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Generation Adjusted Discounting in Long-term Decision-making
Dr. Stefan Bayer, Tubingen

1 Introduction

The usage of benefit-cost-analyses in long-teignision-making is common sense in neo-
classical models. It is assumed tlizre is nodifference betweeshort-term and long-term
projects. Therefore, ngpecial adjustments have to be madtheanalytical framevork. This

is especiallytrue for thechoice of the discoumnrate, the question of what is to be discounted,
and the discountingrocedure. Mostommonly, economitheory analyzes long-terncosts
and benefits ithe framework obptimal growth models in tradition of Frank Rasay: A rep-
resentative agent is supposedntaximizeits lifetime-utility subject to a giverbudget con-
straint. The agerlives aslong as theplanninghorizon of aspecificproject wantshim to live.
Taking natural resources theory @sample,Solow(1974) aswell as Stiglitz (1974) asume,
that theplanninghorizon isinfinitely long which means thahe agentives infinitely as welf:
However,individual lifetimesare, of courselimited. This implies that wshould usemodels
with finite lifetimes of allagents for moreealistic findings, OLG-modelfor instance’ But
these modelall assumehe existence of long-terraptimal growth paths$. Ad-hoc policy - for
example tgprevent further anthropogenmtimate changéue to carbon erssions - isnot nec-
essary because of perfect foresight alidime rational behavior. Certainly, realipannot be
depicted as assumed in these models. Meights in climatic interdependenci&s instance
force policy-makers to react, especially when there exist (intertemporal) externalities.
Therefore,our analysisgoes as follows: We want to concentratedscounting single proj-
ects. We do nanvestigatethe discounting processithin a first-bestworld and thenecessity

of all time optimality.Our discountiung considerations relate to calculations of societal present
values to determine whether a long-term, market failure correcting project is favorable or not.

! SeeRamsey(1928), extendedndapplied inBarro/Sala-i-Martin (1995).However,most applications do not
exactly refer to Ramsey's original work because he strictly refuses utility discounting as "ethically indefensible".
2 Ironically, in an answer to critical remarks madeDafy (1997), bothSolow(1997)and Stiglitz (1997) stress

that the planning horizon ifact is not infinitely long.They only wanted to get approximately "good" results

for aplanning horizon of 60 to 7@ears.The long-held discussicaboutthe convergence dhe utility integral

with conventional assumptionsspecially positive utility discoumtates untilforever, could have been avoided

if they had made this point clearer in their 1974 articles or in following publications.

% SeeBlanchard/Fische(1989),Howarth (1996), orMarini/Scaramozzing1995).

4 SeeBayer/Cansie(1999),Bayer(2000).
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2 Basic Considerations of Economic Theory concerning Discounting
Conventionally, benefit-cost-analysae carriecout usingconstant discount rates throughout
the wholeplanninghorizon in an exponential form. The effect @instantexponential dis-
countng isshown in figure 1. Therefore, waketwo five-period projects with equalosts in
the planningperiod, butdifferent benefit-streamghroughout theplanninghorizon as an ex-
ample (in US-3):

Project A| -3,000, -300 -100 0 500 500(
Project B[ -3,0000 900 900 900 900 900

These data lead to the following figure:
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Figure 1: Efficiency of two projects A and B depending on the level of the discount rate

Using a disount rate of 5.6368 %, both projeti@vethe samepresent value. Taking lower
ones, project A igfficient, whereas discount ratdéarger than 5.6368 % characterizes project
B as efficientOur small exampleshows the importance of the discouate in project evalua-
tion. Theefficiency of projects dependkseavily onthe level of a fixed, exponentiaiscount
rate.Using slightly differendiscount rates, 5.6% or 5.65% fostancetwo different projects
are indicated as efficient ones.

We want to place our basic considerations into a more theoretical framework, usiigrah
growth theory approach. A representatimdividual maximizeghe following utility integral
subject to a given budget constraint:

(1) max[U(C)E"dt stK =Y-G.

t=0

This leads to the well known Ramsey-rule as first-order condition:

®> SeeRamse)(1928).
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The marginalopportunity cost rate (OCR) @ven onthe left-hand side. It is equal to the
marginalproductivity of capital. In first-best worlds, i.e. without distorting taxes, uairgies
or intertemporal externalitieshe marginal OCR equalghe marginal timepreferencerate
(TPR),which is given orthe right-handside of equation (2). Thotal marginalTPR isgiven
as sum of two components: The pure or myopie preferenceatep (PTPR)and the growth
time preferenceate elg (GTPR). In first-beseconomies either the OCR or th€R can be
used as relevant discount rates. Both rates lead to identical results.

This changes when we investigat®re realistic economieslsually, the OCR is larger than
the TPR and therexists a problem, whichate should be used as social discouaie. The
choice of onespecificdiscount rate now showsndamentahttitudes towards futureffects.
Using the higher OCR underevaluates ceteris paribus effecthanremote futureThis is
avoidedemployingTPRs instead. Aglying the OCR as discount ratan be interpreted as an
attempt toprejudicethe inefficiency of projets with long-term benefits. Qfourse, the argu-
ment changes when peajts with high future costsand "low" currentbenefits should be
evaluated: The usage of the O@fejudiceghe efficiency ofsuch kind ofprojects. However,
employingthe lower TPRinstead tends to avoid prejudications. Thus, a socadeilsion-
maker has tdake care ofunreflected usages of discount ratgsch result according to the
Ramsey-rule.

2.1 Principles using Discount Rates

Our considerationget clearer when we have a clodeok at theeconomicalaggregates that
relate to thewo different concepts. Wh respect to the OCR, we arguenmarginal capital
units whichareincreasing or decreasing. This leads to additional and/or decréatsirg con-
sumption units. Talkingbout TPRs, weévestigate variations of consumption units today. We
want to start our analysis with the latter case.

2.1.1 Time Preference Rates ("Prescriptive Approach™)

(a) Assumptions using the Time Preference Approach

The time preferencapproach relates to consumption earlier or later in time. Therefore, we
assume that benefit-cost-analyses carriedout in consumption units: Positive consumption
effectsare taken into consideration bsnefits and negativenes as costsespectively. Envi-
ronmental improvements for instanaee assumed to increagbe consumptiorbasis, envi-
ronmentaldeterioration decreases it. For corrbenhefit-cost-analysesg]l project-induced ef-
fects untilthe end of thglanninghorizon have to be identified and to &ealuated. If there is
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lack of information - as is usualthe societatecision-maker has to try et better knowl-
edge of these information defcicies. Presenvalues can be calculated accordingtie fol-
lowing formula:

00 C:t

@ PVEGr) ey

whereC, is given aset consumption in each periad represents the TPR, tip&anning ho-
rizon is infinitely-long, and can be split up into the PTRRand the GTPRIg.

We conclude that if a project @ly connected with consumption variations, we have to use
the time preferencapproach. The usage of the OCR distous decision-problem. Projects
with positive consumption effectaainly inthe remote future are discountedniavily. How-
ever, the TPR consists olvo components and we want to have a closer look at the ap-
propriateness of theses components in the intergenerationahioakne

(b) Pure Time Preference Rate (PTPR)

The most common theoretical assumption is thahdividual valuesconsumptivegoods the
less, the further in the future consumption takes place. Prospective neeglseddessighly
solely because thegccur in the future (PTPR). This phenomeon is due toindividual
"myopia”, impatience andtherinfluences.Some authorsitilize thisrate notonly because of
myopia and impatience, but also in order to depict remaining life expectancy of individuals.
In economic theoryespeciallygrowth and natural resources theory, the PTPRpglied as
utility discount rate awell.® The nain purpose is to ensure the convergence ofutiiigy in-
tegral.Usually, it is modeled as an exponential utilitycdisnt rate. Each (representative) indi-
vidual maximizesthe sum ofthe weightedutilities of consumption units durintipe planning
horizon (infinity) with reference to thplanningtime-period in Ramsey-models. In essence, the
PTPR compares threlative importance of consumption units at different time-periods of indi-
viduals. Their application as utilitgdiscount ratehas logically to be separatedirom the
"conventional" TPR-gmroach,especiallybecause of theubjectivity of utilities. Inour further
analysis this kind of differentiatiothoes notave to belone because of depicting consumption
increases as benefits (utilities) and decreases as costs (disultilities).

Focusing on different individual#he utility of a speciajoodwhich is availabldor future gen-
erations is worthess tharthe samegood is worthfor today's geerations inutility units. Dis-
counting utility now implies anethical judgmentbout theposition of generations.Future
generations are worth less the later they are Adnis.implicit setting of a norm is inconsistent

® We do not concentrate on evaluation mechanisms and problems. These problems are assumed to be solved.
" See e.gPearce/UIph(1995).

8 See the usage pfin equation (1) and (2).

° See e.gSolow(1974).
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with the neoclassical efficiencgriteria. These criteria guarae thatindividuals are ranked
equally, because nodividual isallowed to be disadvémged; regectively thesum ofthe utili-
ties ofall individualshas to bemaximized.Looking atthe Kaldor-Hicks criterionthis valua-
tion is ethically justified in utitarianism, which iiot interested in iproving thewelfare of
specialgroups, but rather ddll affected personsAll human beingsare rankedequally: ...
utilitarifani]sm attachesexactlythe same impaance to thautilities of all people in theobjec-
tive function, and that feature guarantees that everyonatdlity gets thesame weight in the
maximizing exercise’®

Valuation of future generationsplies thateconomic theorgives up its neutralityegarding
distributional aspects. Economic theory favors today's generations and discriminates against fu-
ture onesbecause of distributional reasons. Judgments regarding long-term pesgdts-
torted. There is an innatbias againstong-term projects where short-term costs appear and
where utilitiesare feasiblemainly in the remote future, for exnple clinate changepolicy.
Benefit-cost-analyses arbitrarilyix statements concerningfficiency and distributional as-
pects.

Ethical aspects cannot be usedegitimatize intergenerational discountiagher. It is neither
possible tafall back upon the theory aftilitarianismnor upon theRawlsian fainess theory in
order tojustify intergererational discounting. In the varioaentract-thecetical conceptsol-
lowing Rawls inenvironmental ethics - environment as a fundamental lideoly as an eco-
nomicgood,where thedifference principlecould be applied as a fairness nbrmequaltreat-
ment of generations is stressegleitly. Causes of puréme preferencare attributed to hu-
man impaience and myopia. These phenomaraconnected with weaknessmll, wealness
of imagination, defective telescopic faculstc., all of which cannot beethically acepted as
reasons for intergenerational discountiell-knownauthors such adume RamseyPigou
Harrod, andGeorgescu-Roegéhreject puretime discouring of future utilities because they
regard it as irrational and immoral.

Nobody knows if a PTPReally existsand if so, howhigh it mightbe. Various attempts to
estimate the PTPRave produceddifferent results andre not omparable with eacbther
because they merge different influences, for instance individual versus satedakhort-term
versus long-term ratesifility- and consumption-oented rates, PTPRs ofdustrialized and
devebping countrieetc In economic models of climaf#otection, a standamte of 3% is

10'35en(1992), sedroome(1992) as well.

1 SeeSinger(1988).

12 SeePearce(1988).

13 See e.gPrice (1993), pp. 100, anBeorgescu-Roegegii979), p. 101.

4 See for comprehensive overall vieResarce/Ulph(1995) andPrice (1993).
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applied™ Pearce/UIph(1995) mention further studies which the PTPR tends to be around
1.5%. However, experimental behavior-theoretical studies partially result in negative PTPRs.
In summary, no convincing reasons exist for discountiiigges of human beings only bause
theyareliving in the future. Theethical basisthe methodology ofeoclassical models and the
inherent rationality assumptions forbid the application ohdividual PTPR where future gen-
erations are concerned. However, if generations are auoyopically for themselves, this has

to be taken into account in intergeneratiod@tision-making. Myopic discounting could be
necessary for intragenerational preseaiue calculdons, buthas to be neglected whenever
intergenerational comparisons have to be carried out.

(c) Growth Time Preference Rate (GTPR)

An individual growth discount ratean be determined when we hasmplifying assumptions
about theutility function and thegrowth of consumption. We want teork with a CES-utility
function (constantlasticity of sibstitution) which is characterized by:

Ct 1-¢
1-¢

@) ulc]=

C: symbolizesconsumption in periotl ande is theelasticity of marginal utility withrespect to

consumptiort! The discount factor is given by (g)gmfor constant consumption (real) growth
ratesg. The termelg is a goodapproximation for this expression fplausibly smallvalues of

g. This shows the equivalence to one component of the Ramsey-rule given in equation (2).
Growth discounting can be utilized in intergenerational comparisons ashmilever, three
assumptions have to be fulfilled: diminishing marginal utility weblpect to consumptiomhen
consumption increasesimilar (theoretically: identical) utility or welfare functions, and long-
term growth. If there imiegativegrowth, wehave to discount negatively. Evanthors who
are critical of intergenerational discounting ackredge this argument. Discoumg now
means that a futuriedividual values aextra unit of consumption with a lower rgaral utility
than a present onanly because the futunadividual is wealthierThe utility function is the
samefor both of them. If we accephis idea, thergrowth discounhg is only a necessary
condition formaximizingutilities intertempaeally in neoclassical model&qual levels of ulity
are given equal weightsthus, nodifferences exist étween generations. Thailitarian re-
quirement for justice iactually fulfilled, but only in thiscase. If we dichot discount irthis
situation, we would rank future generatidngher than today's generation in case thate is

a positivegrowth rate in theeconomy. Projects appear to to® beneficial. However, if we
carry out benefit-cost-analses in utility units, consumption discountinginspermissible be-

15 See as most prominent and controversial anasidhaus(1994).
16 Seel oewerstein/Preleq1991) and the critical remarks Bayer(2000).
17 Assuminge=1 the utility function is given as the "logarithmus naturalis" of periodical consumption amounts.
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causeall effects of diminishingmarginal utility are taken into account in thaility function
itself.

We should keep in mind that individual welfare is influencetddtyh consumption anehviron-
mental reources. Despite positiyger capita consumptiogrowth rates it is pagble that fu-
tureindividuals' welfare isiot significantly higher thahe present's because #mevironmental
conditions have (drasticallyjeteriorated. Increases individual welfareare posibly quite
modest or even negative. The developmernthefgrowth rate in theery long-term is most
uncertain. Nedassicalgrowth theorists stressmlimited technological pgresswhich guaran-
tees goositive long-terngrowth rate of pecapita consumption. On tlmtherhand, ecological
economists areritical of future development because of itsnof natural reourcesJimited
substitutions between natural and anthropogenic capital, anubsiséle edangeing of the
natural existential basis.

Even reasonable predictions of tewth rate cannatonceal that methodological pieims
with respect to how tdetermine utility andhow to specifythe utility function still exist. Total
welfare levels ofindividualsare notmeasurable in cardinal units. Thistlie most important
critical point ofview concerninghe scientific utilization ofthe growth discount rat&ven at-
tempts to estimate thelasticity of marginal utility of casumption cannotenythe fact that
utility is not objectively ascertainable in realitgll of the statenentsare speculative. It is un-
known if and how rapidly utility does increase with rising consumption. Knothiagmarginal
utility is decreasing is insufficient. It is algsoapossiblefor politicians to havénformation about
the utility functions of the citizens and, therefore, taegunable to cotrol theassumptions of
the bendit-cost-calculation. Each prediction of consumptigmowth rates issimultaneously
used as reference fdeterminingthe level of the growth discount rat&his implies that it is
useless to undertalgensitivity calculations with altertieely higher orlower rates. Nobody
knowswhich assumptionare meaningful. Ifthere are n@luesabout the rate of decrease of
the marginal utility,then theréhardly isanotherpossibility for researchers other thanigmore
the phenomenon of diminishing marginal utility as a source of legitimization fimatisng:®

In summary, neglecting methodological problems of cardinal utility measurement, a positive
time dizount ratecan be founded on a positive consumptgyowth rate.Inevitably, this
makes it an approximative and subijee, and, thereforgyolitical procedure: Thaocietal de-
cision-maker is most important in these circumstances. He/She has to judge which level of con-
sumptiongrowth rateshould be used in intergenerational project evaluations. However, there
is hardly another possibility to take into account diminishing marginal utility.

18 1n this casethe requirementfor not discounting at all capolitically be justified in intergenerationpfoject
evaluations.
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2.1.2 Opportunity-Cost Rates ("Descriptive Approach")
In contrast tatime preferenc@pproaches, choosing discount rates according to opportunity-
cost-methods concentrates on investment and capital units, respectively. Its implicit assumption
is that the projectlisplaces only investmennits. All project-induced returns are used to in-
crease investments. Therefotige relevant discoumnate is the rate of return displaced in-
vestments and an equalte of return isavailablefor all new project-induced additional in-
vestment unitshroughout thavhole planninghorizon. The formuldor presentvalue calcula-
tions is then given as
— - It

(5) PV = |0+;W,
wherel is given asietinvestment in each periddr represents the OCRhich isused as dis-
count rate irthis approach. The OCR has to be calculated as internale of return of the
investment. Therefore, lat of restrictiveassumptions have to be employ&tHowever, - ac-
cording to the case of the growth discouste - it is better tdhaverough estimates of the
level of the internal rate of return than the complete lack of its value.
Opportunity costhave to baaken into account iall economical approacheghis is valid in
intergenerational comparisons as wellcotirse. Butaking opportunitycosts into account by
discounting isnot thebest solution. The approach in equat{®) assumes that during the
whole planninghorizonall investment effects indudde sameopportunity costs according to
thefixed internalrate of returrr. It is completely unrealistic that thistise casewithin a plan-
ning horizon of 200 or more years. Another shortcoming is obvious: We cassomehat
only investment effects occur during the planning horizon. In the planning time period there are
only investment lossefwvith a fixed internalrate of return)and during theplanning period
additional investment opportunities guararg@actlythe same internatate of return as at the
beginning.
A more meaningful approach is to calculateestment effects according to their shadow
prices of capital’ Investments are undertaken itwreasethe consumption orientedelfare
basis inthe future. Investmerdffects can, therefore, be calculated as amaowhish increase
the future consumptiobasis. Investment units have to be translated in consumption ones to
make comparisons feasible. Thisdsne bycalculating shadow prices of capital or consump-
tion equivalents. Theghow howmuchone (displaced or additionahvestment unitoday is
worth inconsumption units. A shadow price of capital of 2, for instamesns thabne dis-
placed investment unibday is of equal preseumélue aghe diplacement ofwo units of con-
sumption. After identifying all investment effects and calculativegr respective shadow prices
we areable to simplyadd thesevalues tothe periodical consumption units and discount the

19 See e.gBayer(2000) andPrice (1993).
20 See for some examplBsiyer(2000),Bayer/Cansie(1999), andCline (1992).
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resultingaggregate to thplanninghorizon usinghe consumption oriented TPR.gkeatdeal

of different methods to calculate shadow prices of capital of (displaced/additroresiment
units exists. The resulting shadow prices range frery small values(Bradford-approach) to
very high or even negativanes (Lind-approach). Theyre most importantly dependent on the
reinvestment requirements during the planning horizon.

2.1.3 Realistic Circumstances

In reality almost everyrojectdisplaces consumption agll as investmentinits. Therefore,
the pureapplication ofthe time preferencepproach and the opportunitpst approach de-
scribes reality insufficientlyBoth pure concepts are nialistic. Projectslisplace consump-
tion as well as investmennits in theplanningperiod, (net)nduced effects increase/decrease
the consumption asell asthe investment basis duture periods. The benefit-cost-approach
modifies to

v, I, +C

(6) PV =-y,0,- C0+Z 1+6)

whered; is given as time preferencateandv; is the shadow price @apital which calculates
the consumptiorequivalent according to their respective intemadé of return ). Each in-
vestment unit increases consumption possibilitiehénfuture (during thelanninghorizon).
Opportunity costs are taken into accountchiculating shadow prices of capital of eali
placed/additional investment unall economicalcostsand benefitaare taken into account,
thus, benefit-cost-analyses according to equatiéh depictreality comprehensively. Addi-
tionally, the TPRcan be used as social discouaie becauseur approachully concentrates
on consumption units.

2.2 Summary

Neither the "descriptivehor the "prescreptive” approach could be used in forre for de-
termining an intergenerationdiscount rateConcentrating on consumption effects, a discount
rate could béased on theum ofthe pure and thgrowthtime preferenceate. However, the
ethical basis of neoclassidhlkeory demands for equal treatment of each affdotididual as
well asgenerationwhich leads taheinapplicability ofthe PTPRwhen effects of different in-
dividuals andgenerations, respectively, have to be discounted. Intergenerational comparisons
require, however, the GTPR to take into accoamying project-induced effects between dif-
ferent generations because difinishing marginalutility. Concentrabg on capital dects,
each displaced asell as additional investment unit has todseounted for byising shadow
price of capital methods. The resulting shadow prices of capital can then be addlerbio

21 Further andmore detailed discussicend analysis can béund in Bayer (2000), Bayer/Cansier(1999),
Cline (1992), and.ind (1982).
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sumption effects which are directly given in egehniod. It is thereasy to applpur considera-
tions in projectppraisal takinghe TPR as aystematic discourrate. However, thenethod-
ology of the discounting procebasnot yet been investigatedhich isdone in thefollowing
section.

3 Generation Adjusted Discounting (GAD)

Our basic considerationsow have to be applied tthe intergenerational framework. There-
fore, we further want to abstrafcom neoclassical first-best models where everythirdgter-
mined on efficien{consumption) paths. We want to concentrate on single projects with inter-
generational impacts, f@xample climate changstorage ofadioactive wastegtc. This can-

not be planned in a consistent policy due to limited foresight and knowledge.

3.1 Assumptions and Methodology of GAD

Developingthe GAD it is reasonable tesimplify our basic consideration®r its derivation.
First of all, we vant to concentrate on consumption effedtsinvestment effectaregiven in
consumption equivalents. The relevant consumption effects result toergalization of the
project. They can be positive or negative. In a fisseép, we introduce th&AD within a
framework of four overlapping generatior$3=4), all living for four periods I(=4). We want

to assume that each generation can be represented by a represewmlisitlieal > At each
new period the oldest generation digéstill living generations are getting ogear older and

a new youngest generation is born. There are constantly four geneadivensiVe further
assume thaall consumption effectare distributecequally at eaclpoint in time between all
living generations. Thplanninghorizon lasts untithe periodPH. At last, a societal decision-
maker has to be installed: He hasatwount forall consumption effectghroughout thevhole
planninghorizon and relate them to generatiovisch are theralive. There is no need for the
societal decision-maker to give instructions or suggestins specific generations should
behave. He isiot a sociablanner,but furthermore a societal accounter for project-induced
effects.

Our considerations in section two have shown, that - accordithge ®amsey-rule - each gen-
eration carutilize the total TPR ageneration-specific discourdte. All consumption effects
within the generation-specific lifetime are then discounted tbegenning ofeach generations'
life. This can be labelediritragenerational discountirigto deternne intragenerational proj-
ect-induced presemalues of (increased/decreased) consumption. Each generation is free to
choose the discount ragecording to their preferences. The last column in table 1 ("sum")

22 Although it is a restrictive assumptidrecause it refuséastragenerationatiifferences inmarginal utilities,
this approach is meaningful. Opurpose is to concentrate on intergenerational aspects. For critical remarks to
the generation-representative approach see Price in this volume.
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showsall generation-specific (intragenerational) project-induced consumptioanpresues.
This is the first step in the GAD and is illustrated in the following table 1:

Generation ty 1 to t3 14 tg ety Sum
A Co Co
B 0 @7t o+ ™
C (o) 01[9'1 02[9'2 Co+ 01[9'1 + 02[9'2
D Co 01[9'1 02[9'2 03[9'3 Co+ 01[9'1 + 02[9'2 + 03[9'3
E C1 B! g@? B o+ Bt + @2+ @3
F C2 oL I o @3 - ot Bl+ B+ @3
G C3 c@? 05[9'2 N [ s @+ 05[9'2 + 06[9'3
H -1

Cy4 cs@ Cy+ 05[9'1 + 06[9'2 + 07[9'3

Sum qll+ o1+t cu+ot cuu+0t o+t - - 5
3%  +20?) +6%467) +6%467) +6%467)

Table 1:Intragenerational project-induced consumption effécs(1+0), 6 = p + €ld. All consumpion
effects are registered with their present values within each generations' life.

In the second step weave to discounintergenerationallyto calculate presemalues at the
beginning ofthe planninghorizon. Up to generation D solely intragenerational effects appear.
We only have to sum ughe presenvalues of rows 2 to 5 ithe lastcolumn. Startingwith
generation Ewhich isborn after thebeginning ofthe project, wehave to discount intergen-
erationally. Thereforethe intragenerational preserdlue has to be discountedceagain to
the planning timeperiodt,. This holdsfor all later born generations agell. The time periods
which have to beliscounted intergenerationalye illustrated by the dark shaded aretable

1.

Intragenerationally, it has bestted thatach generation is allowed to discount according to
the Ramsey-ruledue to (expected) consumptignowth (anddecreasing marginal utilitygnd
myopia orimpatience. These reasons cannot dpplied for intergenerational comparisons.
Therefore, we have to discount intergenerationatily with the growth discount rate. The
presentvalue share of generation Egwen by (:1+...+c4[9'3)/(1+s@)1. Looking at generation

F, the intergenerational discount factor's exponetwds This holds on intdhe future until

the end of theplanninghorizon. Usingthe GAD, the intergenerational discount faatses
exponentially as well, but not as fast as in conventional neoclassical theory becasiseiltdra
intergenerational discount rate.

2 |f benefit-cost-analyseare carriecbut in utility units,only intragenerational discounting with the pure time
preferenceate isallowed. A societaplannersimply has to sum up all intragenerational preseities to de-
termine the efficiency of a specific project.
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3.2 General Formula of the GAD

Our basic considerations concernitite GAD assume - fosimplification - aconstant TPR
and, therefore, a constant PTPR and GTR&axing allrestrictive basic assumptions of the
GAD, a general formuldor presentvalue calculations usinthe GAD can then bgiven as
follows:

r+(L-1) C| /GI
L-1 _ c./G PH = (1+p, +€, -
PVOLG:Z(L_ J)D — i +Z ( P /@)
=0 (1+Pj +E, mJj) s (+e ()

(7)
where ¢,c, =0 forall i,j>PH.

PH symbolizesthe planninghorizon of theanalyzedproject andL represents théfe expec-
tancy of each generatiof® is thenumber of generationshich live simultaneouslyAll peri-
odical project-induced consumption effear® assumed to be equaliiistributed between all
then living generations. The variabjes and/ are used as time indices.
The first term ofthe sum considersll intragenerational consumption effects whagpear in
the planning riod forall presently-living generations. Bnalogy toour table 1, we want to
assume that climate prateon policy cannot be anticipated by tlivedividuals. Therefore, the
living generations will value the project differently fraghose born after thplanningperiodt,.
The longer the planning horizon is assumed, the less important is the first term in equation (7).
The fradure in the numeratqfright-hand term of theum in equatior(7)) expresses the in-
tergenerational consumption effects - as seen by the societal decision-makbgermdrations
born after theplanningperiodt,. As these effectare discounted to theeginning ofthe lives
of the respective generatioonly (intragenerational presentalue calculations)the in-
tragenerational presemalue has to be related tioe planningperiod aswell in order toevalu-
ate the socigbrofitability as perceived ithe planningtime-period. This iglone by discounting
with the GTPR in the denominator of the fraction on the right-hand side of equation (7).
We still have to cosider the fact that intergenerational, vasll asintragenerational effects
which be&ome relevant after the end of thlanninghorizon, cannot be taken into account in
our calculations. Therefore consumption effectndc; (wherei, j > PH) have to bexplicitly
set to zero.

3.3 Numerical Examples in more Realistic Circumstances and Conclusions

We want to assumeliéetime of each generation of forty yeans=40). Thenumber ofsimul-
taneoushliving generations is assumed to be @>40) aswell. This will sufficiently express

the maximum remaining lifetimexpectancy of the youngest adult generation world-wide. The
generations living in the periods 0 to 39 discount tineestmentiduced cosumption effects
directly to the planningtime-periodt,. This is amended from generation d. Corsumption
effects belonging to thigeneration are discounted to theginning oftheir lives (periodt,). In
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order to corectly analyze benefits and costs, we have to disdbenpresentalue at period,
to theplanningtime-periodty again by usinghe growth discount rate. The furthggnerations
live in the future, the more distinct is the distance betweebittieof any fuure gaeration
and the planning time-peridgl

We assume one csamgion effect with an amount of 400 in 200 years from now. InRbm-
seymodel, the presemalue PVg) - discounted using RTPRp=3% and a constant growth
rate of per capita consumptigr3% @E=1) - is given by:

(8)  PVp=— 20 _=34710°
(1+p+g)

Using GADthe presentalue changes. The consumption amourd@d in periodtygg is dis-
tributed equallyamongstall 40 living generations in periothoe. Each generatiofiving in tyqo
receives an amount of 10 consumption units. The effects occurring in the periods exceeding the
maximum lifeexpectancy are discounted by jusingthe growth discount rat&ffectswithin
theindividualllifetimesareassumed to be discounted usthg growth discount rate agll as
the PTPR.
Looking atour example, &PVgap results as 0.653Zhis isabout 188times larger than the
Ramseyone. If the consumptioeffect takesplace intsqo, the GAD-presenvalue isabout
3.319times larger tharthe Ramseyone PVGAD:O.03399;PVR:1.0242|L0'5). The difference
diminishes ifthe consumptioreffect occurs int;oo. However, the GAD presentalue isstill
about 10.6 times larger than the Ramsey &g (p=12.554;PVz=1.179).
We want togive anotherexample demonstratinthe inadequacy ottonstant discounting in
Ramsey-models. leontrast, theGAD leads to different results usingcanstant total TPR
whenthe components vary. Thereforetadal TPR of 5% isassumed. Ramsey-modeale in-
dependent of the structure of the total TPR. It desmatterwhether the GTPR is 4% and
the PTPR is 1% ovice versa. This isiot thecase in the GAD as can be seen infttlewing
tables 2 to 4For simplicity'ssake, we assunae consumption effect d00 at the end of the
planning horizon and a constamlasticity of marginal utility withrespect to consumption
(e=1)**

%4 Thedifferences will multiply when we investigate sequences of consumgtiects as it ishe case in real-
ity. Tables 2 to 4 onlyresent rough (underestimated) ideas of diserepancy using different discounting
methods.
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0=0.05; 0=0.05; 0=0.05; 0=0.05; | 6=0.05; | 6=0.05;
p=0.05; | p=0.04; p=0.03; | p=0.02; | p=0.01; p=0;

g=0 g=0.01 g=0.02 g=0.03 | g=0.04 | ¢g=0.05
PVr 0.0231 0.0231 0.0231 0.0231 0.0231 0.0231
PVeap 180.17 28.29 4.58 0.763 0.131 0.0231
Difference 7,800 1,225 198 33 5.7 0

Table 2 Comparisons of present values: Constant total TPR and vaymgonents (Planning horizon
200 years, one single effect in the year 200).

0=0.05; | 0=0.05; 0=0.05; | 6=0.05; | 6=0.05; | 0=0.05;
p=0.05; | p=0.04; p=0.03; | p=0.02; | p=0.01, p=0;
g=0 g=0.01 g=0.02 g=0.03 | g=0.04 | g=0.05
PVr 3.042 3.042 3.042 3.042 3.042 3.042
PVeap 180.17 76.52 33.16 14.66 6.612 3.04p
Difference 59 25 10.9 4.8 2.17 0

Table 3 Comparisons of present values: Constant total TPR and vaymgonents (Planning horizon
100 years, one single effect in the year 100).

0=0.05; | 0=0.05; 0=0.05; | 6=0.05; | 6=0.05; | 6=0.05;

p=0.05; | p=0.04; p=0.03; | p=0.02; | p=0.01, p=0;

g=0 g=0.01 g=0.02 g=0.03 | g=0.04 | g=0.05
PVk 1.75910*| 1.75910" | 1.75910" |1.75910*|1.75910"|1.75910*
PVeap 180.17 10.46 0.63 0.0397 0.00259.75910*
Difference 1,224,275 59,466 3,582 226 14.7 0

Table 4 Comparisons of present values: Constant total TPR and vaymgonents (Planning horizon
300 years, one single effect in the year 300).

The GAD-approach takesryingcomponents of the total TPR into account in a more accu-
rateway than in conventiondkamseyapproachesAlthough theRamseypresentvalue is the
same inall six cases (independent of tlength ofthe planninghorizon), theprofitability of the
project carvary inaccordance with theelationship betweethne GTPR and thBTPR.This is
taken into account in the GAD approach more accurately.

Our numerical examples enable us to draw the following conclusions:

1. The difference between GAD- and Ramsey-present valgegetting more distinct, the
further theplanninghorizon is extended into the future and the further it exceedehe
expectancy of the youngest adult generation at the time-period oédheation of the
project.

. The range of differences atitk differences themselvesre getting larger witlincreasing
plaming horizons and smaller with decreasing time distances.
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3. The highetthe puretime preference is - assumingonstant totatime preferencé and,
therefore, decreasingrowth time preferencelg -, the more distinct is thdifference bet-
ween the present values in the two concepts.

4. Ramsey-present values canapproachedisingthe GAD (assuming @onstant total TPR),
when the PTPR decreases towards Zero.

5. Ramsey-present value calculations can be utilizegbad proxy when, firstly,short-term
planning horizons withoutsignificant intergenerational effectsccur and,secondly, the
growth discount rate is "low".

Our considerations v become more realistic if we refuiee constancy of thelasticity of
marginal utility withrespect to consumption, the consthifietexpectancies, anthe constant
numbers of simultaneouslying generations. These assumpti@me, therefore, natecessary
for utilizing the GAD. We couldceasilyreject them. Once again, this shows ttreg GAD is
more flexible than conventional discounting techniques, especially those in Ramsey-models.
In comparison to theonventional neoclassicgtowth models (Ramsey- and/or OLG-models)
the discounting process is maegplicit usingthe GAD. We donot have tofulfill the opti-
mality conditions whichareassumed in neoclassical models. Additionally,ameable to dis-
tinguish intergenerational (societal) and intragenerati@individual) discountingEach gen-
eration is allowed tonaximizeits respective utilitthroughouttheir lives according to their
preferences. Afterwards, their "welfare" has to be relatatiébeginning ofthe planning ho-
rizon to judge whether anot a projectshould be realized. Therefore, the societision-
maker has taake care thatach generationilivbe rankedequally. This isdone byusing the
growth discount rate when consumption effects are discounted.

The GAD can be used in a more geneval than conventional consumption discounting in
optimal growth models (Ramsey- as well &.G-models) based on utilitarian welfare func-
tions. The discounting processployed inthesekind of models can be modeled as special
cases of the GAD. However, approachingdbeventional Ramsey-discounting technique, we
have to rejecour utilitarian welfare base. This ot thecase in OLG-models when wake
into account that presemtlues of lifetime utilities ofuture generations aneot discounted
onceagain wherpresentvalues atthe beginning ofthe planninghorizon are calculated. Fur-
thermore we arable to neglect myopiceasons simply by setting the PTPR to zero exoge-
nously.

Thus, the GAD can be interpreted in anothaywrhe firststep (intragenerational discount-
ing) describes each generatiomslividual valuation of project-induced consumption effects.

% This is not morghan a trend. If wanalyze a sequence of consumptidfectsincluding effectswhich are
available for generations living #te realization time-period, tHeamsey-present value is alwagmmallerthan
the GAD one. Buthe statement still is correct: Thdference becomes ledsstinct for smaller pure time pref-
erence ratep - assuming constant total time preference rates
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They value additional project-induced consumption effects according tospweilfic welfare
situations and arallowed to uséigh myopicdiscount rates ifhey wantto. After determining
presentvalues of project-induced effects of each generation, they have to be evaluated in an
intergenerational context. This has to be done by a societal decision-maker. Heakagto
account all generation-specific (intragenerational) present values and discount them back to the
planninghorizon. The usage of the growth discount ratediculate presentalues athe be-
ginning ofthe project takes into consideration thltgenerations have to be rankegually

due to theassumed utilitarian welfare function. ttiere are richefpoorer)generations they

have to be made comparable to each other. Assuming positive residsamption growt!i

for all (most) of theinvolved generations means thature generationsalue additional proj-
ect-induced consumption effects ldsghly than today's generations woulld. Discounting

now impliesintroducing welfare weights according to each generations' wédfeebto get a
reference basiwhere comparisons could be maa¢hout distortions in favor oany affected
generation.

At the end ofour considerations concerning the GAD we should have some remarks on the
OCR. As mentioned above, opportundgsts are taken into account tglculating shadow
prices of capital. The resulting consumption equivalangés subtracted (added) to the con-
sumption basis ahe time-period wherewvestmentsare displaced (enforced)his allows to
solely use the TPR-approach for discountingldés not matter in th@AD whether thenter-

nal rate of return ofnvestments is larger thahe TPR. Theelative importance of productive
investments isaken into consideration etermining shadow prices of capital and integrate
them intothe presentalue calculationsHowever,when calculating shadow prices of capital
for investments with intergenerational effects, it could be usefehiploythe GAD aswell.
Shadow prices of capitalre getting larger in comparison tonventional calculations with
constant TPRs due to the differentiation between intra- and intergenerational discdunting.

4 Summary and Conclusions

The nmain purpose of the GAD as a method of intergenerational discountingusiltothe in-

herent equity-conditions using a utilitarian welfare function: Eduesltment ofall affected
individuals intergenerationallydowever, ifindividuals wish toact in anonneutraway during

their respective lives, thegre allowed to discount in an "unfair" waydue tomyopiaand/or
impatience - according to their preferences. Therefore, it is necessary to differentiate between
intra- and intergenerational discountifgpr intergenerational comparisons, we have to rank

%6 Residual consumption growth means consumption greakimg place in aneconomy inthe alsence of our
project.
" For a more detailed analysis of this aspecBsaeer (2000).
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each generation equally. Thimplies refusing discountinglue to myopia orimpatience. In

neoclassical growth models this simple utilitarian-based condition is usually negfected.

The most important further characteristics of the GAD can be summarized as follows:

» Each generations' representative discolifeiime consumption effects intragenerationally
to thebeginning ofhis/her respectivéfe. If the planning timeperiod is earlier iime than
the birthdate of generationsdacision-maker has to discount intergenerationallth&obe-
ginning of the planning horizon. Our approacHifferentiates between generatispecific
intragenerational discounting and equal treatment betw#f=ment generations as a con-
sequence of the application of neoclassical theory.

* Our approach does naequire thegeneral equlibrium assumption like neoclassical OLG-
models. We are able to judge mcis agheyare, withoutreferring tolifetime consumption
planning inthe past. Therefore, thesasnption of perfect foresight ot necessarywhich
makes our approach more realistic.

» Societal decision-makeege able totake varying growth rates into accounthen utilizing
our aproach. The usage of a single discount rate can easily be avoided. Thioorakes
counting model more powerful empiricalstudies than theonventional neoclassical mod-
els.

» Our approach is morexplicit with respect to discounting than theoclassicabne, where
the discounting process is a consequence oassamed behavior @l affected genera-
tions. In particular, markdailures inthe long-term can banalyzed in anore correct way
usingour approach than theeoclassicabne. Thewhole discounting procesself is more
transparent for intertemporal decision-makers wiithapproach than with the picit ad-
aptation mechanism in neoclassical models.

» The "traditional" method oémploying aconstant discount rateanonly be maintained if
there is constant (real) growth afl investigated economies throumlt the planning hori-
zon. This seems to be very unrealistind, therefore, it should lpossible to relax this as-
sumgion. In our model, we have to take predicted (real) growth rates for all economies into
account. Thus, thanalyses usingur discounting modeyjetmuch béter results than tradi-
tional benefit-cost-analyses using@nstant discount rate intergenerational comparisons
in terms of efficiency as well as in distributional ones.

» Employingthe GTPR can be interpreted as introdualmgributional weights irthe utili-
tarian frameworklts purpose is t@allow comparisons of different effects between different
generations: The highdfower) thewelfare level of arespective generation ifhe less
(more) important aradditional consumption units. Reference pointhis planning time-
period.

8 SeeBarro/Sala-i-Martin (1995),Marini/Scaramozzing1995).
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It is clear that theorrectchoice of the discountate in theintergenerational context is most
important. The respective ratkave to be carefully investigatbdfore beingntroduced in the
impending benefit-cost-analysishe usage of unreflected (constant) discount rates and dis-
counting procedures represemeslity insufficiently. Sensitivity calculation/ith higher or
lower discount rates cannot overcothes shortcoming eithetthe cardinal problempamely

the choice of the coect discount rate(s) for the project to flealized, cannot be solved by
doing so. If thelevel of the discount rate is contestable, it igpossible to judge whether a
measure is (in)efficient. Fixing a discount rate simply to make calculations feasible has to be re-
jected due to the same reasons, especially if intergenerational effects are to be evaluated.
The GAD fitsbest inneoclassical benefit-cost-analyses. Intergenerational distributigpetts

are taken into consideration, &sll asthe completenclusion ofall relevant intragenerational
utility effects. It isnot necessary to perfectly ply this method in realityOur sinple model
usingthe assumption of nite lifetime of equally conerned generations provides mumtter
results than conventional neoclassical models asdfigientfor enpirical benefit-cost-analy-
ses.
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