Sustainable Growth

Abstract

An overview of the mncepts of Growth and Sustainability is de-
veloped in the frame of Dedsion Making. An axiomatic formali -
zaion d sustainability is sttled and some usual dedsion criteria
are analyzed and criti cized under this proposed theoreticd frame.
The work ends concluding that the best way to solve the environ-
mental (knightian) uncertainty is by using non-additi ve probabi-
liti es and the expedance ala Choquet.

Climate Change: the problem

In 1995 the IPCC* concluded “the whole evidence shows that the human bady adsin an

ostensible way uponthe world climate”. It is predicted that in the next hunded years the

world temperature will grow from 1°C to 3.5°C. The mnsequences of this change on the
human and human habitat are far from being fully predicted. For example, a decrease of

0.5°Cin 15701730resulted in “the littl e ice age” and it forced the European landsmen to
abandontheir lands.

However, the degree of anthropogenic influence on the warming is not known with
cetitude. There still exist doulds with resped to some key contributing factors. There is
an array of questions pending an answer, such that: what are the exad medanisms
through which the seainfluences the level of CO,, howv much coal can be retained by the
seg which isthe threshold of global warming that could passbly alter this cgpadty?

The Evolution of the Growth Concept

The eonamic progressin the 1950s and 1960s was mainly founded on growth and
increase in ouput with the underlying concept of emnamic dficiency. By the early
1970s, ewmnamic performance demonstrated a gred effort in improving income
distribution as a mean o progress Consequently, the development paradigm shifted
towards the eyuitable growth: socia objedives were nsidered as distinct and as
important as ecnanmic efficiency. At the beginning d the 1980’'s, the accumulated
evidence onfirmed that the maor barrier to development is the ewvironmental
degradation. As a result, the cncept of sustainable development has evolved to
encompassthree major concepts of growth: econamic, social and eclogical.

“underdeveloped courtries canna advance by retradng the steps of ... the developed
courtries ... it would imply repeaing those arors that have leare to ... deterioration d
the ewvironment ... The solution ... must be based on the aeation d a society
intrinsicaly compatible with its environment”. (Bariloche model, 1972)

! International Panel on Climate Change



“Sustainable development is development that meets the neals of the present withou
compromising the aility of future generations to med their own needs’ (Brundland
report, 1999

The Three approaches to Sustainable Development

The Economic Approach

In the e@namic goproach, sustainability corresponds to maximizing the flow of income
that can be generated whil e the stock of assets (or cgpital) leading to the benefits remains
a least at the same level.? The mncepts of optimality and econamic ficiency are
obvioudy underlying this approach. However, as it will be shown later, additional
difficulti es arise because of uncertainty, irreversibili ty and caastrophic ooll apse.

The Ecological Approach

The ewological approach emphasizes that the stabili ty of biological and physicd systems
as well as protection d biodiversity are & the wre of the eologicd sustainability. The
stressis in reserving the resilience and dynamic ability of the biologicd and physical
systems to adapt to change and nd preserving some “ided” state of nature.

The socio-cultural approach

The underlying concept of sustainability in the socio-cultural approach is the stability of
socia and cultural systems. Intragenerational equity (or better distribution) and
intergenerational equity (care for future generations) are the principal aspects of this
approadh. The size of the set of opportunities is important. Instead of the preservation d
the value of the @<t base, biodiversity enables the system to retain resilience by
proteding the natural system from external shocks (in the same way as retaining capital
contributes to the future consumption).

Incorporating Environment in Economic Decisions

The main goa of Environmental Econamics is to identify options for efficient natural
resource management. It facilit ates incorporation o ewlogica concerns in the traditional
framework of human society.

The socio-econamic structure ansists of correspondng levels. It starts with a
transnational level (“global level”), the down next level are the curtries with their
correspondng multisedorial macro structures, each sector consisting of different sub-
sedors, projects and locd schemes.

2 SeeSolow 1986 Maler 1990



The usual dedsion-making process in the socio-econamic structure is based on
engineeing, techndogicd and financial analysis. Nevertheless the ewvironmental
analysis is not present in this gructure. There are global and transnational environmental
concans (climate dange, ozone layer depletion), natural habitats (forests), water
resources (oceans, aquifers), etc., that impede working in the traditional dedsion-making
emnanmic structure. “For example, aforest ecosystem (li ke the Amazon) could affed the
global climate, span ower several courtries, and also interact with many different

emnamic sedors within ead courtry” 2

Traditional Project Evaluation

Identification, peparation, appraisal, negotiations and financing, implementation and
supervision, and finally evauation, are the main steps of the traditional World Bank’s
approad to this decision problem.

One of the principal tods used in projeds evaluation is the Cost-Benefit Analysis (CBA)
where benefits are defined as a function d the outcome of a projed (palicy) on the
human welfare. The sts are measured by the oppatunity costs of the scarceresources.

The most basic procedure in accepting a projed is the positive value of the Net Present
Value (NPV), where the NPV is defined as:

(B, : net benefitsint
B:‘ . netcostsint
2, where ,
(1+r) 0 r: discount rate
H T :timehorizon

= (B -C,)

t t

If there is a set of feasible projects, to rank them the NPV is used: the one with the
highest value will be preferred. (Obviously, a @rredion d scale may be needed to
establi sh the comparison).

Ancther criterion wsed for the projed evaluationis the Internal Rate of Return (IRR). The
IRR is the discourt rate of return that equali zes the value of NPV to zero. Depending on
its relative “position” to r, the arrespondng projed will be accepted or rejeded (ar less
than the IRR, implies that the projea will be accepted).

It isimportant to highlight that the discourt rate of the project is crucial to determine the
projed feasibili ty depending onitslifetime.

The figure in the left shows how
different discourt rates make an initial
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with different time horizon projeds (padlicies).

The discourted utilitarism (the best path that provides the greaest present value of
benefits) is consequently particularly controversial for environmental valuations because
environmental phenomena are linked to very long run considerations. For example,
because of its moleaular instability, the lifetime horizon d the stean of water, which is
the most resporsible of the global change, is not relevant. However, the CFC
(chlorofluorinecarbon) and the CO2 are aucia because the former remains in the
atmosphere between 60and 400years, and the latter for approximately 500 yeas. Thus,
projed feasibili ty dedsions (pdlicies) canna lie only on econamic considerations.

Environmental-Economic Decision Making

Incorporation d environmental concerns in ecnamic dedsiorrmaking implies a
comparison d the future scenarios (identifying the passble physical impads of a given
emnamic activity) and orly then a valuation d these physicd impads throughadequate
environmental-econamic analysistods.

Conceptually, the concept of the value shoud be modified to include the nations of the
use value and nan-use value of an environmental good. This broader concept of the value
is defined by the Total Econamic Vaue (TEV). The use value of an environmental asst
can be split mainly in four comporents. The first is the direct use value that is linked to
its contribution to actual production and consumption. The seand, the indirect use value
is related to the capability of absorbing and recycling the environment (natura filtration
of poluted water or recycling of nutrients). The third is the option value of the
environmental asst related to hiodiversity. It is the premium to guaranteethe avail abili ty
of the good in the future. Finally, the last one is the existence value that arises from the
satisfadion d just knowing that the esset exists.

Econamic Theory has no poblem whatsoever to define use values. Much ambiguity
appeas when going “downstream” (in the sense of trying to compute the “components’)
or when considering nortuse values. Altruist motives are underlying non-use valuesin all
their forms: intergenerational, interpersonal and the g-atruism (an intrinsic right of a
resource to exist). Consequently, the welfare function tili zed by policy makers $oud
encompassmore than pue human uili ty.

At the same time, the discourt rate plays a criticd role in intertemporal dedsions abou
environmental resources in the long run. The interest rate eguals the marginal rates of
time preference and return oncapital in the equili brium of a perfed market. Nevertheless
the government pali cies and market fail ures may lead to dscrepancies between these two
rates. For example, the scarcity of capital makes the marginal rate of return of capital
higher in the developed courtries, whil e the urgency of satisfying basic nedls, in the poar
courtries is usually associated with a higher rate of time preferences. So, the government
padlicies sroud acoommodate such kind of considerations.

As it was discused before, higher discount rates may discriminate against future
generations: projects with high socia costs in the long run and with net social benefits in
the short run will be favored. Higher discount rates will eliminate projects with benefits



acauing in the long run. Thus, future generations may patentially suffer from market
discount rates determined by high rates of current generation time preference and/or
productivity of capital.

Risk and urcetainty are an inherent part of econamic dedsions too. While the risk
element can be measured by probabiliti es, the uncertainty canna be estimated in such a
way just by the virtue of its undefined nature. Moreover, the use of an expeded value of
risk does not have much to say abou the variability or the range of possble values of the
event. If the future caana be perceived clearly, suppasitions can be stated orly to the
extent the darity of avisionis bounded to.

Global Warming is an example. In the past, the greenhouwse gas effed of CO2 emissons
was not recognized as an ewlogica risk in the evolution d the wncept of growth.
Today, the uncertainty concerning its impads remains. However, a caution is warranted
in the respeds of its potential effects.

Uncertainty plays an important role in environmental valuation and pdicy. Option
values* and quesi-option values® surge in econamic analysis because of uncertainty.
Irreversible damages vanish the oppatunity to expand knawledge of the environment,
and mainly this is what a quasi-option covers. Both tods may be used in fadng this
problem. Nevertheless environmental policy is complicated duwe the variety of
uncertainties underlying: Bromley identified six diff erent typesin the cae of air palution
resulting from add depasition.® This makes more difficult the analysis of sustainable
growth, aswe will seelater.

Analyzing Sustainability: A Background

There ae many approades to analyze sustainability. Peace onsiders sustainable growth
condtioned to a mnstant natural capital stock. The Solow & Hartwick approach is based
on a definition and maximization d an intertemporal welfare function. They propose to
maximize the welfare of the poarest generation, following a Rawlsian criterion: finding
the welfare level of the least-well-off generation d each path and choasing the feasible
path giving the greaest value of the minimal level.

If a courtry invests the same market value of depletable resources that is used, Hartwick,
Dixit et a. show that it solves the Rawlsian problem and olains the higher possble
utility level for the “worst” generation. This result means that investing at the level of
used or depleted implies that the stock of aggregate capital (physicd and ratural) would
remain constant: there shoud be then a perfed substitution among natural cgpital and
produced capital.

* The option value mrresponds to the premium consumers are wil ling to pay to avoid the risk of not having
something avail able in the future.

® The quasi-option value is linked to preserve options for future use in the expedation that knowledge will
improve & time goes by.

® More detail sin Bromley, D.W. “Entitlements, Missng Markets and Environmental Uncertainty”, Journal
of Environmental Economics and Management, vol.17, pp. 1181-1194 (1989)



At this point, it seems relevant to ask the following question (Chichilnisky): does is
congtitute a ‘sustainable” padlicy to substitute trees by buildings of the same market
value?

One posshble answer, as guise to defend the last position, shoud be to say that maybe the
market, by a price mechanism, shoud make impassble this substitution.

Anather critic to Rawls approach isif it is applied to underdeveloped courtries (in which
it is desirable that the present generation be the worst one), this criterion indicaes that it
is not feasible to save for future generations. More than this, to aim a stationary capital
shoud avoid the whoe substitution o environmental capital by produced ore:
nevertheless in biology, “still ness’ determines, onthe long run, extinction.

Apparently, the essence of sustainability shoud be summarized in the basis of two
fundamental premises that: i) give asymmetric consideration to the present and the long
run future (the very long run must have apasitive value) and ii) explicitly recognize an
intrinsic value of the environmental asts.

As it was explained before, the environmental goods have an instrumental value &
streams of knowledge (they are astrean of knowledge in which refers to biodiversity)
and as a life support and maintenance for the human bady. These aspeds make
environmental quality to pusue s amean and nd only asagoal.

On the other hand, the environmenta goods have an intrinsic value: they have their own
right to exist per se, independently of the anthropogenic value that we can assgn to them.
This intrinsic value is mainly linked to the cncept of sustainability, considered as a
permanence of a stock level. Consequently, the utility (or welfare) of the generations
shoud be then a function d consumption, bu of the environmental stock level too
(Hed).

Summing up, sustainability seems to be linked mainly to the @ncepts of
intergenerational equity, of the limitation d resources and to the antrol of the impad of
human adivity over the environment.

Formalizing Sustainability: Chichilnisky’s Axioms

Any sustainable welfare criteria shoud establish a complete order among al the feasible
utility paths and shoud na assgn a dictatoria role neither to the present nor to the
future.

Asauimptions and ndations.
- infinite lived world
- g:index of eat generation (they may overlap or not) g=12,-
- u, : utility of generation g (neoclassical assumptions)
- C,:consumption of generation g. (C,00")
u,:0" - 0" aresuchthat suply, }  <1(normalization)



The space of all the feasible consumption paths (actions depending on resources
disponibility) will be:
0={c:c={c,} .c, 00}
The space of feasible stream of utilities (feasible outcomes):
O:{a a :{ag}gzl,with a, :ug(Cg)and C :{CQ}D D}
Due to the normalization, o 01_, then the supreme norm is applicablein O.

Axiom 1-
The welfare criteria wmust be represented by a real valued function defined on
I_(w:l_ - O), continue, and monotonically not decreasing.

Definition: A K-cutoff (a*) of aOl_issuchthat af =a,,0i<K y a* =0,0i >K
A K-tail (a,) of Ol issuchthat a, =0,0i<K Yy a, =a,,0i >K

Definition: A welfare function w:1_ - 0O° gives adictatorial role to the present if wis
insensible to the utilities of all generations, but for a finite number of them. Formally:
Oa,BO1, o] <1,|B|. <1:

W(a)>W(B) = IN(a,B)tal queDy,c0Q secumplew(a®,y, )>W(E*,0, ),0K >N

Axiom 2-
The welfare criteria w must not assign a dictatorial role to the present.

Axiom 3-
The welfare criteria w must not assign adictatorial role to the future.

Definition: A sustainable preference must hold axioms 1, 2 and 3.

Definition: A welfare criteriaw:1_ - 0" will be level independent if the marginal rate
of substitution between the utilities of two generationsg,y g, depends only on their
identity and not on their respective utility levels.
Formally: w:1_ - 0O islevel independent if Do ,B0I_[of <1|p|. <1,

W(a)=w(B) - DhOI; such that A = Afw)verifies A(a)=A(3)”

Axiom 4-
The welfare criteria w must be level independent.

Definition:  An independent sustainable preference must hold axioms 1, 2, 3 and
4,

Analysis of some criteria of sustainability

The discounted sum of utilities: a case of dictatorship of the present

" |" isthe space of the real valued linear functions defined on | (dual of |_)



W:l_ - O'is defined by w(a)=5A,a,,0a00, where {A } is such that A >00gy
2)\9 <00

In this framework, Oa,00, a =B if and ory if w(a)>w(B).

Becalse A, <w, then [Nsuch that CK=N: e>$A, 2supla, )52, = Sa,A, , then the K-

tail of w(a) resultsirrelevant 0a 0O, then the present will determine the preference (the
futureisirrelevant to adopt the decision).

An extension of Rawis' scriteria: a leve dependence case

In this case, 0a,p00, ax>pif and ory if inf{ag}gzpinf{Bg}gzl: the stream of utiliti es
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chosen is the one that has the maximum infimum (in considering all the generations). The
function inf :1_ -~ Ois nat lined becaise, in general, inf(o+B)=inf(a)+inf(3), then:
inf (o) =inf (8) = W(a)=w(@) 2 tAOI" A =A(w) such that A(a)=A(B). It suffices to consider
the following example to verify it. Let's suppcse three periods, a={1;-1;2}and
p={-110}.

It is clear that w(a)=w(B), howvever if a linea transformation A(x)=a.x+b (a#0) is
applied to bah sequences, this leads to: A(a)={a+b; -a+b;2a+b}y A(B)={-a+b;a+b;b},
showing that the equality will hadif and orly if a=0.

Until now, it seems that the definition d independent sustainable preferences is an empty
one. It shoud be important to show that at least one aiterion exists that verifies all
previous axioms.

A levd independent and sustainable preferences criterion (Chichil nisky)

a0, the welfare criterion is defined as: w(a)=6.5 & .a, +@-6).[iminf{a,} ], with

0<8<1 and 0<&<1. In fact, this criterion is well defined in O, it is not deaeasing,
continuows and a pasitive function kecause it is a wnvex combination d continuows
functions. It is neither present dictatorial due to the semnd term in its definition na
future dictatorial because of itsfirst term. Finally, it isalined red functionin 0.2

This last defined criterion groves the existence of the level independent and sustainable
preferences. The paint is that, urtil now, uncertainty has not been considered, andit isa
particular relevant asped in taking decisions concerning to the long run.

As it was pointed ou before, two kinds of uncertainty underlie the environmental
problem: i) the preferences of future generations and ii) future available techndogies
(information) together with ecnamic restrictions and future resources.

The uncertainty faced in environmental problems is the so caled “hard urcertainty”, the
onethat islinked to rational innovation, to “strong” learning, to timeirreversibility andin

8 More detail s can be find in Chichilnisky, G.: “Sustainable Development and Social Choice”



the way the agent interacts with the frame (the agent is sibmitted to the environment, but
the environment is modified by the agent too).

Consequently, it is natural to introduce the Knightian urcertainty concept to take into
acour the caital aspects of the environmental dedsions.

Sustainability and Expectance “a la Choqu et” or The Knightian
Uncertainty

Let's uppcse that the aurrent utility is taken as a reference point in ead path. Future
generations may have different preferences and may vaue differently the natural
resources than we do in the present (pure uncertainty). In the case of sustainable
development, this consideration and the presence of asymmetry in the distribution d the
possble changes in preferences (that makes paositive the expeded value of paostponing
consumption) imply that the dedsion maker (DM from now on) faces a Knightian
uncertainty (that can be modeled by cgpadties). More than this, due the fad that the
environmental cgpital stock depends on preferences, the volume of it to be preserved in
ead generationis asourceof uncertainty too.

In the proximities of the aurrent present (current generation), the DM (contemporaneous)
will be risk neutral, because the world will seem to hm familiar and knowvn. Beyond the
present, far in the future, this world will not seem so familiar. Then, depending on hs
attitude faang risk (optimistic or pessmistic), will be the type of capadty that the DM
will use in moments of computing the Choquet’s expeded value that will enable him to
establish an oder over the feasible utility paths and to determine the optimal
intertempora welfare function.

For each peath, O is defined as the set of al the possble sequences of the states
(consumptions) that the DM plans to doin eat generation, kecause afinite horizon is
considered (T<w), OOO. Then, the streams of utility considered by the DM will

be:{u,}__, and,consequently, the order to establish will bein 0".

1sgsT !

On the other hand, the model is suppased to be sensible to the irreversibility of dedsions
that are sequentially adopted and to the information that will be revealed as time pass
away. Then, the utili ty considered in each generation will be afunction d consumption’
and d the environmental stock available (this last will refled the irreversible dedsions
that had been adopted by previous generations): u, =u(C, s, ), where:

- C, : consumption correspondng of generationg

- s, environmental stock avail able on generation g
It is suppcsed that:

- u, : the utility of generationg, u, =u(C, s, ) (neoclasscad asumptions)

- u,:0° - 0 suchthat suplu,}  <1(normalization)

Tzg

® The ewironmental resourcewill be the only goodin the emnomy: then, consumption will be used in a
widely sense



The stock of capital isevolvings,, =r(s,)-C, +s, ™, where:
- r:intrinsic renewal of the resource (it is assumed it depends only on s and do
not change over time'?) that verifies:

- le;Dsg
- :—rZO;Dsg - theresourceis nonrenewable.
S

9

The higher are the cnsumption level and the environmental capital stock, the higher is
the utility level. However, the more is the consumption level, the more is the volume
environmental cepital depleted.

The considerations formulated concerning r imply that consumption can be expressed as:
C, =r(s,)+s, —s,, Then, in controlling consumption today (the adion), the DM controls

indiredly the environmental stock tomorrow (the ansequence). The streams of utili ty to
compute Choquet’'s expedancy will be defined in the basis of the streans of
consumption's levels {C} . The expedancy will be used in order to define the

preferences and the mnsequences of the diff erent possble padlicies.

Formaly, for eat path, let Q={ss,,--s,}be anonempty set of states of the nature

(environmental stocks today) and let s=2°the set of al the posgble events over which
the caacity will be defined. An adion (consumption today) will be afunction that will
assgn a omnsequence (an environmental stock tomorrow) to ead state of each path.

The set of feasible actions will be: O={c:c={c,}_..C, 0O}. Because we're auming a

finite time horizon (T <~ ): 0O 0O". Comonaonicity of Consumption must hold*% The
subset of al the mmonaonic ads (consumption functions) isdenoted by x O O.

s, —» Cls) > s,

9

(state) (adion) (consequence)
\\u (Cg 'S, ) (ranki ng)
(outcome)

Let's suppcese that for eath adion (path of consumption today), consequences are
rankeds; >s; >---s; (remember that s, =r(s,)-C, +s,), acording to their correspondng

utiliti es net of theiinitial utility level (u, =u(C,,s,)=u(s,, )the aurrent generation's one)*?,

1)t is assumed that r(0)=0Oand that (5, st.r(s)=0,0s=s,,
M This is a simplifier assumption, because the resilience of the ewironmental resources (like ar, for
instance) depends on its previous date, but in the present state of other environmental resources too.
12 This means that the Consumption' s trgjedories do not intersed, mathematically:

~0s,,s, st. C'(s,)>C'(s,)0 c(s,)<c?(s, ) g#0.
13 Because of the assumption of comonotonicity, the order can be establi shed in an unique way for all the
rangeof s

1C



environmental stocks tomorrow (consequences’ ranking)**

Then, the set of consequencesis partitioned in threesubsets in the foll owing way™>:

- set of nonfamiliar gains: [s';s]
- set of familiar gainsandloses:  |s),;s|
- set of nonfamiliar losses: |s.;s7]

It isasumed that the DM is pessmistic with resped to urfamiliar losses (the net utility is
negative), neutral with resped to the familiar world and ogimistic with resped to the
unfamiliar gains (the net utility is positive). The cgadty vthat will represent the
uncettainty of the DM will be then concavein [s;;s7], linea in (]s.,;s | and convex in

|.S|_+1 ; ST_J '

The windfal gain is defined as s=max{s:s0O[s';s JJand the cadastrophic loss as
s=min{s: sO[s;;s;|}. By the established ranking, s=s and s=s;.

Let's define v as asimple capadty if v(A)=y.n{A),0ADQ,v(Q)=1, wherey is afador of
distortion that corresponds to the degreeof confidencethat the DM assgns to the weights
settled by m(an additive probability distribution function), ya[o;1]. By definition, then,
v (Smple caacity) is convex.

Starting fromv , its dual capadty isdefined: v'(A)=1-y.1{Q\A),0A0Q,v'(Q)=1

Then, formally, the capaaty defined in 2°is:
0 y.m{A),DADQ"
H m{a),0ADQ~ , where o={a";Q";Q }represents the partition in the space of the
H-y.n{A°),0AD Q"
states that corresponds to the one establi shed in the consequences gace
[s:is]0ls:s [olss ]

It is proved that if the capadty v exists and the partition above can be settled in the space
of consequences, then the expedance “ala Choquet” that represents the hard urcertainty
facel by the DM can be expressed as follows:

CEU =v. ¥ uls n(C, )+ @-y)uls)+ u@)] = v. 5 uls (e, )+ @-v)u, +u,)

4 1f consequences do not correspond exadly to the initial environmental stocks considered in Q , dueto
the aontinuity of the range of consumption’s values for instance, a discretization can be establi shed to make
them compatible with the states of nature defined previously.

15 From now on the index on the environmental stocks correspond exadly to the order defined (the biggest
stock will correspond to the lowest index and vice versa)
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This is the W function that will be maximized in this proposed sustainability criterion.
The function Wwill be maximized over al the possible paths of consumption.

In considering the axioms defined before, this criterion defines sustainable preferences.
In fact, it iswell defined: w: Q - 0 is continuous and monotonically non-decreasing:

- u, =u(s, ) is continuous by hypothesis, s a probability distribution function of

a continuous variable and the min and max are continuous too. Because the product and
the composition of continuous function is a continuous function too, W is continuous.

- If the length of the sequence grows and a term bigger than the maximum is
added, the sum corresponding of the first term does not decrease because all its terms are
greater or equal to zero. As the second term is concerned, the longer is the considered
stream, the bigger can be the max (and because u, =u(s,)is neoclassical, it is not
decreasing on its argument). If the term is lower than the minimum, using an analogous
argument, the min will be the new value, and the corresponding value of Wwill be lower
too. Then, the welfare function defined is montonically non-decreasing.

The non-dictatorial role neither of the present nor of the future can be shown considering
0i,1<i<T . There are three possibilities for the corresponding s :
- to belong to the familiar world, and so it is considered in the first term of the
sum
- to belong to the unfamiliar losses, and so it is considered in computing the
s= min{s: sD[s;H; s;]}
- to belong to the unfamiliar gains, and so it is considered in computing the
§:max{s: sD[sj;s,‘]}
The propriety of level independence is valid too. In fact, the marginal rate of substitution
between the utilities of two generations gand g’ will depend only on the identification of
both generations and not on their utility levels. Then, we are facing preferences that are
sustainable and level independent.

An extension: infinite time horizon (T =)

The above results are valid if the time horizon is not finite anymore. In fact, assuming the
set of the set x to be compact (close and bounded), and that the utility function is
continuous, there is aresult'® that proves that:

fudv =yfu dn+(1—y)rcr;ipu(cg), if visasimple capacity and that

fudv = ypudm+(1-y)maxu(C, ), if visadual simple capacity

The continuity of u and the compactness of the consumption set’’ warrant that the
minimum can be reached. The solely continuity of u isin the base of the existence of the
integral.

18 Eicherberg, J. and Kelsey. D, 1999
Yinfact, Og =1,2---T wehavethat 0< C, < s(0)(L+r(s))
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