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Abstract:

In this paper, weanalyzehow to utilize discount rates in intergenerational projeéisstly,
neoclassical decision-making tepicted in Ramseyand overlapping-generations models
(OLG-models). Afterwards we investigattee utilization of time preferenceates and gpor-

tunity cost rates in an intergenerational framework. The results leadhesfdomulation of an
adjusted OLG-discounting method of consumption units, taking into consideration intra- and
intergenerational aspects. &te end ofour paper, we dravgome conclusions concerning
environmental and resources policy, and sustainability.

1. Introduction

In cost-benefit analyses for evaluating public projects and polgiogiramsall effects have to
be related to theéme of planning. This islone by discounting. We consider long-term projects
which not only concern today’s generations, but addtect peopldiving in the remote future.
Among these projectreinvestments in publimfrastructure(road constructionprovision of
drinking water, townand regionalplanning, provision of natural reserves, gtcdecisions
about the usage @xhaustibleresources (deposits ofl, naturalgas, coal, andninerals) and
renewableesources (stocks ahimalsand plants, soil angroundwater resources), agll as
decisionsabout thepollution of the environment with long-term pollutants (globakrming,
depletion of the ozonkyer, etc). As a result ofdiscounting, future effectare valuedless
highly in today's calculations thacurrent effectsThis could, in the endlead to arbitrary
distortions in certain cost-beneéihalyses. Eveamallvariations of the discoumtte can lead

to different assessments of the profitability (see figure 1). Therefore, the discount rate has to be
chosen with care and in accordance with the principles of cost-benefit analysis.

In our paper, we ant to demonstratehich considerationmfluencethe determination adlis-
count rates in long-term projecteeping in nnd thatdifferent generationare affectedThis
is in particular the case wigmvironmentaprojects, therefore, weainly use such projects as
examples. Nevertheds, our proposals can batilized to evaluateother undertakings where
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long-term effectsare kasiblefor different generations, such as infrastawe projects, and
(exhaustible and renewable) resource uses
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Figure 1: Present values of two projectigependent on the discourdte. The investigated six-period
projects with equal costs in the planning pedoegiven by the following cost-benestreams (in US-

$): Project A: -3,000; -300; -100; 0; 508,000.Project B: -3,000; 900; 900; 900; 90#)0. Using a
discount rate 06.6368 % both projects have the same present value. Using a lower one, project A is
the efficient one, whereas a discount rate larger than 5.6368 % characterizes project B as efficient.

2. The neoclassical approach

The theoreticabasisfor cost-benefitanalyses is found in neoclassical economics. Ppibbig
ects aredesigned to increase economic welfare dherefore, they must pass a cost-benefit
comparson. Welfare is considered to increase whba project-induced preseualue of all
benefits exceedthe presenvalue ofall costs. In thecalculation ofthe presenwvalues, two
discount rates caprincipally beused: the(marginal) sociarate oftime preference and the
(marginal) sociatate of opportunity cost3hese rates amerived fromthe assumed behavior
of consumers and producers. THaiseholdsprefer present to future consumption. They want
to maximizethe presenvalue of life-timeconsumption. They orient their consumptgaving
decision onthe exogenous market interest rate. If the interesteateeds theimdividual
marginal timepreferenceate,they will reduce present in favor of future consumption. If the
market interest rate iselow theindividual marginal timepreferencerate, they will expand
present consumption at the costlohinishing fuure corsumption. The adjustments lead to an
equilibriumwhere the market interesite egalsthe individual marginal timepreferenceate.
The enterprisesstrive tomaximizethe presentalue ofthe return onnvestments. The invest-
ment decision is oriented on the exogenous mantesest rate. If themarginalproductivty of
capital exceedthe interest rate, increasescepital investmenare profitable. If, on thether
hand, the interestate exceedsmarginal productivity, investmentsilivbe reduced. The
triggered adjustment processes leadh®equivalence of margingdroductivity and market
interest rate. At thesame time, an overall econonequilibrium (equivalence of saving and
investment) prevailsBecause the intertempordécisions of households and enterprises are
brought together by thiaterest ratewhich can baised as discount rates instead ofdimgle
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rates. The fdbwing relationship holds: markeate of interestif = marginalrate oftime
preference = marginal productivity of capital.

The simpletwo-periodmodel is extended tthe long term iroptimalgrowth theory (se&am-
sey(1928) and among otheBayer/Cansier(1998),Lind (1995)). In theseso-calledRamsey
models,a representativendividual with aninfinite lifespan isassumed. People live as long as
thetime of utilization ofthe project extends. Thaaximization calculus athe representae
individual is given by:

(1) max[U(C)E"dt stK =Y-G.
t=0

U(C,) represents the utility from consumption bun@jen periodt. The premise of dimishing
marginal utility fromconsumption holds for thatility function: dJ/dC>0; d"U/dC*<0. p sym-
bolizesthe pure rate dfime preference (utility deount rate).Y; denotes th@ationalproduct
in periodt and K; stands for investment. We conterte ouranalysis orthe consumeside.

Nevertheless, assumptions about the production function have to be taken into aceelint as
The mostimportantone is that there idiminishing marginal productivity gbroductionwith
increadng inputs, espeially captal: dY/OK>0 andd’Y/OK*<0. With dynamic optimiztion, the
Ramsey ruleis provided as first-order optiality condition:
. aY

(2) |—a—K—6—p+eg.
The discount ratewhich equalghe market interest raie also corresponds to the mial
productivity of capitaldY/OK (opportunity cost rateand, respectively, tdhe aggregated
overall economic time preferencated, which iscomposed of the putene preferenceatep
and thegrowth time preferenceate €lg. € stands for theslasticity of marginal utility ofcon-
sumption (percentage changemnsérginal utility when consumption is increaseddme per-
cent), andy stands for the growth rate mdal consumption. Thproduct dscribesthe change
in the marginal utility ofconsumption. Duringgrowth, thesupply with consumptiogoods in
the future is larger than in the preseitlditional consumptiorgoods are, thereforealued
less than in the present due to kingherfutureindividual level ofwelfare. The situation is the
other way round in an economy with decreasing per-capita income (consumption).
A problematic area ithe neoclassical modébr our analysis ighe assumption that the repre-
sentativeindividual lives infinitely. For climate protection, for instancehis means that the
people livingtoday wil bear thenecessargosts asvell as benefits fronthe prevention of the
greenhouse effect in a hundréap hundred or more year$his is a considerable simplifica-
tion. It ignores the fact that theostsand benefits affect different gerations. In long-term
projects, one always has to consider distributional aspects in addition to the allocative ones.
In dynastic modelsand inmodels with overlapping generations (OLG-models)the neo-
classicapproach tries tgain bettercontrol of thetime problem. Indynastic models an ex-
pansion of the individual time horizon tiee long term igonstructed by the interconnection of
theinterests of parentghildren and grandchildren or of generations with empathic closeness
(see e.g.Blanchard/Fischer(1989), Barro/Sala-i-Martin (1995), Barro (1997)). But the
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cardinal problem maainsyet unresolved: no comparisons anade between different gema-
tions. Furthermore, theseodificationsare hardly, orrather never, used environmental or
resource-eamomic models(see e.g.Nordhaus(1994)). Despite the consideration of de-
scendants, in botéxpansions it is always assumed that their preferencestdbifer signifi-
cantly from their ancestors’ ones. In particular,dheesors’ decisionfor or against a climate-
protection measure would be madethg decendants in theame way. This iplicitly states
that the ancestors talell decisions considerinthe (potential)existence of their descendants
into consideration. Nevertheless their interests only entearthlgsis in a considerabtgduced
scale, and the less weight is given to these considerations the more distant the kinship is.

Overlapping-Generation Models (OLG-Models)take into consideration that peopledif
ferent age groups aliging at the same timgsee e.gBlanchard/Fische(1989)). We want to
solely concentrate on tldemand side and tmaintainthe premise ofdiminishing marginal
utility. The productionside wil be neglected fosimplification. But we want to keep imind
that OLG-Modelsusually analyze general economic equilibriatHa simplest casanly two
generations exist, an old and a young one. In its twodifeaeach generatiomaximizes the
presentvalue of life-timeconsumption at thbeginning oftheir respectivdives. Atthe start of
a new period, the respective oldest generadies and a new generationbiern. The (up to
now) young generationecomes the old one at tkame time, anthe total number oliving
generations remains unchangdthe intertemporal budget restriction thfe respective gen-
eration designates that the young generation @ase fromwork which can be consumed
or saved. The saved amount of income freark plusthe accrued interesdbrmsthe income
of the older individuals. The maximization problem is as follows:

U(C.)O Cia _
@)  max E)(C&+WE St Corp =Y.

The variabla; symbolizes the exogenously given market intenast onwhich everyindividual
in each generation orients its consumption-saving decisionfollbeing necessary condition
results:
@) o0u /oG, _ _dG,, _1+i _
ouU /oC,, dG 1+p

The efficiency criterionimplies thatevery individualextends its saving activities untiile mar-
ginal rate ofsubstitution between consumption today and consumfimorrow eqals the
qguotient of oneplusthe market interest ragnd oneplus the utility discount rate (puréme
preferencerate). From these considerationsyo conclusionsinevitably follow: (a) in this
model one only saves income ifhe exogenougmarginal) market interestite exceeds the
individual (marginal) timepreferenceate, and, if (a) holds, (b) theexists a positivggrowth

discount rate g(d:=i-p>0). Otherwise th@ppotunity costs of saving exceed thate of re-
turn. In this situation,saving would be ecoomically ineffcient becausemmediate con-
sumption increasasdividual as well as overaiconomic welfare more than future consump-
tion (today's savings) does.
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In OLG-models nfinite discounting usindhe pure rate ofime preference ipreventedThis
automatically leads to higheresentvalues of utility duringhe planningperiod. The economy
alwaysproceeds on itsptimal path.All economic variables retain their optinsahte intheir
development paths, whiatharacterizes aall-time equilibriumduring positivegrowth. The
calculation of presentalues of anyfuture consumption effect can be done as showrabie
1. Generation E, foexampleliving in the periodd; andt,, values project-induced (marginal)
consumption effectsg£and & in accordance with theindividual calculation of utilitymaximi-
zation. Changes ithe overall economic welfare up to periagl are taken into account by
considering thathe generation’svelfare increased antherefore, thdevel of marginal utility
is lower.
Generation to t t ts ts ts

A U(Cto)

B U(Cio) U(cu)[e'l

C U(cn) U(cp)®*

D U(ce) U(co)®*

E U(ce) U(cu)®*
F
G

U(cy) U(cs)®*
U (Cts)

Table 1:Utility effects of a consumption-augmenting investment in pegid@E(1+p).

The dark shaded areas in Table 1 illustrate those time periods in the planning horizon which are
of no importance in intergenerational discounting. In contradictidRaimseymodels, nandi-
vidual lives infinitely. However, OLG-models investigathe optimal paths ofall relevant
macro-variablesAll of themareequilibral. No incentivesregiven to relocate theindividual
resources in order tionprove individual wefare. Furthermorepublic projects affecthe total
lifetime consumptiorplanning of all individualsThey are taken into account gachindivid-
ual's utility-maximizing considet@mns because of perfect foresigRtblic projects vil only be
carriedout if the utility-oriented presentalue passethe cost-benefit criterion. However, per-
fect foresight and general overafjuilibrium are exessivelystrongassumptions in intergen-
erational comparisons. Global warmirigy instance, hasot beenrecogiized as a long-term
problem for arather longtime. Thereforeuntil now marketfailure has prevailed which forces
the previously known optimalitypaths to benodified. Current r@lanningwould not confirm
the originally computed optimality paths of all variables.

In summary, neoclassicaRamseymodelsare notapplicablefor the valuation of intergenera-
tional effects due tahe outlined reasons. In OLG-models, the restrictive amdalistic as-
sumption of thenfinitely-lived individual is given ugaswell asthe helpful corstruction of the
bequeathing motive dhe dynastic modelsput the framework o€ommon equilibriuntheory
in the intergenerational contextnst abandonedwhich is hardly realistic ithe case opublic
projects with an (extremely) long planning period.
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3. Intergenerational Equity and Individual Time Preference Rates

Before discussing different types of discotates and theilegitimization in intergenerational
cost-benefitanalysis, we ant to make somsimplifying assumptions foconveniencewhich
are valid throughout the rest of the papd?ositive consumption effectare taken into
consideration as benefits and negatwes as costsespectively. This hold$or example, for
environmental effects as well. It is possibléake long-ternmeffects into consideration without
any uncetainties; theyare valuedfully and correctly as well. Uncertaintypests vill not be
investgated. Howevetthis should be done whetetermining and/aluing consumption effects
and not by discounting.

3.1 Pure Time Preference Rate

The most common theoretical assumption is thandividual valuesthe utility of goods the
less,the further the consumption takpkce inthe future. Prospective needs a&etuedless
highly solelybecause thegccur in the future (pureme preferenceatep). This phenomenon
occurs because oandividual "myopia”, impatienceind other influences(see among others
Pigou(1912),Harrod (1948), etc.). Some authouslize thisrate notonly because of myopia
and impatiencehut also due to the predictesimaining lifeexpectancy oindividuals(see e.qg.
Pearce/UIph(1995)).

The pure time preference rate is utilized in optimal growth theomeliss in (exhaustible and
renewable) resourcesodels to ensuréhe convergence of thaility integral. Therefore, it has
to be modeled as an exponential utilitigcount rate. Each (representativiividual maxi-
mizesthe sum of the weightedutilities of consumption according tihe planning horizon
(infinity) with reference to thelanning time 0 irRamseymodels.For instance, equation (1)
detemines a consumption profile which is valid for all time periods®,af,the planninghori-
zon, which is dependent on the level of the pure time preference rate.

If we transfer this assumption to different individuals, then the utility of a sgemalwhich is
availablefor future generations iworth less thanthe samegood is worthfor today's gen-
erations inutility units. Discounting utilitynow implies anethical judgmenabout theposition
of the generations (see e3plow(1974)). Future generations awerth less,the laterthey are
born. This implicit setting of a norm is inconsistent with theoclassical efficiencygriteria.
These criteria guarantee that individuals are ranked equally, becausiviaal is allowed to
be disadvataged; respetively the sum ofthe utilities of all individualshas to bemaximized.
Looking at the Kaldor-Hicks criterionthis valuation is ethically justified imtilitarianism,
which isnot interested in iproving thewelfare of speciagroups, but rather adll affected
personsAll human beingsare rankedequally: ... utilitarifani]sm attachesexactly the same
importance to thetilities of all people in thebjective function, and that featureguarantees
that everyone's utilitygets thesame weight irnthe maximizing exercise." $en(1992), see
Broome(1992) aswell). Since e.gthe consequences global warmingconcern future gen-
erations as well, their interests have to be taken into accountinviestiigating efficient global
warming policy.
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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 pesgedis-
torted. There is an innatbias againstong-term projects where short-term costs appear and
where utilitiesare feasiblemainly atthe end of theplanning horizon, for emample, climate
change policy. Cost-benefihalysis mixestatements concernirgfficiency and distributional
aspects (see e.gMohr (1995), Azar/Sterner (1996)). However, neoclassical models
concentrateorincipally on efficiency aspés Butwhen invesgating long-term projects, it is
necessary to strictly separate distributional aspects from efficiency ones.

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 variousntract-thecetical conceptsol-
lowing Rawls inenvironmental ethics - environment as a fundamental libgsge Singer
(1988)) or as an ecomic good,where thedifference principlecould be applied as fairness
norm (seePearce(1988)) - theequaltreatnent of generations is stressegleitly. Causes of
puretime preferencare attributed to hman impéence and myopia. These phenomena are
connected with weaknesswill, weakness of imagination, defective telescopic factity, all

of which cannot be ethically accepted as reasons for intergenerational discounting. Well-known
authors such aslume Ramsey Pigou Harrod, and Georgescu-Roegereject puretime
discouning of future utilities because they gard it asirrational and immoralCline and
Broome argue in theame way in reference to global warmifsgeCline (1992), Broome
(1992)).Broomefurther denieshe empirical relevance ahe pure preference for the present
and states that positive interestate can be explained by causether thantime preference
(Broome(1992)).

Nobody knows if a pure time preference rate really exists and if so, how high it might be. Some
authors deny the existence of a positive fimne preferenceate (see e.gschumpete(1952),
Hampicke(1992)).Various attempts testimate the puréme preferenceate lave produced
different results andre not omparable with eacbtherbecause thegix differentinfluences,
e.g. individual versus societarates, short-term versus long-term ratesility- and
consumption-oriented ratesime preferenceates ofindustrialized anddevebping countries
etc. (see for comphensive overall viewBearce/Ulph(1995) andPrice (1993)). In ecaomic
models of climaterotection, a standancte of 3% isapplied(see among othefdordhaus
(1994), Manne et al. (1995), Nordhaus/Yang(1996), Peck/Teisberg(1994), etc.).
Pearce/Ulph(1995)mention further studies whichthe puretime preferenceate tends to be
around 1.5%Experimental behavior-theoretical studiestiplly result in negative puréme
preference rates (see among otHavewenstein/Prele¢1992), Loewenstein/Prele¢1991),
Kahneman et a1991),Thaler(1981)).

With the assumption of a positive pumme preferenceate,Ramseymodels contain a ctra-
diction as well. Ifthe equilibral developmergoes alongvith constant population and constant
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per capitaincome, therthe marginalproductivity of capital andhe growthtime preference
rate equalzeroand a positive pureate oftime preference&annot exist. I'Ramseymodels,
only the growthtime preferenceate should be applied, even if this ¢oadictsmathematical
necessities (convergence of the utility integral to a constant value).

In summary, no convincing reasons exist for discounting the utilities of human bentg®e-
cause thewreliving in the future. Theethical basisthe methodology oheoclassical models
and theinherent rationality assumptions forbitle application of an individuapure time
preference rate where future generations are concerned.

3.2 Growth Discounting

An individual growth discount ratean be determined when we make special assumptions
about theutility function and thegrowth of consumption. We want t@ork with a CRRA-
utility function (constantelative 1sk aversion) which is characterized by:

Ct 1-¢

1-g

The discount factor igiven by (14)*” for constant consumption (reajyowth ratesy. The

5) Ulc]=

termelg is a good approximation for this expression for plausibly small valugsTdfis shows
the equivalence toone component of th&®amseyrule (see equation (2))Taking the
logarithmic utility function as a speciahse where = 1, the discount rate squal to the
growth rate of per capita consumption.

Growth discounting can be utilized in intergenerational comparisons asteekver,two as-
sumptions have to blfilled: diminishing marginal utilitywith respect to consumptiomhen
consumption increases, and long-term growth. If there is negabveh, wehave to discount
negatively. Everauthors who areritical of intergenerational discounting ackreudge this
argument (see e.gline (1992)). Discounhg now means that duture individual values an
extra unit of consumption with a lowenarginal utility than a present onenly because the
future individual is wealthierThe utility function is the samefor both of them. If we accept
this idea, therthe growth discouimg method isonly a necessargondition for maximizing
utilities intertempeally in the neoclassical model. The samedksvof utility aregiventhe same
weights, thus, no differences exist between generations. The requirement for justiltirf
anism is actually fulfilledbut only in thiscase. If onalid without discounting irthis situation,
one would rank future generationgher than today's generatiorthiere is a positivgrowth
rate in theeconomy. Global warming goy appears to bwo beneficial. However, if wecarry
out cast-bendt analyses in utility units, consumption discountingrigoermissible beause all
effects of diminishing marginal utilitgre taken into account in théility function itself (see
table 1).

We should keep in mind that individual welfare is influencetddtyh consumption anehviron-
mental rsources. Despite positiyger capita consumptiogrowth rates, it is pasble that fu-
tureindividuals' welfare isiot significantly higher thamhe present's because #mevironmental
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conditions haveleteriorated. Theéncrease inindividual welfare is posibly quite modest or
even negative. The developmenttbé growth rate in theery long-term ismost uncedin.
Neoclassicalgrowth theorists stresanlimited technological pgresswhich guarantees a
positive long-termgrowth rate of percapita consumption. On thether hand, ecological
economists areritical of future development because of itsnof natural resources and the
possible endangering of the natural existential basis.

Even reasonable predictions of tewth rate cannatonceal that methodological pieims
with respect to how tdetermine utility anchow to specifythe utility function still exist. The
total welfare of anindividual is not measurable in cardinal units. Thistie most important
critical point of view concerningthe scientific utilization ofthe growth discount ratand,
therefore, against the usagenebclassical OLG-models according to section 2. Eviemats
to estimate thelasticity of marginal utility of cosumption cannotlenythe fact thautility is
not objectively ascertainable in realitll of the statenentsare speculative. It is unknown if
and howrapidly utility doesincrease with rising consumption. Knowing timadirginal utility is
decreasing is insufficient. It is alsmpossiblefor politicians to have informatioabout the
utility functions of the citizens and, therefore, tlagunable to cotrol theassumptions of the
cost-bengt calculation. Thismplies that it isuseless to regat the computationsith alterna-
tively higher orlower rates. Nobody knowshich assumptionare meaningful. Ifthere are no
cluesabout the rate of decrease of tharginal utility,then there ihardly anotherpossibility
for researchers other than to ignore phenomenon odiminishing marginal utility as aource
of legitimization for disounting.

The growth discount rate is special relevance when individuals in differeountries with,
more importantly, different welfadevelsare concerned by a project. Thet yet fully devel-
oped countriestrive forhigh growth in order to catch was a visthe industrializedcountries.
Therefore, one camssume a highegrowth time preferencerate for those countries. In
industrializedcountries, the growthime preferenceate wil be lower due to thealready
realized higher level of individual and societal welfare.

In summary, neglecting methodological problems of cardinal utility measurement, a positive
time dicount ratecan be founded on a positive GDP/GgRowth rateand consumption
growth rate respectively. Inevitably, this makes it an approximative and subjeuibeedure.
However, the growth rate of GDP/GNP (consumptica)) be utilized as a suitablalicator

for the growth ofindividual and societal welfare. If the cost-benefit comparison is undertaken
in utility units, the application ofthe growthtime preferenceate in digounting isnot allowed
because the utility units take the decreasing marginal utility directly into account.

4. The Treatment of Opportunity Costs

Equation (2) shows that infast-best world where no distortions of market allocation caused
by, for example, government interventions andiacorrected markdtilures,the distinction
between theate of opportunity costand therate oftime preference is unnecessaBoth
rates correspond to each other and equal the exogenous market interé¢seeasdove)rhis



Bayer/Cansier: Intergenerational Discounting: A new Approach 10

assumption is extremely impractical. time real world, one can see théitne preferenceate
and the opportunity cost rate differ. It has to be assumed that the oppartstitpte exeeds
the rate of time preference. In this case, which rdtéeused in the intergenerational context
is decisive. One has take into consideration, though, that t® underlying variables;on-
sumption and investment, are not comparable.
Implementation of a publiproject requires the usage of scarce resoundesh have to be
taken fromother usages. Othebnsumptiorgoods are forgondirectly or indirectly - via the
omission of investments. Thekxst returns represent the opportunity costs ofptliaic pro-
ject. For disounting it is essential to vat extent thisdisplacement directly affectson-
sumption or investment. lthe simplestcase, we assume thanly consumption is displaced.
The usual formuldor the net presentalue of a public investmerthen only containscon-
sumption units, which are to be discounted using the social rate of time preference:

(6) PV= —c:;;+Cl_Cl + & C§2+___+ G-G ,

1+  (1+9) (1+9)"

where thevariablesare defined as followsC; = consumption effects dhe public investment,

C* = lost consumption of other goodss social rate of time preference.
In therealistic case of large long-terpublic projects, otheprivate investmentare diplaced
as well. These investments would have allowegiprovision of consumptiogoods in future
periods, in accordanceith their internalrate of returrr. Application ofthe Harberger Rule
demands thabtal lostconsumption and investment, respectively, have to lbeuldedusing
a weighted rate composed of the marginal time preference rate and the rate of retudisef the
placed investmentéet ushave aook at anexample:due to investment and currestpendi-
tures of apublic project, 20 % of otheprivate investmentsl{) aredisplaced and 80 % of
consumption (€), respectively. We obtairthe folowing formula of net presentvalue,
applying the discount rate= 0,8[d + 0,2[t:
G-1-C, ,Cl-C

1+h (1+h)"
This method idogically inconsistent because unequal umite added and subtractdolis-
placed investments and displaced consumption are not equivalent. Usually, investment units are
of higher value than consumption on@s second-best economies). Therefaik variables
have to be expressed in consumption units in the net-present-value formula.
It is possible to estimate intertemporal negative consumption effects dibettiylitecompli-
cated. Instead we capply simplifying methodswvhich are suggested in thigerature toobtain
someshadow prices of capital Cline (1992) uses a methadhich represents thannuity of a
displaced investment as continuouldgt consumptiongnnuity method): we have todeter-
minethe atually displaced investments inparticular timeperiod. Next we have to calculate
the annuity withinthe expectedifetime by usingthe estimated rates of return of tisplaced
investmentsFor computing present values at ttie where investments have been replaced,
we have to usehe socialtime preferencaate. The outcome isalled the '‘tonsumption
equivalent'. If we apply the consumptiorequivalent toone unit of investment, then the

(7) PV=-l,-C,+
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shadow price otapital, v, results. It expresses hanuchone unit of capital isvorth in con-
sumption units. The shadow price of capital of an investmbith ischaracterized bthe rate
of returnr and thelifetime n is given bythe amuity a, calculated witithe rate of returm,
multiplied with the inverse ofthe annuityb, computed orbasis ofthe soa@l time preference
rated:

8 vc=a-b where a:M and b:(lL)_l.
a+r)"-1 0(1+9d)"

If r corresponds td, the shadow price afapital equal®ne. This isthe constellation in neo-
classicalfirst-bestanalysis.Investment and consumption units asdued equally. This means
that thedisplaced amount of investment is equalhe loss of consumption units. The shadow
price of capital, is greater than on@henever theate of returrr exceeds the socighte of
time preferencé and when weargue in second-best economiesspectively Cline uses the
following data inhis climatemodel: timespan athe investments1=15 yearsjnternalrate of
return r=8%, and the sdel rate oftime preference (actuallthe growth discount ratg)
0=1.5% 0=2%). A shadow price of capital of 1.56 (1.50) results.
The nmainidea of this method is that recovered capital l@bdrns should be continuously con-
sumed according tthe annuity. This icontradictory if the rate of retumhas been calculated
as the internal rate of returwhich implies thatcapital returndhave to be permanently rein-
vested throughout the whole lifetime. However, it is suitable if we use a methodcidatad
the internal rate of return which takes into account that the investor maintains at le@asalthe
capitalstock but wants t@onsumeparts of thereal returns of thénvestment. Generallyhis
rate is smaller than the original one, but it is more operational.
This contradiction can also be avoided if we assume that nélithezompletanitial capital
stock nor the returnduring thelifetime of the investment can be consumed. Tihigal capital
accumulates according to tkalculation of compound interest. Itasly possible to increase
consumption at the end of tievestment periodegnd of horizon-method. The internakate
of return ofany investment - displaced tte planningperiod zeroand providng additional
consumption units throughout the whole timespan yéars - can be calculated according to:

(9)  Io(L+r) =C,(1+r) +C,(1+r) "+ HC, .

Discounting to theplanning time usinghe so@l rate oftime preference andpplying the
shadow price of capitako, to one investment unit results in:

@+r)’

(1+8)"

Veoh €XCceeds/, for all r>d and for amarginalpropensity to save with respect to returns of in-
vestment smaller than unity. If we emplBiine’'sdata, the shadow price of capital, is 2.54
(6=1,5%) and 2.3602%), respectively. The problem with using this method is that Hss-n
tor cannot consume during tH#etime of the investment. It is only possiblér him to

consumeall accumulated capital ahe end of theglanninghorizon. This isnot very realistic,
especially if we investigate long-term investments.

(10) Veoh =
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In contradiction to thosmodels,Bradford (1975) uses a method where the gnaal rate of
consumption is applied timtal accumulated capital. Reductions of thi#ial capitalstock are,
therefore, possible. Another wéy determining a shadow price of capital has been derived by
Lind (1982) andZerbe/Dively(1994), respectively. In their model, it isnly possible to
consume the returns ofviestnents. A positivemarginal propensity to save witlespect to
investment returns implies an increasing capital stock throughout the planning horizon.
Bradford investigatethe effects of a one-period investment the consumption and invest-
ment profiles in any ofthe following (n) periodswithin the planning horzon, which has been
deteminedexogenously. Theate of returrr and themarginalpropensity to save with respect
to the accumulatedhitial capital stock (wealth) s are constant throughout th#anning
horizon. We standardizeur investment to unityThe investment in period Yields awealth
(W) in period 1 oW(1)=(1+r). This results in a consumptitevel in period 1 ofc(1)=(1+)[(1
—-s). The indvidual savesthe amounts(1)=si(1+r). In period 2, theinitial capital stock
increases taM(2)=s{1+) W(2) is split up into consumptior(2)=(1-)S{L+r)* andsaving
§(2)=5"[(1+)% Reirvestment ofs(2) produces avealth in period 3 ofM3)=s"[(1+r)* which
can be used for consumptia(3)=(1-9)E(+)° or for reinvestmens(3)=s’[(lL+r)°. This
process continues throughout the whakmnning hoizon. If we want tadeterminghe shadow
price of capital, we have to discouadt consumption amounts of each period to plening
time by using the social rate of time preference. This yields:

_f_afltr) o0 1+r)d 1+r)
(11) vy=(1 S)EélTé)EEogEElTé)E where s%ﬂ—é)<l

has to be valid so thag converges. lmur specificdion, as in mostealistic caseghe expres-
sion in equation(11) convergesswiftly against a constant value. The Bradford oote
becomes more realistic when \give upthe restrictive assumptiorsdout the conancy ofr
and s for each periodwithin the planning horizon. This is shown ithe original paper of
Bradford(1975) or in the comments lynd (1982) andCline (1992).

Lind (1982)allows only consumption teuch an extent that thaitial capitalstock is (ateast)
heldconstant over the wholg@anninghorizon. Reinvestment has to be undertakemaotain
theinitial capitalstock. Themaximumpossible consumptioper period igjiven bytheinternal
rate of return multiplied with thmitial capitalstock. We want t@onsider a one-period invest-
ment as well, antheinitial capitalstock is standaiged to unity(adaptation ot.ind's method
by Zerbe/Dively(1994)). Furthermore, we @meme costantr ands. In period 1, thecapital
stockhas increased t8/(1) = (1+). The investor i®nly allowed to split ugis incomer, the
return on investment, into cemmption andeinvestment. Additional consumption Gfil-s) is
available inperiod 1. The amoumts will be reirnvested and increases tingial capitalstock in
period 1. Wealth in period 2 is thgiven byW(2) = (1+)[{(L+sr). Only the return of theapi-
tal stock of period 1r[{(L+sr), can be consumed oginvested in period 2. The investorakle
to consume an amount G{2) = (1-s)I{L+sr). Reinvestment in period 2 is given @) =<l
[(@+sr). This procedure continues fall following periods throughout thplanning horzon.
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The captal stock growscontinuously according tthe rater(s (for all s>0). Equation (12)
provides an overall view of the development ofstonptionC and wealtiWV per period:

c(0)=0 w(0)=1
E) (1- 9 W(1)=1+r
C(2)=(1-9rf{1+sr)  W(2)=(1+ sr)f1+r)

(
c(=(1- e s w(@=(1+ s s 1)
o= (1~ 90rar s W()=(ar )™ i+ ).

In order todeterminethe shadow price of capital, weve to discounall consumption units
throughout theplanninghorizon back to thelanningperiod. The relevant discourdte is the

social rate of time preference. The shadow price of capital is given by:

(1+ sr)j'l

2 (1+3)

The sum in equation (13) is a geometrical series and converges to a constant value, just like the
Bradford-criterion, ifs<d/r.

(12)

(13) v, =(1- S)DEE

The methods oBradford andLind and Zerbe/Dively respectively, cannot be compared di-
rectly. The reason is that timearginalpropensities to save have different points of reference.
Lind requires that the capital stock should at least be constant over time, vBramdfasd ex-
plicitly allows the initial capitalstock to decrease. If threinvestmenguota in theBradford
model isfor example30%, then theapitalstock(wealth of thehuman being) declines rapidly.
However, a positivenarginalrate of saving in theind approactsignifies an increasing capital
stock throughout the whole planning horizon.

The "reinvestment methods" IBradford Lind and Zerbe/Divelyassume that an investment
induces subsequent investments according to a deterrmeelsbnism (in com@ince with a
fixed marginalpropensity to savethroughout thewvhole planninghorizon. If we investigate
single investments othe otherhand, we are reducing potential/estment series to pieces.
Each displacement of an investment has to be valued by determinovgnitshadow price of
capital. This method isnore flexible. It takes into accounall kinds of investment effects.
Therefore, opportunity costs calculated on this basis are more accurate.

Systematic differences thelevel ofthe rates of return afivestments whiclaredisplaced can
exist betweemot yet fully developed countries and industrialized countriesddwmeloping
countries, the rates of return of certaimestments (educatiopublic healthtrangort, public

administrationgtc.) areabove averagelhis is caused bthe presence of techlogical defi-

ciencies in comparison to industrializeduntries. In developing countries, foraexple, the
same expenditures in climate prcien as in industrialized countries woudthter a cost-
benefit calculation of global climaterotectionwith considerably higher opportunityosts.

Togetherwith therelatively highrate oftime preference, this would lead torere reserved
valuation of climate protection policy in these countries.
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In summary, the cost-benefiénalysiswould be incomplete anithe result would be disrted

if the displacedreturns of omittednvestmentsvere notconsidered. Therofitability of public
projects would be overestimated. The expansion of governmental activity would greatly exceed
the efficient level. Alot of public investmentsvould be carriesbut which possess lesseocial

rates of return than privaiavestments. Virtuallyall entrepreneurial activity would be sup-
pressed. In the case of long-tepublic projects such as climate prdten, this distortion

would not only bedisadvantageous for today’s generations but furégenerations awell
because the exaggerated goal of climate protection would face an insufficient capital accumula-
tion (supply with material consumptiaggoods).These objections daot hold any longer if
cost-benefitanalyses listhe project costs in total even if necessarilgimplified - using the
shadow price of capital methods.

5. Adjusted OLG-Discounting Modelwith respect to intergenerationalcom-

parisons

Beginning with neoclassical theory, we want to derive a methodology for discounting intergen-
erationally in amore correctvay thanthe conventional theorgloes.This will be done in the
framework of an OLG-model, taking into accouafitcritical remarks othe previous chapters.
Because we use shadow prices of capital to deternppertunity costs, we arable tofully
concentrate ontime preferencerates as discount rates. Theecessity of having
intergenerational effects inind when determiningpresentvalues inthe framework ofcost-
benefit analysidias been outlined bigula (1992), Kula (1997) andBurton (1993). A more
detailed analysis of the following discounting method can be fouBdyrar/Cansief1998).

First of all, somesimplifying methodological assumptions are required. We want to concen-
trate ouranalysis orthe consumer side. Productieffects andhe production procedsself

shall not be investigated primarily. We demonstrate our method within a partial framework, but
we do notleaveopportunity costs unconsidered. Therefore, cagain, we concentrate our
analysis on consumption effects.

Now thetechnical assumptions. Wkemonstrat@ur discounting method in the framework of
global warming. The number of generatidiving simultan®usly is three. Each generation
lives for three periods. The births and deathsalbfgenerations are €fieed as follows: The
oldest generation Aives one more period andies atthe end of period,. Generation D is
born at the beginning of periad We want to assume for ocagnience thathesetwo points in

time are identical. The proedure continues: generation liBes two further periods at the
beginning ofthe planninghorizon and dies d@he end of period; (beginning oft,), generation

C livesfor three more periods ardies atthe end of period,. Global warming policy causes
consumption changes &ll periods.These effects - consumption increasew@bas dereases

- are supposed tequallyconcernall living gererations. The valuation of consumption effects
is thesamethroughout the totgblanninghorizon. Thismeans thathe preferences ddll living
generations are constant. The ageicture of the population is sasned to be constant
throughout thevhole planninghorizon as well. Greenhougelicy is started in period, (see
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table 2 for further details). Thetal consumption per period @il living gererations is repre-
sented as theolumn sum. The consumption clisint factorreaches a constawmélue after a

few periods (in this case as of perigdbut ingeneral from that period, where webtract one
from the maximum lifame).

Generation to t1 t2 t3 ta ts ot Sum

A Co Co
B o oMbt Co+c@?
C o @' cB? Co+ P!+ eB?
D 1 B! @2 ¢+ B!+ gB?
E G B! B? C+ P!+ uB?
F G oBt B ... ... | +ouBt+oed?
G Cs |t ... . i+ B!+ B2
H Cs vie e | s+ B4+ B

Sum |36, alll+ cO cs0 (10 (o P z

20  (1+01 (1+01 1+t (1+07
+0%)  +07)  +87)  +67)

Table 2:Benefit and cost effects in a three generation médel(1+d)

We argue a$ollows in order tocalculate a presentalue inthe planningperiodt,: each gen-
eration discounts the consumptieffects whichwere induced by amvestment in planning
periodt, to the start of its life. Generation F, for example, discountietisne consumption to
periodts. In order tocalculate a presenglue at planning tim&, we have to discounhe de-
termined value once againttoIn this context, we have to take into consideration thaditie
count factor forfixing the presentvalue at timet, canonly be conprised of thegrowth
discount rateWithin the generations, thealue ofthe discount rateqeialsd, the sum of the
puretime preferenceate and thegrowth discount rate ifitra generational discounting"). In
order to relatdifetime corsumption to thelanningperiod of theclimate policy, we disount
inter generationally and thus cannot use the pure time preference rate.

It is important to remembdrow to handle consumptiogrowth in ourdiscounting model: If
there is a positive (consumptiogjowth rate, wehave to discount intergenerationally with a
positivegrowth discount rate. If there is monsumptiorgrowth in theeconomiesd=0), then
we cannot discount with growth discount rateThis implies thatall generation-specific
presentvalues athe beginning ofthe lives of each generation have to taken into account
with their values at this timperiod in order taletermine presemalues inthe planning time
period to. Of course, if there isiegativegrowth in some economies, we have to discount
negatively. Future effects have to be valued niaghly intoday's units because of dingining
consumption possibilities.

The model becomes more realistic if we incrahssnumber of generations &bout 40.This
will sufficiently express thenaximum remaining lifetimexpectancy of the youngest adult gen-
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eration world-wide. The generatioligng in the periods 0 to 39 discount theiwestment-in-
duced consumption effeatrectly tothe planningperiodt,. This is amended from generation
40 on.Consumption effects belomy to thisgeneration are discounted to theginning of
their lives (periodt;). In order to caectly analyze benefits ambsts, we have to discount the
presentvalue at period; to theplanning timet, again by usinghe growth discount rate. The
further the generations live in the future, the bigger the distance is betwebintlthef any
future generation and th@anningperiodt, for the cost-benefiainalysis. Thusthe discount
factorincreases exponentially here as wellf with a smalleratethan in theRamseymodel.
The presenvalue ofall effects inthe OLG-model is a&ays bigger than ithe Ramseymodel.
The difference increases rapidly with increasing time distances.
We want tohave alook at anexampleto explainthe differences. We assume oriye con-
sumption effect with aamount of 400 20§ears from now. Irihe Ramseymodel, the present
value PVr) - discounted using puretime preferenceate p=3 % and a constagrowth rate
of per capita consumptiagr3 % €=1) - is given by:

(14) PVy=— 2% __=34710°

(1+ p+ g)

In the OLG-model, the present value changes. The consumption amount of 400 inpgsod
distributed equally amongst all 40 living generations in pdgadEach generation living itago
receives an amount of 10 consumption units. Determinipgegsentvalue inour concept is
more difficult than in th&kamseynodel because of the correct treatment of generation-specific
consumption effects. The effects occurring tire periodsexceedingthe maximum life
expectancy are discounted by jusingthe growth discount rat&ffects withinthe individual
lifetimes can be discounted by usinthe growth discount rate asell asthe puretime
preferencerate. The presentalue of investment-induced consumption effects can be calcu-
lated according to equation (15):

"D ¢lG
L-1 _ c /G PH i; (1+ P +€ [ )i—k
PVOLG:-Z(L_ J)D J+Z [ )
"~ (1+ P;*E, @J) = (1+€( @z)

(15)
where ¢,c, =0 forall i, j> PH.

PH symbolizesthe planninghorizon of theanalyzed investmerngroject andL represents the
life expectancy of each generatigim our exampleL=40). G is the number of generations

which live simultaneouslyThe variablesj, i, and/ are used asme indices. The firsterm of
the sum considerghe intragenerational consumptieffects whichappear in thglanning pe-
riod for all presently-livinggenerations. In analogy to table 2, wanivto assume thahe cli-
mate protectiorpolicy cannot be anticipated by thhadividuals. Therefore, thdiving genera-
tions will valuethe projecdifferently fromthose born after thplanningperiodt,. It would be
easy, however, to assume perfect foresigtduncalculdgion. Consumption effectaffecting
the generationsving in the planningperiod are therconsicered andntragenerationally dis-
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counted in accordanceith their life expectancy. The fraare in the numerator of theecond
term of thesum in equatior(15) expresses thentergenerational consumption effects of the
generation born after the planning perigdAs these effectare discounted to tHgeginning of
thelives ofthe respective generatiamly, the intragenerational preserglue has to be related
to theplanningperiod aswell in order toevaluate the socigirofitability as perceived in the
planning period. This is done by discountingising the growthtime preferenceate in the
denominator of the fraction on the right-haside of equatiorfl5). Westill have to consider
the fact that intragendranal effects which beome relevant after the end of tp&nning
horizon cannot be taken into accounbur calculation. Therefore consumption effectsr ¢;
(wherei, ] > PH) are not taken into consideration.

Looking atour example, a&PVo.c results as 0.653Zhis isabout 188times larger than the
Ramseyone. If the consumptioeffecttakesplace intsoo, then the OLG-presentlue isabout
3.319times larger tharthe Ramseyone PVoc=0.03399;PVr=1.02410°). The difference
diminishes ifthe consumptioeffectoccurs int;oo. The OLG presentalue isabout 10.@imes
larger than th&kamseyne PVoc=12.554;PV=1.179).

Looking at anotheexample Wi help to illustrateour approach morelearly: weuse asocial
time preferenceated of 5 %, but the componentary. In thefirst casep is assumed to be 3
% andg equals 2 %. Inhe second case, the discount rates are the wteneround: p=2 %
and g=3%. Of course, thRamseypresentvalue isthe same inboth casesPVk'*=3.042;
PVr?=0.0231;PV:**%=1.75910". Different components ithe Ramseyule donot change the
overall resultsHowever,this isnot true in ourOLG-model: in the case whepe=3 % and
g=2%, thefollowing presentalues resultPVoc = 33.16;PVoLc™"= 4.58;PVoc> *=0.63. In
the 100year casethe OLG-value isabout 10.%imes larger thatthe Ramseyone. Thedif-
ferences become more distinct witicreasing timespanghe presenvalue isabout 198imes
larger in the 20@ear case andbout 3,582imes larger irthe 300year caseThis changes in
the second case, whaye2 % andg=3 %. The present values in the OLG-modelgaven by:
PVoLs 2*=14.66 ;PVo,c?%°=0.763 ;PVoLc*°=0.0397.This implies thathe diferences between
theRamseyand the OLG-presemalues become smalldfor the 100year planning hozon, it

is about 4.8 times larger, about 33 times larger in the 200 year case, and alione22&ger
in the 300year caseThis isdue to the larger growttate in the secondasewhich isused for
intergenerational discounting. Thegxampleshowsclearly thatour approach is more accurate
than theRamseyone. Although theRamseypresentvalue isthe same inboth cases, the
profitability of the project can varyThis has to baaken into account in intergenerational
decisions.

Opportunity costs can be included in thisoncept withoudifficulty. When usingthe shadow
price of capital methods d@radford Lind, Zerbe/Dively and the end of horizon method, we
have to differentiate between discounting intra- or intergeneratiorralyintragenerational
shadow prices of capital, we ctake the growthtand the purd¢ime preferenceate into ac-
count: d=p+g. If the evaluation project provides consumption effects for future generations,
we areonly alowed to use the growth discouratte forcalculatingpresent valued=g. Thus,
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we have to utilize different time preferen@geswith respect to discount intra- and intergen-
erational effects, respectively, when weternine shadow prices of capital asell. The
statements changightly when weuseCline'sannuitymethod. In order to discount, vave
to use thesum ofthe growth discount rat@nd the puréime preferenceate d=p+g. The rea-
son is that we have taken all consumption effects of all periods withplaiieinghorizon into
account and distributadditional consumption units equalbccording to the totatime
preference rate of the generation which plans the project, when we determine the annuity.

We want tohave a specidbok at thedifferences othe analyzed discounting modelEhere-
fore, the nain characteristics obur approach are compared to tmeoclassical OLG-model in
section 2:

We concentrate owanalysis orproject-induced consumption effects. This means that our
approach does not require the general equilibrium assumption. We are able to judge projects
as theyare, withoutreferring tolifetime consumptiorplanning inthe past. Therefore, the
assumption of perfect foresight is not necessary, which makes our approach more realistic.
The adjusted OLG-model is strictly consumption-oriented, taking consumption aaldesuit
indicator for (individual and societal) welfare. No cardinal utility measurement of
generation-specific utilities in one hundred, two-hundred or more years is necessary.
Opportunity costgan be taken into account invary convenient way by determining the
shadow prices of capital. Thansolvable problem isecond-best economies - to detge

"the" correct discount rate (opportunitgstoriented or time-preference oriented) in neo-
classical models - is not relevant.

Decision makergreable totakevarying growth rates into accounitilizing our appoach.

The usage of a single discount rate can easily be avoided. This makes our discoadéhg
more powerful in empirical studies than the conventional neoclassical models.

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 markdtilures inthe long-term can banalyzed in anore correct way
usingour approach than with theeoclassicabne. Thewhole discounting processself is

more transparent for intertemporal decision makers with our approach than witipltie im
adaptation mechanism in neoclassical models.

In summary, the OLG-discounting method fitgest inneoclassical cost-beneéihalysis. Iter-
generational distributional aspeete taken into consideration, asll asthe completenclu-
sion of all relevant intragenerational utility effects. Itnst necessary to perfectly ply this
method in realityOur sinple model usinghe assumption of anite lifetime of equallycon-
cerned generations provides much better results ttteRamseymodel and is sufficient for
empirical cost-benefit analyses.

We implicitly demandthe usage oVariable(growth) discount rateghen we useur OLG-
model. The traditional method atilizing a constant discount raanonly be maintained if
there is constant (real) growth atl investigated economies througit the planning horzon.
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This seems to be very unrealiséad, therefore, we want teelax this assumption. In our
model, we have ttake predicted (real) growth rates dkeconomies int@ccount. Thus, the
analyses usingur discounting modebet much better results than traditional cost-benefit
analyses using a constant discount rate in intergenerational comparisons.

6. Political Summary

Thefailure to comply withthe intergenerational aspect in discounteaps to an underestima-
tion of long-term projects and politicgrograms in cost-benefdnalysis. Differentproject
types are affected tdiffering extents by thigliscrimination. In infrastructure projects such as
the construction of new railrodthes or highwaysthe nain costs arencurred in the present,
but thebenefitsarerealizable inthe short run awell. In the mediumrun, thebenefits already
outweigh the costs, so thg&nerationdiving in the presenstill do benefitandnot only those
born in the future. Asubstantialpart of theeffects ofthe projects isvalued correctly. The
underestimation of these long-term projects and thus the distortion of the decision as compared
to short-term public projects is rather moderate in this ddss.is different irthe case obery
long-term projects inwhich beneficiaries ana@ost bearers divergeThis holds true, for
instance, fodecisionsaboutglobal climateprotection, the protection of the ozolager, and
the conservation obiodiversity. Evensmall variations of the discountate can result in
negative net presemtlues in thiscase. Actions designed to reduce greenhousesiems, for
example, Wl only contribute to an improvement of climate in 50 or more years. The costs
enter today’'lanning decision withull weight, while the benefits ofthe far future are taken
into account only to a very decimated extent.

We want tohave a closefook at themodel calculationglone byNordhaus(1994) -the
DICE-model (Dynamic htegratedmodel of dimate andthe Economy). Withrespect to
discountingNordhausassumed that there is aufinitely-lived agent with a constant putiene
preference rate of 3 %. The overall discoatédiminishesirom 6.5 % at the starting point to
about 4.5 % in thgear2105. Thedifference betweethe two rates is characterized as the
growth discount rateSimulations withthe original codingshow that theoptimal (efficient)
climate protection policy leads toraduction of theglobal average teperature by 0.2° C by
the end of the next century as compared tdbtigness-as-usual (baenission path without
climate-protection measures (increase indpgmal case: 3.1° C, ithe bau-case: 3.3° C).
However, these are temperatuicreases forwhich natural scientists fear iwversible
interference with the entire ecosystalirover the world (see e.gloughton(1994)). Our own
sensitivity calculations with different @isunt rates show, on the otheand, that theariation

of discount rates results in drastisanges in the optial emissiorrate: in theyear1995, the
optimal rate of reduction of greenhougeses is 8.8% (related to thase year 1965 in the
model) in theoriginal model. If one relinquishes utility discounting, thigate increases to
38.3%. Also, by using a utility discount rate of one percent (two percent) p.a., adpghel
emissionreduction ratehan in theoriginal coding 0f19.6% (12.5%) results. Atigherrates,
fewer emissions are reduced - 5.186%%); 2.7 % =8 %); and 1.9 %p=10 %).This shows
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that the choice of the discounate can,ceteris paribus, lead tthe result thatdrastic
greenhouse gas mitigation as well as the (almost total) renunciation of this may be efficient.
The same hold®r projects withhigh future costs, howevewith the oppositesign. Nuclear
powerplant projects can serve as an example. réfaively currentbenefits face higluture
costsresulting fromthe shutdown of production plants and ttsis ofthe final deposition of
nuclear waste.

In decisions regardinthe usage of natural resourcesthelevel of the discount ratplays an
important role as well (see e@ansier/Bayef1998)). Forexhaustibleesources, accord to
the Hotelling rule, anoptimal exploitation path results if thgrowth rate of therice path of
the resource ea@lsthe puretime preferenceate. We want to demonstrate the siderations
of a representative household. It wantsmaximizethe utility of a givenstock § of the
resource intertempally by consuminghe quantityR; in time periodt. The usual asmgion
of diminishing marginal utilityholds for theutility function. Resourceexploitation diminishes
the given stock which is taken into consideration as a condition €aitity maximization in

equation (16).S symbolizeshe first time derivative othe resource stock. Theaximization
problem is given by:
(16) maxfU(C(R))e ™ dt st S=-R.

The higherthe discount rates, the quicker the resource is exploited. Resource wgshsto
use the resourcearly in theirlifetime. This leadghe resourcexploiters tobegin immediate
exploitation because afsing prices. Interests of future generations are neglected if the re-
source exploitation is so fast that #teck isalready exhausted when thase born. Ifthis is
due to an excessively high pure time preference rate, this implies an intergeneirafboaint
resource use path. The process moves siovdy, if the puretime preferenceate is lowered.
Households dmot demand suchigh quantities of resources in the present as irfitbiecase.
This means thathe resource stookan be utilized longer than in cases with highere time
preference rates. The consideration of ititergenerational aspect wouldad to a slower
exploitation of the resourcayhich means a time advage in researcand development of
substitutes.
In decisions regardinigow to utilize renewableesources discounting with the pui@e pref-
erencerate leads to highercurrent withdrawal quantities asell. The intertemporautility
maximizing problem is as follows:

17) maxfU(C(R))e” dt st S$=g9- R
In comparison to thexhaustibleresources approach where no growth of the resource during
the planningperiod is assumed, tlmeaximization problenchanges. According tg(S), there is
naturalgrowth of therenewableresource. Foexamplethe resource stock is constant if the
exploitation in periodt equalsthe newly grown quantity:g(S = R. By the way,this
maximization problem ishe sameone as thdRamseymodel ofoptimal capital accumulation
given inequation (1), where capital is interpreted as a renewabtrirce. In addition to the
puretime preferenceate, a growth discount raéxists which can bthe reason for positive
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discount rate in intertemporal utility maximization even if the pure time preference sateds
zero.

Following the neoclassical model of optimasage of stockdjigher withdrawal quantitiewill

be shown as efficienthe higherthe discount rates, andthe extinction ostocks of raewable

as well as exhaustiblesources W be reached even earlier. The supply position of genera-
tions in the far future isot regardedintergenerational discounting, on tb#herhand, recom-
mends that renewable resource stocks are preserved and can be used for a long(er) time.

Another important political aspect concerns the different methodsajunting inndustrial-
ized and developing countriesBecause of théesser welfare situation in developiegun-
tries, theirgrowthtime preferenceate isgenerally highethan in industrialized cauries. The
renunciation of consumptidnday weighs heavier than in industrialized otries. In addition,
the return ofinvestments is usually essentially higkele to thetechnicalpent-up demand, so
that one has to calculate witigheropportunity costsespecially in environmentalrotection
measires. Thedifferent positions facene another irdecisionsaboutglobal environmental
projects such aslimate protection.This poses the question which way projects should be
discounted. Proceeding on the assumption of the conditiomslustrializedcountries,this
conflicts withthe interests of thdeveloping countries because climate protection is evaluated
too paitively for them. This is justthe reverseavhenthe valuation isdone accortig to the
conditions prevailing in developingpuntries. Fotindustrializedcountries,climate protedion
would be considered to lbeo expensive. The contrastsiide mitigated if one proceedsom
weighted growth rates (and @mergingoppotunity costs are taken into account in the
valuation of the projects with the help of shadow prices). Howewerp atep approackeems
to be the mossuitableone: starting point is the single economies or economic regions. The
regionalcostsand benefitare discountedsingthe specificdiscount rates of the regioriEhis
results in a project-specific presematiuefor every region, taking into consideratitre actual
consumption increases and decreases, rigggc connected with the project and the
adequate discount rate. In a second step, these pneaasare aggregated. Here, for
instance, political necessities can tagen into account. If @ositive globalpresentvalue
results, the project is efficient under cost-benefit considerations.

Sincethe menbercountries of the United Nations, during the ConferencEmnronment and
Development held in Rio de Jane({t992), categorized thegconomic and enviranental
policiesunder thdeading idea ofustainable developmentit is also of interest iwhich way
the discountingproblem is related tthe strategies asustainable development. In economics,
the neoclassicakoncept of weaksustainability(of a constant totatapital stock) and the
ecological-economic concept sfrongsustainability(of a constant natural capitatock) are
conflicting (see e.gPearce et al(1989),Pearce/Turner(1990)). Adevelopment is regarded
as sustainable ithe neoclassicaconcept if per capitavelfare remainsonstant ovetime.
Man-made goods and nature are substitutes. Longieenventions in nature (exploitation of
exhaustibleresources, exploitation ofenewable reources exce@uny the naturalrate of
regenerationglobal ceterioration of theenvironment which exceedbe natwal assimilation
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capacity,etc.) are ahays justified wherhe utility reductionincident is compensated for by a
corresponding excessipply with man-madeapds. Renunciation of climate protesn would

be sustainable in this senga, instance, if the returns of G@missionsot only contribute to
an increase in actual ceumgion, but alsaenable investments which supiure generations
with additional man-made consumption goods, thus compensatitigefdisadvantages due to
climate damaged-urther conditions undewxhich constantutility is possibleare described by
the Hartwick rule (seélartwick (1977)). Theecological economists call féhe preservation
of the vital functions of nature. These could not be substituted by artificial goods.

Both conceptexclude cost-benefanalyses anthus discounting. In the case ioterference
with theenvironment, a compensation in form of man-made investment is called fodegr a
radation of the stock agnvironmental quality isot allowed. There is nooom foreconomic
considerations. Both concepts aret realistic. Nature isneither completely substitutable by
man-madegoods, nor are thessubstitutionpossibilities totally lacking. Besides it is not
understandble whythe supply of mankind irthe far future should always be at least constant
(or better) axompared to tday's supply. In light of this, an intermediaenception of sus-
tainability can be formulated: in the long run, certain economiwedsas ecologicaminimum
standards should be met. Suxhical values should be determinfat the degree opollution

of environmental media (health standards for human beings, animals, and fdamit®) stocks

of renewable rgources(animal and plantstocks, survival conditionsfor popuations and
feeding stadards formankind) andor the usage of éaustibleresourcesThis corceptoffers
the possibility of free decisionBetween provision with man-madeodsand the usage of the
environment. Each generation cpat more weight on economigrowth or environmental
quality according to its prefences. Theonly condition is that thedecisions of today’s
generation danot hurt theecological and economiminimum standards of future generations.
Beyond theminimum standards, dpnizing decisionscan be made according to cost-benefit
analysis. Sustainable and intergenerational discounting do not necessarily exclude each other.

The closing remarks make cldasw important the correchoice of the discountite is in the
intergenerationatontext. Inempirical cost-benefit analysesherefore, the reasons fthis
choice always have to lrovided,namelywhether it is oriented on the opportunity costs or
on thetime preference ahe population. The respective rakese to be carefully investigated
before beingntroduced in thempendingcost-benefianalysis. Onlythis procedure guartees
realistic findings.The usage of an unreflected (constant) discoai¢ representseality
insufficiently. Sensitivity calculationsiith bigger or smallediscount rates cannot overcome
this shortcoming eithethe cardinal problempamelythe choice of theorrect discount rate(s)
for the project to be realized, cannot be solved by demdf thelevel of the discount rate is
contestable, it is impossible to judge whether a measure is (in-)efficienfixifigeof a dis-
count rate simply tonake calculations feasible has to be rejected to thesame reasons,
especially if intergenerational effects are to be evaluated.
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