the perspective of that social objective is not what the "expected" lifetime well-
being levels are ex ante (when the durations of life are not known), but, rather,
the lifetime well-being levels realized ex post (i.e. when the duration of each life
is known). Fleurbaey and Ponthiere (2013) and Fleurbaey et al (2014) showed
that, under mild conditions, the ex post mazimin leads to the equalization of
the realized lifetime well-being levels of the short-lived and long-lived individu-
als, thus achieving the compensation of the former. That compensation of the
short-lived is achieved, in those frameworks, by making the consumption profile
decreasing with the age, which tends to make inequalities in realized lifetime
well-being between the short-lived and the long-lived vanish.

The fact that the ex post mazimin social objective can, in some frame-
works, lead to a full compensation of the unlucky short-lived makes that social
criterion a natural candidate in order to study the compensation of pollution
victims. Actually, if one defines pollution victims as persons who turn out to
die prematurely because of pollution, the question of the compensation of pol-
lution victims can be reformulated as the study of the conditions under which
we can equalize, in a context where pollution deteriorates survival conditions,
the realized lifetime well-being of short-lived and long-lived persons. From that
perspective, it makes sense to study whether the ex post mazimin criterion can
allow for a compensation of premature deaths due to pollution. This is the task
carried out in this paper.

In order to study the compensation of pollution victims, this paper will
compare the optimal pollution level prevailing under two social optima: on
the one hand, the utilitarian social optimum (where the long-run average well-
being is maximized), and, on the other hand, the ex post egalitarian social
optimum (where the long-run well-being of the worst-off is maximized). Then,
we will examine the decentralization of those two social optima by means of
fiscal instruments. That comparison will allow us to assess the robustness of
the optimal policy to the underlying social welfare function, by comparing the
optimal policies under those social objectives.

For that purpose, we consider a two-period dynamic overlapping generations
model (OLG) with physical capital accumulation, where production generates

4This is true that utilitarianism equalizes, from an ex ante perspective, the expected life-
time well-being across all ex ante identical individuals. However, this ex ante equality is
not relevant for compensation. From the perspective of compensation, what matters is the
realized longevity and consumption outcomes, and not the expected ones. Realized outcomes
differ across agents (depending on whether they are short-lived or long-lived), explaining why
utilitarianism does not seem appealing in the present context.



some pollution, which, in turn, reduces life expectancy. Our normative analysis
consists of a long-run analysis: we examine what kind of stationary equilibrium
would be selected under the two social welfare functions under comparison.
Similarly, our policy analysis is a long-run policy analysis: we consider the fiscal
instruments required for the decentralization of the long-run social optima.

Anticipating our results, we show that, under mild conditions, the ex post
egalitarian optimum equalizes the realized lifetime well-being of short-lived and
long-lived individuals, and, hence, achieves the compensation of pollution vic-
tims. We also show that the ex post egalitarian optimum involves a higher level
of pollution in comparison with the utilitarian optimum. This result is robust
to introducing preventive health expenditures. When examining the decentral-
ization of those two social optima, we compare the associated optimal taxes
on capital income aimed at internalizing the pollution externality, and we show
that the optimal taxes on capital income obtained under those two optima differ
strongly, to an extent that depends on the shape of individual preferences and
on the form of the survival process. The decentralization of the ex post egali-
tarian optimum requires, in general, a higher tax on capital income than under
utilitarianism, but that tax is decreasing with the extent to which pollution
affects survival conditions (unlike under utilitarianism). Thus, the optimal en-
vironmental policy is strongly sensitive to the underlying social objective, and,
in particular, to the attention paid to the compensation of the short-lived.

This paper complements the existing literature in several distinct ways.
First, we complement the literature in normative economics focusing on compen-
sation. Following the works by Fleurbaey (2008) and Fleurbaey and Maniquet
(2010), several papers examined, in various contexts, how inequalities due to
circumstances can be compensated (see Jacquet and Van de gaer 2011, Fleur-
baey and Ponthiere 2013, Fleurbaey et al 2014). This paper complements that
literature by considering the compensation of pollution victims in a dynamic
OLG economy. Second, this paper complements also the increasingly large lit-
erature in growth theory focusing, within OLG economies, on the links between
pollution and development (see John and Pecchenino 1994 and John et al 1995),
and on the design of the optimal public intervention in that context (see Jouvet
et al 2000, Ono 2002, Jouvet et al 2005, Nakabayashi 2010).> In particular,
we complement the literature on the links between pollution, development and
survival conditions (see Jouvet et al, 2010, Mariani et al 2010, Balestra and
Dottori 2012), by paying a particular attention to the issue of compensation in
an economy where pollution generates longevity inequalities.®

The rest of the paper is organized as follows. Section 2 presents the model of
a simple OLG economy with pollution and risky lifetime. The utilitarian social
optimum is characterized in Section 3. Section 4 derives the ex post egalitarian
social optimum, and compares it with the utilitarian optimum. Section 5 ex-
amines the robustness of the differences between the two social optima to the
introduction of health expenditures as an input in the survival function. Then,
Section 6 considers the decentralization of the two social optima, and compares
the associated optimal public policies. Conclusions are drawn in Section 7.

5The starting point of that literature is the empirical evidence supporting the existence
of an environmental Kuznetz curve (Grossman and Krueger 1995). For a survey on the
environmental Kuznetz curve, see Dinda (2004).

6This was not the case in Jouvet et al (2010), where pollution affected the duration of the
old age lived by all members of a cohort, without causing intracohort inequalities.



2 The model

We consider an OLG economy with pollution and risky lifetime.” Time is dis-
crete and goes from 0 to infinity. All cohorts are, at birth, of size N > 0.
Longevity is risky: all individuals live the first adulthood period (i.e. the young
age), during which they work, save and consume, but only some fraction of each
cohort will survive to the second adulthood period (i.e. the old age), and enjoy
the retirement period.®

Survival conditions All individuals born at time ¢ live the first period for
sure, but only a fraction w41 of that cohort will survive to the second period.
The proportion of survivors depends on the level of pollution at period ¢:

Tip1 = 7 (Pr) (1)

We assume, as usual, that 0 < 71 < 1 VP, > 0, and that 7/ (Pyy1) < 0 and
7TN (Pt+1) < 0.

Production The production process involves capital K; and labor L,
according to the following production function:

Y, = F (K., Ly) 2)

where Y; denotes the output at time ¢. Given that only young individuals work,
and given that the size of each cohort is, at birth, identical, we have L, = N Vt.
As usual, we assume that the production function F () is positively valued, and
is increasing and strictly concave with respect to capital. Capital depreciates at
a rate 4.

Assuming constant returns to scale, the production function can be written
as:

yr = f (k) (3)

where y; = % is the output per worker, f(k;) = F(k;, 1) is the production
function in intensive terms, and k; = % is the capital per worker. As examined
in de la Croix and Michel (2002), the production function f(k:) satisfies the
properties: f'(k;) > 0 and f"”(k;) < 0.

Pollution The production process generates some pollution. Polluting
emissions E; are proportional to the total output:®
Et = 7’]F (Kt7 Lt) (4)

where 17 > 0 captures the extent to which the production process leads to
polluting emissions.
The dynamics of pollution is given by the equation:

P=E+(1—v)P_1 (5)

where 0 < v < 1 is the natural rate of pollution absorption.

"For the sake of simplicity, we consider here a closed OLG economy. We do not study here
the impact of labor mobility on the spatial distribution of pollution and survival conditions.

8Note that all individuals live here period 1 (i.e. the young age), so that we abstract here
from infant mortality.

90n alternative ways to model pollution, see John and Pecchenino (1994) and John et al
(1995).



Preferences Individuals have time-additive lifetime well-being, which de-
pends on consumption per period. As usual, the utility of being dead is nor-
malized to 0. Hence, the lifetime well-being of short-lived individuals in cohort
t is:

Uzt = u(er) (6)

where ¢; denotes the consumption at the young age for an individual in cohort
t. We assume, as usual, that «/(-) > 0 and «”(-) < 0.
For individuals in cohort ¢ who turn out to be long-lived, lifetime well-being
is equal to:
Ui = u(cr) + u(dita) (7)

where d;; denotes the second-period consumption.

Following the existing literature (see Becker et al 2005), we assume that there
exists a non-negative consumption level ¢ > 0 that is neutral for the continuation
of existence. That neutral consumption level ¢ is such that w(¢) = 0. It is
supposed, by construction, to make an individual indifferent between, on the
one hand, survival with that consumption level, and, on the other hand, death.
Given v/(-) > 0, we thus have that u(c;) < 0 Ve, < €, u(e;) = 0 when ¢, = ¢
and u(ct) > 0 Ve, > €. Consumption below ¢ makes life worse than death, while
consumption above ¢ makes life better than death.

Assuming the existence of a non-negative consumption level neutral for the
continuation of existence may appear to be a strong assumption at first glance.
Note, however, that assuming, on the contrary, that there does not exist a non-
negative level of consumption such that u(¢) = 0 would be even stronger. Under
that alternative case, two situations could arise: either being alive with any -
possibly zero - non-negative consumption level would always be regarded as
strictly better than being dead (i.e. u(ct) > 0 Ve > 0) or being alive with any -
possibly very large - non-negative consumption level would always be regarded
as strictly worse than being dead (i.e. u(c;) < 0 Vey > 0). Those two cases are
implausible. This is the reason why we will follow the literature and suppose
that there exists a non-negative consumption level neutral for the continuation
of existence.

It is assumed here that pollution affects well-being only through survival
prospects, but that it does not affect well-being through some pure disutility
of low environmental quality (i.e. independently from survival conditions). Al-
though this assumption simplifies the picture, we abstract here from this pure
disutility of pollution, since this seems to constitute only a second-order deter-
minant of well-being in comparison to survival. Dying prematurely because of
pollution constitutes a much stronger source of deprivation in comparison to
suffering from low environmental quality. Because of this, introducing a pure
disutility of pollution would not strongly affect our results.

Resource constraint At any point in time, the consumption and invest-
ment in the economy must be equal to the production:

F(Ki, L) = e Ly + dy (Pt—l) Li 1+ Ky —(1— 5)Kt (8)

The pollution level affects the resource constraint through the survival process
m(P;—1). A low P;_; leads to a higher proportion of individuals reaching the
retirement period, and, hence, leads to a stronger pressure on available resources.



3 The utilitarian optimum

In order to characterize the utilitarian optimum, we will concentrate on a sta-
tionary equilibrium.'® Given that the size of cohorts at birth is constant over
time, and equal to IV, a stationary equilibrium consists here of a situation where
all variables - both in levels and in per worker terms - are constant over time.

Imposing P, = P;_1 in the pollution dynamics equation yields the following
stationary pollution stock:

nF (K, L) _ nNf(k)
Y gl

where k£ denotes the stationary capital per worker.
Moreover, the resource constraint becomes, at the stationary equilibrium:

pP= 9)

F(K,N)=¢cN+dn(P)N+ K- (1-0)K (10)
When rewritten in intensive terms, that expression becomes:
f(k) =0k =c+dr (P) (11)

In the light of this, the utilitarian social planner’s problem can be represented
as the selection of levels of consumptions, capital and pollution that maximize
average lifetime well-being at the stationary equilibrium, subject to the resource
constraint of the economy and subject to the stationary pollution level:

max, u(e) + m(P)u(d)

c,d,k,
st. f(k) — 6k = c + dr (P)
s.t. P= M

Y

Given that P is a function of k, that problem can be rewritten as the selec-
tion of variables {c,d, k} maximizing average lifetime well-being subject to the
resource constraint of the economy. That problem can be rewritten by means
of the following Lagrangian:

N f(k N f(k
(”f()> u(d) + A {f(k) — 6k —c—dn <”f())]

v v
where A is the Lagrange multiplier associated to the resource constraint. The
first order conditions (FOCs) can be rewritten as:

uw'(c) = u/'(d) (12)

_ o (NS (R)\ nNf(F) [u(d) — du'(d)]
’ ( ¥ ) gl u'(d)

maxu(c) + 7

(13)
as well as the conditions:

A>0, f(k) — 6k > c+dr <77Nf;<k)> (14)

10As stressed in the growth literature, the dependency of the survival probability on pol-
lution can, in some cases, complicate the dynamics significantly. Given that our emphasis
is here on the comparison of social optima, we will deliberately leave aside the analysis of
dynamics, and focus only on the comparison of stationary equilibria that are optimal from
the perspective of the two social welfare criteria considered.



with complementary slackness.

As stated in condition (12), the utilitarian optimum involves smoothed con-
sumption profiles along the lifecycle. Regarding the optimal capital, the condi-
tion (13) is a modified version of the standard Golden Rule for optimal capital
accumulation (Phelps 1961). In standard OLG models without pollution, we
have 7’ (-) = 0, and the condition for optimal capital is:

fi(k)=¢ (15)

However, in our model, capital accumulation tends to deteriorate survival
chances (i.e. 7’ (-) < 0), with the consequence that a second term is added on
the right-hand side (RHS) of the Golden Rule condition. That term, equal to:

_ o (NF(R)\ nN (k) [u(d) — du'(d)]
() 1o
is positive if and only if

u(d) — du'(d) >0 (17)

That condition states that the marginal welfare gain from a higher survival
probability, i.e. u(d), must be higher, at the social optimum, than the marginal
welfare loss from a higher survival probability, i.e. du’(d).!!

Whether u(d) is superior to du’(d) or not depends on several aspects of the
economy. First of all, it depends on the shape of the utility function u(-). When
u(-) satisfies u(0) > 0, it is always the case, given the concavity of w (-), that
u(d) is superior to du’(d). However, we assume here that there exists ¢ > 0
such that «(¢) = 0, so that «u(0) < 0. Hence we cannot rely only on the mere
concavity of u (+) to know whether u(d) — du'(d) 2 0.

Actually, under u(0) < 0, whether u(d) — du’(d) = 0 depends on the level
of d, which is determined by the shape of the production function f (k). If the
production process brings high output levels, consumption levels are high, and
so it is likely that u(d) is high and v'(d) is low, leading to u(d) —du’(d) > 0. On
the contrary, if the production process is not efficient, output and consumption
levels are low, leading potentially to d < ¢, implying that u(d) < du’(d). That
case coincides with an economy having a low production capacity, and where
consumption levels are below the threshold ¢ making a life-period enjoyable.

In sum, two cases can arise. If the production capacity is sufficiently efficient,
the socially optimal second-period consumption is sufficiently high to guarantee
u(d) — du’(d) > 0. As a consequence, the optimal k is here lower than in
the absence of pollution. If, on the contrary, the production capacity is not
efficient, the optimal d is so low that u(d) — du/(d) < 0. Hence, in that case,
the optimal k is here higher than under the standard Golden Rule (i.e. in the
absence of pollution). That second case is worth being mentioned for the sake of
completeness. However, it cannot be overemphasized here that the case where
the optimal d is so low that u(d) — du/(d) < 0 is quite atypical. Indeed, in
general, the optimal k is, in the presence of pollution, likely to be lower than

I Alternatively, that condition can be rewritten as:
u/(d 1
@ _1
u(d) d

where the LHS is the fear of ruin, a measure of risk aversion (see Foncel and Treich 2005).



the optimal k prevailing in the absence of pollution. Hence, in the remaining of
this paper, we will mainly focus on the case where u(d) —du'(d) > 0 holds at the
utilitarian optimum, and neglect the uncommon case where u(d) — du’(d) < 0
holds at the utilitarian optimum. Proposition 1 summarizes our results.

Proposition 1 If

li "(k) =
and if
[ o)/ | — L ____ 1
/ (2NF(©0) nN £(0) I <1+w(%<°>)>
™ 5 ~ |¥ e ELFION) 1+ (NI
lim f'(k) |1+ >4
k=0 o £(0)
oy

an interior utilitarian social optimum {cy, dy, kv, P, } exists and satisfies:

Cy = dy
/ / NN f' (k) [u(dy) — duu'(dy)]
f (ku) = 0—m (Pu) ~y u’(du)
p, - NSk
Y
f(ky) =0k, = cy+dum(Py)

If u(dy) — dyv/(dy) > 0 (resp. < 0), we have k,, lower (resp. higher) than
under the standard Golden Rule (r' (-) =0).

Proof. See the Appendix. =

The utilitarian optimum involves flat consumption profiles along the lifecy-
cle, as well as a level of capital per worker lower than under the traditional
Golden Rule. This latter feature is the mere corollary of the presence of pol-
lution. In our model, capital accumulation affects long-run average lifetime
welfare not only through its impact on long-run consumption possibilities (as
in the standard Golden Rule), but, also, it leads to pollution, which reduces
survival chances. Assuming u(d,) — dyu/(dy,) > 0, this deterioration of survival
conditions affects negatively the long-run average lifetime welfare. Hence, the
optimal k£ must be here lower than in the absence of pollution.'?

Proposition 1 only states the conditions under which there exists some in-
terior levels of ¢,d and k satisfying the optimality conditions associated with
the utilitarian social planning problem. However, those optimality conditions
may be satisfied by several quartets {c,d, k, P}. Indeed, there may exist several
local maxima of steady-state average lifetime well-being. Only one of these local
maxima would be the global maximum, at which steady-state average lifetime
well-being is the highest. Hence, the conditions stated in Proposition 1 may not

I2Note that, if we added a pure disutility from pollution —v (P) in individual utility func-
tions (independently from the effect of pollution on survival chances), this would push the
optimal k to even lower levels.



be sufficient to fully identify the utilitarian social optimum. This raises the fol-
lowing question: is there a unique quartet {c,d, k, P} satisfying the conditions
stated in Proposition 1, or are there several quartets {c, d, k, P} satisfying those
conditions? Proposition 2 examines that issue.

Proposition 2 Suppose that, for all k > 0, we have:

1K) + £ (k) (W) @
ey [ (LR LR R (1T n ]

< 0

with

u( 1093k > 1093k u( 1093k )
1o ( 022 1o ( 22 147 ( 282
N (22Ty ) ~ (i | ()

f(k)—dk )
v | — xS
(it

Then, there exists a unique quartet {c,, dy, ky, Py} satisfying the conditions as-
sociated with the utilitarian social optimum.

Proof. See the Appendix. =

As shown in Proposition 2, the mere concavity of the production function
" (k) < 0 does not suffice, in the present context, to guarantee that the condi-
tions of Proposition 1 fully identify the utilitarian social optimum. The reason
why those conditions do not suffice lies in the fact that the survival probability
varies with capital accumulation. To see this, note that, if 7’ (-) = 0, the mere
condition f”(k) < 0 would suffice to guarantee that the conditions stated in
Proposition 1 identify the utilitarian social optimum.

Having examined the existence and uniqueness of the utilitarian social opti-
mum, let us now focus on a particular feature of that social optimum. At the
utilitarian optimum, a proportion 7 (P,) of each cohort will turn out to have a
long life, whereas a proportion 1— 7 (P,) of each cohort will turn out to have a
short life, and will thus not enjoy the old age.

Those inequalities in longevity can lead to substantial inequalities in terms of
realized lifetime well-being. To see this, note that the realized lifetime well-being
of long-lived individuals is equal, at the utilitarian social optimum, to:

U = u(ey) +u(dy) = 2u(cy,) (18)
On the contrary, the realized lifetime well-being of short-lived individuals is:
USl = U(Cu) (19)

Hence, short-lived individuals are, at the utilitarian social optimum, worst-
off than long lived individuals when:

u(ey) >0 <= ¢, >¢C (20)

Using the resource constraint at the utilitarian social optimum, that condition
can be written as:
N f(ky
F(ky) — 0ky > € [1 + <77f()ﬂ (21)
Y

10



The condition states that, at the utilitarian optimum, the long-lived is better
off than the short-lived when the product per worker net of depreciation allows
to give at least the neutral consumption level ¢ to all individuals, young and old.
That condition is quite weak, since the neutral consumption level for continuing
existence ¢ is usually quite low. Thus short-lived individuals suffer, at the
utilitarian optimum, from a lower realized lifetime well-being in comparison to
long-lived individuals.

4 The ex post egalitarian optimum

As Section 3 showed, utilitarianism tends, in the present context, to lead to
inequalities in realized lifetime well-being between short-lived and long-lived in-
dividuals. Those inequalities are not easy to justify. Actually, in our economy,
all individuals in a given cohort are exactly identical ex ante, that is, before the
duration of their life is revealed. All individuals in the same cohort contribute,
through the production process, to the pollution. However, despite those com-
mon features, some individuals in the cohort will turn out to be short-lived,
whereas others will, despite the pollution, enjoy the old age. Thus, although
all members of the same cohort are identical ex ante, there will be significant
inequalities in longevity and in realized lifetime well-being.

Given that the unlucky short-lived individuals can hardly be regarded as
responsible for this, it makes sense to try to make those inequalities in realized
lifetime well-being as small as possible. Actually, as highlighted by Fleurbaey
(2008), inequalities due to circumstances - as opposed to inequalities for which
individuals can be regarded as responsible - should be minimized. This objective
is the one of the ex post egalitarian social planner. The problem of the ez post
egalitarian social planner consists in selecting levels of consumptions, capital
and pollution in such a way as to maximize the realized lifetime well-being of
the unlucky short-lived, while respecting the resource constraint of the economy.

Given that all members of a cohort are exactly identical ex ante (i.e. short-
lived and long-lived cannot be distinguished by the planner), the egalitarian
social planning problem can be written as:

max min {u(c),u(c) + u(d)}

c,d,k,P
st. f(k) — 6k = c+ dr (P)
o1, p = IV

v

The objective function is continuous, but not differentiable. This objec-
tive function is thus hardly tractable, but the social planning problem can be
rewritten in a different way. Actually, the condition u(d) = 0 is necessary and
sufficient to achieve the equalization of lifetime well-being levels across all in-
dividuals in a cohort. In the light of that condition, it is possible to rewrite
the ex post egalitarian social planning problem in a simpler form, as the max-
imization of first-period consumption subject to the resource constraint, and
subject to the egalitarian constraint that the lifetime welfare of long-lived indi-
viduals is not inferior to the lifetime well-being of short-lived individuals, that

11



is, u(c) +u(d) > u(c).'* Hence the ex post egalitarian social planning problem
can be rewritten by means of the following Lagrangian:

Nf(k
mdazcu(c)—i-)\ f(k) =0k —c—dnr <77 N ))] + pu(d)
c.d, 8
where A is the Lagrange multiplier associated with the resource constraint, and

w is the Lagrange multiplier associated with the egalitarian constraint. The
FOCs are:

u'(c) = A (22)
() = Ar (”J\fﬁ(’“)) (23)
A[f’(k)—é—dvr’(an;(k)) ”N{:(k)} = 0 (24)
as well as:
A > 0,f(k)— 0k >c+dn (’W) (25)
po> 0,u(d) >0 (26)

with complementary slackness.

The egalitarian condition can only be satisfied provided u(d) = 0, implying
that second-period consumption equals ¢. Regarding the optimal level of k, the
FOC can be rewritten as:

f/(ki) —S§+er (nN’.i(k)> an/(k) (27)

v

Given that the second term of the RHS is negative, it follows that f'(k) <
0. Thus the optimal level of k at the egalitarian social optimum is higher
than under the standard Golden Rule, and also higher than at the utilitarian
optimum. The intuition behind that result goes as follows. From the perspective
of maximizing the well-being of the unlucky short-lived, the pollution caused by
the accumulation of capital is a way to extent consumption possibilities for the
young, by reducing the inactive/active ratio. Note that the size of that effect
depends on the level of the neutral consumption for continuing existence ¢. The
higher it is, the higher the optimal capital should be.

An important corollary of this concerns the socially optimal level of pollution.
Given that the optimal k is higher under ez post egalitarianism than under
utilitarianism, the optimal level of P is also higher under ex post egalitarianism.
That result may look surprising at first glance, but it is actually quite intuitive
once it is understood that the size of first-period consumption - the unique source
of well-being for unlucky short-lived persons - is limited by the size of aggregate
old-age consumption enjoyed by the lucky long-lived. Thus, from an egalitarian
perspective, pollution is a way to expand the consumption possibilities of the
unlucky. Proposition 3 summarizes our results.

13 Clearly, if long-lived agents were worst-off than short-lived agents, maximizing the well-
being of the short-lived would not make sense.
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Proposition 3 o If

. / _
and if
k—0 Y Y
an interior ex post egalitarian social optimum {ce,de, ke, Pe} exists and
satisfies:
ce = flke)— ke —cm(Ps)
de = ¢
/
f’(ke) = {+en (PS)M
Y
p, = "N/(k)

v

e In comparison with the utilitarian social optimum (and assuming u(d,) —
dyu'(dy) > 0), we have, assuming

10 (-5 (218 1)

o (2182 (216 ?
Y

>
1 (nNf(k)\ nNf" (k)
() L

+u'(e) | f7(k) —¢

, that:

Cu < cCoandd, >d.=¢
k, < k.and P, <P,

Proof. See the Appendix. =

Proposition 3 states that the interior ex post egalitarian optimum exhibits,
in general, a higher level of capital than at the utilitarian optimum, as well as a
higher pollution level.'* The reason why ez post egalitarianism leads to a higher
long-run pollution level lies in the fact that pollution allows for the widening
of the consumption possibilities at the young age, which is what matters for
compensating the unlucky short-lived individuals. Those larger consumption
possibilities at the young age come from the effect of pollution on the age struc-
ture of the population. Pollution increases the active/inactive ratio, and, hence,
increase the consumption possibilities at the young age. This mechanism can
be called the "age-structure effect".!®

11t should be stressed that the comparison carried out in Proposition 3 focuses, for the sake
of presentation, only on the situation where u(dy)—dyu’(dy) > 0, that is, the situation where
the economy belongs to the first case mentioned in Proposition 1. This does not constitute
a strong restriction, since the second case, where u(dy,) — dyu’(dy) < 0, can be regarded as
quite atypical.

I5Note that if individual utility functions also included a pure disutility from pollution,
this additional effect would push towards a lower k.. Nevertheless, the comparison with the
utilitarian optimum would not be much affected by this, since a pure disutility of pollution
would also reduce k,, as mentioned above.
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Moreover, the shape of the consumption profile differs quite a lot from the
one prevailing at the utilitarian optimum. The consumption profile was flat
under utilitarianism, but it is now, under general conditions, decreasing with
the age. The underlying intuition is, here again, to minimize inequalities in
realized lifetime well-being between the short-lived and the long-lived.

When comparing the consumption profiles under the ex post egalitarian op-
timum and the utilitarian optimum, it is tempting to believe that the equal-
ization of the realized lifetime well-being of short-lived and long-lived agents is
achieved only by reducing old-age consumption, and, hence, by reducing the
lifetime well-being of the long-lived. Note, however, that the equalization of
lifetime well-being across types is achieved not only through the reduction of
the lifetime well-being of the long-lived, but also through the rise of the lifetime
well-being of the short-lived, since the resources that are not consumed by the
surviving old are, at the ez post egalitarian optimum, transferred to the young,
and, hence, raise the realized lifetime well-being of the young persons who turn
out to be short-lived.

Whereas the first part of Proposition 3 gives us conditions under which some
quartet {c,d, k, P} satisfies the optimality conditions associated with an inte-
rior ez post egalitarian optimum, it is possible that several quartets {c, d, k, P}
satisfy those conditions. Proposition 4 identifies the conditions under which one
and only one quartet {c, d, k, P} satisfies those optimality conditions.

Proposition 4 Suppose that, for all k > 0, we have:

0= o (L) NSRS E) | (aNS09) 9

[ <o

then there exists a unique quartet {ce,de, ke, P.} satisfying the conditions asso-
ciated with the ex post egalitarian social optimum.

Proof. See the Appendix. =

If the survival probability was constant (i.e. 7/(-) = 0), the concavity of f (k)
would suffice to guarantee that there exists only one local maximum, which is
also the global one. But given #'(-) < 0, this condition is not sufficient to
guarantee that only one quartet {c, d, k, P} satisfies the properties stated in the
first part of Proposition 3.

In sum, adopting the ex post egalitarian social objective instead of the stan-
dard utilitarian objective affects significantly the form of the long-run social
optimum, in particular regarding the optimal level of pollution. Once the goal
is to maximize the realized lifetime well-being of the unlucky short-lived, the
optimal level of pollution becomes larger. The intuition behind this result lies
in the impact of pollution on the age structure of the population, and, hence,
on the consumption possibilities at the young age.

5 Health expenditures

Up to now, we considered an economy where survival conditions are entirely
determined by the extent of pollution. Whereas pollution is a major determinant
of longevity, one may want to check whether our results are robust to considering
a more general survival function, where survival would depend not only on
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pollution, but, also, on health expenditures. This section explores whether our
previous results are robust to the postulated survival function.

Survival conditions We now assume that the survival probability 711
depends not only on pollution P;, but, also, on health spending per worker,
denoted by h;. Those health spending are spent when individuals are working.
Hence, one can regard these expenditures as preventive health spending, in the
sense that those expenditures increase, ceteris paribus, the survival chances of
each individual:

Tt41 =T (Pt, ht) (28)

with 7p < 0, mpp < 0, mp, > 0, T, < 0 and 7pp > 0. This last assumption
states that the positive impact of preventive health spending on survival chances
is higher when the prevailing pollution level is higher.

Resource constraint Once health expenditures are introduced, the re-
source constraint becomes:

F(Kt, Lt) = CtLt —+ htLt -+ dt’/T (Pt—la ht—l) Lt—l -+ Kt+1 — (]. — 5)Kt (29)
At the steady-state and in intensive terms, that condition becomes:

f(k) = 0k = ¢+ h+dr (P,h) (30)

5.1 The utilitarian optimum revisited

The utilitarian social planning problem becomes:
P
,ax u(c) + (P hju(d)
sit. f(k) —dk=c+h+dr(Ph)
nN f (k)

st. P= ———=
,y

s.t. h>0

That problem can be rewritten by means of the following Lagrangian:

max u(c)+m (”Ni(k) : h) u(d)+A [f(k) —6k—c—h—dn (”Nf;(k) : hﬂ +xh

c,d,h,k

where A is the Lagrange multiplier associated to the resource constraint, and x
is the Lagrange multiplier associated to the non-negativity constraint for h.
The FOCs are

u'(c) = A
nN f(k) iy nN f (k)
T (7, h> u'(d) = Ir S ,h) (32)

NELR .
= _dﬂp(fzzvif(k),h) IS 8) (33)

™ <"Nvf(k)h> ud) +y = A {Hdwh <"N£(k),h>} (34)

nN f' (k) nN f (k)
oy WP( v ’h>u(d)
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as well as the conditions

A

v

O,f(k)—ék—c—h—dﬂ(nNic(k),h>>0 (35)

Y > 0,h>0 (36)

with complementary slackness.

From the FOCs for consumption, it follows that the utilitarian optimum
still involves here flat consumption profiles: ¢ = d. Turning now to the FOC for
optimal k, note that this can be rewritten as:

W), (0, [l dutd)
Y

fl=0="7 7

(37)

That condition is quite similar to the one derived in Section 3. The unique
difference lies in the fact that the marginal impact of capital on survival condi-
tions is affected by the level of health spending h. Consider now the FOC for
health spending, which can be rewritten as:

- ("Nf;("“'),h> w(d) + x = ¢'(¢) {1+d7rh (Wh)] (38)

That condition states that there exists an interior optimal health spending
h only if there exists some h such that the marginal social welfare gain from

investing in health, equal to 7, (%ﬂk), h) u(d), is exactly equal to the marginal
social welfare loss from investing in health, ie. u'(c) {1 + dmy, (M,h)],

yielding x = 0. That loss depends on the foregone consumption at the young
age, and on the foregone consumption at the old age, due to a higher proportion
of retirees. That condition holds if and only if, for some h > 0, we have:

W(e) = m (nNi(k)

,h) fu(d) — o/ (d)d] (39)

Given that [u(d) — u/(d)d] is positive in an economy with large production ca-
pacity, this condition is likely to be satisfied, yielding an interior optimal level
for h. Note, however, that, in poor economies with limited production capacity,
it may be the case that the optimal d is below the neutral level ¢, leading to a
corner solution in health spending, i.e. h = 0.

Under an interior optimal level for h, the FOC for k£ can be rewritten as:

aN (k) 7 (P 0)
T m (0 n)

f(k)=6- (40)

That alternative formulation makes appear the central role played by the form
of the survival function 7 (P, h). If the derivative of 7 (P, h) with respect to P is,
in absolute value, small in comparison to the derivative of 7 (P, h) with respect
to the amount of health spending h, then the second term of the RHS is likely to
be quite small, so that the optimal k is then almost equal to its value according
to the standard Golden Rule. In the opposite case, the optimal & remains close
to the one derived in Section 3. Proposition 5 summarizes our results.
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Proposition 5 An interior utilitarian optimum is a quintet {cy, dy, huy, ky, Py}
satisfying the conditions:

Cu = dy
’ o . an/(ku) mp (thu)
f (kU) =0 v Th (Pu; hu)
W (cy) = mh(Puyhy) [u(dy) — o' (dy)dy]
f(ku) - 5ku = Cy+ hu, + du,ﬂ' (]Dua hu)
P — NN f(ku)

7y

Proof. See the above FOCs. m

Proposition 5 suggests that the introduction of health spending does not
affect the key features of the utilitarian social optimum.'® First, the optimal
consumption profile remains flat, as in the framework without health spending.
This means that, from a utilitarian point of view, the financial effort due to
health investment is spread equally across life-periods. Regarding the optimal
capital accumulation, the associated optimal capital level differs, depending on
the form of the survival function. In the case, mentioned in the above discussion,
where |mp (Py,hy)| is small with respect to mp, (Py,h,), the optimal capital
level is now higher than in the baseline model. As a consequence of this, the
optimal pollution level is also higher than in the absence of health spending. On
the contrary, if 7, (Py, hy,) is small in comparison to |wp (P, hy)|, the optimal
pollution will remain close to the one derived in Section 3.

Finally, it is worth emphasizing that, as in the baseline model, the util-
itarian social optimum is characterized by significant inequalities in realized
lifetime well-being between short-lived and long-lived individuals. If one uses
the resource constraint, the welfare gap can be written as:

s flku) = Sk — hy
U”—Ul_u< (P ) (41)

It is not straightforward to see whether inequalities in lifetime well-being are
here larger or smaller than before. This depends strongly on the form of the
survival function 7 (P, hy,).

5.2 The egalitarian optimum revisited

Before comparing the utilitarian social optimum with the ex post egalitarian
optimum, it is useful to consider to what extent trying to minimize inequalities
in realized lifetime well-being remains an adequate social objective in the present
context, where health spending influence longevity outcomes.

At first glance, one may be tempted to think that, as soon as survival chances
depend not only on pollution (as in the baseline model), but, also, on preventive
health spending, individuals should be treated as responsible, at least in part,
for longevity outcomes, and, hence, for well-being outcomes. The intuition

16Given that we are concerned here with the robustness of the comparison of optimal pol-
lution levels under the two social optima, we will not discuss here the existence of an interior
optimum. Moreover, we will also suppose that only one quintet {c,d, h, k, P} satisfies the
optimality conditions, and leave discussions on local vs global maximum aside.
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behind this would be that individuals, by deciding to spend more or less on
prevention, affect their chances to have a long life, and, hence, also affect their
longevity and well-being outcomes. As a consequence of this, there would be
some ground for applying the Principle of Liberal Reward (Fleurbaey 2008),
which states that inequalities in well-being due to responsibility characteristics
should be left unaffected. Note, however, that the Principle of Liberal Reward
could only be applied on the part of longevity inequalities for which individuals
are responsible, but not on longevity inequalities due to pollution, which, as
explained above, still deserve compensation.

But the problem is that, when pollution and health spending interact in the
survival function 7 (P, h), the Principle of Compensation and the Principle of
Liberal Reward are logically incompatible (see Fleurbaey and Maniquet 2010).
One cannot, in general, eradicate well-being inequalities due to pollution while,
at the same time, leave well-being inequalities due to health spending unaffected.
Hence a choice has to be made between the Principle of Compensation and the
Principle of Liberal Reward.

In the present context, the Principle of Compensation remains the most ad-
equate, because of the following reason. Actually, in our model, individuals in a
given cohort are exactly identical ex ante (same preferences, same constraints,
same survival function). Hence, they all choose the same level of preventive
health spending h. However, ex post, only a fraction 7 (P, h) of them will enjoy
the old age, whereas a fraction 1 — 7 (P, h) will die before reaching retirement.
This differential outcome will arise despite the fact that everyone spent, at the
young age, an equal amount h on prevention. Given that all individuals made
the same preventive efforts, and given that some of them turn out, by chance,
to have better longevity outcomes, it is hard to regard short-lived persons as
responsible for their realized longevity. Thus, as in the baseline model, the
differences in longevity and well-being outcomes remain, here again, quite ar-
bitrary. Hence, the Principle of Compensation remains most adequate in the
present context. The arbitrariness of inequalities in longevity outcomes justifies,
here again, our focus on the ez post egalitarian social optimum.

Let us examine how the introduction of health spending affects the ex post
egalitarian optimum. In the presence of health spending, that problem becomes:

. tnax min {u(c), u(c) + u(d)}

st. f(k)—d0k=c+h+dr(Ph)

st. P= M

0
st. h>0

The objective function is non differentiable. However, as in the baseline
model, we can rewrite that problem as the maximization of first-period con-
sumption subject to the resource constraint, and subject to the egalitarian con-
straint that the lifetime welfare of long-lived individuals is not inferior to the
lifetime well-being of short-lived individuals, that is, u(c) + u(d) > u(c).

That problem can be rewritten by means of the following Lagrangian:

(an(k)

max u(c) + A | f(k) —0k—c—h—dr 7,h>} + pu(d) + xh

e,d,h.k
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where A\, © and x are Lagrange multipliers.
FOCs of that problem are:

') = A (42)
nN f (k) oy
)\7T< 5 ,h> = uu'(d) (43)
F) = 6+dp (an(k)ﬁ) WNJ; (k) (44)
nN f (k) _
)\<1+d7rh( ! h>) _— (45)
as well as conditions
A o> O,f(k)—ék—c—h—dw(W,h)EO (46)
po > 0,u(d) >0 (47)
X = 0,h>0 (48)

with complementary slackness.

From the FOC for health spending, we see that the optimal health investment
must be a corner solution. Indeed, that solution would be interior if the LHS of
the FOC was equal to 0, that is, if we had:

(1 (5490, 1)) <o

Using the FOC for ¢ and the FOC for d, that expression can be written as:

nN f(k)
u'(c) + uu/(d)dw =
¥

(49)

That condition can never be achieved, since the two terms of the LHS are
necessarily positive. Thus we must have h = 0. The intuition behind that
result goes as follows. Health spending allow for the increase in the proportion
of survivors to the old age = (P, h). However, for the unlucky agents who do not
reach the old age, those health expenditures constitute a pure waste of resources,
since those spending reduced their purchasing power at the young age.

Regarding the consumption profile, the egalitarian constraint implies u(d) =
0, so that it must be the case that d = ¢. Substituting for h = 0 and d = ¢ in
the FOC for optimal capital, we obtain:

nN f (k) 0) nN f' (k)
vy v

fl(ky=6+enp ( (50)

Let us compare that condition with the one prevailing under utilitarianism.
As the second term of the RHS is negative, the optimal capital is here higher
than under utilitarianism. To see this, remind that the FOC for optimal capital
in the utilitarian problem was:

i =5 L) (1S, [0 )
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where the second term of the RHS is positive when u(d) —du/'(d) > 0. Thus, the
optimal level of capital remains higher under the ex post egalitarian optimum
than under the utilitarian optimum, even when health expenditures are intro-
duced. A major corollary of that result consists of the higher pollution level at
the ex post egalitarian optimum, in comparison to the utilitarian optimum.

Proposition 6 o An ex post egalitarian optimum is a quintet {ce,de, he, ke, Pe}
satisfying the conditions:

ce = f(ke) —0ke—cm(P.,0)
de = c
he = 0
f’(ke) = 5+C7TP(P6,O)77N];/(]€€)
p, = INJ(ke)
Y

e In comparison with the utilitarian optimum (under u(d,) —d,u'(d,) > 0),
and assuming

" (c) (f’(k) —§—erp (”Ni(k) : o) ”Nf/(k)f

~y
2
N f (k) )(an’(k))
T ,0
vl |y —e| ( NI () )
+7TP( Bl ’0) R
< 0
, we have:

Co < Ceandd, >d.=¢c
hy > he=0
kyn < keandP, <P,

Proof. See the Appendix. m

As shown by Proposition 6, our main results are robust to the introduction
of preventive health spending. The optimal pollution level remains higher under
the ex post egalitarian optimum than under the utilitarian optimum. Focusing
on the well-being of the unlucky short-lived supports thus some rise in the level
of pollution, in comparison with the utilitarian optimum. Although one may
find this result counterintuitive, it should be reminded that, at the utilitarian
optimum, we have a lower pollution level, but at the cost of substantial inequal-
ities in lifetime well-being across individuals. On the contrary, under the ex post
egalitarian optimum, the situation of the unlucky short-lived is the best that
can be achieved given the structural parameters of the economy.

6 Decentralization

The present section is dedicated to the study of the decentralization of the
two social optima considered in this paper. For that purpose, we will first
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characterize the long-run equilibrium prevailing at the laissez-faire. Then, in
a second stage, we will examine the decentralization of the utilitarian social
optimum and of the ez post egalitarian optimum.

6.1 The laissez-faire

Let us consider here a two-period OLG economy with competitive markets,
including a perfect annuity market with actuarially fair returns. The laissez-
faire keeps the major assumptions made throughout this paper, regarding the
production technology, the survival process and the pollution process:

Vi = F (K L) (51)
Ti41 = T (Pt, ht) (52)
Pt = 7’]F (KtaLt)+(1 —’y)Pt,]_ (53)

Firms At the laissez-faire, competitive firms maximize their profits, so
that production factors are paid at their marginal productivity:

we = f(ke) = kuf'(ke) (54)
Ry = fl(k)+1-0 (55)

where w; is the wage rate, and R; is equal to 1 plus the interest rate.

Individuals At the laissez-faire, individuals select the levels of consump-
tions ¢; and d;i1, as well as their health spending h;, in such a way as to
maximize their expected lifetime well-being subject to their budget constraints.

The preferences of individuals can be represented by a function having the
expected utility form:

u(ce) +m (P he) u(degr) (56)

The first-period budget constraint is:
wy = ¢ + hy + s¢ (57)

where s; is individual savings. R
Under a perfect annuity market, the gross return on savings R; is:
. R,

Ri=—F-—— 58
’ Tt (Pt—hht—l) ( )

Hence the second-period budget constraint is:

stRip1
_—— = d 1 59
Tt+1 (Pt, ht) = ( )
From the two budget constraints, we obtain the following intertemporal bud-
get constraint:
T+1 (Pt, ht) dit1

Riyq

wy = c; + hy + (60)

The individual’s problem can be written as the following Lagrangian:

P, hy)d
max u(ct)+7r(Pt,ht)u(dt+1) +)\ Wt — C¢ *ht — 7Tt+1( ¢ t) t+l
ct dey1,he Ry
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The FOCs are:'”

u'(c;) = A= Ripu (digr) (61)
Py hy)d
Th (P he) u(derr) = A 1+W (62)
t+1
Using those FOCs, the optimal level of health spending satisfies:
u'(er) = mh (Pry ) [u(dig1) — ' (dig1) diia] (63)

The LHS is the marginal welfare loss from investing in health, while the RHS is
the marginal welfare gain from investing in health.

Intertemporal equilibrium The intertemporal equilibrium is a sequence
of prices, individual and aggregate variables satisfying all equilibrium conditions.
Firms maximize their profits, leading to the two conditions (54) and (55), and
individuals maximize their expected utility, leading to conditions (61) and (63).
In addition, the capital stock equals savings plus the undepreciated capital:

Kt—',—l = NSt + (1 - 6)Kt (64)
The labor market clears:
L,=N (65)

The goods market clears:
F(Kt7N) + (1 —6)Kt = NCt —|—Nht +N7T(Pt,ht)dt +Kt+1 (66)

The dynamic equation for pollution holds (equation (53)).
At time 0, the consumption of old agents satisfies:

R()S,l

dy = —051
0 7 (P, h—1)

(67)
We take as given the initial capital stock Ky = Ns_1, the initial pollution
stock P_; and the initial health spending h_;.

Stationary equilibrium Let us, for the sake of our policy analysis, sup-
pose that there exists a unique and stable stationary equilibrium. At the sta-
tionary equilibrium, and given the constancy of the cohort size, all aggregate
and individual variables are constant. The resource constraint of the economy
is, in intensive terms:

f(k)—d0k=c+h+n(Ph)d (68)
whereas pollution is equal to:

_ nNf(k)
p =t (69)

171t is assumed here that individuals, when choosing the amount of prevention, fully in-
ternalize the impact of prevention on the return for savings. Alternatively, we could have
assumed, following Becker and Philipson (1998), that individuals do not internalize that ef-
fect. In that case, the second term in brackets in the FOC for prevention would be absent,
making individuals invest too much in prevention in comparison with the utilitarian optimum.
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Profit maximization by competitive firms imply:

w = f(k)—kf'(k) (70)
R = fk)+1-0 (71)

Utility maximization by individuals imply
u'(c) = Ru'(d) (72)
w'(c) = mh(Ph)[u(d) —u (d)d (73)

6.2 Decentralization of the utilitarian optimum

Remind that, at the utilitarian social optimum, we have:

Z:EZ% =1 (74)
/ an/(ku) Tp (Pu’h‘u)
u(cy) = mh (Pu,ha)u(dy) —u'(dy)dy] (76)

Comparing those FOCs with the ones prevailing at the laissez-faire, it can
be shown that the decentralization of the long-run utilitarian optimum requires
the design of an adequate tax 7 on capital income. The goal of that tax is to
internalize pollution externalities. Under a tax 7, the FOCs prevailing at the
laissez-faire become:

W'(c) = (R—7)u'(d) (77)
u'(e) = mn (P h)[u(d)—u'(d)d] (78)
The comparison of the FOC for savings with its counterpart at the utilitarian

social optimum suggests that we need 7 such that R — 7 = 1. Given that, in a
competitive economy, R = f'(k) + 1 — §, the tax 7 must satisfy:

fl(k)y—6—1=0 (79)
Given that, at the utilitarian optimum, we have:

_ anl(ku) mp (Pu7 hu)

k) = 0 = e B )

it follows that the optimal tax must be equal to:

_an/(ku) mp (Pua hu)

>0
Y Th (Pu; hu)

Ty =

The optimal tax on capital income is strictly positive. Its level depends on
the shape of the survival function, and, in particular, on the sensitivity of the
survival probability to pollution and health spending at the utilitarian social
optimum. The higher the ratio % is, the higher the optimal tax on capital
income is, since, in that case, pollution generates a larger externality, which thus
requires a stronger correction. The optimal tax on capital income is, ceteris

paribus, increasing in the extent to which production is noxious (parameter 7),
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and decreasing with the natural rate of absorption (parameter v), because a
higher 1 and a lower v increase the size of the negative externality associated
to pollution. Moreover, 7, is increasing with the size of each cohort IV, since a
larger population leads to a larger negative externality of pollution, and, hence,
requires a higher correcting tax.

The tax 7, cannot suffice, on its own, to decentralize the utilitarian social
optimum. One also needs an intergenerational transfer device that leads to
the optimal long-run capital level k,. Since capital accumulation leads to more
health-damaging pollution, the optimal capital level is here lower than under the
standard Golden Rule, as discussed above. Once 7 = 7, and k = k,, it is easy
to see that the decentralized level of health spending is also equal to its socially
optimal level h,. Hence no other fiscal instrument is needed to decentralize the
long-run utilitarian social optimum.

Proposition 7 The utilitarian optimum can be decentralized by means of:

e q tax on capital income satisfying the condition:

_ _an/(ku) Tp (Pua hu)

w= >0
v Th (Puahu)

e an intergenerational lumpsum transfer device leading to:

o an/(ku) Tp (Pu; hu)
v Th (Pu;hu)

f/(ku) =0

Proof. See above. ®m

Proposition 7 states that the utilitarian social optimum can be decentralized
by means of a tax on capital income and by means of intergenerational transfers
aimed at generating the socially optimal capital intensity.!® If one takes the
utilitarian criterion as an intuitive social objective, then the policy instruments
described in Proposition 7 constitute the optimal environmental policy. Note,
however, that, under those fiscal instruments, some substantial inequalities in
lifetime well-being remain between long-lived and short-lived individuals. The
rest of this section aims at comparing the optimal policy under utilitarianism
with the policy decentralizing the ex post egalitarian social optimum.

181f we had assumed that individuals did not, at the laissez-faire, fully internalize the effect
of health spending on the return on savings, the decentralization of the utilitarian optimum
would have also required a Pigouvian tax on prevention, in such a way as to make agents
invest the optimal amount in prevention. In that case, we would have, at the laissez-faire:

u'(c) (1 +0u) = mp, (P, h) u(d)
implying that the decentralization of the utilitarian social optimum would require, in addition
to the instruments mentioned in Proposition 7, a Pigouvian tax on prevention equal to:

9, — u (dy) dy

= uld) —w (d)dy °
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6.3 Decentralization of the ex post egalitarian optimum

Remind that, at the ex post egalitarian optimum, we have:

u/(ce) - 1%

u'(de) 7r(anuc)’O) (80)

Fk) = b+ en (R0 2L (s1)
he = 0 (82)

where 1 denotes the shadow social value of relaxing the egalitarian constraint.
When that constraint is binding, we have p > 0 and d. = ¢.

Comparing those conditions with the ones prevailing at the laissez-faire, it
is straightforward to see that the decentralization of the ez post egalitarian
optimum requires the design of an adequate tax 7 on capital income. Given
that u'(c) = (R — 1) u/(d) prevails at the laissez-faire, the optimal tax 7 must

here satisfy:

Ror=— " (83)

()

Given that, in a competitive economy, R = f'(k)+1— 4, the tax 7 must satisfy:

o

/ I S e SR
Fk)y+1-0—7 F(an(m 0)
¥ )

(84)

Hence, at the optimal &, which is such that f'(k.) = d+cnp (P, 0) %/(ke),
the optimal tax must satisfy the condition:

77Nf’(ke)Jr 1 Iz (85)

Te =c¢mp (Pe,0)
Y T (7/N{/(ke)70)

The first term of that expression is negative, while the sign of the second

term is positive, since Z,Eff; < 1. In order to interpret that expression, note

that, in the absence of any pollution, we would have:

——,N”k >0
,n.(’/ J;( e)’o)

That tax on capital income has, in the absence of pollution, a unique role,
which is to decentralize the optimal consumption profile. Clearly, in the absence
of tax (7 = 0), individuals would, at the laissez-faire, smooth their consumption
profiles (¢ = d). This flat consumption profile does not coincide at all with the
consumption profile prevailing at ex post egalitarian optimum, where the ratio
Z%ZZ% = % < 1. Given that, at the ex post egalitarian optimum, second-period
consumption is equal to ¢, which is, in general, much lower than c., the ratio

% < 1islikely to be very small. Hence, in that case, the optimal tax on capital

Te =

income is positive and quite close - but inferior - to 1. Actually, taxing capital
income is a simple way to reduce savings, so as to maximize the well-being of
the unlucky short-lived.
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Consider now the additional impact of pollution. Once pollution exists and
deteriorates survival conditions, the first term of the formula for 7. is negative,
and thus leads to a reduction of the optimal tax on capital income. The intuition
behind that - somewhat surprising - result goes as follows. From an ez post
egalitarian perspective, what matters is to promote consumption possibilities at
the young age. Hence, pollution, by making the surviving inactive old relatively
less numerous with respect to the active young, tends to expand consumption
possibilities at the young age. This explains why pollution tends here to reduce
the optimal level of the capital income tax. Thus, the impact of pollution on
the age structure has here the effect of reducing the optimal capital income tax.

Given that this additional effect supports the subsidization - instead of the
taxation - of capital income, the magnitude of the optimal level 7. in the pres-
ence of pollution is ambiguous. Two opposite forces are at work. On the one
hand, taxing capital income pushes individuals to save less, so that the chosen
consumption profile becomes close to the decreasing consumption profile pre-
vailing at the ex post egalitarian optimum. On the other hand, taxing capital
income reduces pollution, which implies that the age-structure of the population
becomes less favorable to the consumption possibilities of the young. Those two
opposite forces determine the level of the optimal capital income tax. Note that
the sign of 7. is likely to be strictly positive, since f/(k) > 0 for any k implies
that ‘Eﬂ'p (P,.,0) %/(ke)‘ < 6 < 1. Hence, if 1 — 5 > 4 (which is a weak
condition given that 1 — W‘(‘_) is close to 1), the second term - the positive one
- in the tax formula exceeds the first term - the negative one -, leading to a
positive tax on capital income 7. > 0.

Moreover, as in the decentralization of the utilitarian optimum, the optimal
capital income tax does not suffice to decentralize the social optimum. Actually,
the decentralization of the optimal capital intensity k. requires, here again, a
device of intergenerational transfers. Given that the optimal capital per worker
is higher under the ez post egalitarian optimum than under the utilitarian op-
timum, the system of intergenerational transfers must here be adapted to the
level of capital that is to be decentralized.

Finally, let us now consider the decentralization of the optimal level of health
spending. Substituting for ¢ = ¢., d = d. = ¢, 7 = 7, and for kK = k. in the
FOC for health investment at the laissez-faire yields:

u'(ce) = mh (Pe,h) [0 — v/ (€)¢] (86)

The LHS is strictly positive. The RHS of that relation is strictly negative.
Hence that condition for an interior optimal A cannot be satisfied. Thus, once
the optimal consumption profile has been decentralized, the marginal welfare
gain from investing in health becomes negative at the laissez-faire (RHS), and
is always lower than the marginal welfare loss of investing in health (LHS).
Hence, individuals opt for a corner level of health spending equal to zero. This
coincides with the optimal health spending at the ez post egalitarian optimum.
Therefore, no additional policy instrument is needed to decentralize the ex post
egalitarian social optimum.'® Proposition 8 summarizes our results.

Proposition 8 The ex post egalitarian optimum can be decentralized by means
of:

9Note that the same argument would also hold in the case where individuals would not
internalize the impact of health spending on the return on savings. Indeed the FOC would
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e a tax on capital income satisfying the condition:

Nf' (ke
ro = enp (P, 0) TN GRe) 1_—Nfu(k)
v w(" 76’0)

Assuming 1 — W > ¢, we have T, > 0.
™5

e an intergenerational lumpsum transfer device leading to:

/
Fke) = 6+ mp (P, 0) WJ;(’”
Proof. See above. ®

Propositions 7 and 8 show that the optimal tax on capital income varies sig-
nificantly depending on the social objective. Obviously, the precise magnitudes
of 7, and 7. depend on the particular functional forms postulated for f(), 7 ()
and u (-). However, since the reasons for intervening are different under the
two social objectives, the optimal tax rates are also likely to differ substantially.
Whereas 7, is increasing with the sensitivity of the survival conditions to pol-
lution (i.e. 7wp (+)), Te is decreasing with that sensitivity. The intuition behind
that result goes as follows. The utilitarian criterion assigns a significant weight
to the increase of the proportion of individuals reaching the old age. From
that perspective, a higher sensitivity of 7 to pollution requires a higher tax
on capital income, in order to reduce pollution and to increase life expectancy.
On the contrary, the ex post egalitarian social objective is only concerned with
increasing the consumption possibilities at the young age. From that alterna-
tive perspective, a higher sensitivity of 7 to pollution supports a lower taxation
of capital income, since this pollution favors a more pyramidal age-structure,
which is more favorable to the compensation of the unlucky short-lived.

The comparison of 7, and 7. depends on the structure of individual pref-
erences. The neutral level of consumption for continuing existence ¢ plays an
important role. When ¢ is low (implying a high value assigned to survival by
individuals), the optimal tax 7. decentralizing the ex post egalitarian optimum
is likely to be high, and higher than 7,. On the contrary, when ¢ is high, the
age-structure effect becomes more sizeable, making 7. closer to 7.

7 Conclusions

Pollution is a major cause of mortality. It generates large inequalities in terms of
human longevity and in terms of lifetime well-being. The goal of this paper was
to compare the optimal policy under two social objectives: on the one hand, the
utilitarian criterion, and, on the other hand, the ex post egalitarian criterion,
which aims at maximizing the realized lifetime well-being of the worst-off.

become:
ul(ce) =Th (Pev h) 0

which again implies that agents choose a zero level of prevention, in line with the ex post
egalitarian optimum. Hence the decentralization does not require, in that case, an extra
instrument in addition to those mentioned in Proposition 8.
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For that purpose, we developed a two-period OLG model with capital ac-
cumulation, with pollution induced by production, and where pollution reduces
life expectancy. Focusing on the long-run, we characterized the optimal station-
ary equilibrium under the two social welfare functions, and we examined their
decentralization by means of simple fiscal instruments.

The comparison the first-best social optima showed that the optimal level
of pollution is, under weak conditions, higher under the ez post egalitarian
optimum than under the utilitarian optimum. The intuition behind that result
lies in the fact that the ex post egalitarian social objective lays an exclusive
emphasis on the extension of consumption possibilities at the young age of life.
Those consumption possibilities depend on the active/inactive ratio, which is
increasing with pollution. This age-structure effect explains why the optimal
capital is larger under the ex post egalitarian optimum than under the utilitarian
optimum, leading to a higher optimal level of pollution.

On the policy side, the decentralization of each social optimum requires
intergenerational transfers aimed at obtaining the optimal capital level, as well
as taxes on capital income. However, the determinants of optimal capital income
taxes differ, depending on the social objective. From the utilitarian point of
view, taxing capital income is a way to make individuals internalize the negative
externalities, in terms of life expectancy, associated to capital accumulation in
a polluted economy. From the point of view of ex post egalitarianism, taxing
capital income is justified on the grounds that it allows for the decentralization
of the decreasing consumption profile associated with the egalitarian optimum.

At this stage, it is important to stress that our analysis exhibits some lim-
itations. First of all, we considered a 2-period OLG model, which amounts to
assume that there exists a kind of natural "break point" between the young age
and the old age of life. We also abstracted from infant mortality, i.e. individuals
dying before being able to work. Undoubtedly, studying a T-period OLG model
with mortality risks at all ages of life would be more realistic, but would also
raise complexity without bringing additional insights for the present purpose.
A second limitation lies in the fact that we only considered here two social wel-
fare criteria - the utilitarian one and the ex post egalitarian one - whereas we
could have considered many other criteria. Clearly, the ex post maximin is a
quite extreme social welfare criterion, which focuses only on the realized lifetime
well-being of the worst-off, without considering other aspects of the well-being
distribution within the population. As a consequence of the ignorance of the
proportions of survivors to older ages, that social objective provides no support
for prevention (Proposition 6). This absence of support for prevention consti-
tutes a quite extreme aspect of that social optimum.?? One should thus not
interpret this work as trying to support one particular social criterion, but only
as an exploration of the consequences, in terms of policy, of adopting different
social criteria. From that perspective, the present paper confirms, in a dynamic
setting, the existence of a tension between prevention and ez post equality that
was identified previously by Fleurbaey and Ponthiere (2013) in a static setting.

All in all, the optimal policy in a polluted economy depends strongly on the
underlying social welfare criterion. Whereas that result could be expected, the
main contribution of this paper was to identify the various determinants of the

20Back to the first limitation, the absence of support for prevention would be even less
intuitive in the context of a T-period OLG model with mortality risks at all ages.
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optimal fiscal instruments to be used for the decentralization of the social optima
under comparison. Obviously, the optimal level of fiscal instruments depends on
the postulated functional forms for the production function, for preferences and
for the survival function. However, our analytical findings suggest that different
social welfare criteria lead to quite different optimal policies. How a society
deals with its pollution remains, at the end of the day, a matter of social choice.
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9 Appendix

9.1 Proof of Proposition 1
Let us rewrite the FOC for optimal capital as:

£ (k) [1 + 7' ("AZ(]“)) TIW] =0

Using d = d,, = %, we can rewrite the LHS as:
Y
f(k)—dk _ fR)=5k, 1 (f(k)—0k
1+w(%’<’”) I+7(") 1+7()
f(k)—3k
’U/( 147(-) )

Suppose that limy_, 1o f'(k) = 0. Then, we have:

(k)= f'(k) |1+7' () g { (

N [u (fkak) LBk, (fl(ka)]
lim ¢(k) =0 lim 1+ 7 () v +7(+) +7 () +7() _0
k—+oo k—oo Y o (M)
1+7(-)

Thus, when k — 400, we have ¢(k) < 6.
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Consider now the case where k tends towards 0. The existence of the equi-
librium requires that ¢(k) is now larger than §. This is achieved when:

W/(an(0)>ﬂ u £(0) O £(0)
A N e /A G e B N )

lim f'(k) |1+ >4
k=0 u! f(0)

iy
Under that condition and the previous one, we have ¢(k) > § when k — 0 and
¢(k) < 0 when k — +o00. Hence there must exist, under those conditions, some
level of k such that ¢(k) = ¢. Thus there exists (at least) one interior optimal
level of k satisfying the FOC. Once that level of k is known, the above FOCs
can be used to derive the optimal levels of ¢, d and P.
9.2 Proof of Proposition 2
The condition for optimal capital is:

B T F(k)—5k T
1 Gy’ (22552 )N f) =6k SR <1+ﬂ(%f"”)>
5 U\ Tn ey ) T (20T
o(k) = f'(k)+ =9
/ f(k)—k
1+w(%ﬂk))

Its RHS is a horizontal line at §. From the existence conditions, we have that
¢(k) > 6 when k — 0 and that ¢(k) < 6 when k& — +oo. Hence, the strict
monotonicity of the LHS in k guarantees that ¢(k) = § for a unique level of k.
The monotonicity condition is ¢'(k) < 0 Vk. This can be written as:

PR + £ () (an(k)> nNA
¥ v
) |:ﬂ_// (an(k)> NI k) nNA <77Nf(k')> WVCU\}
Y Y Y ¥ v dk
< 0
f(k)—0k f(k)—dk ’ f(k)—6k
with A = {"(H"(M))_H"(M)“ <1+w(”NW’W)>]

F(k) =5k

w T 1 (0]
vy

9.3 Proof of Proposition 3

Let us rewrite the FOC for an interior optimal level of k as:

o(k) = f'(k) — o’ <77Nf(/f)> INf'(R) _ s

v Y
We have:
Jm ek) = O—CW’<”N£(M>0=0<5
N Ny
lim o(k) = f(0)—en’ (77 §<0>>n J;<0>
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Hence, assuming

!
k—0 v gl

suffices to guarantee the existence of an interior optimal level of k. The rest
follows from the FOCs. The last part comes from comparing the FOCs for k
in the two planning problems. Under utilitarianism, we have, under u(d,) —
dyu'(dy) > 0:

>0

v gl W (du)
while under ex post egalitarianism, we have:

an(ke)> NN f'(ke)
¥ ol

)

(ko) =6 +en (

Hence it must be the case that k, < k.. Moreover, under u(d,) — dyu'(d,) > 0,
we have d, > ¢ = d.. Given k, < k., we also have: P, < P,.
Regarding the comparison of ¢, and c., note that, from

Ul (f(k:) — 0k —cm (W))

, we have:

0 (509 - o (D)) (e -5 ot (L40) 270

Hence

86)275251 = (f(k) — 0k —em (77N§(k))) (f’(k) R <77N§(k)> UNJ;’(k))Q
"Nf(k))> f(k) —en” ("Nic(k)) ('r}NJ;’(k))Q

! p— — —_
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The first term is negative. The second term has an ambiguous sign. We have

a;g;l < 0 if and only if:

W (¢) <f’(k:) - <”Nf;(k)> ”NJ;/(’“)Y

" an<k>) (va’(k) 2

71'
/ " _ = v v
+u' (c) | f"(k) —¢ +W/(M)M
o Y

< 0

When that condition is satisfied, we know that the level of k equal to k., which
satisfies the above FOC, is a maximum, which maximizes u(c), and thus also
maximizes c¢. Any other level of k, such as k,, (a fortiori if combined with d,, > ¢
and 7w(P,) > w(F.)), must lead to a lower level of u(c), and, thus, to a lower
level of c. As a consequence, it is necessarily the case that c, > c,.
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9.4 Proof of Proposition 4

Take the FOC for optimal & :
ot = 70 o (L) DVTE) _

From the existence conditions, we have that ¢(k) > § when & — 0 and that
o(k) < 0 when k — +4o00. Hence, the strict monotonicity of the LHS in k
guarantees that ¢(k) = 0 for a unique level of k. The monotonicity condition is
¢’ (k) < 0 Vk. This can be written as:

18 = 79[ (L) ISRV | o (1978 200"

[ <o

9.5 Proof of Proposition 6

The proof of the first part follows from the FOCs. The proof of the second part
is obtained by comparing the FOCs associated to the utilitarian problem with
the FOCs associated to the egalitarian problem. Regarding the comparison of
¢y and ce, note that, at the ex post egalitarian optimum, we necessarily have
d = ¢ and h = 0. Hence, from

Ust =u (f(k) — 0k —ér (Wi(k)o))

, we have:

out _ (M sk (an )) (f, P (an(/f)’()) an/(k))

ok gl gl

Hence
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The first term is negative. The second term has an ambiguous sign. Hence
BZUSZ

5z 1s negative if and only if:

" (c) (f’(k) —§—érp <”N§(k) , o) "N{j(k)f
_— ("Nj“ﬂ),o) (an’(k)>2

5

nN f(k) nNf" (k)
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+u'(e) | (k) —¢

< 0

When that condition is satisfied, we know that the level of k equal to k., which
satisfies the above FOC, is a maximum, which maximizes u(c), and thus also
maximizes c¢. Any other level of k, such as k, (a fortiori if combined with
dy > €, hy > 0 and 7w (Py, hy) > 7(P.,0)), must lead to a lower level of u(c),
and, thus, to a lower level of c¢. As a consequence, it is necessarily the case that
Ce > Cy-
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