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ABSTRACT

This article builds an axiomatization of inter-temporal trade-offs that takes an
explicit account of the distant future. The focus is on separable representations
and the approach is completed following a decision-theory index based approach
that is applied to utility streams understood as the well-being of future generations.
The introduction of some new axioms is herein shown to lead to the emergence of
two distinct orders that respectively relate to the distant future and close future
components of some utility stream. This enlightens the limits of the commonly
used fat tail intensity requisites for the evaluation of utility streams. These are

replaced by an axiomatic approach to myopia degrees.

KEYWORDS: Axiomatization, Myopia, Temporal Order Decompositions, Distant

future sensitivities.

JEL CLASSIFICATION: D11, D90.



1. INTRODUCTION

1.1 MOTIVATIONS & CONCERNS

The long-run concerns for the well-being of remote generations of offsprings nowa-
days widely overstep the boundaries of academic circles and promptly come into the
fore for most public agendas. It is however not the least surprising that only limited
efforts have tried to achieve an understanding of the actual meaning of the concerns

for an arbitrarily remote horizon.

Brown & Lewis [11] initiated an axiomatic approach to the topic based on the notion
of myopia according to which the addition of some utility sufficiently far into the
future would not modify the preferences order. This approach, however, received
little attention at the time, perhaps because the identification of the weight of the

distant future and the importance of remote generations was considered an oddity.

That study however raises a number of questions that may not have received suf-
ficient attention. Is an arbitrarily large finite future a satisfactory proxy for an
unbounded horizon? Does the very fact of having some remote low orders tail for
a stream of utils mean that it is negligible in not exerting any influence for finite
dates? More precisely, are there some specificities attached to arbitrarily remote
horizon streams and is it reasonable to compare these through the same apparatus

that is used for the head and finite parts of these streams?

1.2 THE APPROACH

The purpose of this article is to more generally provide an integrated appraisal of
myopia and the valuation of utility streams. The literature criteria for comparing
utility streams commonly rest upon intuitive properties such as completeness, mono-
tonicity, continuity, positive homogeneity and constant additivity. Being combined
with continuity, these properties imply that the preferences order can be represented

by an index function. As a matter of illustration, one can consider these following



families of index functions that would satisfy such fundamental properties.

Li(z)=(1-9) Zétxt for some 0 < § < 1,

t=0

Ly(z) = li%g(i)gf xy.

The first index function I; represents an order which is highly myopic in that the
value of each utility stream is essentially defined, for 0 < § < 1, through a finite
number of dates or generations. In opposition to this, the second index-order I
belongs to another, highly non-myopic, orders kind: the evaluation of the entire
utility stream would not vary if only the values of a finite number of dates got
modified. It is worth noticing that fundamental properties can be preserved through
usual operators, e.g., maximisation, minimisation, or by any convex combination of

these. For example,

I(z) = min [(1 — x)[1(z) + xI2(z)] for given 0 < x <X < 1.
XXX -

In this example, the parameter y can be understood as a degree of myopia that
measures the weight of the distant future—the well-being of remote generations—
and the potential importance of the tail of the utility stream. Observe that this

parameter can vary as a function of the utility stream.

A usual way of studying the effect of the distant future proceeds by considering
constant gains or losses. Given an order as represented by some index function I,
the weight of the distant future could, e.g., be measured through two simple param-
eters, i.e., xg = limp_,o 1(0,0,---,0,1,1,1,...), and x, = —limy_,» 1(0,0,--- ,0,
—1,—1,—1,...), that would respectively depict remote constant gains and remote
constant losses. Building on such coefficients, two ranges of questioning naturally

arise.

First, is a configuration where both the gains and losses distant future coefficients
are equal to zero (x, = Xx¢ = 0) associated with some tail-insensitivity property, a
situation where the distant future becomes negligible? Second, is there some scope
for systematically decomposing the evaluation of inter-temporal streams between its

distant future value—the tail of the utility stream—and its close future value—the



head of the utility stream. Assuming this is the case, what shape would such a

function take?

In order to gain more understanding of such a potentiality, supplementary struc-
tures have to be added. Two new axioms are here introduced. The first distant
future sensitivities axiom states that given a utility stream and a constant stream,
the decision maker can always say about his/her preference between the distant fu-
ture components of these two streams. The second close future sensitivities axiom
is similar but relates to a comparison that takes place between some close future

components of the streams.

The introduction of this structure leads to the emergence of two distinct orders that
respectively relate to the distant future and the close future. Both new orders satisfy
fundamental properties and can respectively be represented by distant future and

close future index functions.

The key result of this article is then that the evaluation of a utility stream can
be decomposed into a convex combination of its distant future and its close future
components. The parameters of this convex combination change as a function of

the utility streams and lie between x, and x;.

Interestingly, these two values play a decisive role in the characterization of the
eventual myopia degrees. They may represent two different sorts of behaviours in
the consideration of the distant future that respectively relate to optimism and

pessImism.

1.3 RELATED LITERATURE

The closest contribution to this article is a recent work due to Lapied & Renault
[23]. They consider a decision maker facing alternatives that are defined on a very
distant future, 7.e., a time horizon that exceeds his life-time horizon. This work
emphasizes the emergence of an asymptotic patience property, meaning that, for

some remote date, no time tradeoff between alternative any longer prevails.

In a pair of influential contributions, Chichilnisky [13, 14] adds linearity to the

structure of a preferences order. She then imposes no dictatorship of the present



and no dictatorship of the future properties on this order, the weighting parameters
corresponding to the present and the future being consequently strictly positive.
In the context of this article, this means that, while x, and x, assume positive
values, they are also, as a result of the linearity of the order, to satisfy x, = x¢.
The question of equity in evaluating the welfare of generations can be understood
in different ways. Chichilnisky’s works and this article follow the line where the

evaluation of utility streams considers both present future and distant future.

The notion of strong myopia, due to Brown & Lewis [12] coincides with the upward
myopia notion of Sawyer [28] and means, in its version presented by Becker & Boyd
[10], that, for any = = y, one has for any z, x > (yo,¥1,- .-, Y1, 2141, 2742, - - .) for
sufficiently large T'. In the context of this article, these cases are equivalent to the
downward myopia of Sawyer [28|. This corresponds to an extreme occurrence where
Xg = Xx¢ = 0.

Another extreme was considered by the completely patient and time invariant pref-
erences of Marinacci [24], the Banach limits® corresponding to the case x, = x, = 1.
In parallel to this, Araujo [4] proves that, in order for a set of non trivial Pareto
allocations to exist, consumers must exhibit some impatience in their preferences.
Otherwise stated, this excludes the possibility of preferences being represented by

Banach limits: at least one of the two values x4, X, is to be strictly smaller than 1.

Relying upon a distinct recent strand of the experimental literature, a more recent
contribution due to Gabaix & Laibson [18| presents a subtle articulation between
forecasting accuracy, discounting and myopia in an imperfect information environ-

ment that relies

Following parallel roads with a Gilboa & Schmeidler [20] approach but relying upon a
different system of axioms based upon time-variability aversion, Wakai [29] provides
an insightful account of smoothing behaviours where the optimal discount assumes

an maximin recursive representation.

Formerly related with Wakai [29] and the current study with an analysis completed
over the set of bounded real sequences /., Chambers & Echenique [15] have recently

put forth an axiomatic approach to multiple discounts. The current approach com-

!For a definition of Banach limits, see page 55 in Becker & Boyd [10].



plements theirs in relaxing tail insensitivity and focusing instead on myopia dimen-

sions that precede discounting concerns.

Diamond [16] and Basu & Mitra [7] prove that there is no index function which
represents a preference order satisfying sensitivity (equivalent to monotonicity) and
equity (also known as anonymity), even when continuity is relaxed. Basu & Mitra [8]
show the existence of an order satisfying these two properties but not archimedeanity.
In the context of this article, even though the archimedeanity axiom is admittedly
strong, this property is important not only because it ensures continuity, but also
because it plays a crucial role in the determination of the index function. Worth
mentioning is also the study of Zuber & Asheim [30] who, following related equity
concerns, introduce an anonymity axiom under which the evaluation of a utility

stream does not change after a permutation of generations.

1.4 CONTENTS

The article is organised as follows. Section two introduce basic axioms and emphasize
the role of the distant future in the evaluation of utility streams over time. Section
three presents different facets of myopia and introduces a decomposition for the
future that is based upon closeness versus remoteness. The proofs are given in the

Appendix.

2. SOME BASIC AXIOMS AND A ROLE FOR THE
DISTANT FUTURE IN THE EVALUATION OF THE

UTILITY STREAMS

This study contemplates an axiomatization approach to the evaluation of infinite
utility streams. This section will introduce some basic axioms, build an index func-
tion and emphasise the scope for a non-negligible influence for the remote parts of

the utility stream.



2.1 FUNDAMENTALS, BASIC AXIOMS & THE CONSTRUCTION OF

AN INDEX FUNCTION

Time is discrete. The notation 1 presents the constant unitary sequence (1,1,...).
Letters like x,y,z will be used for sequences (of utils) with values in R while a
notation cl, ¢1, ¢’1 will be used for constant sequences. In parallel to this, Greek

letters A\, n, u will be used for constant scalars.

Recall first that the £, space? is defined as the set of real sequences {z4}2°, such that
SUp,sq |7s] < 400. For every & € {o and T' > 0, let xo 1] = (70,71, ...,77) denote
its head T'+1 first components and (741,00 = (L1741, 142, - - .) its tail starting from
date 7'+ 1. Given two sequences x and ¥, (Z[o1], Yr+1,+o0[) denotes the sequence
(o, T1,y .-y X7, Y741, Y742, - - -).  The following axiom introduces some fundamental

properties on {4, for the order > .

AXIOM F. The order > satisfies the following properties:

(i) Completeness For every x,y € l, either x = y or y = .

(ii) Transitivity For every x,y, z € {y, if = y and y = z, then = > z. Denote as
x ~ y the case where x > y and y > z. Denote as > y the case where z > y

and y % x.
(iii) Monotonicity If x,y € ly, and x4 > y, for every s € N, then z > y.
(iv) Non-triviality There exist x,y € {, such that x = y.

(v) Archimedeanity For x € £, and bl > = > b'1, there are A, 1 €]0, 1] such that

(1= X)bL+ N1 =z and z = (1 — )bl + ub'l.

(vi) Weak convezity For every x,y,bl € {y, and A €]0, 1],

rr-ye (1—Nz+ A1 = (1 — Ny + AbL.

2Following the argument of Bewley [11], when one considers the distant future behavior of
inter-temporal utility streams, one is to remember that the earth resources are limited and it is not
something arbitrary to impose that utility levels are generated by bounded consumption streams.




All of the properties (i), (ii), (iii) and (iv) are common in decision theory. The
archimedeanity property (v) ensures that the order is continuous in the sup-norm
topology of ¢,. Moreover, archimedeanity plays a crucial role in the determination

of the index function?.

The Weak convezity property (vi) is admittedly less immediate. It is referred to
as certainty independence in the decision theory literature, contains the positive
homogeneity property and ensures that direction 1 is comparison neutral: following

that direction, the comparison between two sequences does not change.

Under these conditions, the order > can be represented by an index function which

is homogeneous of degree one and constantly additive.

LEMMA 2.1. The order > satisfies axiom F if and only if it is represented by an

index function I satisfying:
(1) Forx € loo, A >0, I(Ax) = X (z).
(ii) Forx € lw, constant b € R, I(x 4+ bl) = I(z) + b.

This statement directly compares with the results in Gilboa & Schmeidler [20], and
Ghirardato & al [19]. It is worth emphasizing that, while these works specialize their
argument to the space of simple acts—equivalent to sequences in ¢, which take a

finite number of values—this article considers the whole space /.

2.2  NON-NEGLIGIBLE DISTANT FUTURE AND NON-NEGLIGIBLE CLOSE

FUTURE

In the literature, the notions of impatience or delay aversion* are generally un-
derstood through the convergence of (0177, Lj741,00[) to zero and as T tends to
infinity®. More generally, it is commonly assumed that the value of the distant fu-
ture converges to zero. In the current framework and under Lemma 2.1, this suggests

the convergence to zero of I(O]l[o,T], —]1[T+1,oo[) and I(O]l[O,T], 1[T+1,oo[)6- To check

3In particular, Basu & Mitra [8] show the existence of an order in which, for an increasing
stream x converging to some constant b, there exists some b < b such that b1 = z = b1, while
(T =MXb+ A\ > z for any A €]0,1[. In their configuration, Archemedeanity is not satisfied.

4See Bastianello & Chateauneuf [6].

A very careful account of these notions was recently brought by Bastianello [5].

SObserve that these two properties are not equivalent.
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upon this, first consider the two following coefficients that are respectively defined

for asymptotically constant gains and losses:”

Xg = lim I(OI].[Q,T], ]]-[T—i-l,oo[)?

T—o00

X = — Tll_{I;O I<0]1[0,T]7 —]1[T+1,oo[)

=1- 711330](1[0,% 0L (711,00 -

These two limit values x, and x, will be considered extensively in the course of this
study and will play an important role in the definition of the myopia degrees. The
equality x, = x¢ = 0 is indeed similar to the usual negligible-tail or tail-insensitivity
conditions in the literature. Under this condition, one could formulate a conjecture
about the poor relevance of the tail of the sequence, namely and for any x, z € /.,

the holding of:

Th_{folo [(QJ[O,T], Z[T+1,oo[) = 1(95), (2-1)
Otherwise stated, for sufficiently large values of T', the tail of the sequence z would
become irrelevant and the whole evaluation of the utility stream would proceed from

the sequence x.

The following counter example however provides an illustration where, in spite of a
valuation of the distant future that could be zero,® this future remote component

could continue to play a significant role in the evaluation of the whole sequence.

EXAMPLE 2.1. Consider two probability measures belonging to the set? ¢;, namely

w and w, and satisfying w # @. Define the index function I as:

I(x) = min {(JJ -, max {w . x,hminfxs}} , forz € (.

S§—00

"From the monotonicity property, I(O]l[O,T], ]l[T+17OO[) and l—I(]l[O,T} , 01[T+1,oo[) are decreasing
as a function of T', so that both of these limits are well defined.

80ne can prove that limp e 1 (01 77, T(141,4+00]) = 0 for any = € lo.

9¢, is the set of real sequences {w,}22 such that Y o |ws| < +00. For w € ¢1 and z € (o, the
scalar product is defined as w-x = Z;’io wsxs. The notion of probability measures in the statement
means that wg, s are non-negative for any s and that E:io ws = Z:io ws = 1. Remark that since
ws, ws > 0, the monotonicity property is satisfied.



This representation can be understood as a social welfare function for an economy
with two agents. While the first agent would be highly myopic and only consider
the close future of the utility stream @ - x, the second one would rely on a weaker
form of myopia by considering the maximum between the close future value w - x
and the infimum limit of the distant future value of the stream. The social planer
maximizes, in the same spirit as the classical maximin criteria of Rawls [27], the

welfare of the least favored agent.

It is easy to verify that the index I satisfies the fundamental axiom F. Further
observe that, for large enough values of T, both w - (O]l[oﬂ, 1[T+1,oo[) and @ -
(OIL[O’T], IL[T+17OO[) are bounded above by 1. This implies that x, is defined as the

limit of

1(01[07T], :H_[T+1,oo[) = min { (;}5, 1} s

s=T+1

that is equal to zero. By a similar argument, y, = 0.

However remark that there exist =,z € f(, such that limy_, [ (x[ng],z[TH,OO[) #
I(x). The two sequences w and w being different, there exists © € ¢, such that
W-xr > w-x > liminf, , rs. Consider now z satisfying w - x > liminf, , 2, >
w - x > liminf, . x,. This implies that:

Tlgfolo ](I[O,T], Z[T+1,oo[) = ligglf Zs)

that differs from I(z) = w - x.

Example 2.1 makes clear that the sole occurrence of two zero values for the myopia
parameters x, and X, is not sufficient for ensuring the negligibility of the distant
future. Likewise, the following example illustrates how, for a configuration y, =
x¢ = 1, the close future can continue to play a role in the evaluation of the distant

future.

ExXAMPLE 2.2. Consider an order being represented by the following index function

f(x) = min {limsup Tg, Max {w - X, liminfxs}} ,

5—00 §—00



for w a probability measure in /;. Along the interpretation of Example 2.1, while the
first agent in this economy is extremely non-myopic and evaluates utility streams
by the sole consideration of the supremum of its asymptotic values, the second one

is only partially myopic. Relying on the same arguments as for Example 2.1,

lim 1(0Tj7), Ups1,00) = 1,

T—o00
= Jim 10177, =) = = (Jim Iy, 00y 0p) = 1(1)) =1,

that implies that y, = x, = 1.1°

Consider z, z satisfying liminf, ;o 25 < w- 2 < w - z < limsup,_, 5. One has

Tlg{.lo I(z0,1), T 41,00]) = W - 2,

that differs from I(z) = w - .

The consideration of Examples 2.1 and 2.2 suggests the need for a deeper understand-
ing of the problem at stake, i.e., the precise influence of the remote components of
a utility stream. As this shall be argued in the next section, a clear picture becomes
available when appropriate supplementary structures are added on the preferences

order.

3. A DECOMPOSITION FOR THE FUTURE: CLOSENESS

VS REMOTENESS

3.1 DISTANT FUTURE ORDER

The following axiom assumes that there exists an evaluation of the distant future
components of the utility stream which is independent from the starting components—

the close future—of that utility stream.

AxXxioM G1. For any = € /o, and any constant d € R, either, for any € > 0, there

10This implies that, for any = € loo, limy_ o0 f(x[o)T], 01(741,00[) = 0.

10



exists Tp(e) such that, for any z € l and for every T' > Ty (e):

(Z[O,T],ﬂi[TH,oo[) - (Z[O,T]ad]l[T+1,oo[) —el,

or, for any € > 0, there exists Ty(e) such that, for any z € ¢, and for every T' > Tg(e):
(Z[O,T]adﬂ[T—i-l,oo[) = (Z[O,T]7x[T+1,oo[) —el.

For any sequence x and a constant sequence dl and for every € > 0, this axiom pos-
tulates the existence of a date Ty(g). Beyond that date, the distant future component
of the sequence z will either overtake the sequence (d — €)1 or be overtaken by the
sequence (d+¢)1. This takes place independently from the initial components—the
close future—of the sequence z. Otherwise stated, either x or d1 dominates in the
distant future. Such a distant future sensitivities axiom interestingly contradicts

with the usual negligible-tail or tail-insensitivity axioms of the literature.

As a matter of illustration, the most intuitive order satisfying both F and G1
would be the infimum limit and be represented by [(z) = liminf, ,,, z,. It is also
associated with the occurrence of unitary values for both of the myopia parameters,
Xg = Xx¢ = 1.

The satisfaction of axiom G1 assumes a direct and intuitive corollary. Indeed,
and under the fundamental axiom F, this axiom ensures the existence of the limit
limTﬁooI(z[o,T],x[TH,oo[) for any x,z € l,. Moreover, and for any x,y € f, the
comparison between the limits corresponding to x and y does not depend on initial

components brought by z.

LEMMA 3.1. Assume that the order = satisfies axioms F and G1.

(i) For any z € Uy, limp_,o0 I(Z[O,Thx[T—&—l,oo[) is well defined.

(ii) For any x,y € lw, if, for some z, 2/,

Th_rgo I(2j07), T(741,00[) = Tlglgo (20,17, Yir+1,000)

11



then, for any 2’ € l,

Jim T (2fozy, Treel) = M T (227, Yresool) -

Even though the comparison between two limits corresponding to x and y does not

depend on z, the limit limy_, [ (Z[O,T]7 x[TJrLoo[) can keep on depending on z.

DEFINITION 3.1. Define the order =4 as, for any x,y € ls, x =4 y if and only if,

for any € > 0, there exists Ty(g) such that, for any z € Uy, and for every T > Ty(e):

(Z[O,T],x[T+1,oo[) = (Z[O,T]7?J[T+1,oo[) —el.

EXAMPLE 3.1. Consider again the order represented by the index function [ in
Example 2.1. First observe that the order represented by [ satisfies axiom F. The

following arguments prove that the axiom G1 is also satisfied.

Fix any x € /,, and some scalar d € R. Consider the case liminf,_,, x, > d. Fixing

any € > 0, select Ty(e) such that, for any 7" > Ty(e):

o0 o
Z WsTs > d Z W — €,

s=T+1 s=T+1

[eS) [

E Wy > d E Ws — €.
s=T+1 s=T+1

For any z € {, and any T > Ty(e), this implies that:

I (2017, Trs1,00[) = min{@ (210,175 AL [r41,00[) — €5
max {w . (Z[o,T], dﬂ[T+1,oo[) — ¢, liminf x, — g}}

§—00

> I(Z[O,T]a dﬂ-[T—&—l,oo[) —E.

Similar arguments may be used for the remaining configuration liminf, .z, < d.

Moreover, even though x, = x¢ = 0, the order =, is not trivial. Select indeed z*

12



satisfying @ - z* > 0 > w - 2*. It derives that:

711_{%0 [(ZEB,T]’ 0L (741,00[) = min{@ - z*, max {w - 2*,0}} = 0,

711_{1;0 [(zf‘oﬂ, Liri1,00) = min{@ - z*, max {w- 2*,1} } = min{w - 2*,1} > 0.

Hence 1 >, 01 and 01 %41, that establishes the non-triviality of the order >,.

Proposition 3.1 proves that if one of the two myopia parameters y, and x, differs

from zero, then the order >, satisfies axiom F.

PROPOSITION 3.1. Assume that the initial order > satisfies axioms F and G1 .

(i) The order =4 is complete.

(i) If at least one of the two myopia values x, and x, differs from zero, then
the order =4 is not trivial. In this configuration, it satisfies axiom F and
can be represented by an index function Iy, which is positively homogeneous,

constantly additive, and satisfies:

Id(z[ng],x[TH,OO[) = I4(x) for any x,z € lo,, T € N.

Proposition 3.1 also implies that there also exists an index function satisfying the

properties of Lemma 2.1. The value of the index function does not depend upon the

starting close future—components of the sequence z: upon a change in a mere
finite number of values of the inter-temporal stream, the distant future evaluation

of that stream remains the same.

3.2 CLOSE FUTURE ORDER

In order to enable a decomposition between the distant future and the close future,
consider a close future sensitivities axiom G2, that is to be understood as the
complement of axiom G1. This axiom assumes that there exists an evaluation of
the close future components of the utility stream which is independent from the

tail—the distant future—of that utility stream.

13



AXIOM G2. For any = € {, a constant ¢ € R, either, for any € > 0, there exists

To(g) such that, for any z € £, and for every T > Ty(e),

(x[O,T]7Z[T+1,oo[) = (C]]-[O,T]az[T—i-l,oo[) —el,

or there exists Ty(e) such that, for any z € ¢, and for every T' > Ty (),
(CH[O,T}, Z[T+1,oo[) = (I[O,T]a Z[T+1,oo[) —el.

This assumption reads as follows: for any sequence x and a constant sequence cl,
either the sequence x will overtake the sequence (¢ —¢)1 or it will be dominated by
the sequence (¢ + €)1, both of these occurrences being defined whatever the distant
future behaviour of that sequence. Otherwise stated, either x or ¢l dominates in

the close future.

Conditions in the literature commonly assume that the effect of the distant future
converges to zero—e.g., the Continuity at infinity of Chambers & Echenique [15], or
the axioms ensuring some sort of negligible tail for the distribution. In opposition to
this, the close future sensitivities Axiom G2 merely assumes that the evaluation of

the close future is unaltered by the distant future components of the utility stream.
Along Lemma 3.1, the subsequent Lemma 3.2 provides some intuition for axiom G2.

LEMMA 3.2. Assume that the order > satisfies axioms F and G2.
(i) For any z € lw, limp_, [(l‘[o,T], Z[TJFLOO[) is well defined.

(ii) For any x,y € Ly, if, for some z,

Th_rgo (o1, 2(r+1,00) = Th_rgo I(ypo.1), 217+1,00()

then, for any 2’ € l,

dm I(@o17, 2r1,00) 2 M T (8077 2041,000)

As an illustration, consider the order represented by the index function I(z) =

(1—10)> 2, 0%, for some 0 < § < 1. This order satisfies both F and G2, both of
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its myopia coefficients reducing to zero, x4, = x; = 0. Following the leading Example

2.2, a more elaborated formulation is however conceivable:

ExXAMPLE 3.2. Consider the order represented by the index function I in Example
2.2. Observe that the order being represented by I satisfies axiom F. The following
arguments are going to prove that the axiom G2 is also satisfied. Fix indeed any
x € U+ and some constant ¢ € R. Firstly, consider the case w-x > c. For any given

e > 0, select a date Ty(e) such that, for any 7' > To(e), one has:

T T
E (,USZL‘SZCE Ws — €.
s=0 s=0

For any sequence z € (,, and any date T' > Ty(e), the value of the index I satisfies:

f(x[o,ﬂ, Z[T—l—l,oo[) > min {lim Sup zs, max {w - (cLjo.175 21 41,00]) — €, lim inf zs}}
S$—00 S§—00

> f(C]l[o,T}, 2T 1,00]) — E-

Whence, and for any T' > Tj(¢), the behaviour described by Axiom G2:

(2.1, 2ir1,000) = (Cjo17s 2r41,000) — €1

For the remaining case with w - x < ¢, use the same arguments.

One should also emphasise that, even though x, = x; = 1, the close order =, is not

trivial. Select indeed z* € ¢, such that liminf, ,. 2} < 0 < limsup,_, . 2;.

711_{130 ]A(Oll[oyT}, z[“TJrLOO[) = min {lim sup z,, max {O, lim inf z;‘}}

5—00 $—00

=0,
711_1)1;10 I (Lo, ZFTH’OO[) = min {lim sup 2., max {1, lim inf z;‘}}

5—00 §—00

= min{lim sup 2, 1}
S—00

> 0.

Whence, 1 >, 01 and 01 /4.1 and the order >, is not trivial.
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DEFINITION 3.2. Define the close future order =, as, for any v,y € by, T =,y if
and only if, for any € > 0, there exists Ty(e) such that, for any sequence z € {4, and

for every date T' > Ty(e),

($[0,T]>Z[T+1,oo[) = (y[O,T}aZ[TJrl,oo[) —el.
PROPOSITION 3.2. Assume that the initial order = satisfies axioms F and G2.

(i) The close order »=. is complete.

(i) The order = is not trivial if at least one of the two values x4, x¢ differs from
1. In this configuration, the order =. satisfies axiom ¥ and can be represented
by an index function I. which is positively homogeneous, constantly additive

and satisfies:
Tlggo IC(ZB[O’T}, Z[T+1,oo[) = I.(x) for any x,z € (.

The property (ii) illustrates the ways in which the close future order recovers a
tail-insensitivity property.

All of the results of Propositions 3.1 and 3.2 as well as the characterizations in
Examples 3.1 and 3.2 indicate the need for a more achieved characterization of
the configurations where the two myopia parameters obtain boundary values, i.e.,

Xg = X¢ = 0, or x4 = x¢ = 1. The following statement provides a clarified view.

PROPOSITION 3.3. Assume that the order = satisfies axioms F and G1, G2.

(i) If x, = x¢ = 0, then the order >4 is trivial: for any x,y € lo, T ~q Y.
Moreover, I(x) = I.(x).

(i) If xg = x¢e = 1, then the order =, is trivial: for any x,y € lo, T ~ Y.
Moreover, I(x) = I4(z).

Otherwise stated, it is only when the initial order satisfies both axioms G1 and G2,
1.€., when the decomposition between the distant and the close components future

is fully completed, that the boundary values for the myopia coefficients may result
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into the triviality of one of the two orders. Proposition 3.3 also provides an indirect
proof of the non equivalence between axioms G1 and G2. The index function in
Example 2.1 indeed satisfies axiom G1 but not axiom G2. By contrast, the index

function in Example 2.2 satisfies axiom G2 but not axiom G1.

From now on, by convention, under axioms F and G1, G2, if x, = x¢ = 0, the
distant future function will be defined as I;(z) = 0 for any = € (, while, if y, =

X¢ = 1, the close future function will be defined as I.(x) = 0 for any = € (.

3.3 A DECOMPOSITION BETWEEN THE DISTANT AND CLOSE FU-

TURE ORDERS

Under axioms F, G1 and G2, there is a clear potential for the index function I to

be decomposed into a convex sum of two index functions I; and I, e.g.,
I(z) = (1 = x")Le(x) + X" La(),

for some value x* € [0,1]. It shall however be argued that this is not the only
possible representation. Would the selected parameter x* not change over time, the

prevalence of such a decomposition would imply that:

Th_{rolo I(Ljor), 0L prg1,00f) + Tll_{rolo (01,7, Lrs1,00]) = 1,

which is equivalent to x, = X4, and therefore to x* = x, = x¢. Under axioms F,
G1 and G2, the holding of such an equality is anything but obvious. In order to
progress in this direction, consider the following axiom, which strengthens the weak

convexity property introduced in axiom F(vi).

AxioM Al. Consider x,y € ¢, such that x = y, constants ¢,d € R, 0 < A < 1. For

every € > 0, there exists Ty(e) such that, for every T > Tj(¢)
(1 =Nz + AMclprp, dlri,4oof) = (1 = XNy 4+ AcLpo,rp, dlipg1,400]) — €1
This axiom ensures that the comparison between two streams does not change when
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one follows directions that are constant, though possible distinct, in the close and

distant futures. These directions are thus comparison neutral.

THEOREM 3.1. Assume that the initial order = satisfies axzioms F and G1, G2.

Axiom A1 is satisfied if and only if one of the following equivalent properties holds:
(i) The two myopia parameters are equal: x4, = x¢ = X*.

(ii) There exists 0 < x* < 1 such that, for any x € l+ and any constants c,d € R,

lim I(x + (Cﬂ[oj[, d]l[T+1,+oo[)) = [(.I') + (1 — X*)C + x*d.

T—o00

(iii) There exists 0 < x* < 1 such that, for any x € l,
I(z) = (1 = x")e(x) + X" La(2).

As this shall emerge from the above statement, under axiom A1, the two myopia
parameters x, and , happen to coincide and the index function satisfies a gener-
alized form of constant additivity. The evaluation of a given inter-temporal stream
can now be decomposed into a convex combination of its close future and distant
future components, the convexity parameter being constant and also synthetising

the myopia parameters.

While a convex combination between Examples 3.1 and 3.2 could have been conjec-
tured to provide an interesting illustration of this decomposition, such a formulation
is inappropriate since it would satisfy neither Axiom G1 nor Axiom G2. The fol-
lowing illustration, that first appeared in Chichilnisky [13|, will provide an intuitive

picture of the properties at stake.

ExXAMPLE 3.3. Consider the order represented by the following index function: for

some 0 < x* < 1, the index function

I(z) = (1-Xx7) Z(l —0)0°xs + x* liminf xy,

5—00
s=0

is such that I.(z) = (1 —8) Y o, 0°zs and Iy(z) = liminf, o 5. Fix any sequence

r € U, a constant ¢ € R and any scalar ¢ > 0. Consider the case (1—-9) Y o, 0%z, >
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c and fix a date Ty(e) such that, for any date T' > Ty(¢), one has (1—0) 3. §%z, >

c Z;F:O ws —e. This implies that, for any z € (., the following inequality is satisfied:

(1—x%) (Z(l —0)6%xs + f: (1-— 5)5525> + X" lim inf z;

$—00
s=0 s=T+1

T 00
> (1—x%) (cZws + ) wszs> +x"liminf 2, — €.
s=0

s=T+1

It derives that, for any 7" > Ty(e) and z € l, the index I satisfies:

I(@o.1), 2r1,00) 2 T(Lo1), 21,000) — €

The case >~ (1 —0)dé°z, < ¢ can be analyzed with a similar argument. The order
here hence satisfies the close future sensitivities axiom G2, its close future order
being represented by the function I.(z) = Y oo (1 — §)0°z,. Relying on the same
arguments, this order also satisfies the distant future sensitivities axiom G1, its

distant future index function being given by I;(z) = liminf, ., ;.

More generally, and as soon as axiom A1l is relaxed, results become more involv-
ing but also uncover interesting subtler facets of the distant future - close future
discrepancy. In point of fact, while the evaluation of a inter-temporal stream still
expresses as a convex combination of its close future and distant future values, the
decomposition parameter must now change as a function of the involved sequence

x. The configuration
. . <
Tlg{)lo I(Ljo7), 0L prsn o0f) + TlgI;O I(01 o), Lirs1,00) < 1,

which is equivalent to x, < x, can first be understood as a pessimistic, or a mainly
myopia-bending occurrence: the value brought by the distant future is not suffi-
ciently large to compensate the loss that is incurred in the close future. Likewise,

the configuration
: : S
Jim I(Djo,7, 0T 41,00]) + Jm 1(0Tj0.77, Tprsn,00) > 1,

which is equivalent to x4, > X/, can be understood as an optimistic, or an essentially

19



non myopia-bending situation: the gain in the distant future is valued more than

the loss that is incurred in the close future.

The following theorem eventually shows that there exists a multiplicity of possible

myopia degrees.

THEOREM 3.2. Assume that the initial order > satisfies axioms F and G1, G2.

(i) For any x € ly,

a) If I(z) < Iy(x), then

I(z) = (1= xg)le(x) + Xgla(x).
b) If L(z) > Iy(x), then

I(z) = (1= xe)Le(x) + xela(2).

(ii) Let X = min{xg, Xg}, and X = max{xg, Xg}.

a) If xg < xe, then and for every x € {o,

I(z) = min_[(1 — x)L(2) 4+ x1a(z)].

X<x<Xx

b) If x4 > x¢, then and for every x € o,

I(z) = max [(1 — x)L(2) + x1a(z)].
XSXSX
This theorem also clarifies the choice of the myopia degree x that determines an
optimal share between the close future and the distant future. Remark that, from
Theorem 3.2(i), the evaluation can be expressed as a function of the distant and
close future values. The weight of the convex combination being provided by the
remote gains myopia coefficient , for the case where the close future is less valued
than the distant future and by the remote losses myopia coefficient x, in the opposite
case. Theorem 3.2(ii) is a direct consequence of Theorem 3.2(i). For x, < xy, the

decision maker will always assign the highest possible parameter to the smallest
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value between I.(x) and I;(x), she or her indeed always selects the minimum value
of a convex combination whose weight is given by x. For x, > X/, the decision maker
exhibits an opposite behaviour, she or he chooses the highest possible parameter to
the bigger value between I.(z) and I;(z), she or he always selects the maximum

value of a convex combination whose weight is given by Y.

It should finally be pointed out that, while the operator min cannot appear under
Xg > X, the same prevails for the operator max under x, < x,. The optimistic or
pessimistic dimension of the decision maker is hence appropriately described by the

comparison between y, and x,.

3.4 RELATION WITH THE NON-DICTATORSHIP CRITERIA

In a rang of well-known contributions, Chichinilsky [13, 14| introduces the influential
ideas of no dictatorship properties, in order to capture the intuition of sustainable
preferences. The no dictatorship of the present states that there exist two utility
streams that the comparison can be reversed by a careful changes in distant future
of these streams. By contrast, the no dictatorship of the future imposes a similar

property, requiring changes in the present future.

Under the assumption that the rate of substitution between any two generations is
independent from their levels, a sustainable criterion is linear, and can be repre-

sented as'!

I(z) = (1 - X)Zwsxs + X0 -,
s=0
where w is a probability measure, x belongs to [0, 1], and ¢ is a charge, i.e., a linear
function with the property that, if one merely changes a finite number of values in

the sequence x, the evaluation of that sequence x under ¢, ¢ - x, does not change.

Now, the no dictatorship of the present ensures that the convex parameter y is
positive, i.e, the value of the distant future cannot be ignored in the evaluation of
the utility stream. By contrast, the no dictatorship of the future implies a similar

property for the close future part with a value of x that is strictly smaller than

See Theorem 2 in [13].
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1. Otherwise stated, and with a simultaneous holding of a non-dictatorship of the
present and a non-dictatorship of the future, the respective weights of the discounted

sum and of the charge are both positive.

It is easy to check that, under axioms F and linearity, the no dictatorship of the
present is equivalent to axiom G1, and no dictatorship of the future is equivalent to
axiom G2. Note however that, by contrast, the functions I. and I; in Theorem 3.2
are potentially nonlinear. As an illustrative example, consider, for the close future
part the recent multiple discounts criterion introduced by Chambers & Echenique
[15], and for the distant part, a convex combination of the infimum limit and the

supremum limit. In these two cases, the resulting chosen functions are not linear.

3.5 PRESENT, FUTURE AND ANONYMITY

The question of equity in evaluating the welfare of generations can be understood
in different ways. Another line of literature considers a stronger version of equity
labelled as anonymity. Under anonymity, the evaluation of a utility stream does
not change after a permutation between the generations. To the best knowledge of
the authors, and among the available criteria satisfying this property, the closest
one from this article is due to Zuber & Asheim [30]. In that article, following the
axiomatic foundations of Koopmans [22|, the authors went on assuming anonymity,
a restricting strong Pareto, separability between the present and the future and
stationarity on the set of utility streams which are increasing or can be re-arranged
as increasing. The preferences order is then represented by the following index

function:

I(z) = inf [(1 -9 68%@] ,

where § € (0,1) is a discount factor and II is the set of all permutations of the

natural numbers. It is easy to verify that the associated order satisfies axiom F.

It is also worth emphasising a crucial difference between these two approaches of
equity. No dictatorship and axioms G1, G2, which can be considered as a weaker

version of anonymity, may lead to criteria which satisfy the strong Pareto prop-
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erty. In opposition to this, strong Pareto does not hold with criteria fully satisfying

Anonymity'?.

As a final remark, if one follows an extension of the Zuber & Asheim [30] criterion,

by considering the following one,

I(x) = inf inf [(1 —9) Zésxﬂ(s)] ,
5=0

6€(0,1) mell

one may find the famous Rawlsian criterion I(x) = infs>¢ z5. Along the one of these

authors, this Rawlsian criterion satisfies axiom F and Anonymity.

3.6 PERSPECTIVES FOR APPLICATIONS

The idea of a welfare criterion which could offer equal opportunities for the future
and the present is very appealing, and the non-dictatorship ideas have motivated a
large range of researches in economics'®. It has however and up to now been con-
fronted with two ranges of difficulties. The first relates to the generic non-existence
of an optimal solution to the associated optimisation. This was first established
by Heal [21] in a model with renewable resources and got later refined by Ayong
le Kama & al [3| in a growth context. The allowance for non-linearity that got
introduced by the current close future - distant future dichotomy leaves little hope

for any improvement in this regard.

Perhaps more promisingly, another challenge pertains to the time inconsistency
problem for the criteria presented in this article. A possible way to overcome this
difficulty is to study the class of markovian rules that were presented in Phelps &
Pollack [26]. A recent approach following this direction in the context of a linear
non-dictatorship criterion was considered in the work of Asheim & Ekeland [1] and
delivered interesting results. For a sufficiently high productivity of the initial stock,
the distant future played no part in the determination of the solution. By contrast

and for the converse case building from a low productivity of stock, the distant fu-

12Tn fact, this Impossibility Theorem, after which there is no social welfare function satisfying
simultaneously strong Pareto and anonymity, is proven in Diamond [16] and Basu & Mitra [7].
13For a research about Sustainable Social Welfare Functions, see Asheim, Mitra & Tungodden

2]
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ture part leads the economy to a larger stock conservation that the one which would

have been available following a standard discounted utilitarian configuration'.

The consideration of a related approach under the light of the results and the extra
non-linearity brought by this article would be of interest. A careful appraisal of the
associated markovian rules nonetheless represents a real challenge at many levels

and should definitely be the object of another research in a (hopefully) close future.

A. PROOFS FOR SECTION 2

A.1 PROOF OF LEMMA 2.1

For z € (, define b, = sup{b € R such that =z > bIL}. By the archimedeanity

property, it follows that x ~ b,1. Let I(z) = b,.

(i) First, consider that for any A > 0, = > y is equivalent to Az > Ay. Indeed, for
0 <A<1, z>yisequivalent to Az + (1 — A\)01 = Ay + (1 — \)OL.

Considering then the case A > 1, Az = Ay then prevails if and only if (1/A\)Az =
(1/M) Ay , or x = y. Hence for any A > 0, I[(Az) = M (z).

(ii) Second, for any constant b € R, = »= y is equivalent to x + b1 > y + bl. By
the weak converxity property, x > y implies (1/2)z + (1/2)b1 = (1/2)y + (1/2)b1.
Multiplying the two sides by 2, it follows that x + b1 > y + bl. Finally, and
if © + 01 = y+ bl, then x + bl + (=b1) = y + bl + (=b1), or = = y. Hence
I(x+b1) =I(x)+0. QED

141n a similar configuration, where the economic agent enjoys consumption and natural resource
stock, Figuiéres & Tidball [17] prove the existence of an optimal restricted optimal program, which
is a convex combination between the solutions of the discounted utilitarianism and of the green
golden rule.
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B. PROOFS FOR SECTION 3

B.1 PROOF OF LEMMA 3.1

For x € {, define D(x) as the set of values d such that, for any € > 0, there exists

To(e) such that, for any z € £, and for any T > Ty(g), one has
(07 2rs1.00f) = (20,77 AU 41,00]) — €1

Since x € l, any d smaller than infs>ox, belongs to D(x), whence D(x) # 0.
Define d,, = sup D(z)'. By axiom G1 and for any d’' < d,, d' € D(x). First observe
that

lim inf ](Z[Q,T], x[T+1,oo[) Z lim sup I(Z[QT], dm:n-[T+1,oo[) .
T—o0 T—o0

Assume the contrary. Then, there exists € > 0 and an infinite number of T" such

that:

I(2j0.1) Tr+1,00]) < I (20,77, dalirs,00[) — €

< [(Z[O7T]7 <d:c - %) IL[T+1,oo[) -

DO ™

This implies that d, — €/2 does not belong to D(z): a contradiction. Using the

similar arguments, one obtains

lim sup [(Z[O7T],$[T+17oo[) < lim inf [(z[oj], dx]l[TH’OO[).
T—o0 T—o0

This implies that:

lim sup [(Z[O,T]7 x[T+17OO[) = liminf I(z[oﬂ, x[TJrLOO[),
T—oc0 T—o0

hence the existence of a limit [/ (Z[O,T] , x[TJrLOO[) when T converges to infinity. QED

15Observe that d, can be infinite. The value of the limit can be independent with the choice of
2 and depend only in z. This case is another version of tail-insensitivity in the literature.
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B.2 PROOF OF PROPOSITION 3.1

(i) Without loss of generality, suppose that sup D(z) > sup D(y). First consider the
case sup D(y) < +oo. Then define d, = sup D(y), that is finite.

Fix any ¢ > 0: since d,, + (¢/2)1 does not belong to D(y) and d, — (¢/2)1 belongs
to D(y), there exists Ty(¢) such that, for any z € l, for T' > Ty(e):

3 € e
+51) o (@t 51) + 21 = (2o Yirsio
((z 2o N 27 el 2 (2017, Yir+1,001)

- (Z_E]l> ,(dy—£ﬂ> —il.
2 /1 2 J([T+1,00( 2

This implies, for T' > Ty(e):

(Z[07T]7dyl[T+1,oo[) +el = (Z[O,T]ay[T—i-l,oo[) = (Z[U,T],dyll[TH,oo[) —el.

Since d, > d,;, for every ¢ > 0 and z € {,, there exists Ty(¢) such that

(2017 Trs,00) = (20,17 dyLirsio0) — €1

= (Z[O,T]yy[T+1,oo[) — 2¢l.

This implies that x =4 v.

Consider now the case sup D(y) = +oo. This implies that sup D(z) = +oo. Take
d > sup, ys. Since d € D(x), for every € > 0, there exists Ty(e) such that, for any
2 € by, for T' > To(e):

(20,17, Tir11,000) = (20,77, ALr41,00[) — €1

= (Z[O7T]7y[T+1,oo[) —el.
(ii) One must prove the existence of z,y € £, such that z >, y. Chose by example 1

and 01. By the monotonicity of >, 1 >4 01. Suppose now that 01 >, 1. Consider

the case x, > 0 . Then, and for 0 < € < x,, there exists Ty(e) such that for
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T Z T0<8>,

I(0T 0.7y, 0L 741,00() = I (0L 10,7y, Lzsa,00) — €-

Letting 7" tend to infinity, it follows that 0 > x, — €, a contradiction.

Consider then the case x;, > 0. For 0 < & < xy, there exists Ty(¢) such that, for
T Z T0<€>2

I(Ljo775 0Lr41,00]) = 1 (Ljo.79s Lrn,o0f) — €

Letting T tend to infinity, it follows that € > x,, a contradiction. Hence, the distant

order =, is not trivial.

Further observe that, if z =, d1, then, for every d' € R, z+d'1 =, (d+d')1. Indeed,

for € > 0, there exists Ty(¢) such that, for any z € (o, for T > Ty(e),
((z = d' D)o, Tz 1100) = ((2 = d'D)o17, dlr1,00]) — €T
From the constantly additive property, for T > Ty(¢),

(201, (@ + d' L) ri100) = (20,77, (A4 &) Lrir,0p)) — €1

Hence z + d'l =4 (d + d')1.

Now, consider = € /,, and a constant d such that, for £ > 0, there exists Ty(¢) with,

for any z € o, for T' > Ty(e),

(20,17 Tprs1,00) = (20,175 ALpr1,000)) — €L

Fix then any A > 0. From axiom G1, there exists T} (e) such that, for " > T{(e),

—Z s 00 -~ —Z s 0o — —&l,
N oy Tl N ) oy CLErLel 3
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that in its turn implies, for T > T{(¢),

(Z[O,T]7 ()\JT[T+1,OO[)> = (Z[O,T]y/\d]lT—f—l,oo[) —el.

Hence, for x =4 y and for every A > 0, one obtains Az =4 \y.

Consider now x,y € {, such that x >, y. For every 0 < A < 1, one has (1 — \)z +
Al =4 (1 — Ny + AdL.

The order =4 having been proved to be non trivial, the value d, = sup D(z) is finite
and, for every d > d, > d', the relation dl =4 x >4 d'1 is to hold. There thus
obviously exists A, u € [0, 1] such that (1 — A\)d+ Ad’ > d, > (1 — p)d + pd and the

order =, satisfies the archimedeanity property.

Since =4 satisfies F', there exists an index function I; which is homogeneous and
constantly additive. The last property is a direct consequence of the definition of

the order =,. QED

B.3 PROOF OF LEMMA 3.2

The proof of this Proposition uses the same arguments as the proof of Lemma

3.1. QED

B.4 PROOF OF PROPOSITION 3.2

(i) Using the same arguments as in the proof of Proposition 3.1, the order . is

complete.
(ii) First, observe 1 >, 01. Indeed, suppose the contrary, 01 >, 1.

Consider the case x, < 1. For 0 < ¢ < 1 — x4, there exists Tj(¢) such that, for
T> T0<€>7

](OH[O,T], IL[T+1,c>o[) > I(ﬂ[O,Tb ]]-[T—l—l,oo[) — €.

Letting 7" tend to infinity, one gets x, > 1 — ¢: a contradiction.

For the case x,; < 1, use of the same arguments. For the proof of the other properties

in axiom F, follow the arguments in the proof of Proposition 3.1.
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Consider any = € ¢, and fix a constant d. For every € > 0 and for large enough

values of T,

I(coliomys dLirsi,00) + € = Le(@jo7)s dLirs1,00) > Le(Calio ), dlirit,oof) — &

Letting 7" tend to infinity and € converge to zero,

Tlglgo ]c(x[O,T]ad]l[T-‘rl,oo[) = L:(CC)‘

For every z,y € {, fix then d > sup, ys > inf;y, > d’. Whence, for every T,

L (o), dlrs1,00f) = Le(@pom), Yirriool) = Le(@por), d' Lirst,cof) -
Letting T tend to infinity, if eventually follows that limp_,. I, (x[O,T],y[TH,OO[) =
I.(x), the proof is completed. QED

B.5 PROOF OF PROPOSITION 3.3

First consider the case x, = x¢ = 0. Define then the set D(x) as in the proof of
Proposition 3.1. Recall that, for every =,y € ly, x =4 y if and only if sup D(z) >
sup D(y). Then one must prove that, for every = € (., sup D(z) = +oc.

Observe that the following holds for any constants ¢ and d:

lim [(C]l[O,T], dﬂ[T—&-l,oo[) = C.

T—o00

Indeed, if ¢ < d, since x4, = 0,

Jim I(cLor), dlrsro0) = ¢+ Jim 1(01 0.7y, (d — €)1 jrs1,00()

=c+(d—c) Th_{lgo ](OE[O,T], 1[T+1,oo[)

= C.

For ¢ > d, use the same argument.

This implies that, for every d,d’ in R and for any € > 0, there exists a large enough
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T'(e) such that

(lor), dVrir00) = (i) Al e0f) — €1

Fix now any z,z € o, d € R and any € > 0. Define ¢, = I.(z), that is finite since

Xg> X¢ < 1. Finally fix any d' such that d’ <inf, z,.

There then exists some Tp(e) such that, for 7' > Ty (e),

(Czﬂ[o,T}, x[T—i—l,oo[) — %]1

Y

(Z[O,T]a x[T+1,oo[)

£
= (Czﬂ[o,T},d,ﬂ[TH,oo[) - 51‘
Since, for large enough values of T,
€
(Lo d'Lprsr,o0f) = (Lior), dlrsto0) — 517

for such values of T, the following also holds:

2e

(Z[O,T],x[TH,oo[) = (Czﬂ[o,T],dﬂ[TH,oo[) — 31-

But, by the very definition of ¢, and for large enough values of T,
£
(c:Ljor), dlrst,00) = (20017 ALlirs1,00f) — 517
that implies
(2077 Trseel) = (2077 dLrst.oof) — €1

Hence, for every z,y € l, sup D(z) = sup D(y) = +00, or  ~4 y. Finally and for
the remaining case x, = x¢ = 1, using of the same arguments, for every z,y € (.,

one obtains x ~, y. QED

B.6 PROOF OF THEOREM 3.1

The argument will proceed by proving that A1l implies (i), (ii) and (iii). First,
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observe that for any = € /., any constants c,d € R, the following holds:

lim T2 + (cLjpry, d1retoe) = 1(@) + Tim T (cory, dls, o))

T—o0

Indeed, take b, = I(z), which is equivalent to = ~ b,1. Fix any ¢ > 0. Take A\ = %,

by axiom A1, for sufficiently large values of T',
1 1 1 1 €
5%+ 5(lo, Al roel) = 501+ S (L), Al o) — 51
By positive homogeneity property, this implies
T+ (C]l[O,T}; d]l[T+1,+oo[) >~ bx]l + (C]l[o’T}, d]l[T+1,+oo[) —€&.
Let T converges to infinity and next, let € converges to zero,

lim mf[(x + (CH[O,T]7 dﬂ[T—Fl,—‘,—oo[)) Z bz -+ jll_I)I;o I(C]l[o’T], d]l[T+1,+oo[)-

T—o00

Observe that the limit of I(c]l[o’T], dﬂ[T+1,+oo[) exists. Indeed, for ¢ < d, this term
is decreasing as a function of 7. For the case ¢ > d, this term is increasing as a

function of T

Using the same arguments, by changing the role between x and b,1,
b, + lim I(Cﬂ[oj], d:n-[T-l—l,—i—oo[) > lim sup I(I + (Cﬂ[O,T]a d]]-[T—i-l,—i-oo[))-
T—o0 T—o00
Hence, the limit of I(x + (cLjo.m, dIL[T+17+OO[)) exists and:
b, + Tlglgo I(cLior), AL toof) = jlglolo I(z + (i1, dlrsn 4oo]))-

i. Fix Ty > 0. Observe that for any 7' > Tj,

(0Lo.70), Liy+1,400f) + (Lios7], 0Lzt 400) = L.
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Hence for any Tj,

I(0% 0,1, Lyt 400)) + (1= Xe) = 1(00j0.10), Lmys1,400() + 711_{130 I (L0795 01741 400])
= M (000,70, Dz 400() + (o1, 0L 1, o))

T—o00

> 1.

Let Tj converges to infinity, this implies x, + (1 — x¢) > 1, which is equivalent to
Xg 2 Xe-

Similarly,

I(Oﬂ[o,To], —Lrp+1,400[) +711_I>{.10 (=17, 0Lt foof) < —1.

Let T}, converges to infinity, one gets —x¢ + (x, — 1) < —1, or x, < x¢.

ii. Define x* = x, = x¢. For ¢ <d, one gets

Th_{go I(cLosr), ALt qo0]) = C + Tlgrolo 101077, (d = €)Ljr41 4o
=c+ (d — C) jlgglo ](O:H_[Q’T], ]]-[T—I—l,—i-oo[)
=c+ (d—c)x"

=(1—x")c+ x"d.
For ¢ > d, using the same arguments,

711_1)130 [(C]l[O,T]y dﬂ[T_;'_L_;'_OO[) = (C - d) 711_{20 [(E[O,T}a 01[T+1’+00[) + d

=1 -x")(c—d)+d

=(1—=x")e+x"d
Hence

lim ](x + (cLjo.1, dIL[TH,JFOO[)) =1I(x)+ Tlgl;o I(Cﬂ[o,T], d]l[T+1,+oo[)

T—o0

=1(x)+ (1 —x")c+ x"d.
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iii. Define ¢, = I.(x), d, = I4(x). First, observe that

[(x) = lim [(Cxﬂ[O,Tb dzﬂ[T—‘,-l,—l-OO[) :

T—o00
Indeed, from the definition of ¢, and d,, for large enough values of T,
T = (x[O,T};x[T—H,oo[)

= (CIH[O,T}’x[TJrl,oo[) —el

= (Ca:]]-[O,T]a dx]]-[T+1,oo[) —2¢el.
Therefore

I(xz) > limsup ]<CH[O,T]7 dﬂ[TH,OO[) —2¢el.

T—o00

This inequality being further true for any arbitrary € > 0,

I(x) > limsup ]<Czﬂ[0,T]7 dxﬂ[TH,oo[)-

T—o00

Likewise,

I(x) < liminf I(c, 1079, dalls1.00()-

T—o0

Therefore

I(x) = lim I(Cxﬂ[O,dex]l[TJrl,oo[)

T—o0

= (1 - X*)C:c + X*dx

It is easy to verify that if one of three properites (i), (i), (ii7) is satisfied, the axiom

A1 is satisfied.

B.7 PROOF OF THEOREM 3.2

(i) First suppose that x, < x¢, define ¢, = I.(z) and d, = I4(x) and fix € > 0.

First consider the case ¢, < d, or, equivalently, I.(x) < I4(x). As d, — ¢, > 0, one
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obtains:

[(.’L‘) = lim [(Cx]l[O,T]y dzﬂ[T—‘,-l,oo[)

T—oo

= ¢ lim 1(000.77, (de = ) 1grs1.1)
=cp + (dy — c) Tll_rgo ]<01[0,T}a ]1[T+170<>[)
= (1 - Xg)czv + ng:v

= (1 — xg) () + xoLa().

For the case I.(z) > I;(z), using similar arguments,
I(x) = (1 = xo) () + xela(z).

iia) Consider first the case y, < x¢. This implies x = x4, X = X¢-
g9 A g9

For the case I.(v) < I4(z), for any x < x <,

() = (1= xg)le(®) + Xxgla(w) < (1 = X)Le(2) + x1a(2).

As for the case I.(x) > I;(x), using of the same arguments

I(z) = (1 — xo) () + xela(2)

< (1= x)e(2) + xla(x),

for any y € [x, x]. Whence, finally

I(z) = min_[(1 — x)L(z) + x1a(2)].

XSX<X

(iib) For the other case x, > x¢, using the same line of arguments, one obtains:

I(z) = max [(1—x)I(z) + xla(z)],

X<x<X

where x = x¢, X = Xg-

(iii) This is a direct consequence of Propositions 3.1, 3.2 and 3.3. QED
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