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1. Theurgency of the matter

Nicholas Stern (2008)writes, GGreenhou® gas (GHG) emissionsare externdities
and represent the biggest market failure tha theworld has seen.O The simplest proxy
for thedamage caused by GHG emissionsis globd temperature. It isnottemperature,
as such, tha isthe problem: rather, it is the con®equences of highe temperature
concerning water that can be disastrous A rise of global temperature by 5°C. would
bring abouta massive increase in the intengty of storms and of drought aswell asarise
of thesealevel by perhgps10 meters. It isnotunlikely that at least haf of earth® species
would bewiped out

Globd temperatureis afundion of the stock of carbonequivalent in the
amosphee. Currently, that stock is 430 parts per million CO,, written G130 ppm
CO.e.0 If thestock is stabilized at 450 ppm, then climate scientists estimate thet globd
temperature will stabilize at somewhere between 1° C. and 3.8°C. abovethecurrent
temperature, where this represents a 90%confidence interval. (That is, with probability
0.9, thetemperature will stabilize somewherein theinterval [1°,3.8°] abovewhereitis
now.) If stabilization occurs at 550 ppm the 0.9 confidence interval for globd
temperatureis [1.5°,5.2°] . Thelargelengthsof these intervals reflect the unaertainty in
our knowedgeof the effect of carbonemissionson temperature, which is a highly
complex process, involving feedbacks of variouskindsof unaertain magnitudes. (How
much do the desp oceans absorb carbonfrom theair?) Theworld@ largest computers are
currently bang used to simulate these effects.

" Mog of theidess presented here come from a collaboration with Joaquim Silvestre and
Humberto Llavador on the problem of intergenerationd welfare in awarming planet.
The paper reports some of the condusgonsfrom our joint work, referenced bdow. |
thank Geir Ashem for comments.



If we continuewith ®usness as usud,Qtha is, withoutcontrolling emissions
more than we currently do, we will reach atleag 750 ppm CO.e by theend of this
century. The0.9 corfidence interval assodated with 750 ppmis [2.2°C,6°C] warmer
thantoday. Lifeasweknowit would end onthepland.

Currently climatology saystha it isimpossible completely to stabilize thelevel of
carbonconcentration in the atmogphere unless emissionsbecome zero, something which
isnotfeasible. (See Matthews and Caldera[200g.) Thekey questiontherefore
becomes how rapidly concentrationinareases.  If emissionsare cut drastically, then the

stock of atmospheic carbonwill increase owly, and human sodety will havetimeto

adjud. If wereach anincrease in temperature of 5°C . in 5000years, we will have
plenty of time to moveour cities to the polar regions which by then will be pleasantly
warm (snow and glaciers will have disappeared, alongwith polar bears).

These facts raise two important ethical issues Dof intertempora and intratemporal
jugice.  Carbonemissionsare apulic bad: How should rights to produc tha bad be
alocated over the present and future generationsof man? That istheintertempora
issue; theintratemporal oneis how therightsto emit carbonshould beallocated across
naionstoday, in the present and next generation. The prope solution of the second
problem presuppo®sthe solutionto thefirst. If we solve theintertemporal problem,
then we know the emissionsethically permitted for our generation. We then can ask
how tha permitted amountshould be allocated across naionstoday.

In this paper, | focusupontheintertempora ethica issues and thar consequences
for policy. | will offer in section 8 some comments on theintratemporal question, buta
fuller study of tha questionis|left for thefuture.

2. Argunmentsfor discounted utilitarianism

Thetopic of theevaluaion of sodal welfare in an intertemporal context is awell-
worked onein welfare economics; theliterature, of aformal sort, beginswith Frank
Ramsey @ (1928)famouspaper. | will summarize Ramsey@ contribution presently asit
has been applied to the climate-change problem.



Theproblem initsgenera form can bestated asfollows. First, we adopta modd
where each generation is represented by a single agent: tha is, we abgract away from
distributiond issues of humanswho live contemporaneoudy. One can think of the
single agent as bang the @Qverage pason.O

Let usrepresent theamenities available to an agent at date t asa vector z,.
Components of this vector are consumption, leisure, health, eduction level, biopheic
qudity, andsoon. Suppo® thewelfare tha the agent enjoysor sugainswith this vector
isu(z), whereu is a@itility fundionGcommonto all agents (i.e., it reflects human

naure). Anamenity pathisan infinite sequence of these vectors, onefor each
geneation: thus (z,z,,z,,...). Such apah may eventudly become an unending

sequence of zero vectors, reflecting thefact tha the species has disappeared and
congumes nothing.

Current scientific knowledgecan besummarized by saying that we bdieve tha
thereisacertain set of feadgble consumption paths denoted Z.  Any pahin Z can be
implemented, from thetechnological and physcal/biological viewpoint. Of course,
different pahsimplement different trade-offs regarding the consumptionsof the prent
and future generations  Wha does G®easibleOmean in this sentence? Feasibility takes
accountof how much we invest in research and devel opment, and how much technology
improves as a consequeance of tha investment. All aspects of techndogica change
environmental damage, and human knowedgeare endogenous in the sense of baeng
geneated by investments in research, the environment, and education at earlier dates.
To specify the set Z we will nomally write down a set of dynamic equaionswhich
relate how all dataabouttheeconony at any date t+1 appear as aresult of what has
happened (e.g., investment of variouskindg at previousdaes. Heroically, we will
assume, hee, tha al these dynamic relationshipsare known. Thus athoughwe do not
know wha the technology will bein 200years, we assume tha we can estimate how
much labor produdivity will increase if we follow a given path of investmentin
education and in research and development.  These estimates are provided by historical
data, which enable usto track how labor produdivity hasincreased in the past as aresult
of theseinvestments. A more complex problem would be posed if we wanted to build in



uncertainty in our knowedgeof these relationdhips, so tha theset Z would only be
specified up to what that uncertainty would imply.

Our ethical view is summarized by an intertemporal welfare fundion, which
aggregaes thewelfare levels of the variousgenerationsinto an index of sodal welfare'.
Thearguments of thisfundion, W, are thevectors of generationd utilitiesinduced by an

amenity pah. Thus a thepah z=(z,z,z,....) thesoda welfare will be

W(u(z),u(z,),u(z),...).

It isimportant to undescore that W embodies our ethical views abouthow the welfare of
onegenaation should betraded off agand thewelfare of other generations and theset Z
embodies fads abouttheworld Btha is, facts of nature (biology, physcs) and facts about
human knowedgeand learning. Many discussants in the climate-changedebate do not
respect this division of labor Bthey want thefundion W to embodyfacts aboutthe world,
notonly ethical views.

Theproblem of thesodal planne isto choos tha feasible amenity pah (in 2)
which maximizes soda welfare: that isto chooe z=(z,z,...) to

maximize W(u(z),u(z,),...) subjectto z! Z.

In terms of thejud-stated division of labor, the problem isto attain the highest possible
ethical index subject to the condraints placed uponusby facts aboutthe world.

Let ustake an example. Congde theutilitarian sodal welfare fundgionwhichis

given by

WY (u,u,,..)=" u,,
t=1

whereu, is theutility of generationt. Theproblem for a utilitarian isto find the amenity
pah tha maximizes the sum of utilities over all future dates.

If, indeed, W should bejudified by purely ethical arguments, then we would
expect that W should be symmetric in its arguments: tha is, it should treat al generations
equdly. Why, indeed, should any generation have arightto more utility than another B

! More generally, we may order infinite utility streamsin away tha cannotbe
represented by a soda welfare fundion. Thisissue has been much studied in the recent
literature, butwe ignore it for our purposes here. See, for example, Basu and Mitra
(2003)



why should we place a highe sodal value on onegeneration®@ receiving more utility than
anothe? For example, symmetry means tha if there were just two generations then it
should bethe case tha the planne is indifferent between giving thefirst generation 7 and
the secondone 10 units of utility, and the other way around: tha is, for any numbersu
andv it should betrue tha
W(u,v) =W(v,u).

Indeed, thisistrueof theutilitarian soda welfare fundion: it does not matter in what
order we list theutility numbers, thar sum will bethe same.

| can now state thesodal welfare fundion which is employed by amog al the
economnists working in the area of climate change itis W®" (ul,uz,...)zé I'"*u,, where

t=1

! isanumber less than one called thediscountfactor. The supascript @UGstandsfor
A e . . . 1 .
G@liscounted utilitarian.O Sometimes thediscountfactor iswritten as / = o and! is

called thediscountrate.

Oneimmediately notes that this sodal-welfare function is not symmetric: it places
less valueontheutility of generations thefarther distant they are fromthe present. Wha
could judify such amove? There are anumber of possible judificationsfor adoping a
discounted-utilitarian intertemporal ethic. | will partition them into three categories,
which | discussin turn.

A. Thepresent generation as hegemon

| present two judificationsin this category.

A.1. Theinfinitely lived consumer

Suppoe we think of the generationsof mankind as ethically andogousto
different peiodsin thelife of asingleindividud. Suppoe thisindividud discount her
own future utility at arate p: tha is, if the path of her consumption of amenitiesis given

by z =(z,,2,,...) then her QifetimeCutility will be u(z)+ !u(z,)+ ! *u(z))+... . The
numbe ! reflects theindividud@ degree of impaience: if / = 0.9, thisindividud

would trade-off oneunit of utility next year for dighty more than 0.9 units of utility

today.



If we choo® ! to reflect an indvidud @ subjective rate of time preference

(impatience) in thismanne, andif we use thediscounted-utilitarian soda welfare
fundion, then thedifferent generationsof human sodety are being treated as if they were
different periodsin thelife of thisindividud. In paticular, if ! is @mall,&the

individud is Gmpatient,Gand we will discountthewelfare of future generationsjust as a
quite impatient individud discount his own future welfare.

A.2. Thealtruistic parent

Suppoe tha each adult has onechild and cares about the utility of her child.
Suppoe theutility of the parent, whois an adult a datet, isafundiontheamenities she
enjoysand of her child@ utility, and this takes a linear form, where she places aweight of
I <1 onher child@ utility:

U,(z,U,)=u(z)+pU,. (1)
Here, U, istheowerall utility fundion of the parent, which is afunadion of wha we
mightcall her persond standad of living, which isafundionu of the amenities she
conaumes, and of theowerall utility of her child.
But the same equéion holdsfor generation 2:
U,(z.Uz)=u(z)+pU;. (2
Subdituting this expressonfor U, into (1), we have:

U,(z,U,)=u(z)+'u(z)+!U,. (3
Indeed, we can continueto expand therighthand sde of this equaion inddinitely, which
givestheformula:
U, :$1 I"'u(z). (4)
Therighthand side of equéaion (4) isjug thediscounted-utilitarian formula
In other words If al parents are altruistic, and conceive of their overall welfare
asthdr own standad of living plusanumber p timesther child@ (overal) welfare, then
maximizing theoverall welfare of thefirst generation implies maximizing the sum of
discounied standadsof living of al generations
Thereason| place judificationsA.1 and A.2 of discounted utilitarianism in the

category resent generation as hegemonQs tha they both amountto maximizing the



utility of thefirst generation. For theutility in (4) isjud theutility of thegeneration b

oneparent!

B. Uncertain existence of future generations

Suppoe tha thesodal evaluaor is uncertain when the human species will
become extinct. We make an extremely simple assumption, tha thereis a probability of
p tha each generationin thefuture will bethelast generation; there is an indgpendent
draw at each date, which, with probability p, will extingush mankind. This probability,
we furthermore assume, isindgpendent of the amenity pah that is chosen (a highly
unreasonable but smplifying assumption).

Suppoe theevaluaor is a utilitarian: if heknew that theworld would last exactly
T generations, then hewould choo® a conaimption pah z' =(z,z,,...,z,) to maximize

.
| u(z). Wenowassumetha this evaluaor has von Neumann DMorgengern

t=1
preferences over lotteries Bin this case, thelottery is over the nunmber of daestha the
species will exist Band tha his von Neumann Morgendern utility fundionis given by
theutilitarian fundion. Then he should choos the consumption pah to maximize his
expected utility: tha is, the probability-weighted sum of the utilities hereceivesif the
world lasts any finite number of dates. Suppo® tha the probability tha the species|asts
exactly T datesis ! (T'). Thentheevaluaor® problem isto choos theinfinite pah
z2=(z,2,z,...) to maximize:
F@u(zy) + ! (2)(u(z) +ulzp)) + ! (Yu(z) +ulzy) +ulze)) +.... (9

It can easily beshowntha / (T)=(1" p)" *p, andso, it follows fromalittle algebra,
tha maximizing theexpressionin (5) is equivalent to maximizing:

#

$/""u(x) whee! =1" p.

t=1
Tha is, thesoda evaluaor isjug adiscountd utilitarian, where the discountfactor is
oneminusthe probability of human extinction at each dae.



Note tha in thisjudification, thediscountfactor " has nothing to dowith a
subjective rate of time preference or adegree of altruism of an agent: it is atechnological

parameter concerning the universe.

C. Axiomatic characterizations

These judificationsare more abgract. They donat begin with utility fundions or
sodal welfare fundions but with general orderings on infinite sequences of
utilitiesu = (u,,u,, U,,...), to bethoughtof as describing the utilities experienced by
different generationsin a history of theworld.

A soda welfare fundion, as de€fined above generates an order onsuch
sequeances, butthere may be orders tha cannotberepresented by a sodal welfare
fundion. Let usdefinetwo axiomson theorderingsof these utility streams. Thefirst is
continuity. Suppo® we have a sequence of infinite utility streams u',u?,u’,.... which
convegeto aparticular infinite utility streamua (that is, stream u' gets very closeto the
streamu asi getslarge). Continuity statesthat if every u' isweakly sodally preferred to
some other infinite utility stream y, then u musg also beweakly preferred to y.

Continuity is an axiom tha says the sodal ordering does not make Qumpsd The second
axiomis monobnicity. Suppose we have two infinite utility streamsu and u!, andthe
utility of every generationis at least aslargein thefirst stream asin the second stream,
and some generation has larger utility inthefirst stream. Themonobnicity axiom states
tha u should beranked strictly preferableto u!.  Thisaxiomis sometimes called
strong Pareto optimality. If nogenerationisworse off inu thanin u”, and some
geneationis better off, then the Ethical Observer should rank theu world as (strictly)
better than the u! world.

Findly, we definea propaty called sodal impatience. Suppo® we have a utility
stream u = (u,,u,,U,,...,u,,u,,....) andthen we create another stream by interchanging

for somet, u, andu,: thus 9= (u,,u,,u,,...,u,,,u,Uu,,,...), and suppoe tha u, >u,.
Soda impatience states tha the stream @ mug be(strictly) preferred tou. In other
words thesodal evaluaor would prefer to have the larger utility experienced earlier in
history.



Diamond (1965)proved that if a complete soda ordering of infinite utility
streams satisfies continuity and monobnicity, then it mug satisfy sodal impaience.
This meanstha something like discouning of future utilities mus occur if continuity and
monobnicity are satisfied. The Diamondtheorem, however, does not say tha the soda
evaluaor maximizes a sum of discounied utilities (tha would be a specia case of the
Diamondconduson).

Findly, thereis afamoustheorem of Koopmans (1960)which provides an
axiomatization of discounied utilitarianism. It is beyond my scopehere to present this
result: it saystha if anumber of axioms are satisfied with respect to the ordering of
infinite utility streams, then the sodal ordering can berepresented by the discounted sum
of some increasing fundion of theutilities, discounted by some postive discountrate.
But thetheorem does not provide any way for adjudicating amongthese choices. It
merely saystha thesodal preference order liesin a certain class of preference orde’s’.

Let me now evaluae these variousjudificationsof the discounted-utilitarian
approach. | find both thejudificationsof Approach A unmnvindng. Thereasonis
simple: thesodal evaluaor istaking into congderation only theutility of thefirst
geneation. Thisisobvioudy thecase in themodd of theinfinitely lived consumer Bfor
thereisonly oneindividud in thismodd. In paticular, if theinfinitely lived consumer
isvery impaient, then thesodal evaluaor discourts heavily the welfare of future
genegations A similar criticism appliesto thealtruistic-parent modd. Suppo® tha the
paents across the generationsare only mildly atruistic, so tha thevalueof / issmal.
Agan, the Ethical Observer mug discountheavily the welfares of future generations
Thereisnojudification,in my view, of prgudicing thedesires of thefirst generationin
theway tha these two modds do. Thesubjective views of thefirst generation, with
regard either to impaience or altruism, should notdetermine our intergenerationd ethics.
To give thefirst generation such power completely violates fairness, which requires tha
we give all generationsequd consderation. Formally, thisis summarized by the

requirement tha the sodal-welfare fundion be symmetric. To putit dightly differently,

2 Thereis by now alargeliterature which developsthe axiomatic approach to sodial
preferences on abgract sets of infinite utility streams. For recent contributionssee, for
example, Asheém and Tungodan (2004) and Roemer and Suzumura (2007).
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it isfallaciousto assume that either themodd of an infinitely-lived consumer, or of the
atruistic parentis ethically equivalent to amodd of many distinct generations

Dasgupta (2005, page xx), an econonist active in climate-changeandysis,
bdieves otherwise. He writes, with regard to themodd of theinfinitely lived consumer:

Anindividud@ lifetime well-beingis an aggregae of theflow of well-being she

expeiences, while intergenerationd well-bangisan aggregae of thelifetime

well-beingsof all who appear onthescene It isdoubful tha thetwo aggregaes
have the same fundiond form. Ontheothe hand, | know of no evidence that
suggests we would beway off themark in assuming they do have the same form.

Asamatter of practical ethics, it hdpsenormoudy [my italics- JR] to

approximate by notdistinguishing thefundiond form of someone&3 well-beng

throughtime fromthat of intergenerationd well-bang.
Thisis an amazing statement. Dasgupia says, first, and correctly in my view, tha there is
no reason to bdieve tha themodd of theinfinitely-lived consumer isagoodmodd for
intergenerationd ethics, butthen says it idpsenormoudyto assume tha it is agood
modd. We will arguein this pgper tha there are very goodalternaivesto discounied
utilitarianism, and hence this supebly pragmeatic view is unnecessary.

Let me turn to Approach C: | will discuss the Diamondresult, but the same
critiqueappliesto the Kooprmanstheorem. Oneproblem with requiring certain axioms to
hold on very complicated mathematical objects (here, sets of infinite utility streams), is
tha the axioms may impose restrictionstha are much more severe than our intuitions
warrant. For indance, theaxiom of continuity is very powerful and abdract. Onemug
be comfortable with theidea of the convagence of a sequence of paths(each of which
containsan infinite numbe of elements) to apah. Do ourintuitionsreally grasp the
import of requiring this condtiononasodal preference order? One of the best ways of
evauaing theorems such as Diamond®is to ask what kindsof sodal ordeings(i.e.,
theories of intergenerationd distributive judice) it declaresinadmissible.  Thefollowing
three soda orderingsdo not satisfy the Diamond axioms:

¥ undiscounied utilitarianism
¥ maximin

¥ |eximin.
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Undiscounted utilitarianism -- that is, ranking two infinite utility streams by comparing

u, with # u!-- isruled inadmissible because it does not provide a conplete ordering
t=1 t=1

Pandtha istheonly reasonit isdisqudified. Itisincomplete, because if thesums of the
utilities on two pahsare both infinite, then utilitarianism cannotcompare these two pahs
-- hence incompleteness (on the domein of utility streams posted in Diamond®@theorem).
But ontheset of pahswhere thesum of utilities does convege, utilitarianism is both
monobnic and continuous So utilitarianism is eliminated only because it isincomplete.
Isit, however, incompleteness such a defect of an ethical theory? Where, indeed, dowe
have an ethical theory tha provides convindng answersto all ethical questions?

The GnaximinOordering says tha astream u = (u,, u,,...) is preferableto a

stream u! = (u},ul,...) if andonly if thesmallest utility in thefirst stream is greater than

thesmallest utility inthesecondstream. Thisisavery familiar sodal ethic, from Rawls
(althoughhedid not apply it in theintergenerationa context). But maximin violates
monobnicity: thestream (1,2,2,2,....) isranked sodaly indfferent to the stream

(1,1,1,....), because in both cases the minimum utility isone which contradicts

monobnicity.

Lexiministhesoda ordering which ranks onestream as better than another if
and only if thelexicographic minimum of thefirst is greater than thelexicographic
minimum of the second: butthis ordeing is not continuous(see Roemer [1996)).

If onebdievestha these three sodal orderingshave some virtug, then onemust
call into question the usefulness of the Diamond result.

It is furthermore the case Dand thisis of utmog importance in the climate-change
discusson btha the Diamond (and Koopnans) axiomatic characterizationsgive no clue
asto wha the size of thediscountrate should be They both provide axiomatic
characterizationsof classes of sodal preference orders, where theclassin each case
containsorders represented by sodal-welfare fundionswith a many discountrates.

In my view, Approach B isthe only convinang argument for adoping a
discounted-utilitarian approach. | donotsay it isafully conindng argument, because it
dependsuponthe premise tha the Ethical Observer isautilitarian,andtha is
contestable, but! findit to beagoodargument for discounted utilitarianism, if one3
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undelying ethical view is utilitarianism. How do| address thefact that the discounted-
utilitarian objective does not, in thefind andysis, give equd weights to thewelfare of all
geneations? This comes aboutbecause of anaurally asymmetry in facts aboutthe
world: to wit, tha the probability that theworld will last for T+n generationsisless than
the probability that it will last for T generations for any postiven. (Asthephyscists
say, time flowsin only oneway.) Thus athoughthe Ethical Observer beginswith a

symmetric sodal welfare fundion, heendsup with an asymmetric one

3. Wha climate-change econonists do

Mog econonists (e.g., Nordhaug2008)and many who use cog-benfit andysis,
althoughnot Stern(2007) who use a discounted-utilitarian formulain climate-change
andysis adopttheinfinitely-lived consumer approach: this can be seen by noting that
they jugify ther choice of discountfactor by appealing to therate of interest®. | claim
this can only bebased onthemodd of sodety as one of aninfinitely lived conumer.

| will present amodd to explain thisimportant point. Suppo<e that an infinitely
lived individud has a utility fundionfor his consumption over theinfinite nunber of
periodsof hislife, which is given by:

( 1 1-n

"1 o c
U(c,c,,C,,...) = ?:1 m-&o u(c,), where u(c) = -7

Here thefundion u evaluaes the consumer@ single-period utility: it is a concave
fundion of c for parameter values ! >0, andit istheutility fundionthat is used by

many climate-changeresearche's (e.g., Nordhaus). Hisdiscountrate, which reflects his
degree of impaience, is!; hisdiscountfactoris 1+i/ . Diminishing margind utility of

consumptionisreflected in theassumptiontha / >0. Theindividud beginslife with
acapital stock of s,. At each period, hedevotes hisentire energies to work; theamount
of outputhe produces at daet if his capital stock inheited from thelast daeis s, is

givenby f(s,,), wherefisaninareasing, concave fundion. Then his problem of life-

® This locution may seem strange Aren®econonists up-frontabouttheir judtification of
discounted utilitarianism? No: they rarely state the fundamental view (e.g., theview A
or B or C) tha would judify theethic of discounted utilitarianism.
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time utility maximization isto choose a consumption pah (c,,c,,C;,...) and an investment
pah (i,,i,,i,,...) t0

Y m 1 0(1 1+
maximize * ﬁ—')o G
I & 1+

subject to:

W c+i=f(s,) t=123..
2 s=@!d)s,,+i, t=123...

where i, istheamourt of outputhechoo®sto invest in thecapital stock at datet.

Program ILC

Condraints (1) smply say that outputis patitionad between consumption and investment
at each dae, and condraints (2) say tha the capital stock at datet equdsthe depreciated
capital stock fromthelast date plusnew investment. (Capital depreciates at rate d per

period.)
Definethe growth rate of consumption at daet along a pah, denoted g(¢), by the
formula:
1+g() = ——.
Cha

Definethe marginal produdivity of capital net of thedepreciationrate at daet, denoted
r(t), by:

r)=fli(s.,)" d,
where f! isthedeaivativeoff. Then it can be proved tha the solution of Program ILC
entails tha:

@+6)A+g(t)"=r()+1 foral daest.

Taking thelogaithm of this equaion, we have:

log@+/)+ " log@+ g(t)) =log@+r(t)).
Now suppo® tha thenumbers /,g(t), andr(t) areall clossto zero. Usingthefact that
if xisasmall postive number, then logL+ x)! x, we can write this equdion as.

F+"gt)#r(t);
findly, we can write this as:

ra! " +#g(). (Ramsey)



14

This equaionis known as the Ramsey equaion, asit wasfirst derived in Ramsey (1928)
Thereasonthenofationr ischosen for the quantity it representsis tha in amarket
econony where firms maximize profits, r(t) can bethoughtof, in economic equilibrium,
asthe (real) consumption rate of interest.

Now wha many economists do, in andyzing climate change isto deduce the
value of the subjective impatience parameter | from the Ramsey equaion. Assuming
tha we are in asituaion whee rates of interest and growth rates of consumption are
relatively stable, we can ddete thetime argumentsin (Ramsey), and write the Ramsey
egudion as:

I'"r#%g. (Ramsey*)
Theconaumptioninterest rate r, thegrowth rate g are all observables from economic
daa. Economstsin theclimate-changearea (e.g., Nordhausand Weitzman) typically
estimate ! by appealingto theideathat it reflects attitudes towardsrisk, and subjective
views of inequdity aversiontha people have. (A larger valueof ! reflectsahighe
degree of inequdity aversion. See Dasgupta (2008 for agooddiscussion.) Hence ! is
estimated, since al theterms ontheright-hand side of (Ramsey*) are observed or
conjectured (aswith #). Itisthisvaueof! tha these economists use as thediscount
rate in thesodal welfare fundion for intergenerationd welfare calculations

In summary, the discountrate that is estimated from equaion (Ramsey*) is based
uponthese assumptions:

(1) tha theeconony isa competitive market econony, and the margind
produdivity of capital net of therate of depreciation can betaken to beequd to the
observed rea consumption interest rate;

(2) aninfinitely lived consumer, who represents Sodety, has decided on his
consumption path by maximizing a utility fundionin which ! ishis subjective rate of
time preference.

Nordhaus@ (2008)approach is somewha of amixture: hetakes the parameter #
in the utility fundion u to reflect nottheindividud @ attitudetowards his own
consumption, but the (subjective) attitudes of people aboutinequdity of consumption

across generations  But because Nordhaus (and other authors) taker from market data,
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we can only assume that the! they compute from (Ramsey*) is theindividual@ rate of
time preference, because in making thar savingsdecisions actually market agents are
optimizing given thar own subjective rates of time preference.

Moreove, | clam tha themodd of theinfinitely-lived consumer isthe only way
to judify this choice of thediscountfactor. Thisis, of course, asweepingclaim. Surely,
it would bearemarkable coinddence if some other (ethically more appealing) way of
judgtifying this approach turned outto beequivalent to themodd of theinfinitely lived
conuumer. | cannotprovetha thisclamistrue (who could ever doso?). Sufficeto say
tha the claims tha some have madefor other judificationsof the Ramsey equaion are
bogus (more onthis bdow).

To showthe ubiquity of this practice, let me quoie Nordhaus (2008,p. 10):

In genera, we can think of thediscountrate as therate of return on capital
investments. We can describethis conaept by changing our one
commodity econory from corn to trees. Treestomorrow (or, more
generaly, consumption tomorrow) have a different @riceCthan trees or
consumption today because throughprodudionwe can trangorm trees
today into treestomorrow. For example, if trees grow codlesdy at arate of
5 percent ayear, then fromavaludion point of view, 105trees ayear from
now is the econoric equivalent of 100treestoday. E Therefore, to
compare different policies, we take the consumption flows for each policy
and apply the appropriate discountrate. We then sum thediscounted
values for each peiodto get thetotal present value E. Thechoice of an
appropriate discountrate is particularly important for climate-change
policies because mog of theimpacts are far in thefuture. The approach of
the DICE modd [Nordhaus® modd] is to use the estimated market return
oncapital [ theinterest rate] asthediscountrate. Theestimated discount
rate in themodd averages 4 percent pe year over the next century.

In fact, in Nordhaus (2008 p. 178)chooss:
r=.055 g=.02 /=2 "=.015.
If we subgitute these valuesinto the Ramsey equaion, we compute tha
r=I/g+".

Hisvaueof !/ :1T1" is 0.985, and so the utility of individuds onecentury from

now is discounted by afactor of (.985)®=0.22; ther welfare counts aboutone

fifth asmuch asoursin hissodal calculus



How does thisjibewith his claim quoted abovethat Ghe estimated
discountrate in themodd averages 4 percent per year® Thisis because there are
in fact two discountfactorsin Nordhaus® locution: the discountfactor on utility,
whichis 1/(1+!), andtheimplied discountfactor on consumption, whichisa
consquence of solving the optimization problem (ILC). At thesolutionto that
problem, onecan ask, GHow much would the consumer require as an inarement in

congumption at date t (call thisincrement! ¢, ) in order to compensate him for a

small decrease in consumption (call this decrement ! ¢,,, ) at daet+1? It can be

shown, for the given utility fundion, tha this amountis approximately lc.,,-

+r
(See Dasgupta (2008,fn.12) for thederivation.) So r, can beviewed asthe

consunption discountfactor, as oppogd to ! , which isthe utility discountfactor.
Note, however, tha ¢ isaprimitive of themodd Pit comes with the oljective

fundionBwhile r, isendogaous anumber which is deduced as a consequence of

solving the consumer@ optimization problem. For conaeptud clarity, it isthe
discountrate on utility that isimportant for thetheory.

Let merespondin another way to the abovecitation of Nordhaus for his
argument may soundappealing to thereader: Why, indeed, should we notdiscount
future welfare by agreat dedl, if themargind produdtivity of capital isso large so
that 100treestoday can betransormed into 100x (1.04)° = 5050trees a century
fromnow? Theanswer istha thisfact of capital @ margind produdivity will be
propely incorporated into the specification of theset Z of amenity pahsband tha
istheonly way it should appear in theproblem. Our soda welfare fundion mugs
befoundel on ethical judgnments only, noton technological facts. Our problemis
to maximize awelfare fundionjudified by general ethical prindples, which
propely incorporates therelative worth of al generations subject to condraints
which are deermined by facts aboutthe world (technological progress, the
influence of emissionson biogpheaic qudity, etc.).

The same conceptud error occurs, in adightly different form, in the next
citation. ParthaDasgupta, a more philosophically oriented economist than
Nordhaus writes as follows (Dasgupta [2008,p. 145]):

16
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There are two reasonswhy it may bereasonéble [to discountfuture
conuumption at apostiverate]. First, an additiond unit of consumption
tomorrow would be of less valuethan an additiond unit of consumption
today if sodety isimpatient to enjoy thatadditiond unit now(my italicsb
JR). Theefore, impaienceisareason for discouning future cogs and
bendits at a postiverate. Second,consderationsof judice and equdity
demand tha consumption should be evenly spread across the generations
So, if future generationsare likely to bericher than us thereisacasefor
valuing an extraunit of thar consumption less than an extra unit of our
consumption, other thingsbeing equd. Rising consumption provides a
secondjudification for discouning future consumption cogs and bendfits
at apostiverate.
Dasgup&@ first reason for postive discouning of the consumption of future
geneations which | haveitalicized, is clearly based onthemodd of theinfinitely-
lived consumer. Whois GodetyQin hisphrase? It isthe present generation.
Surely, if @odetyOinduded al future generations his phrase would be
nongngca. (How could we say that our great-grandchildren are impaient to
enjoy an extra unit of consumption now? ) But society, for the Ethical Observer
must comprise all generationsof humenswho will ever live. Dasgup&@ second
reason for discouning future utility isincoheent, for it puts the cart before the
horse. We do notknowtha future sodeties will be @icherCthan we are: whether
or nottha occurs will be an outcome of the policies we decideto implement it
cannotbetaken as apremise. Andif thos sodeties are indesd Gicher,Cbecause of
thetechnological progress tha takes place -- which will depend, inter aia, onthe
resources we pass down to the next generationthrough eduction -- and because
we have saved the globd commonsfor them, and it turnsouttha theoptimal
policy hasthar consuming more than we do, thaer averageunit of consumption
will notreceive as much weightin the soda-welfare fundion as our average unit
aslongas ! >0, which implements diminishing marginal utility. Why further
discountther utility with postive discountrates? Thisis, agan, an issue of
mixing the ethics (which determinewha soda welfare fundion we maximize)
with the facts aboutthe world (which determinethe feasible set of pathsover

which maximization takes place).
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Weitzman (2007)a so bases his andysis on the Ramsey equaion, and
proposs thevalues:
r=0.06 g=0.02 n=2 6=0.02.
ThusWeitzman would discounttheutility of individuds onecentury from now by

%00

afactor of ﬁ%& =.138; thar utility isworth aboutone seventh of ours, in

his sodal calculus
Theonly economist recently active in climate-changeresearch whoisa
discounted utilitarian and uses a discountfactor very close to oneis Stern (2007)

who chooss ! =0.001pe annum This gives adiscountfactor of / = 0.999%pe

year. Stern would therefore discountthe utility of those living a century from now

100

|
by the factor #ﬁgb =0.90, tha is, by only about10% And Stern (2008)

T

writes explicitly that theonly jugificationfor discouning utilities of future
geneationsis because of the possibility tha they mightnotexist. So Sternis
clearly adoping Approach B described here, and assuming that the probability tha
the species becomes extinat is 0.001in each year.

Indead, Stern (2007 has been criticized by Nordhaus (2007)and Weitzman
(2007)for uang adiscountfactor too closto one Althoughthe arguments of these
critics are stated in terms of oppotunity cods, and are not trangparent to the non
economgt, they all bal down to afundanental claim tha therightdiscountfactor is
derived fromthe observed margind produdivity of capital. Since themargind
produdivity of capital in a competitive econony isequd to theinterest rate, whichisthe
@ppotunity cosGof usng resources today ingead of tomorrow, thearguments are stated
in terms of oppotunity cos. Thecritics would be more forthrightif they ssmply argued
tha theright modd for intergenerationd welfare andysisis the oneof theinfinitely-lived
consumer, rather our Approach B.

Lest readersthink tha | puttoofinea point on theissue of the meaning of the
discountrate, andtherefore onits size, | quote theabdract from Nordhaus (2007}

How much and howfast should we react to thethreat of globd warming?The
Stern Review argues tha thedamages from climate changeare large, and tha
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naionsshould undetake sharp and immediate reductionsin greenhou gas
emissions An examindion of the Review'sradical revision of the econonics of
climate changefinds however, that it dependsdecisively on the assumption of a
near-zero time discountrate [ i.e., 6 =.001] combined with a specific utility
fundion. The Review's unanbiguouscondusonsaboutthe need for extreme
immediate action will not survive the subgitution of assumptionsthat are
congstent with today's marketplace real interest rates and savingsrates.
AlthoughFrank Ramsey (1928 pioneered the andysis of intertemporal sodal
welfare, hewrotein theintrodudion of tha pgper:

One point should perhgps be emphasized more paticularly; it is assumed tha we
do not discountlater enjoymentsin comparison with earlier ones, a practice which
is ethically inddendble and arises merely from weakness of theimaginaion; we
_shdl, _hovx_/ever, in Section I, indudearate of discountin some of our
investigaions

Ramsey is peafectly clear, and correct, ontheethics. So why did he neverthdess
introduc arate of discountlater in his pagpea? Because often it isthecase tha the
maximum of the undiscounted utilitarian welfare fundionisinfinite, and thisinfinite
valueis achieved by many possible consumption paths so the utilitarian view provides
noway of choosng an optimal pah! This, indesd, iswhy many economists today use
discounted-utilitarianism: not because it has a soundethical founddionbat least for the
discountrates commonly employed Bbut because it gives a uniqueanswer to the
problem. Thereisnogoodjudificationfor this practice: it is an example of looking for
thelog diamondring unde the street lamp, because tha isthe only place onecan see! If
(undiscounted) utilitarianism does not enable usto find the optimal policy in all
problems, that meansonly that it isan incomplete ethical dodrineBnot something to be
ashamed of. Recall how Diamond®axiomatization eliminated utilitarianism abinitio
becauseit isan incomplete ordering.  This does not imply tha theway of @ompletingd
utilitarianism is to discountfuture utilities with sufficiently small discountfactors so tha
uniqueoptimal pahsexist. An argunent with valid ethical founddionsmug begiven
to judify such apractice.

Bad ethics B adoping themodd of theinfinitely Blived consumer as ethically
equivalent to a sequence of generationsof human beingd\l are prevalent among
econonists onthisimportantissue, andthisisreflected in thefocusof discussion being
vha isthe prope discountrate to choose,Ces if this were a subjectiveissue.  According
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to Approach B, thereisfact of the matter asto what the discountrate should be, and it
has nothing to do with (subjective) rates of time preference of individuds, or subjective
degrees of intergenerationd altruism.

It mug besaid tha Weitzman (2008) athoughheadoptstheview of the
infinitely-lived consumer, has another argument for theirrelevance of the discountrate B
tha is, tha consquences of not taking seriousmeasures to control emissionstoday will
be so disastrous(with large probability), tha the precise value of thediscountrate is of
only seconday importance. Interms of the mathematics, heis saying tha with
insufficient abatement, theutilities of generationsnot far in thefuture may beso low tha
even adiscounted utilitarian who chooss ! to befairly small would decide uponserious
abatement. | agree with Weitzman@® conduson, butit does not subditute for doing the
ethics propaly.

| do notwish to misrepresent Dasgup&@ postion. | have quaed him as
advocating themodd of theinfinitely-lived consumer, and dedudng the discountfactor
from market daa. But his postionisambivaent. In Dasgupt (2008 p.157), headso
writes:
Oneinfluential school of philosophes has argued that sodetal impaienceis
ethically inddengble. They say thatoset / >0 isto favour policiestha
discriminae agang thewell-being of future generationsmerely on thegrounds
tha they are nat present today. They aso say tha values frequently in use among
economnists, ranging as they do between 2-3% a year, are way too high. | find
thar arguments hard to rebut

Dasgupia does not seem satisfied with any of theresolutionson offer of the problem of
choosngthe @ightOvaluesfor I and " . | submit that thetrue problem may bein the
adhaenceto the (discounted) utilitarian soada welfare fundion. Dasgupta (and surely
Nordhausand Weitzman as well) do not consder abandoning utilitarianism asthebasis
for intergenerationd ethics. | will arguein the next section that oneshould consder

doing so.

4. Sudainability
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| have argued tha, if the Ethical Observer isautilitarian with von Neumann-
Morgendern preferences unde uncertainty, then he shoud choos a discountrate very
close to zero, to reflect the very small probability that the human species will end at any
given dae. (Of course, thisargument is modulo the ssmplifying assumption that the
consumption path chosen will notaffect that probability. ) But are there alterndivesto
beingautilitarian? It isnoteworthy, as| have pointed out, tha ndather side of the
@iscountrate debaeCtha has taken place in thelast two yearsin theeconorics joumads
chdlenges utilitarianism as an ethical view.

AlthoughRawls mounted a pervasive critiqueof utilitarianism, this seemsto have
had little effect on economsts, who routindy adopt utilitarian objective fundions This
isnottheplace to review thearguments pro and con. Let usjus note thesmple fact that
utilitarianism treats sodety as avessel withoutboundaies between personsbin the
precise sense tha all tha mattersisthetotal stuff (utility) in thevessel, nothowit is
distributed amongtheindividuds who comprise it. Inthis sense, it seems quite at odds
with liberalism, which prizesindividud distinctiveness.  Utilitarians attempt to temper
theindifference of utilitarianism to distribution by choosng values of ! in theutility

Cl! "
fundion u(c) =

[l

which are greater than one which buildsin an aversionto

inequdity between individuds (here, between generations. | bdievethisisan ad hoc
way of addressing the problem.

Indeed, there is an obviousalternaive to utilitarianism, which draws uponthe
popukbr view tha we should intergenerationd ethics should require sugainability. How
can we interpret thisview? | propos tha it means tha the Ethical Observer should
choos a consumption path which maximizes thelevel of human welfare tha can be
sudained forever (or for aslongas the human species exists). Suppo® the human
species were to last forever: then the problem would beto choo® z! Z to maximize the
numbe ! suchtha, forevery daet, u(z)! " . Tha isBhuman welfareis susained
atalevel ofatleast ! foral time, wherethepahischosensotha ! isthelargest
number making this statement true

| note tha thisis distinctly anthroponorphic conception of sugainability: it
differs from strong sugainability, which maintainstha the biological capital of the earth



22

should be sugained forever. Theanthroponorphic conaeptionislessradical andis often
called Qveak sugtainabilityQit is theoretically possible tha humanscould deplete the
earth@ biological capital and maintain their own welfare.

In other parlance, thisisjus the @naximinGsodal welfare fundion:tha is, ! is
jug thewelfare of theworst-off generation. My collaborators and | find this an
attractive ethic, and we have investigaed its consequences for intertemporal distribution
in Llavador, Roemer, and Silvestre (20089, hereafter LRSa. Sudainability was first
introducd into the econonic literature soon after John Rawls@ bookwas published:
early contributionswere Arrow (1973) Dasgupta (1974) and Solow (1974) For more
recent contributionsto thetopic, see thefootnote 5 bdow.

Thesimplest ethical judification of sugainability, so defined, istha thedate at
which a personisbom should be viewed as arbitrary from themoral viewpoint, and
therefore no generation should be better off than any other generation, unlesssuch a
utility difference comesfor free, in the sense tha it comes withoutlowering the utility of
theworst off generation. This does not necessarily mean that utilities will beequd for
al generationsb- tha is, the @naximinGpath may Pareto dominae the highest equd-
utility path. We are familiar with such apossibility from Rawls; however, thereason
thismay occur hereis notdueto thefamiliar incentive effectsin Rawls. Itis, rather, tha
there may exist intergenerationd public goadswhich would be produced by early
geneationsfor thar own welfare, but which impact postively uponthewelfare of future
geneations (Foringance, our generation invents the steam enginefor ourselves, and
future generationsreap the bendits aswell Bfor free.)) So maximin may well domnae
equdity in theintergenerationd context, when innovationis taken into account. For an
extended discussion of this point, see Silvestre (2002), which characterizes exactly when
themaximin solution engenda's an increase in welfares over generations

Thesoda welfare fundion which modds sugainability is

Wo(u(z),u(z),u(z,),...)= minu(z).  (6)

* Suppo® we applied thereasoning of Dasgupia(2007) Suppo® tha the solution of the
intergenerationd maximin program produces increasing utilities as time progresses.
Should we then go back and alter our maximin objective to pendize later generations
because they did well in thefirst formulation? Hardly.
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Solving the problem
maxW*(u(z,),...) subjectto z! Z (7)
isthesame asfindingthemaximum ! andz such that u(z)! " forall t.

In LRSa’, we present amodd calibrated to our world with climate change (this
amountsto bang very precise aboutthe naure of theset Z, deriving it from physcal
congraints concerning produdion, education, theimpact of emissionson biogpheic
qudity, etc.) andwe solve problem (7) Btha is, we find the pah tha would sugan
welfare at thehighest possible level, given current knowledge abouttherelationsip
between produdion, emissions and globd warming. It turnsouttha theutilities of all
genegationsare equal dlongtha pahbtha is, maximin and equdity indesd recommend
thesame pah in this case.

Some may bedisturbed by this outcome, and thereby reject sugainability as an
ethic, because it appearsto relegae usto aworld with no growth (of humen welfare)®.
Would it notbe desirable to have some growth in human welfare Dandif so, touse a
different sodal-welfare fundion? Let usrecognize wha thetrade-offsare. If we wish
to have postive growth in human welfare, tha meanstha the early generationswill have
lower welfare than have in the sugainable solution Bgrowth is purchased at this cod.
But why should early generationssacrifice for later ones? Thereisno obviousanswer.

Thereis aseconddeense of the sugainability model.  In theintertemporal
problem, we have ignored intratempora inequdity. A strongargument for growth is
tha it usudly improves the standad of living of the very poor, which has high ethical
value If thereisnointratempora inequdity, thisjudification disappears. Thus

propely (and consstently) to consder the plight of thevery poorrequires another modd,

®> Geir Asham, and scholars with whomhe has collaborated, has written extensvely on
sudainability in abgract modds:. see, for example, Withagen and Ashem (1998,
Ashem, Buchholz and Tungodda (2001) and Buchholz (1998) | bdieve, however, tha
LRSaisthefirst attempt to compute sugainable optimal pathsin aconaete modd,
parameterized with real daa.

® Indeed, the path tha solves the optimization problem (7) is the best feasible pah
according to both the maximin and theleximin criterion. Thus onecan choo% which
ethic oneprefersto judify it. (Followingthediscussion of Approach C, onecan thereby
choo® ether to judify it by an ethic tha violates continuity, or onetha violates
monobnicity.)
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where thereis heterogendty of individuds at each generation Bthe simplest modd would
have onepoorindvidud and onerich individud at each date. Intha modd, we could
advocate apreferencefor pahstha bringthe welfare of the present-day poa upto the
welfare of the present-day rich, over aperiod of time, and then sugain that welfare level
forever. For further discussion, see section 8.

Neverthdess, Llavador, Silvestre, and| bdieve that theissue of sugainability
versusgrowth (of human welfare) cannotbe settled completely at theabdract level: it
requires discovering wha theactud trade-offs are Bthat is, how much theearly
geneation(s) would haveto sacrifice to pemit postive rates of growth of human welfare.
We investigae in LRSa, besides the sugainable solution, amodd which alows for
human developrrent: tha is, growth of welfareove time.  In this case, the problem

becomes:

choo® z! Z to maximize A subjectto u(z)! " (L+9g)™. (8

Here, we specify exogenousy arate of growth g, and require human welfareto grow at a
rate of at least g at every dae.  I1f g=0, (8) reducesto thesudainability problem. A
possible judification for choosng g greater than zero is tha humanswant ther children
to be better off than they are; indeed, they are willing to sacrifice thar own welfare to
make this possible Bor , to state this less persondly (so tha childless adults are induded)
each generation wants human development to take place, in thesense of inareasing
genegationd welfare. Program (8) will have asolutionfor an interval of postive values
of g.

It isimportant to note that in program (8), we specify exogenousy therate of
growth g. Solving (8) is not equivaent to solving the discounted-utilitarian problem. We
do not have an ethical theory directing ushow to choo g. We will present some of our
results of these two formulationsof theintergenerationd sodal-welfare problem bdow in
section 6. We will arguetha small postive values of g ddiver solutionstha may appear
to beethically preferable to the solutionwith g =0 (pure sugainability), because the cos

bomeby thefirst generation to sugain a small postive g seems acceptable.

5. Theconsumptionist fallacy
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In the globd-warming literature, econonists usudly specify the vector of

amenities as comprising only onecomponent: consumption of a single commodity. For

1"

example, Nordhaus (2007 chooss u(c) = 1CI -

where ! isapadtive nunber, andcis

the conumption of therepresentative individud of a producd commodity. Thus human
welfare dependsonly uponcommaodity consumption, the commodity being producd
from capital and labor, and welfare exhibits diminishing margind utility in consumption.

Thereisan argument of mathematical simplicity that favors choosng only one
amenity, but LRSa argues tha it congitutes a @onsumptionist fallacy®to conaeptudize
human welfare as depending only uponconsumption of produced goods LRSapogulate
avector of amenities that comprises four elements. consumption, educated leisure, the
stock of human knowledge and thequdity of thebiogphae. Thus, thereare four
avenuestha can betraveled to increase welfare: increasing consumption, increasing
eduction,andsoon. Aswell as being, we feel, more psychologically redlistic, this
allowsfor thepossibility that we maintain (or inarease) human welfare by shifting from
emissionsproduang commodities to other activities (like produdion of knowledgeand
eduction) which are less emission intengve, but aso affect welfare postively.

Nordhaus (2008) states that taking utility to depend only on oneconsumption
goodisapemissible abgraction, and tha his reader may think of consumption as
comprised of variousgoods Butthisisnotright Theessentia pointistha consuming
thefour goodsin theQudity of Lifefundion of LRSainvolve quite different impacts on
thebiogphae. We may be able to susain human welfare by, for example, subdituting
eduction (alow-emissionsactivity) for automobiles (a high emissionsactivity). The
consumptionist fallacy is committed when the model does not represent consumption
aterndives for people as implying different effects on scarce biogpheic resources.

Conaumption and leisure are private goods while the stock of human knowledge
and biogpheic qudity are public goods We defend modifying leisure by theindividud®
level of education by saying that education enables more uses for one3 leisure time B
henceit increases welfare. It is perhgpscontestable to indudethe stock of human
knowledgeas a factor in individual welfare: we arguethat our lives are better, to the

extent tha our science and art and more developed Bnot because science improves the
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qudity of commodities we consume (tha will bereflected in consumption) -- but for
perfectionist reasons Knowing howtheworld worksis an intrindc goodin human
experience Bhow else to explain our quest for abgract knowedge which hasno
immediate application? Findly, induding biopheic qudity in thewelfare of individuds
modds thevauetha species variety and other biological and environmental goodshave
for humans intringcally, quite apart from the medicines tha they may generate (although
health is also related to biogpheic qudity).

On thislast point, the philosophical reader may be puzzled: if economists who
study globd warming place only commodity consumptionin the basket of amenities, and
not biopheic qudity, how dothey modd thebad effects of GHG emissions? The
answer istha these emissionsare assumed to increase the cods (capital and labor) of
produang commodities D so they impact negatively on consumption. Theonly way in
which athing can bebad, if the only amenity is commodity consumption,isif it reduces
the posibilities of conauming!

In sum, thelarger the nunmber of amenities pogulated, the more strategies there
are for maintaining human welfare besides maintaining commodity consumption. The
consumptionist fallacy would seem to force too dismal a set of choices for human sodety
Pnotto spesk thetruncated conaeption of humen well-being tha it modds.

6. Sudainability: Some results

Here, | summarize some of theresults of andyzing the sugainability modd of
LRSa. Wha we cal the Quality of Life (QuoL) of agiven geneation (tha is, its
QrtilityQ isafundion of commodity consumption, leisure time multiplied by thelevel of
theindividud® education, the stock of knowledge and the qudity of the biopheae
(taken to beinversely related to the stock of carbon in theatmosphee). Thelabor of the
single individud at each generationis divided into four uses: educting the next
generation, participationin commodity produdion, working in the &nowedgeindugryO
(research and development, the arts, university research), and enjoyingleisure time.
Themodd beginsat year 200Q with four initial stocks: theaveragelevel of eduation of
the consumer-producer, the stock of physcal capital, the stock of knowedge and the
qudity of thebiogphee. Theearefourprodudionfundions theprodudion of
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educated children from adult teaching, the produdion of commodities from educated
labor and capital, the produdion of knowledgefrom educated labor and capital, and the
produdion of biogphee qudity fromthe current stock of biogpheic qudity and
emissons Emissionsare theconequence of commodity produdion, butthe
relationship between output and emissionschanges as a consequence of technological
progress, whos rate is afundion of thestock of knowledge The commodity producd
isused for human consumption and investment (increasing the capital stock). Inturn,
capital depreciates, as does knowedge (the knowedge of how to make mechanical
watchesis of little valuetoday). Thestocks and flows areilludrated in Figure 1.

There are many parametersin the modd: parameters which specify thefour
produdion fundions those which specify therelationsip between produdion and
emissions those which modd therate of technical change thos which describetheway
the amenities combineinto an index of qudity-of-life, and thetwo rates of depreciation.
These paameters are estimated from data usng familiar econonetric techniques.
Unfortunaely, we had to use, for themog pat, US daa, and so we cannotarguetha our
results areredlistic for theworld. When all parameters have been chosen, and when the
initial vector of four stocksis specified, we can definethe set Z of feasible paths of
amenity vectors over time as pahsof variables tha solve a set of dynamic equaions

Thegreatest uncertainty is assodated with the produdion fundion of biogpheic
qudity, for this entails undestanding two relationshipsBtha of commodity produdion
and conequent emissionsto the concentration of atmospheic carbon,and the
relationship of tha stock to globd temperature.  As| said, thescience onthese
guestionsisin flux. LRSa smplifies the problem by taking, as the measure of biogpheic
qudity, theamountof @lean biophee,Gthedifference between a catastrophically high
level of carbonparticulate concentration and the present level. This resource of clean
biogpheaeisthen related to globd temperature, which is related to human welfare, usng
current best estimates. We then compute theoptimal sugainable pahsthat can be
achieved unde variouscongraints on emissonsBbtha they be such asto (approximately)
stabilize concentrationsat 360 ppmin two generations or in another variant, at 400ppm
intwo genegations andso on. It isassumed in these calculationstha popuktionsizeis
condant.
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In Table 1, taken from LRSa, the scenario istha carbon concentration stabilizes
at 363 ppmin two geneations(fifty years). We condrained our produdion pahsto
produe emissionswhich are cononant with approximate stabilization at this level of
conaentration according to the estimates of the Intergovanmental Pand on Climate
Change® Fourth Assessment Report, (IPCC[2008,Chapter 10]). An approximation to
theoptimal sugainable pah isgiven in thetable. Consumption stabilizesin four
generationsat 31.759 approximately 33%aboveyear 2000levels’. Thisis 100years
from now, and therefore entails a growth of consumption of 0.29% per annumduring this
century Davery low growth rate. In 100years, thecapital stock stabilizes at 201%0f its
year-2000level, which represents an annud rate of growth of 0.7%. Thestock of
knowledgestabilizes at 278%of its year-2000level, which represents an annud growth
rate of 1.02%. Thelevel of education of thegeneration 100years hence would be 130%
of theyear-2000level, which represents an annud growth rate of 0.26% It isinteresting
to note tha consumption and education inarease at approximately the same small rate for
onecentury, and then remain condant thereafter. The capital stock and knowledge
increase much more rapidly to ther stable levels.  We note aswell tha leisure time
doesnotinarease Bin fact, it decreases a small amount In 2000, two-thirds(0.6667) of
time was spent in leisure, while in 100years, it befall to 0.6588in the approximately
optimal scenario. Indeed, asignificantly smaller fraction of labor would beteaching the
next generation, and a significantly larger fractionwould be workingin theknowledge
indugry (research and thearts). Notetha theeducationd level of children would be
highe, because it is afundion of the skill-hours employed in teaching, notjug Gours,O
and theeducationd level of teachersincreases.

[place table 1 here]

We next present results for a scenario which has the same emission condraints as
the previousong butimplements a 1% per annum(28% pe generation) increase in the
Qudity of Lifeforever. (Thiscorrespondsto choasing g = 0.28 in equaion (8).) Of

course, some generation(s) mug sacrifice to permit this growth, and we will seeitis

"Inthetruly optimal solution,the Qudity of Life would be congant across generations
We are unable to compute this solution precisely; the approximation presented in Table 1
convegesto condant levels of Life Qudity after several generations
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(only) thefirst generation. Theresultsare presented in Table 2. Indeed, this growth
rate isfeasible, while achieving carbon stabilization at 363 ppm in two geneations The
trade-off is seen by looking at the qudity-of-life of generation 1. InTable 1, this
welfarelevel was 1.311Q andintable2itis 1.299 Dabit lessthan 1% lower. This
sacrifice by Generation 1, however, entails wha appears to be significant growth in life-
qudity for al generationsafter tha: indeed, in acentury, life-qudity is 274%highe than
inyear 2000 Educationd levels are 279%highea than year 2000levels. Thesacrifice
of thefirst generation mightwell be appealing, in thelight of future welfare ganstha it
trigges. Froman ethical viewpoint, it istherefore not obvioustha sugainability
domnaes a pah tha allows for some human development.

[place table 2 here]

Thereade isreferred to LRSafor more scenaios  We did notcompute the
optimal discounted-utilitarian pahsfor themodd in LRSa. Nordhaus (2008)computes
those pahs but his sets of feasible pahsare so different in thar detallsfromourstha a
comparison of theresults would notbeterribly meaningful. We presume tha if we
maximized a discounted-utilitarian objective with Nordhaus® value of p = 0.985per

geneation, therecommendead pahswould be quite different.

7. Uncertainty
Now suppo® we impos uncertainty of thekind discussed in Approach B of

section 2 on this problem: thereis an exogenousy given probability p tha, at each dae,
the human species will become extinct. The Ethical Observer is now asugainabilitarian,
with von Neumann-Morgengern utility fundion derived fromW?®. Tha is, thevon
Neumann Morgengern utility tha the Ethical Observer enjoysif she has chosen the
infinite amenity path z and theworld, in the event, lasts for exactly T ddes, is
minfu(z),u(z,),....,u(z)] .

Then she should choos the consumption pah z that maximizes her expected utility,
which isnow.

I Qu(z) +! (2)minfu(z),u(z,)] +! (3min[u(z),u(z,),u(z)] +...
Thisis awell-defined mathematical problem, which (it is easy to show) we can write as:
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ipt‘lmin[u(xi),...,u(x)] whee / =1" p. 9)

Thus the @liscounted sugainabilitarianQuses the same discountrate as the discounted
utilitarian of Approach B, butwith adifferent von Neumann-Moregengern utilitiy
fundion. At every dae, sheis concerned with theminimum utility of al thoe who have
thusfar lived, rather than with thesum of those utilities.

Thereisnoexplicit treatment of unaertainty in either Nordhaus (2008)or LRSa.
In this section, we present some results comparing discounted utilitarianism (DU) to
sudainabilitarianism (Sus) in the presence of thekind of certainty discussed in section 2,
wha we called the uncertain existence of future generations

|deally, we would like to andyze the optimal discounted-utilitarian and
sudainabilitarian pathsfor themodd of LRSa, described in section4. Tha modd,
however, iscomplex, and characterizing the optimal pahsfor general vectors of
paametersisvery difficult. InLlavador, Roemer, and Silvestre (2008b) hereafter
LRSh, we study these solutionsfor a much smpler modd, which, we hope will suggest
wha we can expect for a more complex andrealistic modd.

Themodd of LRSb has only two sectors. commodity produdion and education.
Theinitial soda endowment has two elements:. the stock of capital, and the stock of
educated labor at thebeginning date. Capital and labor produe a commodity, which is
used for investment and consumption.  Labor is partitioned into teaching, commodity
produdion, andleisure. Utility, or the Qudity of Life, isafundion of consumption and
educated leisure. Thereisnoissueof biopheic qudity, and no knowledgesector.

Define

C, asconsumption of generationt
x: astheamountof educated labor alocated to teaching at generationt
X astheamountof educated laborin commodity produdion at generationt
x astheamountof skill-indexed leisure time at generationt
x, = x’ +x° +x asthetota valueof skilled labor at generationt
I, asinvestment at generationt

s asthecapital stock at daet
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d rate of depreciation of capital per generation.
The produdion fundionwhich describes the amount of the produed commodty

forthcoming from a vector of capital and skilled laboris f(s*,x°). A feadble path for

theeconony congsts of a sequence of choices concerning the labor alocation anong
teaching the next generation, produdion of the commodity, and leisure, and the alocation
of the produed commodity between consumption and investment, which can be
achieved, beginning with theinitial soaa endowment of capital and laborin the
education sector, (s§,x5). Itisapah of choices {( i, X%, x*,x,¢) [t =12,3...}
satisfying thefollowing equaions

s = (1! d)s, +i, fort=12,... 1)
G +i = f(8,%x) fort=12.. R2)
G, =% " X +x+x fort=12,... P3)

Equdions(P1) state tha the capital stock at daet equds the depreciated capital
stock fromdate t! 1 plusnew investment; equaions(P2) state tha the commodity,
produced from capital and labar, is patitioned at every dae between consumption and
investment; equaions(P3) state tha theamountof skill units of labor at datet is
propottiond to the skill units of labor allocated to teachingat daet —1. Theset of all
feasible paths emanating from the endowment (5%, x¢) will becalled Z(s5,x%). A pah
of feasible amenity vectorsis a pah of consumption Bleisure pars, tha is of vectors

(c,x), that is part of some feasible path. We write such apath as

z=((c,%),(c,,%,),...) . Wha humans care aboutis consimption and educated |eisure,
and the other variablesin afeasible pah are subodinate to produdgng an amenity pah.
TheQuidity of Life (or utility) fundionfor every generationis u(c,x'), which we take to

bea Cobb-Douglas fundion of these two arguments.

We now state three problems of interest. Thefirst isthe probem of the
sudainabilitarian ethical observer, in an environment with no uncertainty aboutthe
existence of future generations  This problem isto find the feasible pah tha maximizes

the Qudity of Life tha can be sugained forever, from an initial endowment vector

(§,x5).  Itiswritten:



max! subject to
u(G,x)" !

s =(1#d)s, +i, ,t"1
q+i=f(s,x) t"1
ko =% $X+x+x 1" 1
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PQ)

Pl) (program SUYS)
2)
e3)

Thenext two programs are relevant in aworld where the existence of future generations

isunartain.

uncertainty:

#
max$ /""'u(x,) subject to

t=1

§=01"ds', +i, ,t%l (P1)
¢ +i, =f(g.x) ,t%l (P2)
K<, =X &X+XT+X ,t %l (P3)

where / =1" p.

Thefirst isthe program of the utilitarian ethical observer who faces

(program DU)

Thisisthediscounied utilitarian program. Thenext program is the oneof the

sudainabilitarian who faces uncertainty, which is:

max$ 1 min[u(x,),...,u(x)]

t=1

subject to
S=@" d)ss, +ip Lt P1)
¢ +i = f(s5x) tod P2)

ko =% &X7+ X7+ X%, T %L £3)
where! =1" p.

(program E)

Thetwo key parameters tha appear in theandysis of these programsarekand ! .

Aswe have discussed, and following Stern, an appropriate valuefor ! isgotten by usng

thediscountrate of 0.001 per annumand compourding thisto give agenerationd

1.001

25
discountfactor of p = (ij =0.975. Anappropriate valuefor kis 20; about5%

of thelabor force isinvolved in teaching thenext generation, and so we may say tha one

unit of skilled teaching labor produces twenty units of skill in the next generation (this

assumes that skill isnotincreasing with time).



33

These programs are simpler to andyze than thefully articulated program with
emissionsand globd warming, described in section4, butwe hope by studying them,
to gan some intuition for what may bethe case with the three andogues of these
programs, when the set of feasible pahsinvolves thefull complexity of emissions the
qudity of the biophee, and the produdion of knowledge

| now summarize some of theresults of LRSb, which studies programs SUS, DU,
andE. Thefirst questionto answer is. When doesthe DU program diverge? A program
divergesif there are feasible pahswhere the objective fundion has an infinite value If
thisisthecase, there are usudly many feasible pahsfor which theinfinite value occurs,
and we then mug adoptsome other methodfor assessing therelative desirability of these
variouspahs Clearly themod desirable pah mug be oneof these (since any one
domnaes any pah giving afinite valueto the objective), buthow do we choos among
them? More onthisbdow.

We have:

Result 1. TheDU programdivergesif andonly if /k>1.
If we choos paameters ! =0.975andk " 20, which | have arguad may bereasonable,

then the DU program would surely diverge

Thesecondresult is quite remarkable; it states

Result 2 1f the DU programdiverges, then thefeagble path that solves SUSis also the

feagble path that solves E.

In paticular, athoughthe DU program may diverge, the SUS program never
diverges: regardless of the value of the parameters (! ,k) thereisawell-defined solution

of SUS. Result 2 statestha if !k >1 then thesugainabilitarian ethical observer, who
accepts the uncertainty of theexistence of future generations can neverthdessignore this
uncertainty, in the sense tha the solution to the program E with which sheis concerned is

exactly the same as the solution the program SUS, which ignores the uncertainty!
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Wha istheintuition behind thisresult? If theDU program diverges Bthat is, if
'k>1 --itis, intuitively, because the educationd technology is highly produdive, tha

is, because k is @arge O Now when the sugtainabilitarian takes accountof uncertainty, she
wants, at first blush, possibly to reduae theamountof resources allocated to generations
very far in thefuture, because there is asubgantial probability tha these generationswill
notexist (and so it would beawaste, pehaps to providefor them). Butif the
educationd technology is sufficiently produdive, she need not econonize in this way.
Put another way, theonly time shewould rationdly reduce resources allocated to
genegationsfar inthefutureisif theeduationd technology where not very produdive.

If youwill, alargevaueof k trumpsthe uncertainty involved in the possible non
existence of future generations alargek makes society so QvealthyCtha it can afford to
ignore the possible waste of resources on future generationswho turn out notto exist.

We findly confronttheissue of wha theutilitarian Ethical Observer should
recommend in the case tha the DU program diverges. We mudg adoptsomerule for
compaing feasible pahswhich give an infinite value to the DU program Bfor surely, as
we said, itisamongthese pathstha theEO mug choo®. Economists have proposd
choosng amongthese pahsby employing an overtaking criterion. There are anumbe
of overtaking criteriaproposd in theliterature. Themod recent such proposl is by
Basu and Mitra (2007) who propo% tha afeasible pah of amenity vectors, which we
will denote {z(t) |t =1,2,...} isatleas asdesirable as afeasible pah of amenity vectors

{z(t)It =1,2,...} if andonly if:

( T)(Q0" u(z(t)) $ Yo" u(#(t))) and |

t=1 t=1

(t>T & u(z(t)) $u(dt)))

In English, this says tha the sum of discounted utilities up to some dae T onthefirst
pahisat least aslargeas tha sum for thesecond pah, and for daes later than T, the
utility of every generation onthefirst pahisat least as large as the utility onthe second
pah.
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TheBasu-Mitra criterioninduces a partial ordering of pathsfor which DU
diverges, notacomplete ordering. Neverthdess, it isan appeding proposl. Wha areits

conequeances for our problem? One can show.

Result 3. If {Z(t)} isa path uponwhich thequality of life eventually grows at a rate g,
andif {&t)} isa path at which thequality of life eventually grows at rate @, and g > @,
then thepath {z(¢)} ismoredesirable thanthepath { £t)} accordingto theBasu-Mitra

overtaking criterion.

Now if path {z(t)} eventually grows faster than path { 4t)} , that must be because

resources have been tranderred away from early generationstowardsfuture generations
inthepah {z(t)} compared to thepah{Zt)} Dtha istheearly generationsconsume

less and work harder to accumulate capital tha ben€fits the future generations In other
words if theDU program diverges, then the utilitarian ethical observer recommends
pahstha reduce the qudity of lifeto the lowest possible levels for early generations
entailing the highest possible rate of growth of qudity-of-life for later generations
(Indeed, there is no destOpath according to the Basu-Mitra criterion, butwe can say tha
some pahsare more desirable than others, and ones which are high on desirability amog
starve theearly generations) In contrast, what does the sugainabilitarian do when DU
diverges? Sherecommendsthepath tha equdizesthe qudity-of-life for all future
genegations(even if, ex pod, at some point, they will turn out notto exist) at the highest
possible such level.

Now let usreturn to the problem of globd warming, which interestsus By
andogy, we conjecture that the DU program where globd warming is taken into account
will diverge That is, we conjecture tha, even if we condrain emissionsnotto be so
great as to engende unacceptably high globd temperatures, the process of technological
innovdion and the produdivity of theeducation technology will allow usto congruct
feasible pahsuponwhich thediscounted sum of qudities of lifewill beinfinite Dand
this claim depends as well, on our view tha thevaueof p should bevery closeto one

This would mean that the discounted-utilitarian, if sheinvokes a Basu-Mitra overtaking
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criterion to compare feasible pahs mug recommend starving early generationsin favor
of generating high rates of growth of the qudity-of-life for thedistant future. In contrast,
thesudainabilitiarian , by Result 2, even acknowledging uncertainty, will recommend the
pah which equdizes the qudity-of-life for al generationsat the highest possible level,
even though,at some dae, thos generationswill, with probability approaching one not
exist.

8. Intra-temporal resource allocation

Suppoe tha we have solved theintertempaora problem and therefore know wha
total emissionsshould befor the present generation and the next one the next fifty years.
We know as well wha total produdion of commodities should be and wha total
consumption should befor these generations How should tha produdion be allocated to
thevariousregiongcounties of theworld, and how should consumption be allocated to
thoe regiondcounties?

Thisis ahugetopic, and ourteam (LRS) plansto study it in thefuture. In order
to influence globd negotiationsover therightsto emit GHGs, it is temptingto take into
account, at least to some extent, political reality. For indance, the nasve cosmopolitan
approach, of advocating an equd pe capita distribution of globd consumption, while
perhapsethicaly attractive, is probably nat be politically realitic.

Table 3 presents the pe capita emissionsof tonsof CO, and thefraction of total
emissionscoming variousareas of theworld in 2008:

Country Per capita emissions (tons) | Percent world total
United States 194 214%
EU15 8.6 12.0%
China 5.1 24.3%
India 1.8 7.5%
Russia 118 6.1%
Japan 9.8 4.5%
Brazil 2.0 1.4%

Table 3: Globd per capitaemissionsof carbondioxidein 2008
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To approximately stabilize the CO,e concentration at 500 ppm by 2050,taking into
accounta projected globd popuation of ninebillion people, would require reduang
emissionsto 2 tonsper capita. Amongthe developed counties, clearly the EU15and
Japan are in a better postion than the US and Russiato reach thistarget. It isreasonable
to suppoe tha the solution of theintertemporal problem will require the next two
generationsnot to exceed thelevel of 500 ppm and hence to emit no more than two tons
per person CO,e by 2050. Indeed, many climate scientists bdieve tha 500ppmCO.eis
far toohigh.

Here we indicate the kind of consderationsconcerning intratemporal distribution
tha comeinto play with asimple modd. Suppo® a @easonable(target isthat per capita
conuumption bethe samein Chindlndiain 2050asin the USEU15. If thisisnot
politically reasonable, at least it may be ethically reasonable. (Of course, what becomes
politically reasonably dependsuponhow well theglobd popuktion undestandsthe
ethics) Suppoe tha the manufacturing produdion in both the South and theNorth is
govend by aprodudionfundion F(K,L,E) where K iscapital stock, L isthesize of
thelaborforce, and E istheamountof emissions Fisincreasingin al three arguments
in paticular, themore emissonspemitted, the greater will output befor a given capital-
labor endowment, because condraining emissionsrequires spending resources (capital
and labor) to reduce them. Wha differentiates the South and the North is the capital
laborratio K / L, which is greater in the North than in the South.

| will discusstwo possible cases. Thefirst istha there is no North-South trander
of consumption Btha is, no subddy to the South by the North®. In this case, the problem
is to compute theemission |levels of the South andthe North (Eg and E) which will

engende equd per-capita consumption at the highest possible level, subject to not
exceeding the Gotal-emissionsbudgeCof E , allocated to thegeneration in question by
the solution of theintergenerationd welfare maxmization problem.  Assume tha the

capital stocks and labor forcesin the South and North are given by

® By atrander of output, | do not mean internationd trade, which is aquid pro qua. |
mean a gift or subsdy: tha oneareatrangers output to another withoutareverse trander.
In this smple modd with only oneproducd commodity, there is no scopefor trade,
which can only occur if different regionsproduce different commodities.
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(Ky,Ly) and (Kg, Lg) . We smplify by assuming capital does not depreciate, and the
entire outputis used for consumption. We may write the program asfollows:
choo® E,E,, and y to maximizey subject to:
F(Ky, Ly, EN) Ly =Y
F(Ks, L, E)/Lg =Yy Program SN,

E,+E.=E

Herey isthe(equd) per capita consumption (that is, output divided by labar force) of the
South and theNorth. Thefirst two condraints state that each area of theworld consumes
its own output Bthat is, notranders occur Band that consumption per capitaisthe same
in both. Itiseasy to seetha, if F exhibits congant-returnsto scale, then thesolution to
Program SN, entails:

EE.

Ly Ly
tha is, the South should pollute more tonsper capita than the North.

Now consde a second case, where tranders of output may occur. Then the
problem isto allocate emissionsto the South and North so as to maximize total
produdion subject to the emission budge, and then dividethe outputin an equd-per
capita fashion. Now theproblemis:

choo® E, ,E,, andy to maximize F(K,, L, E,)+ F(K, Lg, ES)
subjectto E, + E, = E . Program SN,

Thequditative nature of the solution to this problem cannotbe stated withoutfurther
knowledgeof thefundionF. Inpaticular, if capital and emissionsare subgitutesin
produdion (which is a condition on asecond patial derivative of F) then the solution of
SN, requires more emissionspe capitain the South; however, if they are complementsin
produdion, it requires more emissionsper capitain the North®.

Theimportant conceptud point hereistha our ethical views may belinked to a
conception of equal rights to welfare or to quality of life, which in thevery ssmple modd
jug discussed istaken to mean equd consumption of theemissionsproduang

° Thisandysisisdueto J. Silvestre.
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manufactured commodity. China@® claim, that it should be allowed to pollute more per
capita than the North, may beethically jugified: the details depend uponthe naure of the
manufacturing technology and on the assumptionswe make aboutthe degree of inter-
regiond tranders.

Findly, we present amodd which is more politicaly realistic, in that it does not
aim at equdizing consumption pe capitain the South and the North, and it introdues a
market for pollution pemits. (In thetwo modds above markets were notintroduced:
these were purely physca modds aboutdesirable outcomes, whose results do not
depend uponany ingitutiond setting Dmarkets, central plans or whaever.) We
continueto suppo® tha thetarget of internaiond negotiationsisto achieve atotal

amountof pdlutionof E intonsof CO,e. We assume (tha is: we propo®) that

internaiond negotiationsshould focusupononeparameter, therelative per capita
conumption of the South to the North, afractiona. For instance, this paameter might
bereasonably arrived at by computing wha the per capita consumptionsof thetwo
regionswould bein 2050if there were no condraint with respect to carbonemissions
Theparties agree tha theratio of these two numbers should bethetarget for therelative
per capita consumptionsof thetwo regions when emissionsare condrained. Suppo®
thisratioisa. Theprobem isto allocate pollution permits to the two regionsBwhich
can either beused by thehome region or sold to the other regionN in order tha, at the
market equilibrium, theratio of per capita consumptionswill bea. Thisisa problem
where there is onedegree of freedombthe choice of the volume of pollution pemitsto
beallocated to the South (which then determines wha mug be allocated to the North).
Theeisonetarget, theratio a. So for aset of possible valuesfor a, it will bepossible to
solve the problem. Onenumber tha will appear as pat of themarket equilibriumisa
price, ! , a which pollution permits trade between the two regions this price will equae
the supply and demand for pemitsin thetwo regions

Thedeails of this computation need notdetain ushere. Theimportant points are
these:

¥ thefocusof internaiond negotiationsshould be on the paameter a; theeventud
decision onthe pollution permits given to the two regionswill follow fromthe
choice of this ethical/political parameter;
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¥ if theNorth tranders output to the South, the mechanism will bethroughthe
North@ purchasing pollution permits fromthe South. Pollution permits will be
purchased by trangers of the commodity in thereverse direction, where therate

of exchangebetween permits and commodity is $.

In paticular, it follows fromthefirst bullet tha there can beno a priori suppostion tha
the formula Gillocate pollution permits so that each region has the same rights to pollute

tonsof CO, e per capitalis correct. Thefundanental ethical and political condderations
are not based upona @esource-egditarianCapproach to propety rightsin pollution

permits, butrather on atarget for relative consumptions(or welfares) of the different
regionsof theworld.

Thediscussion amongeconomists, and between econonists and the public, is
often phrased in terms of finding theright @oda cosCof carbonemissions Thisis
somewha confusng. Thecorrect soda cog of carbonemissionsistheequilibrium price
7 determined by themodd jug discussed: andin genera it will dgpend uponthe
political agreement ona tha isreached in theinternaiond negotiations Thus thesodal
cog of carbondoes notderive ssmply from objective facts abouttheworld -- that is,
from technological and physcal/biological daa-- it isthe consequence of those physcal
congdraints togehe with atheory of thejug way to alocate resources over the
genegations which determines the carbonbudgée of the present geneation, anda
political-ethical resolution of theintra-generationd alocation problem (tha is, an
agreementona) . Tha price, in othe words has as much a political-ethical component
as atechnological-physcal one Econonists mislead the public when they imply tha
thereisacorrect soda cog to carbonemissions which isindgendent of ethical

judgnents aboutinter- and intra-temporal resource allocation.

9. Conduson
Our main condusonsare these:
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1. Solvingthe problem of thejud intertemporal amenity path for a sodety congsting of
many generationsrequires the maximization of a sodal welfare fundion™ provided by a
theory of judice, subject to condraints provided by facts abouttheworld.

2. Two major weaknesses exist in current economc andysis of this problem: first, the
andyses amog always assume tha the correct intergenerationd ethic is utilitarianism,
and second, the modification to discounted utilitarianism is often based on theethical
view tha the decision problem for asodety with many generationsis ethically equivalent
to the decision problem of an infinitely-lived consumer.

3. Thetwo main approaches for deermining wha the discountrate should be are tha of
maximizing the utility of the present generation as a proxy for sodety ( Approach A) ,
and that of theuncertainty of the existence of future generations(Approach B). We argue
tha only methodB is ethically valid. Consequently, thediscountfactor (discountrate)
tha mog andyses have adopted isfar too small (respectively, large).

4. Intergenerationd maximin, or sudainability of welfare, is arguably a more attractive
ethic than utilitarianism. Maximizing asugdainabilitarian objective will give quite
different policy recommendaionsfrom maximizing a discourted utilitarian one

5. If Approach B is adopted as the judification of discouning, and if thetechnologyis
asufficiently produdive, then the discounied utilitarian program diverges. In this case, the
solution of thediscounted sudainabilitarian program is exactly the same as the solution
of theundiscounted sugainabilitarian program. In other words the sugainabilitarian
ethical observer can ignore the kind of uncertainty discussed in approach B.

6. A consumptionist fallacy isprevalent in intergenerationd welfare andysis, which
conaceptudizes human welfare as afundion only of commodity consumption. This limits
serioudy theavenues for maintaining or increasing welfare.

7. Based uponpaameterization of amodd in which the consumptionist fallacy is
avoided, by recognizing tha educated leisure, qudity of the biogpheae, and knowledge
are direct goodsin produang a Qudity of Life, we estimate tha to achieve welfare
sudainability at the highest possible levels, we should beinvesting at a consderably
highe rate in capital and knowledgethan we currently are. 1f our conjectures abouthigh

9 More generaly, choosng amongpahsof infinite utility streams.
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produdivity are correct, this policy recommendaion holdseven if we are uncertain about
the existence of future generations(see point 5).

8. If thediscountd utilitarian program diverges, and the utilitarian ethical observer
adopts an overtaking criterion to order amenity pahs shewill recommend virtud
starvation of early generationsin order to maximize thelong-term rate of growth of
welfare for later generationsbeven thoughvery late generationsmay notexist.

9. Regadingtheintratemporal problem, we argued tha the supeficialy attractive idea
of allocating carbonremission permits to regionsto equdize pe capita emissonspe
citizen acrossregionsis not, in fact, correct. Thefundanenta variable isthetarget level
of relative welfare (very ssimply, of relative consumption) between theregionsof the
world. Once an ethical theory (or internaiond negotiationg has fixed this parameter,
then the allocation of carbonemission pemitsto theregionswill follow, and it will only
beasingular case in which emission permits per citizen are equdized across regions
Thereisno convindng sense in which theallocation patern of those permits should be

viewed as an ethical primitive.
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Table 1: An approximate solution to the sustainabilitarian program
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VAN BV ¢ |elen] X | X X X oS ]
2000 1. 1. 23.88 - 0.04653 0.3955 0.0233 0.9307 7.59 73.65 15.64
1 1.3110 1.3110 40.399 1.6917 0.04660 0.4779 0.0608 1.0643 14.02 199.62 39.72
2 1.3110 1. 37.931 0.9390 0.05138 0.4444 0.0586 1.0977 8.14 149.26 43.48
3 13111 1.0000 31.759 0.8373 0.05138 0.5129 0.0572 1.2000 8.95 149.26 43.48
4 13111 |1 31759 |1 0.0513 | 0.5129 | 0.0572 12000 | 895 | 149.26 | 43.48
8

Genl x| X% | X' | x®%) |

2000 | 0.0333 0.2833 0.0167 0.6667 1.396

1 0.0282 0.2897 0.0369 0.6452 1.650

2 0.0311 0.2690 0.0355 0.6645 1.652

3 0.0282 0.2815 0.0314 0.6588 1821

4 0.0282 0.2815 0.0314 0.6588 1821

I, =Qudlity of Life a daet

¢, = commodity consumption & datet
x¢ = skilled laborin teaching & daet
x¢ = skilled laborin commodity produdion & datet

X = skilled laborin commodity produdion & daet

X' = skilled laborin commodity produdion & daet
X = skilled laborin the research/knowledgeindugry at daet

x = skill units of leisure & daet
i, = investment & daet

5 = capital stock at datet
§ = gtock of knowledgea daet
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Table 2 An approximate solution to the human-development program with generationd
growth rate of 28%

Gen| A /A |11, c, clc,, X x! X I o) g
2000 | 1. 1 2388 | - 0.04653 | 0.3955 | 0.0233 | 0.9307 7.59 73.65 | 15.64
1 12999 | 12999 |40.056 | 1.6774 0.06043 | 0.4737 | 0.0603 | 1.0552 | 13.89 | 197.88 | 39.38
2 16671 | 12824 |48.281 | 1.2054 0.08548 | 0.5779 | 0.0796 | 1.3994 | 11.53 | 193.38 | 55.98
3 121380 | 12824 | 51993 | 1.0769 0.10987 | 0.8544 | 0.1004 | 1.9656 | 15.81 | 248.56 | 71.95
4 | 27418 |1.2824 | 66.829 | 1.2853 0.14122 | 1.0982 | 0.1290 | 2.5265 | 20.32 | 319.48 | 92.48

Genl X | X | X% | X (%) X

2000 0.0333 0.2833 0.01667 0.6667 1.396

1 0.0366 0.2872 0.03654 0.6397 1.649

2 0.0399 0.2697 0.03715 0.6532 2.142

3 0.0363 0.2819 0.03313 0.6486 3.030

4 0.0363 0.2819 0.03313 0.6486 3.895
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Development
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Commadity
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Figurel Flowsinthemodd of section5



