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Abstract

Harsanyi (1955) proved that, in the context of uncertainty, social ratio- nality and the Pareto principle
impose severe constraints on the degree of priority for the worst-off that can be adopted in the social
evaluation. Since then, the literature has hesitated between an ex ante approach that relaxes rationality
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(1991)). The Hammond-Broome ex post approach conveniently retains the separable form of
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spect of individual preferences this implies. Fleurbaey (2008) studies how to incorporate a priority for
the worst-off in an explicit formulation, but leaves aside the issue of ex ante equity in lotteries,
retaining a restrictive form of consequentialism. We extend the analysis to a framework allowing for
ex ante equity considerations to play a role in the ex post approach, and find a richer configuration of
possible criteria. But the general outlook of the Harsanyian dilemma is confirmed in this more general
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1 Introduction

Harsanyi (1955) has presented a theorem that has attracted a lot of attention. The
theorem says that in the context of lotteries, if the individuals and the social ob-
server are expected utility maximizers, the Pareto principle applied to individual
expected utilities over lotteries implies that the von Neumann-Morgenstern (VNM)
utility of the social observer is affine with respect to the vector of individual VNM
utilities. While Harsanyi viewed this result as a key argument in a justification
of utilitarianism, many commentators understood it as a negative result. Namely,
the combination of respect for individual preferences (Pareto) and social rational-
ity (expected utility on behalf of the social observer) imposes severe constraints on
the degree of priority for the worst-off. The social observers who want to be more
egalitarian than allowed by Harsanyi’s theorem have to choose between irrational-
ity and paternalism, two great evils in mainstream welfare economics. The former
occurs when one adopts the “ex ante” approach in which an inequality-averse social
criterion is applied to individual expected utilities, while the latter haunts the “ex
post” approach in which one computes the expected value of an inequality-averse
social welfare function.

Hammond (1983) and Broome (1991) have proposed a version of the ex post
approach in which the form of Harsanyi’s utilitarianism is retained, but individual
utilities are reinterpreted as the contribution to social welfare brought by individual
situations. This approach is most elegant, but these authors have not explored in
detail how to incorporate a priority for the worst-off in the measurement of individual
utilities, and how much divorce with individual preferences over lotteries this would
imply. As a consequence, their theories remain too abstract and implicit for concrete
applications.

In a famous critique often invoked by the advocates of the ex ante approach, Dia-
mond (1967) questioned the idea of requiring a social observer to maximize expected
social welfare. Randomizing the allocation of a prize may not change the inequality
in the final distribution significantly but may bring greater ex ante fairness between
individuals. While Diamond focused on a critique of the independence axiom of
the expected utility theorem, it was later noted (Machina (1989), Grant (1995))
that following Diamond on his prize example actually implies greater violations of
rationality, and in particular a violation of dynamic consistency and stochastic dom-
inance. While a fix can be proposed for dynamic consistency (Epstein and Segal
(1992)), the issue of dominance is more serious. A natural step, in this respect, is
to adopt a richer description of the consequences, so that one can make the differ-

ence among final consequences obtained with or without a fair lottery. With such a



richer description of consequences, Diamond’s critique seems powerless against the
ex post approach which is then able to combine rationality and a concern for ex ante
fairness.!

Hammond (1981) observed that when individual beliefs on probabilities are not
trustworthy, respecting their ex ante preferences is not as compelling as in the case
of full information. Fleurbaey (2008) argued that this is actually the general case, as
probabilistic beliefs are generally different from actual probabilities. Truly enough,
the social observer’s own beliefs may not be much more reliable in general. However,
Fleurbaey noted that in situations of randomized prizes as in Diamond’s example,
there is an interesting difference between a social observer who is sure of the final
distribution of utilities and individuals who do not know their own final utility. Such
situations are not risky for the observer and this may justify disrespecting individual
preferences: preventing individuals from taking some risk is in the interest of the
future losers, who are bound to exist and are ex ante ignorant of their true interests.

Dropping the Pareto principle, however, does not fully eliminate the difficulty.
The argument of the previous paragraph only applies in cases of sure inequalities
and the Pareto principle remains compelling when equality is preserved in all pos-
sible consequences. Fleurbaey shows that retaining the Pareto principle in cases
of perfect equality and combining it with dominance singles out a social criterion:
maximizing the expected value of the equally-distributed equivalent utility (Atkin-
son (1970)). This criterion is nice in several respects but it is strongly non-separable
across subpopulations, as the equally-distributed equivalent utility in a state of na-
ture will typically depend on the whole vector of utilities in that state. Therefore,
the bulk of Harsanyi’s theorem is preserved if one adds a requirement of separability
across subpopulations.

Some separability is required in particular if, in practical applications, one wants
to be able to make decisions for future risks independently of the utility of those who
have lived in the distant past. This requirement of “Independence of the Utility of
the Dead”, introduced in Blackorby, Bossert, and Donaldson (2005), seems attrac-
tive if only for practical convenience. In summary, the dilemma for an inequality-
averse social observer seems to involve three evils rather than just two: irrationality,
paternalism, non-separability.

Fleurbaey’s analysis shares with the Hammond-Broome theory the unpalatable
feature that it is not fully explicit. While it is explicit about inequality aversion,

it leaves it implicit how to incorporate a concern for ex ante fairness in the mea-

!See Adler and Sanchirico (2006) for a rich discussion of these issues and an endorsement of the
ex post approach.



surement of final utilities. Formally, it retains a narrow form of consequentialism
in which the evaluation of ex post consequences in a particular state of nature only
involves the utilities obtained in this state of nature. The interplay between ex ante
fairness and ex post inequality aversion is therefore left unexplored. In this paper,
we set out to analyze the form of the dilemma when the evaluation of ex post conse-
quences may involve the counterfactual utilities of other states of nature. Formally,
this means that the requirement of dominance becomes much less constraining.

We also extend the analysis in another direction. Unlike many papers pursuing
Harsanyi’s work,? we will not assume that the evaluation of ex ante individual
prospects, as referred to in the Pareto principle, is based on expected utility. In
this way the analysis gains in generality and the negative results, if any, become
even more problematic. Our results are not totally negative but they show that the
essence of the dilemma remains. More precisely, we show that the combination of
rationality and separability imposes such constraints on the social criterion that the
dilemma between paternalism and priority for the worst-off is unescapable.

The structure of the paper is straightforward. In Section 2 the framework is
presented, followed in Section 3 by the axioms that embody the requirements we
want to impose on the social criterion. The results are stated in Section 4 and
discussed in Section 5. Section 6 concludes. All the proofs are gathered in Section
7.

2 Setup

The framework involves state-contingent alternatives,® with a finite set of states of
nature . = {1, ..., s}. The population is a finite set A4 = {1,...,n}.

The objects of evaluation are prospects (u,z), in which v € Z = R™ is a
utility matrix such that u,;, is the utility obtained by ¢ € .4 in state ¢ € ., and
z € Z denotes any ex ante non-utility information about states of nature (such as
probabilities of occurrence) that may be relevant for the evaluation. The set 2 is
assumed to be a separable metric space. Let u; = (ujr)ser and uy, = (Ui )icr. Let
U—; = (Uj)jen\(i}, and for M C A upr = (U;)iem-

The subset of sure prospects, i.e., of prospects u such that u, = wu, for all
o,7 € ., is denoted Z°. The subset of egalitarian prospects, i.e., of prospects u
such that u; = u; for all ¢, 7 € A7, is denoted Z°.

2Notable exceptions are Blackorby, Donaldson, and Mongin (2004), Gajdos, Tallon, and
Vergnaud (2008).

3For the adaptation of Harsanyi’s theorem to such a framework, see Blackorby, Donaldson, and
Weymark (1999).



The utility figure u;, must be interpreted as measuring the utility obtained by
individual 7 in state o, without consideration of inequality in society or fairness in
the lottery. The goal of this paper is to define how to incorporate such considera-
tions explicitly in the social evaluation. In contrast, the value of u;, may include
everything that is relevant in 4¢’s personal ex post situation, including the utility
consequences of bearing risk in the ex ante situation. For instance, if ¢ has taken
a great risk and suffered anxiety, this may yield a low u;, even in a lucky state of
nature. We do not explicitly model individual preferences under uncertainty and
the underlying economic allocations. We work directly with utility consequences.

Ex ante, the social planner faces a prospect (u, z) € Z x Z. Ex post, the social
planner faces a situation (u, z,0) € % x Z x.. We are interested in three preference
orderings, which are all supposed to belong to the same ethical observer who seeks

to make a coherent assessment of ex ante prospects and ex post consequences.

e Ex post preferences on individual situations, denoted R, bearing on (u;, z,0) €
R* x & x .7.
Such preferences do not bear only on u,;, because what could have happened
in other (non-realized) states of nature may be important in order to assess

whether the individual has been fairly treated.

e Ex post preferences on social situations, denoted RP, bearing on (u,z,0) €
U x & xS
Again, such preferences do not only bear on (u,, z, ), because utility in coun-

terfactual states may carry relevant information.

e Ex ante preferences on social prospects, denoted R, bearing on (u, z) € U X Z.

Let P and I denote the strict preference and indifference relations, respectively,

corresponding to R. The relations PP, IP, P* and [ are defined similarly.

3 Axioms

The axioms we want to impose on this triple of orderings fall under three headings:
social rationality, individualism and separability. We do not introduce specific ax-
ioms that would capture the ideals of priority for the worst-off and ex ante fairness.
The results we obtain make it clear how such ideals can be satisfied in combination

with the axioms studied in this paper. This will be discussed in Section 5.



3.1 Social rationality

Harsanyi (1955) requires the social criterion to take the form of expected welfare. We
also make rationality assumptions, but in a more general form that encompasses non-
expected utility criteria and turns out, as we shall see, to be formally weak enough to
accommodate the ex ante approach. First, the relations under consideration should

be complete and continuous preorders.

Axiom 1 (Ordering). The three relations R, R, R® are transitive, reflexive, com-

plete, and continuous.*

The key rationality axioms are dominance and independence. Dominance means
that an improvement in all possible consequences for the different states of nature
must yield a global improvement. This is really the minimal requirement of social

rationality.

Axiom 2 (Dominance). For all u,v’' € %, 2,2/ € &,
Vo € &, (u,z,0)RP(u, 2, 0)] = (u,2z)R* (v, ),

and
Vo € .S, (u,z,0)RP(W, 2,0
K Y ( Y ) A) ( ) Y A) :> (u’ Z)Pa(uljzl).
d6 €., (u,z,6)PP(u, 7, 0)
Independence is formulated here in a way that remains compatible with many
non-expected utility approaches, because it is applied in a way that takes account
of the whole matrix u in the evaluation of ex post consequences. This is therefore a

rather weak axiom.

Axiom 3 (Independence). For all u,v,u',v' € %, y,z,y,2' € Z and all T C .,

Vo eT, (u,y,0)IP(v,z,0)
VoeT, (W,y,o)IP(V, 2, 0)

Vo e S\T, (u,y,0)IP(u,y, o)
Vo e S\T, (v,z,0)IP(V, 2, 0)

= [(u,y)R* (v, 2) & (v, y )R (), &) ]

The next axiom is meant to rule out degenerate criteria for which the evaluation
of ex post consequences is only based on ex ante information.® Introduced by Ski-
adas (1997), it requires sufficient richness in the possible evaluation of the ex post

consequences of a given prospect.

4A relation R on X is said to be continuous if, for all € X, the sets {y € X | 2Ry} and
{y € X | yRx} are closed.
®In fact, such criteria are not completely excluded by this axiom. See footnote 9.



Axiom 4 (Solvability). For all ((u',2'), -, (u*,2%)) € (% x Z)°, there exists
(u,2) € % x & such that for all 0 € .7, (u, z,0)I(u?,27,0).

We also introduce axioms that require a certain form of simplicity in the evalu-
ation of final situations in different states. First, we require the role of states to be
symmetric in the ex ante evaluation, as observed for instance in expected utilities
which are sums of terms representing the contribution of each state to the expected
value, each term being the product of the probability of the state by the utility

attained in the state.

Axiom 5 (State Neutrality). For all u, v’ € %, z,2" € %, if there exists a permuta-
tion 7 : ¥ — % such that (u, z,0)IP (v, 2/, 7(0)) for all 0 € .7, then (u, z)1%(v/, ).

The next axiom requires that for riskless prospects, the contribution of each state
to ex ante evaluation is equal for some informational configurations (e.g., equiprob-

able states in the case of expected utility).

Axiom 6 (State Equivalence). There exists Z7¢ C % such that for all u € Z°,
€% 0,0 €S ieN

(ui, z,0)(u;, z,0).

3.2 Individualism

In Harsanyi (1955), individualism is embodied in the Pareto principle applied to ex
ante prospects. As noted in Hammond (1981) and emphasized in Fleurbaey (2008),
the Pareto principle is not compelling when applied to uncertain prospects because
unanimity among future winners and losers may be obtained only because they
ignore their ultimate interests. We therefore limit the application of this principle

to ex post consequences, in which full information prevails.

Axiom 7 (Ex Post Pareto). For all u,v' € %, 2,2/ € & and 0,0’ € .7,
Vi e N, (wi,z,0)R(u;, 2, 0")] = (u, z,0)RP(u/, 2, 0”),

and
Vie N, (u,z,0)R(u, 2, 0")

) ) P :}(ujz’U)Pp(u/,Z/’J/).
3i € N, (5 2,0)P(ily #,)

We also introduce a monotonicity axiom made of two parts. The first one is
standard, and requires that the evaluation of individual situations is increasing in the

components of the prospects.® The second part of the axiom essentially requires that

6We therefore implicitly assume that for all z in Z, there is no null state.



differences in information can always be compensated in the evaluation of individual
situations by increasing or decreasing the prospect itself. Formally, this axiom is

stated as follows.”

Axiom 8 (Monotonicity).

1. Forallu, ' € %, 2,2 € Z, 0 S, i€ N,

2. There exists z* € Z°¢ such that, for all u; € R®, 0 € .¥ and z € Z, there exists

two sure vectors u; and u; for which

(w;, 2", 0)R(u, z,0)R(u;, 2%, 0).

Finally, we require individuals to be treated equally.

Axiom 9 (Anonymity). For all u,v/ € %, = € 2, 0 € ., if there exists a
permutation 7 : A" — 4" such that for all i € A", uj = Ur(),

(u,z,0)IP (v, 2, 0).

3.3 Separability

Harsanyi (1955) derives a separable (indeed, additive) social ordering from the com-
bination of social rationality and ex ante Pareto. With the axioms introduced so
far very little separability is obtained, and it appears interesting to study a quite
attractive principle of separability. This principle says that individuals who are not
concerned and bear no risk should not influence the social evaluation. Individuals
are not concerned when their personal situation is the same in the two prospects un-
der consideration. This principle is inspired by the observation that in its absence,
for practical applications of the criteria studied here, one should either take account
of the utility of dead people in the evaluation of prospects,® or ignore it and violate
dynamic consistency.

We introduce two axioms capturing this idea. The first literally embodies the

separability principle as just stated.

“For two vectors x,y, x > y means that z > y and = # ¥.
8The principle of “independence of the utility of the dead”has been introduced by Blackorby,
Bossert, and Donaldson (2005). It is also invoked in Bommier and Zuber (2008).



Axiom 10 (Independence of the Utility of the Sure). For all u,u’ € %, v,v' € %,
2,2 e McC.N,

((UM, U%/\M)? Z)Ra((u&wv U»/V\M)v Z/) <~ ((qu Uf/V\M)? Z)Ra((uif\/b Uf/V\M)? Z/)'

The second says that when the subgroup that takes risks and is concerned is
perfectly egalitarian in all possible states of nature, then the evaluation should
proceed as if the whole society was doing the same. This means that, in this special
case, the mere presence of unconcerned and risk-free individuals has no influence on

the evaluation, a property that is not guaranteed under the previous axiom.

Axiom 11 (Restricted Independence of the Sure). For all u,u’ € %°, v € %,
2,22 e X MC N, M+ D,

((unr, vaar)s 2) R ((Wyg, v ), 2) € (u, 2) R (', 2').

4 Two families of social criteria

In the standard consequentialist framework, Axiom 10 (Independence of the Utility
of the Sure) implies the following strong form of ex post separability (see Blackorby,
Bossert, and Donaldson (2005) or Bommier and Zuber (2008)), which can also be
justified normatively (see Broome (1991)).

Axiom 12 (Ex Post Separability). For all u,v,u',v" € %, 2,2/ € &, 5,5 € ./, and
M cC .,

‘v’iEM,ui:vi
Vie M, u, =}

Vie N \M, (u,z,0)(u, 2, o)
Vie N\ M, (v,z,0)](v), 2 0)

7

= [(u, z,0)R? (u',2',0") & (v,z,0) RP(V', 2',0")] .

A similar implication can be obtained in our extended framework, as shown by

the following lemma.

Lemma 1. Axioms 1 (Ordering), 2 (Dominance), 6 (State Equivalence), 7 (Ex Post
Pareto), 8 (Monotonicity) and 10 (Independence of the Utility of the Sure) imply
Axiom 12 (Ex Post Separability).

We are now ready to state our first main result. The principles introduced in

Section 3 make it possible to single out two broad families of social criteria.



Proposition 1. If Axioms 1 (Ordering), 2 (Dominance), 3 (Independence), 4 (Solv-
ability), 5 (State Neutrality), 6 (State Equivalence), 7 (Ex Post Pareto), 8 (Mono-
tonicity) and 10 (Independence of the Utility of the Sure) are satisfied, then:

1. there exists a continuous function ¢ : R® x 2 x . — R, increasing in its first
s arguments and satisfying p(u;, z,0) = ¢(u;, z,0") for all 0,0’ € S, u € U°
and z € 2°¢, such that for all u;,u, € R®, 2,2/ € &, 0,0’ € .7,

(ui, z,0) R(ul, 2", 0") & o (uy 2,0) > ¢ (ul, 2, 0');

2. there exist n continuous increasing functions ¢; : R — R such that for all

uwu €U, 2,2 € X 0,0 €S,

(U,, 2, U)Rp(u/> zlv OJ) <~ Z Pi © 90<u27 Z, 0) 2 Z ®i © ()0(“;7 zlv OJ);
1eN €N

3. (a) either for all u,vw’ € %, 2,2 € Z,

(u, 2)R*(u, ) & Z Z wiop(ug, z,0) > Z Z i o p(uj, 2, 0’)

ceS ieN ces ieN

and for all ¢ € .4 there exists a continuous increasing function ; and a

continuous function &; such that for all u € %°, Y ., piop(u;, 2,0) =
Yi(uin) + &i(2).-
(b) or, there exists a # 0 such that for all u,v € %, 2,2/ € &,

(u, 2)R*(u', 2")

=3 aex <az . wm,z,a)) - e (az% w(ug,zaa'>> |
oces eN ces eN

and for all ¢ € .4 there exists a continuous increasing function ¥; and

a continuous function 7; such that for all u € Z¢, ; o p(u;,2,0) =
Viui) +mi(z,0).

Note that we do not provide necessary and sufficient conditions for all the axioms
to be satisfied. This is because Axiom 4 (Solvability) and the second part of Axiom
8 (Monotonicity) impose conditions that are not specially interesting, and a little

heavy to write. However, we have the following result.

Proposition 2. Assume R, RP and R® are defined as in Proposition 1. Then
Axioms 1 (Ordering), 2 (Dominance), 3 (Independence), 5 (State Neutrality), 6

9



(State Equivalence), 7 (Ex Post Pareto), 10 (Independence of the Utility of the
Sure), and the first part of Axiom 8 (Monotonicity) are satisfied.

While the additive family (a) in Proposition 1 is reminiscent of Harsanyi’s result,
the exponential one (b) looks more singular. However, when Axioms 9 (Anonymity)
and 11 (Restricted Independence of the Sure) are added, only the additive family

remains.

Proposition 3. If Axioms 1 (Ordering), 2 (Dominance), 3 (Independence), 4 (Solv-
ability), 5 (State Neutrality), 6 (State Equivalence), 7 (Ex Post Pareto), 8 (Mono-
tonicity), 9 (Anonymity), 10 (Independence of the Utility of the Sure) and 11
(Restricted Independence of the Sure) are satisfied then there exists a continu-
ous function ¢ : R* x Z x . — R that is increasing in its first s arguments
and satisfies p(u;, z,0) = p(uy, z,0") for all 0,0" € S, u € %° and z € Z° and
Y oves (Ui, z,0) = Y(u})+£(2) for all uw € %, where ¢ is continuous and increasing

and & is continuous, and such that:

1. for all u;,u;, e R®, 2,2 € &, 0,0' € .7,

(uiy z,0) R(ul, 2", 0") & o (u, z,0) > o (ul, 2, 0'),
2. forall u,u' € %, 2,2 € &, 0,0 € .,

(u,z,J)Rp(u’,z’,J’)@ng(ui,z,a ngu 2 o),
€N ieN

3. Forall u,v' € %, 2,2 € &,

(u,z)R“(u',z’)@ZZ@(ui,z,a ZZQ& us, 2 o).

iEN oS €N 0g€S

5 Discussion

Let us review the various possible social criteria that are singled out or ruled out
by our results. In order to do so, it is useful to specify a little more the notion
of individual ex ante utility. We will assume that it can be denoted F,u;, without
implying that this must be an expected utility.

In the analysis, indeed, we have relied on substantial requirements of social
rationality and separability, but left a secondary role for individualism and the
respect of individual preferences. However, it is easy to see what happens if such

notions are taken on board. Consider the criterion basedon ) .. , > . ¢ (u;,2,0).

10



If uewe, ie., if u is perfectly egalitarian in all states of nature, the criterion boils
down to maximizing ) . ¢ (u;, 2,0) . If this formula is congruent with individual
ex ante utility (which appears reasonable when there is no inequality), there is
an increasing function G such that ) .. ¢ (u;,2,0) = G (£.u;). This implies
that for all u € %, not just egalitarian prospects, the social criterion is based on
Y icy G (E.u;) . It is clear that this criterion takes no account whatsoever of ex post
inequalities and focuses at most on ex ante inequalities. Therefore Prop. 3 implies
that there is a clear dilemma between respecting ex ante individual utility in absence
of inequalities and giving priority to the worst-off in every state of nature.

Therefore, in comparison with the more restrictive analysis in Fleurbaey (2008),
allowing for a richer evaluation of final consequences that takes account of counter-
factual states makes it possible here to combine ex ante inequality aversion with ex
post rationality, separability, and some respect of ex ante utility. The introduction
of ex post inequality aversion remains problematic.

However, even ex ante inequality aversion raises some difficulty in our setting.
Let us look again at the identity > ., ¢ (u;, 2,0) = G (E.u;). If E,u; is linear
in the vector u; (as in expected utility or rank-dependent expected utility), and if
¢ (u;, z,0) is more sensitive to u;, than to the other components of u;, we almost
have a Pexider equation — this is exactly a Pexider equation if ¢ (u;, z,0) depends
only on the component u;,, as in the strict form of consequentialism adopted in
Fleurbaey (2008).

It is therefore difficult for G to be strictly concave. Let us illustrate this with
an example. Suppose that ¢ (u;, z,0) = fZ (Au;e + (1 — A) ELu;) . It is easy to make
sense of such a form, the evaluation of a final situation depending jointly on ex post

utility and ex ante utility. The quasi Pexider equation becomes:

> g + (1= ) Bow) = G (Ewy) .
e

If E.u; is linear in the vector w;, it is also linear in (Au;o + (1 — A) ELu;), .o and we
then really have a Pexider equation, unless A = 0. Therefore, if F,u; is linear in the
vector u; the dilemma is the following: either G is affine, so that there is no ex ante
inequality aversion in R*, or A = 0, meaning that the ex post evaluation ¢ (u;, z, o)
is based solely on the ex ante information contained in F,u; — a rather absurd kind

of ex post evaluation according to which “bad luck does not hurt”.?

9Solvability is meant to rule out this degenerate kind of ex post evaluation, but does not exclude
it completely. Letting P(z,0) be the probability of state o € . when the information is z € &,
suppose that ¢ (u;, z,0) = P(z,0)G(F,u;) and that the range of G(E,u;) for u; € R® is Ry. Then
Solvability is satisfied by adjusting z jointly with u,.

11



Therefore, even though a seemingly ex ante criterion such as ) .. , G (E,u;) can
be surprisingly reconciled with our ex post approach because our Dominance and
Independence axioms are weak enough, this is obtained at the cost of making the
ex post criteria R? and R unreasonable.

We illustrate these dilemmas in Fig. 1 which gives examples of criteria R* and

RP for the various possibilities left under the conditions of Prop. 3.

Ex post R : Y i v ver & (Muie + (1 — N) ELu;)
ex.: ’
ineq. aversion RP Y v [2 (Muig + (1 = X) ELuy)
/
Prop. 3 .EX ante | o R*: Y., G(E.u;)
ineq. aversion RP Yoy [7 (BLuy)
N /
Minimal respect
of ex ante utility
N
Sensible ex R*: Y., B,

ex.:
post evaluation RP Y ey (Mg + (1 = A) Eouy)

Figure 1

Let us now move backward and examine another possibility left open in Prop. 1

and excluded in Prop. 3, namely, the case in which R® is represented by

aZexp (ang(ui,z,U)> .

eSS €N

To compare with the above discussion and to ensure Independence of the Utility
of the Sure (see Prop. 1), assume that ¢ (u;, 2z,0) = %(n(z,a) + f(Auip + (1 —
)\)Ezul)) For instance, one can take n(z,0) = %, where P(z,0) is the proba-

bility of state o € . when the information is z € 2, to obtain the expression:
1
o Z P(z,0)exp (a Z Ef()\uw + (1 - )\)Ezu,>> :
ey €N

This criterion embodies a concern for ex ante and ex post inequality as well as for
ex ante fairness. The cost is of course to lose Restricted Independence of the Sure.

The criterion can also be made consistent with the respect of ex ante individual

12



utility in absence of inequality. We can indeed have

o Z P(z,0)exp (af (Auio + (1 - )\)Ezuz>) = G(E.U;)

ces

provided f(y) = w One problem with this criterion however is that it is not
well defined when Au;, + (1 — A\)E,u; < —v. Hence the dilemmas exposed above
cannot be solved satisfactorily on the whole space % even when relaxing Restricted
Independence of the Sure.

Moving backward again, it appears that the exponential criterion belongs to a
broader family. One may indeed question Independence of Utility of the Sure and
examine what can be obtained in this way. It is then easy to refine the criterion
proposed by Fleurbaey (2008) in order to take account of ex ante fairness. For
instance, let ¢ (u;, z,0) = P(z,0)f (Auie + (1 — X) E,u;) with f a strictly concave,
increasing and continuous function. The social ordering RP may be based on the

equally-distributed equivalent

P(z, O')f_l (% Z [ (Augs + (1= N) Ez“l))

eN

and R® may be based on maximizing the expected value of this expression:

Z P(z,0)f ! (% Z fQus+ (1= X) Ezuz)> :

ceS €N

This expression is very similar to the one obtained for the exponential case. Like
the exponential criterion, it embodies a concern for ex ante and ex post inequality
as well as for ex ante fairness. When u € %€, it boils down to E,u; and therefore
respects individual utility in absence of inequality. It satisfies all the axioms of our
list except the separability axioms and Ex Post Pareto, and allows for any finite

degree of inequality aversion.

6 Conclusion

The general outlook of our results is negative. In a framework that allows for an
explicit incorporation of ex ante and ex post inequality aversion and ex ante fairness
in the social evaluation of risky prospects, a list of reasonable axioms that capture
basic notions of social rationality, individualism and separability impose such con-

straints on the social ordering that no fully satisfactory candidate is singled out.

13



Inequality aversion enters in conflict with a minimal respect of individual ex ante
utility, and this occurs whether one is interested in ex post or even simply ex ante
inequality aversion. The conflict is alleviated only if separability is relaxed.

A more positive conclusion is that we have found general conditions that single
out an additively separable criterion of the form ) .. , > __ ¢ (u;, z,0) without
assuming a strict form of consequentialism. Although we have directly assumed
separability across states of nature via the Independence axiom, separability across
subpopulation has been introduced only through weak separability axioms involving
the subpopulations who take no risk. Another positive result is the exponential
criterion which, even though it fails some attractive axioms, illustrates how a specific
moderate degree of inequality aversion may be imposed by the analysis.

We believe our axioms to be all reasonable, but the list is long and we are not
able to show that each of them is needed in our results. This is the cost to pay
for a very flexible framework with very weak rationality conditions. Our conditions
are so weak that ex ante criteria of the form ) ,. , G (£,u;) can fulfill them, but in
a rather implausible way as far as ex post evaluation is concerned. The dilemmas
identified in this paper therefore deserve to be further explored in order to pin down
the key principles of rationality, individualism and separability which are responsible
for the difficulty. In particular, one may think that Continuity, Solvability, and State
Neutrality are mostly technical requirements and it would be very interesting to see

what happens to our two main results without them. This is left for future research.

7 Proofs

7.1 Proof of Lemma 1

Proof. Let u,v,u',v' € U, 2,2 € &, 0,0/ €., and M C .4 be such that

\V/l'EM, U; = VU;
Vie M, u, =,
Vie N \M, (u,z,0)](u, 2, o)

/
i
o

vy, z,0)1(v], 2, d).

(
Vie A/ \ M, (
Let z* € Z7¢ be as defined in Axiom 8 (Monotonicity). By Axioms 1 (Ordering)
and 8 (Monotonicity), for all ¢ € .4 there is a sure u; such that (u;, z,0) I (u;, 2%, 0)
and a sure u; such that (u}, 2, 0’) I (u}, z*,0’). Similarly there is a sure v; such that
(v, z,0) I (v;, 2%, 0) and a sure v, such that (v}, 2/, ") I (0}, 2*,0"). Foralli € M, u; =
v; and w, = v}. For all i € 4\ M, (u;,2*,0) I (u},2*,0") and (v;, 2%, 0) I (v}, z*,0"),

which, by Axiom 6 (State Equivalence), implies u; = u, and v; = v}.

14



By Axiom 7 (Ex Post Pareto),

Suppose that (u,z,0)RP (u/,2',0"), which, by transitivity, is equivalent to
(u,z*,0) RP (', z*,0"). By Axiom 6 (State Equivalence), (u,z*,7) RP (¢, z*,7) for
all 7 € .. By Axiom 2 (Dominance), (u, z*) R* (@, 2*).

By Axiom 10 (Independence of Utility of the Sure),

((aMaﬂJV\M) 7Z*) R* ((QG\/DﬂJV\M) ,Z*) = ((ﬂMyalJV\M) 72*) R" ((a,l\/bﬂ,/V\M) 72*) .
This also reads
(@, 2*) R* (4',2*) & (v,2") R* (¢, 2%) .

Suppose one had (¥, z*, ") PP (v, 2z*,0). Then, by Axioms 6 (State Equivalence)
and 2 (Dominance), one would have (v, z*) P* (v, 2*), a contradiction. Therefore,
(v,2%,0) RP (V', 2%, 0"). By transitivity, (v, z,0) RP(V', 2, 0").

We have proved that

(u,z,0)RP (W, 2',0") = (v, 2,0) RP(V', 2/, 0).
By symmetry, the converse holds. O]

7.2 Proof of Proposition 1

Claim 1. There exists a continuous function ¢ : R* x 2 x . — R, increasing in its
first s arguments and satisfying ¢(u;, z,0) = ¢(u;, z,0") for all 0,0’ € S, u € U°
and z € 2°¢, such that for all u;,u, € R®) 2,2/ € &, 0,0’ € .7,

(i, z,0) R(uy, 2',0') & o (uyz,0) > p(u;, 2, 0').

Proof. By Axiom 1 (Ordering), there is a real-valued continuous function ¢ that
represents R. By Axiom 8 (Monotonicity), it is increasing in each component of w;.
By Axiom 6 (State Equivalence), it must be the case that ¢(u;, z,0) = ¢(u;, 2, 0”)
for all 0,0’ € .S, u € %° and z € Z°. ]
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Claim 2. There exist n continuous increasing functions ¢; : R — R such that for
all u,u' € U, 2,2 € ¥, 0,0 € .,

(u,z,0)RP(u', 2, 0") & Z @i o p(ug, z,0) > Z @i 0 p(us, 2, 0').
ieN ieN
Proof. By Axiom 1 (Ordering) and 7 (Ex Post Pareto), there is a continuous and
increasing function I' : (rgep)” — R such that for all u,u’ € %, 2,2 € Z,
o,0' €.7,

(u,z,0)RP(u', 2", 0") & T((¢(us, 2,0) )ier) > T((p(u, 2", 0") )icr).

By Lemma 1, Axiom 12 (Ex Post Separability) holds, so that the ordering over
(rge )™ represented by I is separable. Therefore, there exist n continuous functions
©; : R — R such that for all u,v' € %, 2,2/ € &, 0,0’ € .7,

(U, 2, U)Rp(u/> zlv 0/) g Z @i © So(uiv <, U) Z Z ¥i © ‘:0(“;> Z’/, 0/)'
€N €N

By Axiom 7 (Ex Post Pareto), each ¢; is increasing. O

Claim 3. There exists a continuous and increasing function ¥ : R — R such that
for all u, v’ € %, 2,2 € Z,

(u,2)R*(v, ) & Z v (Z w; o p(ug, 2, cr)) > Z v (Z ©; o p(ul, 2, a’)) :

e eN e eN

Proof. Define ¢(u, z,0) = > .. , i © ¢(u;, z,0). The function 1 is continuous and
increasing in each component of w.
By Axiom 4 (Solvability),

{(Q/J(U,Z,U))aey\(u, Z) e U x ﬂ,p} = H rgew(.’ .’0-)_
e
Let Z = [[,c,rged(-,-,0). Define = on Z as follows: a = biff there exist u, v’ € %,
2,7 e Z,
VO' € y, w(U,Z,O') = Gy

and (u, 2)R*(v/, 2").
Vo e L Y, 7 0)=0b,

By Axioms 1 (Ordering), 2 (Dominance) and 4 (Solvability), > is a well-defined,

complete and continuous ordering, as we now show.

0For any function £, rge f denotes the range of f.
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First, observe that > is well-defined. Indeed, let u,v,u’,v" € % and y, z,y/, 2 €
Z be such that for all 0 € &, ¥(u,z,0) = ¥(v,y,0) = a, and Y(v, 2, 0) =
(v, y',0) = by. Thisimplies that for all o € .7, (u, z,0)IP(v,y,0) and (v, 2, o) IP(V', ¢/, 7).
By Axiom 2 (Dominance), (u, 2)I%(v,y) and (', 2/)I*(v',y’). Therefore,

(u, 2)R*(v, ") & (v, y)R*(V', /).

Since 2 = {(¥(u, z,0))ses|(u,2) € % x Z} and R* is complete, = is also com-
plete.

Finally, we show that > is continuous. The function ¥ : % x Z — 2 defined
by ¥(u,z) = (¢¥(u, 2,0))scs is continuous. Consider any b € 2 and the set .o/ =
{a € P)a = b}. Let v,y be such that ¥(v,y) = b. The set < is the image by 9 of
the set

{(u,2) € U x Z|(u,z)R*(v,y)}.

As R® is continuous, this set is closed. Since 1) is continuous, .27 is also closed. A
similar argument shows that the set {a € Z|b = a} is closed as well, and therefore
> is continuous.

By Axiom 2 (Dominance), > is strictly monotonic in each component. By Axiom
3 (Independence), it is separable. By Axiom 5 (State Neutrality), it is symmetric,
i.e., indifferent to permutations of components.

Therefore there exists a continuous and increasing function ¥ : R — R such that

for all a,b € 9,
arbs Z U(a,) > Z U(b,).

ces oges
]

Claim 4. One can restrict attention either to ¥(z) = z or to ¥(z) = ae®” for some
ae€R\{0}.

Proof. Let {C, R} be a partition of 4", with |C| > 2, and let 2* € Z°. Let %5 C U
be the subset of matrices u such that uc is risk-free. Finally, let r = |R|.

Fori € A4 and z € R, let ¢;(x) = p; 0 p((z, ..., z),2*,0). Note that by Axiom 6
(State Equivalence) this value does not depend on o. Each function ¢; is continuous
and increasing. Without loss of generality, we can impose ¢;(0) = 0.

By Axiom 10 (Independence of the Utility of the Sure), for R* the subset RU A
is separable for all A ¢ C (including A = ). Therefore, by Theorem 1 in Gorman
(1968), every subset of C', including C' itself, is also separable. By Corollary of

Theorem 1 in Gorman (1968), there exist continuous functions h : R™ — R and
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~

¢ R — R, i€ C, such that for all u,v € %,

(u, 2°)R*(v, 2) & h(ug) + Y dilun) > h(vg) + Y di(vi).

ieC ieC

Therefore, there exists an increasing function f such that for all u € %,
S (S e ctuen+ D) =7 (o) Sotan ). )
ced i€R ieC ieC

Fixing ug, one sees that this implies that there is an increasing function g such that
for all uc such that (ug, uc) € %5,

D diun) =3 (Z ¢i(ui1)> :
ieC ieC
Moreover, letting ¢f = éz o ¢; ', this reads
> 6 (6ilun)) =g (Z ¢i(uz’1)> :
ieC ieC

This is a variant of the Pexider equation, implying that g and ¢; must be affine
(Rado and Baker (1987)), so that there exist v, § such that ¢;(u;1) = y¢;(wi1) + ;.

As aresult, one can simplify equation (1) and write that there exists an increasing
function f such that for all u € %,

y v (Z i 0 p(ui, 2%,0) + ) ¢z’(uz’1)> = (h(UR) +> ¢i(ui1)> . (2)
oeSs i€R ieC icC
For ue = 0, this implies

h(ug) = f* (Z 1\ (Z ©; 0 p(uy, z*,a))) )

e 1€ER

Substituting in equation (2), we obtain

Z v <Z i O cp(uiv Z*’ U) + Z ¢z(uzl)>

ces 1IER eC
ces 1€ER e’
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Defining z, = ¥ (},c5 i © ¢(us, 2%, 0)), this reads

R (lll_l(xg) +3° ¢i(ui1)> = f (f‘1 (Z %) + 0 (M)) :

ceS ieC ces ieC

which, for a fixed u¢, is a Pexider equation defined on the range of (‘I’ (ZZER i o p(ug, 2%, 0)) )UEY

for ugr € R™. As the functions ¥ and ;0 are continuous in the relevant arguments,
this set has a connected non-empty interior. Therefore the equation implies that
both sides are affine in z. That is, letting t = >, ¢i(w;1), there exist y(t) > 0,
d(t) such that

U (U () +t) = y(t)z, + 6(1),

or equivalently, letting y, = U1 (z,) = > ,cp @i © @(us, 2%, 0),
V(Yo +1) = 7OV (o) +5(t).

By Corollary 1 (p. 150-151) in Aczél (1966) this equation implies that W(x) is affine

in z or affine in e** for some a # 0. O

Claim 5. For all u € % ¢ and 7 € .4 it must be the case that

1. when V(z) =z, > ., piop(u,z,0) =;(un) + &(z) where v; is continuous

and increasing and &; is continuous

2. when U(x) = ae®, @; 0 p(u,z,0) = 9;(u;1) + n;(z,0) where ¥; is continuous

and increasing and 7; is continuous.

Proof. Case 1: V(z) =x. Let u,u' € %, v,v' € %, 2z € 2 and zy € 2 a reference
informational content (for instance, equiprobable states of the world). By Axiom 10
(Independence of Utility of the Sure), it must be the case that:

((u_iyv;), 2) R*((u";,vi), 20) © ((u_s,v}), 2) R*((u"_;,v}), 20)

Using the representation in Case 1, this means that:

Z ;i 0 p(vi, 2,0) +Z Z pjop(uj,z,0) = Z @i 0 p(vi, 29, 0) +Z Z ¥j ocp(u;.,zo,a)

e j#i 0 ces j#i c€S
& wiop(]z0)+ Y Y wiowu,z0) =Y piow] 2,0)+ Y Y p;op(u),z0,0)
e j#i c€S eSS j#i oS

Hence the difference > __ ., @i 0 @(vi, 2,0) = c o i 0 ©(vi, 20, 0) is independent of

v;: there exists a function & such that Y, p;00(vi, z,0) =" . piop(vi, 20,0) =
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&i(2). Denoting v;(vi1) = >, c.» @i © p(vi, 20, 0) yields the result. Axioms 1 (Order-
ing) and 8 (Monotonicity) imply the properties of ; and &;.

Case 2: ¥(x) = ae®®. Let u,u' € %, v € ¢, z € Z. Let 0 denotes the sure
prospect in R® with all its components equal to 0. By Axiom 10 (Independence of
Utility of the Sure), it must be the case that:

((u*ivvi) )Ra(( U_4 0 ),Z) <:>((u*%O)vz)Ra((uLi?O)az)

Using the representation in Case 2, and assuming without loss of generality that
a > 0. this means that:

> exp (asozoso(vz,z o )eXp( Z%w uj, 2, 0)) >

ces

ZeXp(asolosO(vz,za)eXM Z%O@D%ZJ)))
@Zexp(o&piogp(ﬂ,z,a )exp( Zgojogp uj, 2, O’)))_
ces
Zexp(agpiogp(O,zs )exp( Z(pjogou,z,a)))
eSS

Let D;, = {(dy, - ,ds) ER® : Ju € % ,No € S dy = 3,05 0 p(uj,2,0)}. D,

is connected and has a non empty interior. Let f,(d,) = exp (agpi o (v, 2, a))eo‘d"

and g¢,(d,) = exp (agpi o gp(O,z,a))ead“. By the above result, the following two
representations are ordinally equivalent: > _. f,(d,) and Y ., g-(d;). By the
unicity of additive representations up to an increasing affine transformation, there
must exists a > 0 and scalars b, such that f, = ag, + b,. In view of the forms of
functions f, and g,, we need b, = 0 for all 0 € .&.

To sum up, for every sure v; and all o € .77, there exists a(v;) such that exp(a; o

o(vi, z,0)) = a(v;) exp(ap; 0 p(0, z,0)). Denoting 9J;(v;1) = % and 7;(z,0) =
@i 0 (0, z,0), we obtain that ¢; o p(u, z,0) = V;(u;1) + n;(z,0). The properties of

¥; and n; follow from Axioms 1 (Ordering) and 8 (Monotonicity) . O

7.3 Proof of Proposition 2

Proof. 1t is immediate to see that the defined orderings satisfy Axioms 1 (Ordering),
2 (Dominance), 3 (Independence), 5 (State Neutrality), 7 (Ex Post Pareto), and the
first part of 8 (Monotonicity).

The condition ¢(u;, z,0) = @(u;, z,0") for all u € ¢ and z € Z° guarantees
that they satisfy Axiom 6 (State Equivalence).
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For Axiom 10 (Independence of Utility of the Sure), consider M C 4 and
u,u €U, vE U, 2,2 € Z. In the case, ¥(x) = z, we obtain

((unr, var), 2) R ((Wy, vmm), ') & Z Z i o p(u, z,0) + Z Z i o p(vi, z,0) >

iEM o€ iEN\M oS
ZZQ@OQ@(U&Z’,O’)—{— Z Z@Oiogp(vivzlﬂo—)
ieM oes iEN\M cE€S
& Y Y vioplunzo)+ Y &(z) >
ieM oe.s ie N \M
Z Z ¥i © (,D(u;, Zl? U) + Z 52(2,)
€M o€ €N \M

This is clearly independent of v, in accordance with Axiom 10 (Independence of
Utility of the Sure).
In the case W(x) = aexp(azr), and assuming without loss of generality that

o > 0, we obtain

((UM7 UJV\M)v Z)Ra((u/]\/h UJV\M>> Z/)

& Z exp (angi o p(u;, z,0) + Z ©; © gp(vi7z,0)) >

iEM €N\ M

Z exp (04 Z ;o p(ul, 2 o)+ Z i 0 p(vy, 2, U))

ceS ieM iEN\M

& ) exp (Ongpi o gp(ui,z,a)) exp (a > m(z,a)) >

oces ieM ieN\M

Z exp (a Z @i 0 p(ul, 2, a)) exp <a Z ni(2, O'))
oes ieM i€ N \M
This is also independent of v.

7.4 Proof of Proposition 3

By Proposition 1, we know that there exist functions ¢, (;)ic.» such that for all
uuw €U, 2,2 € ¥, 0,0 €.,

(u,z,0)RP(u, 2, 0") & Z @i o p(ug, 2,0) > Z @i 0 p(us, 2, 0').
ieN ieN
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By Axiom 9 (Anonymity), one can take the (¢;);c.s to be identical. Letting ¢
denote p; o ¢, we then obtain the first two equivalences of this proposition.

By Proposition 1, we know that either for all u, v’ € %, 2,2/ € %,

(u, 2)R (', 2) & Y Y p(uz,0) =YD pul, 2 0)
cES iEN cES iEN
or for some a # 0, for all u, v’ € %, 2,2/ € &,

(u,z)Ra(u',z’)ﬁaZexp (ang(ui,z,U)> ZaZexp< ngu 2 0).

ces ieN ces ieN
(3)

Suppose the latter is true, and assume without loss of generality that a > 0.
Consider u,u’ € %, v € %°, M C A with m = |M| and z € 2. By Axiom 11
(Restricted Independence of the Sure), for all i € M,

((unr, vaar)s 2) R (g, vanmr), 2)

& Z exp (anp(u;, z,0)) > « Z exp (anp(u;, z,0)) .
oS =4

But the left-hand side also reads, by Equation (3),

aZexp ang(ui,z,a)—i-oz Z o(ui, z,0)

ceS ieM €N \M
> a g exp | @ 5 o(us, z,0) E o(uj, z,0)
pmp ieM iEN\M

By the condition on sure prospects for the exponential case in Proposition 1 , the

inequality simplifies into

Z exp ( m)n(z, )) exp(ame(u;, z,0)) > Z (a(n—m)n(z, s)) exp(amp(u;, z,0)).

ceS €S

Let X = {(exp(ap(u;, z,0)))ses|u; € R°}, and a, = exp(an(z,s)). We have ob-
tained that for all z,y € X, all k € {1,--- |n},

Z(aa)n_k<xo)k = Z(aa)n_k(ya)k = Z(xa)n > Z(ya)n

ces ces ces ces

This is possible only if there is @ € R%, such that for all x € X, there is A € R,
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x = Aa. This argument applies to all z € 2. This implies that for all (u;,z) €
R® x Z, there is y(u;, 2) € R, p(us, 2,0) = v(u;, 2) + 22 The function v must be
increasing in u,. Let 8, = B4z

Define ¢(u, z,0) = > .. , ¢(u;, 2,0). The above reasoning implies that 1 (u, z,0) =
nBe+d ey ¥(ui, 2). Let ((u', 2Y), -+, (u®, 2%)) € (% xZ)*. Onehas, forallo € .7,
Y(u?,27,0) = nfy + > ;e v(uf,27). Axiom 4 (Solvability) requires that there is

(u,z) € % x & such that for all o € &,

Y(u,z,0) =nb, + Z v(u;, 2) = np, + Z y(ug, 27%).

ieN ieEN

This is possible in general only if v is constant. This yields a contradiction.

23



References

AcziL, J. (1966): Lecture on functional equations and their applications. Academic

Press.

ADLER, M., AND C. SANCHIRICO (2006): “Inequality and uncertainty: Theory and
legal applications,” University of Pennsylvania Law Review, 155, 279-377.

ATKINSON, A. B. (1970): “On the Measurement of Inequality,” Journal of Eco-
nomic Theory, 2, 244-263.

BLACKORBY, C., W. BOSSERT, aAND D. DONALDSON (2005): Population Issues
in Social-Choice Theory, Welfare Economics and Ethics. Cambridge University
Press, Cambridge.

BLACKORBY, C., D. DONALDSON, AND P. MONGIN (2004): “Social aggregation

without the expected utility hypothesis,” Cahiers du laboratoire d’économétrie de
[’Ecole Polytechnique, 2004020.

BLACKORBY, C., D. DONALDSON, AND J. WEYMARK (1999): “Harsanyi’s social

aggregation theorem for state-contingent alternatives,” Journal of Mathematical
Economics, 32, 365-387.

BOMMIER, A., AND S. ZUBER (2008): “Can preferences for catastrophe avoidance

reconcile social discounting with intergenerational equity?,” Social Choice and

Welfare, 31, 415-434.

BROOME, J. (1991): Weighing Goods. Equality, Uncertainty and Time. Blackwell,
Oxford.

DiaMoOND, P. (1967): “Cardinal welfare, individualistic ethics, and interpersonal

comparison of utility: Comment,” Journal of Political Economy, 75, 765-766.

EPSTEIN, L., aND U. SEGAL (1992): “Quadratic social welfare functions,” Journal
of Political Economy, 99, 263-286.

FLEURBAEY, M. (2008): “Assessing risky social situations,” mimeo.

Gaipos, T., J.-M. TALLON, anDp J.-C. VERGNAUD (2008): “Representation

and aggregation of preferences under uncertainty,” Journal of Economic Theory,
141(1), 68-99.

GORMAN, W. M. (1968): “The Structure of Utility Function,” Review of Economic
Studies, 35, 369-390.

24



GRANT, S. (1995): “Subjective Probability without Monotonicity: Or How
Machina’s Mom May Also Be Probabilistically Sophisticated,” Econometrica, 63,
159-89.

HamMOND, P. (1983): “Ex post optimality as a dynamically consistent objective
for collective choice under uncertainty,” in Social Choice and Welfare, ed. by
P. Pattanaik, and M. Salles, p. 1757205. North-Holland.

HamMOND, P. J. (1981): “Ex-ante and ex-post welfare optimality under uncer-
tainty,” Economica, 48, 235-350.

HARSANYI, J. (1955): “Cardinal Welfare, Individualistic Ethics, and Interpersonal
Comparisons if Utility,” Journal of Political Economy, 63, 309-321.

MACHINA, M. (1989): “Dynamic consistency and non-expected utility models of

choice under uncertainty,” Journal of Economic Literature, 28, 1622—1668.

RADO, F., anD J. BAKER (1987): “Pexider’s equation and aggregation of alloca-
tions,” Aequationes Mathematicae, 32, 227-239.

SKIADAS, C. (1997): “Conditioning and aggregation of preferences,” Econometrica,
65, 242-271.

25



130.

129.

128.

127.

126.
125.
124.

123.

122.

121.

120.

119.

118.

117.

116.

115.

114.

113.

112.

111.

110.

109.

108.

107.

Environmental Economics & Management Memoranda

Marc FLEURBAEY, Thibault GAJDOS and Stéphane ZUBER. Social rationality, separability, and equity under
uncertainty. (also CORE discussion paper 2010/37).

Stéphane ZUBER. Justifying social discounting: the rank-discounted utilitarian approach. (also CORE discussion
paper 2010/36).

Antoine BOMMIER and Stéphane ZUBER. The Pareto principle of optimal inequality. (also CORE discussion
paper 2009/9).

Thomas BAUDIN. A role for cultural transmission in fertility transitions. Macroeconomic Dynamics, 14, 2010, 454-
481.

Thomas BAUDIN. The optimal trade-off between quality and quantity with uncertain child survival. October 2010.
Thomas BAUDIN. Family Policies: What does the standard endogenous fertility model tell us? September 2010.

Philippe VAN PARIJS. Un "Sustainable New Deal" pour la Belgique. Forum annuel du Conseil fédéral pour le
développement durable, The Square, 16 novembre 2009.

Thierry BRECHET, Frangois GERARD, Henry TULKENS. Efficiency vs. stability of climate coalitions: a conceptual
and computational appraisal. The Energy Journal 32(1), 49-76, 2011.

Maria Eugenia SANIN, Skerdilajda ZANAJ. A note on clean technology adoption and its influence on tradable
emission permits prices. Environmental and Resource Economics, in press, 2010.

Thierry BRECHET, Julien THENIE, Thibaut ZEIMES, Stéphane ZUBER. The benefits of cooperation under
uncertainty: the case of climate change (also CORE discussion paper 2010/62).

Thierry BRECHET, Yuri YATSENKO, Natali HRITONENKO. Adaptation and mitigation in long-term climate
policies (also CORE discussion paper).

Marc GERMAIN, Alphonse MAGNUS, Henry TULKENS. Dynamic core-theoretic cooperation in a two-dimensional
international environmental model. Mathematical Social Sciences, 59(2), 208-226, 2010.

Thierry BRECHET, Pierre M. PICARD. The price of silence: markets for noise licenses and airports. International
Economic Review, 51(4), 1097-1125, 2010.

Thierry BRECHET, Pierre-André JOUVET, Gilles ROTILLON. Tradable pollution permits in dynamic general
equilibrium: can optimality and acceptability be reconciled? (also CORE discussion paper 2010/56).

Thierry BRECHET, Stéphane LAMBRECHT. Renewable resource and capital with a joy-of-giving resource
bequest motive. Resource and Energy Economics, in press, 2010.

Thierry BRECHET, Alain AYONG LE KAMA. Public environmental policies: some insights from economic theory.
International Economics 120(4), 5-10, 2009.

Thierry BRECHET, Johan EYCKMANS, Frangois GERARD, Philippe MARBAIX, Henry TULKENS, Jean-Pascal
van YPERSELE. The impact of the unilateral EU commitment on the stability of international climate agreements.
Climate Policy, 10, 148-166, 2010.

Thierry BRECHET, Sylvette LY. Technological greening, eco-efficiency and no-regret strategy. March 2010.

Thierry BRECHET, Fabien PRIEUR. Can education be good for both growth and the environment? (also CORE
discussion paper 2009/19).

Carlotta BALESTRA, Thierry BRECHET, Stéphane LAMBRECHT. Property rights and biological spillovers: when
Hardin meats Meade. February 2010 (also CORE DP 2010/ ?).

Thierry BRECHET, Tsvetomir TSACHEYV, Vladimir VELIOV. Markets for emission permits with free endowment : a
vintage capital analysis. February 2010 (also CORE DP 2010/ ?).

Thierry BRECHET, Fabien PRIEUR. Public investment in environmental infrastructures, growth, and the
environment. January 2010 (also CORE DP 2010/ ?).

Kirill BORISSQOV, Thierry BRECHET, Stéphane LAMBRECHT. Median voter environmental maintenance.
February 2010 (also CORE DP 2010/ ?).

Thierry BRECHET, Carmen CAMACHO, Vladimir VELIOV. Model predictive control, the economy, and the issue
of global warming. January 2010 (also CORE DP 2010/ ?).



106.

105.

104.

103.

102.

101.

100.

99.

98.

97.

96.

95.

94.

93.

92.

91.

90.

89.

88.

87.

86.

85.

84.

Thierry BRECHET, Tsvetomir TSACHEV and Viadimir M. VELIOV. Prices versus quantities in a vintage capital
model. In: Dynamic Systems, Economic Growth, and the Environment, Jesus Crespo Cuaresma, Tapio
Palokangas, Alexander Tarasyev (eds), Dynamic Modeling and Econometrics in Economics and Finance 12, 141-
159, 2010.

Thierry BRECHET, Pierre-André JOUVET. Why environmental management may yield no-regret pollution
abatement options. Ecological Economics, 68, 1770-1777, 2009.

Thierry BRECHET et Henry TULKENS. Mieux répartir les colts de la politique climatique. La vie des idées.fr,
20009.

Thierry BRECHET. Croissance économique, environnement et bien-étre. In : Alain Ayong Le Kama, Pour une
croissance verte ... et sociale, La lettre de 'AFSE, 74:9-13, 2009.

Henry TULKENS. Stabilité de I'accord et régles d'allocation initiale des droits d'émission. Commentaire sur le
Rapport de Jean Tirole "Politique climatique : une nouvelle architecture internationale", 9 octobre 2009.

Giorgia OGGIONI, Yves SMEERS. Evaluating the impact of average cost based contracts on the industrial sector
in the European emission trading scheme. CEJOR 17:181-217, 2009.

Raouf BOUCEKKINE, Marc GERMAIN. The burden sharing of polllution abattement costs in multi-regional open
economics. The B.E. Journal of Macroeconomics, 9 (1 Topics), 2009.

Rabah AMIR, Marc GERMAIN, Vincent VAN STEENBERGHE. On the impact of innovation on the marginal
abatement cost curve. Journal of Public Economic Theory, 10(6):985-1010, 2008.

Maria Eugenia SANIN, Skerdilajda ZANAJ. Clean technology adoption and its influence on tradeable emission
permit prices. April 2009 (also CORE DP 2009/29).

Jerzy A. FILAR, Jacek B. KRAWCZYK, Manju AGRAWAL. On production and abatement time scales in
sustainable development. Can we loose the sustainability screw ? April 2009 (also CORE DP 2009/28).

Giorgia OGGIONI, Yves SMEERS. Evaluating the impact of average cost based contracts on the industrial sector
in the European emission trading scheme. CEJOR (2009) 17: 181-217.

Marc GERMAIN, Henry TULKENS, Alphonse MAGNUS. Dynamic core-theoretic cooperation in a two-dimensional
international environmental model, April 2009 (also CORE DP 2009/21).

Henry TULKENS, Vincent VAN STEENBERGHE. "Mitigation, Adaptation, Suffering" : In search of the right mix in
the face of climate change, June 2009.

Luisito BERTINELLI, Eric STROBL. The environmental Kuznets curve semi-parametrically revisited. Economics
Letters, 88 (2005) 350-357.

Maria Eugenia SANIN, Francesco VIOLANTE. Understanding volatility dynamics in the EU-ETS market: lessons
from the future, March 2009 (also CORE DP 2009/24).

Thierry BRECHET, Henry TULKENS. Beyond BAT : Selecting optimal combinations of available techniques, with
an example from the limestone industry. Journal of Environmental Management, 90:1790-1801, 2009.

Giorgia OGGIONI, Yves SMEERS. Equilibrium models for the carbon leakage problem. December 2008 (also
CORE DP 2008/76).

Giorgia OGGIONI, Yves SMEERS. Average power contracts can mitigate carbon leakage. December 2008 (also
CORE DP 2008/62).

Thierry BRECHET, Johan EYCKMANS, Frangois GERARD, Philippe MARBAIX, Henry TULKENS, Jean-Pascal
van YPERSELE. The impact of the unilateral EU commitment on the stability of international climate agreements.
(also CORE DP 2008/61).

Raouf BOUCEKKINE, Jacek B. KRAWCZYK, Thomas VALLEE. Towards an understanding of tradeoffs between
regional wealth, tightness of a common environmental constraint and the sharing rules. (also CORE DP 2008/55).

Thierry BRECHET, Tsvetomir TSACHEV, Vladimir VELIOV. Prices versus quantities in a vintage capital model.
March 2009 (also CORE DP 2009/15).

David DE LA CROIX, Davide DOTTORI. Easter Island’s collapse : a tale of a population race. Journal of Economic
Growth, 13:27-55, 2008.

Thierry BRECHET, Stéphane LAMBRECHT, Fabien PRIEUR. Intertemporal transfers of emission quotas in
climate policies. Economic Modelling, 26(1):126-143, 2009.



83.

82.

81.

80.

79.

78.

77.

76.

75.

74.

73.

72.

71.

70.

69.

68.

67.

66.

65.

64.

63.

62.

61.

Thierry BRECHET, Stéphane LAMBRECHT. Family altruism with renewable resource and population growth.
Mathematical Population Studies, 16:60-78, 2009.

Thierry BRECHET, Alexis GERARD, Giordano MION. Une évaluation objective des nuisances subjectives de
I'aéroport de Bruxelles-National. Regards Economiques, 66, Février 2009.

Thierry BRECHET, Johan EYCKMANS. Coalition theory and integrated assessment modeling : Lessons for
climate governance. In E. Brousseau, P.A. Jouvet and T. Tom Dedeurwaerder (eds). Governing Global
Environmental Commons: Institutions, Markets, Social Preferences and Political Games, Oxford University Press,
2009.

Parkash CHANDER and Henry TULKENS. Cooperation, stability, and self-enforcement in international
environmental agreements : A conceptual discussion. In R. Guesnerie and H. Tulkens (eds). The Design of
Climate Policy, CESifo Seminar Series, The MIT Press, 2008.

Mirabelle MUULS. The effect of investment on bargaining positions. Over-investment in the case of international
agreements on climate change. September 2008

Pierre-André JOUVET, Philippe MICHEL, Pierre PESTIEAU. Public and private environmental spending: a
political economy approach. Environmental Economics and Policy Studies, 9(3):177-191, 2008.

Fabien PRIEUR. The environmental Kuznets curve in a world of irreversibility. Economic Theory, 40(1) : 57-90,
2009.

Raouf BOUCEKKINE, Natali HRITONENKO and Yuri YATSENKO. Optimal firm behavior under environmental
constraints. April 2008. (also CORE DP 2008/24).

Giorgia OGGIONI and Yves SMEERS. Evaluating the impact of average cost based contracts on the industrial
sector in the European emission trading scheme. January 2008 (also CORE DP 2008/1).

Thierry BRECHET and Pierre-André JOUVET. Environmental innovation and the cost of pollution abatement
revisited. Ecological Economics, 65:262-265, 2008.

Ingmar SCHUMACHER and Benteng ZOU. Pollution perception : A challenge for intergenerational equity. Journal
of Environmental Economics and Management, 55, 296-309, 2008.

Thierry BRECHET et Patrick VAN BRUSSELEN. Le pic pétrolier: un regard d'économiste. Reflets et Perspectives
de la vie économique, Tome XLVI, n° 4, 63-81, 2007.

Thierry BRECHET. L'énergie : mutations passées et mutations en cours. Reflets et Perspectives de la vie
économique, Tome XLVI, n° 4, 5-11, 2007.

Marc GERMAIN, Alphonse MAGNUS and Vincent VAN STEENBERGHE. How to design and use the clean
development mechanism under the Kyoto Protocol? A developing country perspective. Environmental & Resource
Economics, 38(1):13-30, 2007.

Thierry BRECHET en Pierre PICARD. Economische instrumenten voor de regulering van de geluidshinder in de
omgeving van luchthavens? Brussels Studies, nummer 12, 3 december 2007.

Thierry BRECHET et Pierre PICARD. Des instruments économiques pour la régulation des nuisances sonores
autour des aéroports? Brussels Studies, numéro 12, 3 décembre 2007, www.brusselsstudies.be.

Thierry BRECHET and Pierre PICARD. Can economic instruments regulate noise pollution in locations near
airports? Brussels Studies, issue 12, 2007 December the 31 , www.brusselsstudies.be.

Pierre-André JOUVET, Pierre PESTIEAU and Gregory PONTHIERE. Longevity and Environmental quality in an
OLG model. September 2007 (also available as CORE DP 2007/69).

Raouf BOUCEKKINE and Marc GERMAIN. Impacts of emission eduction policies in a multi-regional multi-sectoral
small open economy with endogenous growth. February 2007 (also available CORE DP 2007/11).

Parkash CHANDER and Subhashini MUTHUKRISHNAN. Green consumerism and collective action. June 2007
(also available as CORE DP 2007/58).

Jakub GROWIEC and Ingmar SCHUMACHER. Technological opportunity, long-run growth and convergence. July
2007 (also available as CORE DP 2007/57).

Maria Eugenia SANIN and Skerdilajda ZANAJ. Environmental innovation under Cournot competition. June 2007.
(also available as CORE DP 2007/50)

Thierry BRECHET and Stéphane LAMBRECHT. Family altruism with a renewable resource and population growth.
October 2006 (also available as CORE DP 2006/35).



60.

59.
58.

57.

56.

55.

54.

53.

52.

51.

50.

49.

48.

47.

46.

45.

44.

43.

42.

41.
40.

39.

38.

37.

Thierry BRECHET, Frangois GERARD and Henry TULKENS. Climate Coalitions: a theoretical and computational
appraisal. February 2007 (also available as CORE DP 2007/3).

Thierry BRECHET. L'environnement dans tous ses états. Regards Economiques, n° 50, 26-32, Avril 2007.

Thierry BRECHET and Susana PERALTA. The race for polluting permitsThierry. March 2007 (also available as
CORE DP 2007/27).

Giorgia OGGIONI, Ina RUMIANTSEVA and Yves SMEERS. Introduction of CO, emission certificates in a
simplified model of the Benelux electricity network with small and industrial consumers. Reprint from Proceedings
of the International Conference on Clean Electrical Power, Capri, Italy, May 21-23, 2007.

Agustin PEREZ-BARAHONA. The problem of non-renewable energy resource in the production of physical capital.
January 2007 (also available as CORE DP 2007/8).

Thierry BRECHET, Benoit LUSSIS. The contribution of the clean development mechanism to national climate
policies. Journal of Policy Modelling, 28(9), 981-994, December 2006.

Ingmar SCHUMACHER. Endogenous discounting via wealth, twin-peaks and the role of technology. November
2006 (also available as CORE DP 2006/104).

Ingmar SCHUMACHER. On optimality, endogenous discounting and wealth accumulation. October 2006 (also
available as CORE DP 2006/103).

Jakub GROWIEC, Ingmar SCHUMACHER. On technical change in the elasticities of resource inputs. November
2006. (also available as CORE DP 2006/63).

Maria Eugenia SANIN. Market Design in Wholesale Electricity Markets. October 2006 (also available as CORE DP
2006/100).

Luisito BERTINELLI, Eric STROBL and Benteng ZOU. Polluting technologies and sustainable economic
development. June 2006 (also available as CORE DP 2006/52).

Marc GERMAIN, Alphonse MAGNUS. Prices versus quantities: Stock pollution control with repeated choice of the
instrument. October 2005. Journal of Computational and Applied Mathematics, 197 (2006) 437-445.

Agustin PEREZ-BARAHONA. Capital accumulation and exhaustible energy resources: a special functions case.
September 2006 (also available as CORE DP 2007/9).

Philippe TULKENS, Henry TULKENS. The White House and the Kyoto Protocol: Double standards on
uncertainties and their consequences. May 2006 (also TERI School of Advanced Studies WP Series #1).

Thierry BRECHET, Pierre-André JOUVET. Environmental innovation and the cost of pollution abatement. January
2006 (also available as CORE DP 2006/40).

Fabien PRIEUR. The implication of irreversible pollution on the relation between growth and the environment: The
degenerate Kuznets curve. February 2006.

Thierry BRECHET, Marc GERMAIN, Philippe MONTFORT. Allocation des efforts de dépollution dans des
économies avec spécialisation internationale. Revue Economique, 57(2), Mars 2006.

Ingmar SCHUMACHER and Benteng ZOU. Habit in Pollution, A Challenge for Intergenerational Equity. March
2006 (also available as CORE DP 2006/6).

Jean-Charles HOURCADE, P.R. SHUKLA and Sandrine MATHY. Cutting the Climate-Development Gordian Knot
— Economic options in a politically constrained world. September 2005.

Urs LUTERBACHER. Climate Change, the Kyoto Protocol, and Transatlantic Relations. November 2005.

Parkash CHANDER and Henry TULKENS. Cooperation, Stability and Self-Enforcement in International
Environmental Agreements: A Conceptual Discussion. July 2005.

Paul-Marie BOULANGER et Thierry BRECHET. Le Mécanisme pour un Développement Propre tiendra-t-il ses
promesses ? Reflets et Perspectives de la Vie Economique, Tome XLIV — 2005 — N° 3, 5-27.

Paul-Marie BOULANGER and Thierry BRECHET. Models for policy-making in sustainable development: The state
of the art and perspectives for research. Ecological Economics, 55, 337-350, 2005.

Johan EYCKMANS an Henry TULKENS. Optimal and Stable International Climate Agreements. October 2005.
Reprint from "Economic Aspects of Climate Change Policy : A European and Belgian Perspective", a joint product
of CES-K.U.Leuven and CORE-UCL, edited by Bert Willems, Johan Eyckmans and Stef Proost, published by
ACCO, 3000 Leuven (Belgium)



36.

35.

34.

33.

32.

31.
30.

29.

28.

27.

26.

25.

24.

23.

22.

21.

20.

19.

18.

17.

Thierry BRECHET and Benoit LUSSIS. The Clean Development Mechanism in Belgian Climate Policy. October
2005. Reprint from "Economic Aspects of Climate Change Policy : A European and Belgian Perspective", a joint
product of CES-K.U.Leuven and CORE-UCL, edited by Bert Willems, Johan Eyckmans and Stef Proost, published
by ACCO, 3000 Leuven (Belgium)

Vincent VAN STEENBERGHE. The impact of banking on permits prices and compliance costs. October 2005.
Reprint from "Economic Aspects of Climate Change Policy : A European and Belgian Perspective", a joint product
of CES-K.U.Leuven and CORE-UCL, edited by Bert Willems, Johan Eyckmans and Stef Proost, published by
ACCO, 3000 Leuven (Belgium)

Johan EYCKMANS, Denise VAN REGEMORTER and Vincent VAN STEENBERGHE. Kyoto-permit prices and
compliance costs: an analysis with MacGEM. October 2005. Reprint from "Economic Aspects of Climate Change
Policy : A European and Belgian Perspective", a joint product of CES-K.U.Leuven and CORE-UCL, edited by Bert
Willems, Johan Eyckmans and Stef Proost, published by ACCO, 3000 Leuven (Belgium)

Johan EYCKMANS, Bert WILLEMS and Jean-Pascal VAN YPERSELE. Climate Change: Challenges for the
World. October 2005. Reprint from "Economic Aspects of Climate Change Policy : A European and Belgian
Perspective", a joint product of CES-K.U.Leuven and CORE-UCL, edited by Bert Willems, Johan Eyckmans and
Stef Proost, published by ACCO, 3000 Leuven (Belgium)

Marc GERMAIN, Stef PROOST and Bert SAVEYN. The Belgian Burden Sharing. October 2005. Reprint from
"Economic Aspects of Climate Change Policy : A European and Belgian Perspective", a joint product of CES-
K.U.Leuven and CORE-UCL, edited by Bert Willems, Johan Eyckmans and Stef Proost, published by ACCO, 3000
Leuven (Belgium)

Ingmar SCHUMACHER. Reviewing Social Discounting within Intergenerational Moral Intuition. June 2005.

Stéphane LAMBRECHT. The effects of a demographic shock in an OLG economy with pay-as-you-go pensions
and property rights on the environment: the case of selfish households. January 2005.

Stéphane LAMBRECHT. Maintaining environmental quality for overlapping generations: Some Reflections on the
US Sky Trust Initiative. May 2005.

Thierry BRECHET, Benoit LUSSIS. The contribution of the Clean Development Mechanism to national climate
policies. April 2005.

Thierry BRECHET, Stéphane LAMBRECHT, Fabien PRIEUR. Intergenerational transfers of pollution rights and
growth. May 2005 (also availabe as CORE DP 2005/42).

Maryse LABRIET, Richard LOULOU. From non-cooperative CO, abatement strategies to the optimal world
cooperation: Results from the integrated MARKAL model. April 2005.

Marc GERMAIN, Vincent VAN STEENBERGHE, Alphonse MAGNUS. Optimal Policy with Tradable and Bankable
Pollution Permits : Taking the Market Microstructure into Account.Journal of Public Economy Theory, 6(5), 2004,
737-757.

Marc GERMAIN, Stefano LOVO, Vincent VAN STEENBEGHE. De l'impact de la microstructure d'un marché de
permis de polluer sur la politique environnementale. Annales d'Economie et de Statistique, n° 74 — 2004, 177-208.

Marc GERMAIN, Alphonse MAGNUS, Vincent VAN STEENBERGHE. Should developing countries participate in
the Clean Development Mechanism under the Kyoto Protocol ? The low-hanging fruits and baseline issues.
December 2004.

Thierry BRECHET et Paul-Marie BOULANGER. Le Mécanisme pour un Développement Propre, ou comment faire
d'une pierre deux coups. Regards Economiques, Ires n° 27, janvier 2005.

Sergio CURRARINI & Henry TULKENS. Stable international agreements on transfrontier pollution with ratification
constraints. In C. Carrarro and V. Fragnelli (eds.), Game Practice and the Environment. Cheltenham, Edward Elgar
Publishing, 2004, 9-36. (also available as CORE Reprint 1715).

Agustin PEREZ-BARAHONA & Benteng ZOU. A comparative study of energy saving technical progress in a
vintage capital model. December 2004.

Agustin PEREZ-BARAHONA & Benteng ZOU. Energy saving technological progress in a vintage capital model.
December 2004.

Matthieu GLACHANT. Voluntary agreements under endogenous legislative threats and imperfect enforcement.
November 2004.

Thierry BRECHET, Stéphane LAMBRECHT. Puzzling over sustainability: an equilibrium analysis. November 2004.



16.

15.

14.

13.

12.

11.

10.

Vincent VAN STEENBERGHE. Core-stable and equitable allocations of greenhouse gas emission permits.
October 2004. (also available as CORE DP 2004/75).

Pierre-André JOUVET Philippe MICHEL, Pierre PESTIEAU. Public and private environmental spending. A political
economy approach. September 2004. (also available as CORE DP 2004/68).

Thierry BRECHET, Marc GERMAIN, Vincent VAN STEENBERGHE. The clean development mechanism under the
Kyoto protocol and the 'low-hanging fruits' issue. July 2004. (also available as CORE DP 2004/81).

Thierry BRECHET, Philippe MICHEL. Environmental performance and equilibrium. July 2004. (also available as
CORE DP 2004/72).

Luisito BERTINELLI, Eric STROBL. The Environmental Kuznets Curve semi-parametrically revisited. July 2004.
(also available as CORE DP 2004/51).

Axel GOSSERIES, Vincent VAN STEENBERGHE. Pourquoi des marchés de permis de polluer ? Les enjeux
économiques et éthiques de Kyoto. April 2004. (also available as IRES discussion paper n° 2004-21).

Vincent VAN STEENBERGHE. CO; Abatement costs and permits price : Exploring the impact of banking and the
role of future commitments. December 2003. (also available as CORE DP 2003/98).

Katheline SCHUBERT. Eléments sur I'actualisation et I'environnement. March 2004.
Marc GERMAIN. Modélisations de marchés de permis de pollution. July 2003.

Marc GERMAIN. Le Mécanisme de Développement Propre : Impacts du principe d'additionalité et du choix de la
baseline. January 2003.

Thierry BRECHET et Marc GERMAIN. Les affres de la modélisation. May 2002.

Marc GERMAIN and Vincent VAN STEENBERGHE. Constraining equitable allocations of tradable CO, emission
quotas by acceptability, Environmental and Resource Economics, (26) 3, 2003.

Marc GERMAIN, Philippe TOINT, Henry TULKENS and Aart DE ZEEUW. Transfers to sustain dynamic core-
theoretic cooperation in international stock pollutant control, Journal of Economic Dynamics & Control, (28) 1,
2003.

Thierry BRECHET, Marc GERMAIN et Philippe MONTFORT. Spécialisation internationale et partage de la charge
en matiére de réduction de la pollution. (also available as IRES discussion paper n°2003-19).

Olivier GODARD. Le risque climatique planétaire et la question de I'équité internationale dans Iattribution de
quotas d’émission échangeable. May 2003.

Thierry BRECHET. Entreprise et environnement : des défis complémentaires ? March 2002. Revue Louvain.



Environmental Economics & Management Memorandum

Chair Lhoist Berghmans in Environmental Economics and Management
Center for Operations Research & Econometrics (CORE)

Université catholique de Louvain (UCL)

Voie du Roman Pays 34

B-1348 Louvain-la-Neuve, Belgium

Hard copies are available upon request : env@core.ucl.ac.be
Papers are available in pdf format on line : http://www.uclouvain.be/en-21264.html






