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ClimateClimate change, and the discount change, and the discount 
rate rate debatedebate. . 

�� EconomicEconomic «« reasonreason »» withoutwithout doubtsdoubts.. .. 
–– NordhausNordhaus (DICE), a (DICE), a growthgrowth model model withwith carboncarbon as a factor. as a factor. 
–– Standard discount rates (5%) Standard discount rates (5%) leadlead to to «« lenientlenient policiespolicies »». . 
–– BehindBehind : : referencereference to to marketmarket rates, rates, explainedexplained by by 

�� Pure rate of time Pure rate of time preferencespreferences 11--2%2%
�� ElasticityElasticity of marginal utility 1,5, of marginal utility 1,5, growthgrowth rate of 2%.rate of 2%.

�� An An attemptattempt of of reconciliationreconciliation withwith «« ecologicalecological intuitionintuition »» : the Stern : the Stern reviewreview. . 
–– PutsPuts emphasisemphasis on on uncertaintyuncertainty and and probabilisticprobabilistic assesmentsassesments. . 
–– ComprehensiveComprehensive assessmentsassessments of the of the costscosts of damage. of damage. 
–– LowLow discount rates : discount rates : …….1,1% .1,1% justifiedjustified by by 

�� Pure rate of time Pure rate of time preferencespreferences of 0,1%.of 0,1%.
�� Log Log utiliyutiliy (Cobb(Cobb--Douglas). Douglas). 

–– CriticismsCriticisms. . 

�� Directions for Directions for reassesmentsreassesments. . 
–– UncertaintyUncertainty ((WeitzmannWeitzmann))
–– Stress the Stress the specificitiesspecificities of of environmentalenvironmental goodsgoods.  .  



A A twotwo goodsgoods model. model. 

�� The model : The model : 

–– 2 2 goodsgoods : : 
�� aggregateaggregate consumptionconsumption good : good : quantityquantity..
�� «« environnemental environnemental qualityquality »»

�� The The preferencespreferences parametersparameters of of generationgeneration tt : : σσσσσσσσ’’, , σσσσσσσσ
–– Utility Utility functionfunction ::

–– v(v(xxtt ,,yytt) ={[) ={[xxtt
((((σσ-- 1)/ 1)/ σσ ) ) + + yytt

((((σσ --1)/ 1)/ σσ ) ) ] ] ((σσ //((σσ --1))1))}}

–– V(V(xxtt ,,yytt) =[1/(1) =[1/(1-- σσ ’’)][)][v(v(xxtt ,,yytt)])]
(1 (1 -- σσ’’) ) 

–– CommentComment..
�� y/x y/x decreasesdecreases of 1/100, the of 1/100, the willingnesswillingness to to paypay
increasesincreases of (of (1/1/σσ) ) per 100per 100

�� IsoIso--elasticelastic cardinal cardinal utiltyutilty for  for  generationgeneration t, constant relative t, constant relative 
riskrisk aversion aversion σσ’’



The four The four parametersparameters world.world.

�� ElasticityElasticity of marginal utility or relative of marginal utility or relative riskrisk
aversionaversion σσσσσσσσ’’, , σσσσσσσσ
–– σσσσσσσσ>1, (<1) >1, (<1) moderatemoderate, (radical , (radical environmentalistenvironmentalist..

–– σσσσσσσσ’’ playsplays a a rolerole in the in the intensityintensity of redistribution of redistribution towardstowards
the the poorpoor....

–– 1,5, 1,5, ……. 3 ?. 3 ?

�� IntergenerationalIntergenerational (social) (social) welfarewelfare :  :  δδδδδδδδ
–– U= U= [1/(1[1/(1-- σσ ’’]]ΣΣt=0t=0

infiniinfini{({(expexp((-- δδ t))[t))[v(v(xxtt ,,yytt)])]
(1 (1 -- σσ’’))}}

–– Pure rate of time Pure rate of time preferencespreferences.. .. utilitarianutilitarian. . δ→δ→0, 0, 
«« ethicalethical »» viewpointviewpoint..

–– Positive (Koopmans). Positive (Koopmans). 
–– > rate of > rate of survivalsurvival of the of the planetplanet ……..

�� EconomicEconomic possibilitiespossibilities : : rr. . 
–– A A simplisticsimplistic viewview of the of the growthgrowth possibilitiespossibilities : AK model. : AK model. 

–– or first or first taketake growthgrowth rates as rates as givengiven ....



The The concernconcern for for environmentenvironment. . 

�� The The concernconcern for for environmentenvironment σσσσσσσσ

–– The world The world isis radicallyradically differentdifferent dependingdepending on on whetherwhether σσ isis
greatergreater or or smallersmaller thanthan one. one. 

–– Opposes the Opposes the «« radicalradical »» environmentalistenvironmentalist σσ<1<1 and the and the 
«« moderatemoderate »» environmentalistenvironmentalist σσ>1. >1. 

–– LaterLater, , uncertaintyuncertainty bearsbears on on σσ. . 
�� A world A world withwith twotwo goodsgoods……

–– Standard discount rate :relative Standard discount rate :relative priceprice of the of the privateprivate good good 
periodperiod t, vist, vis--àà--vis vis periodperiod 0 0 

–– ((expexp((--ΣΣTT r*(t))r*(t))
–– EcologicalEcological discount rate : relative discount rate : relative priceprice of the of the enviromentalenviromental
good good expexp((--ΣΣTT ββ*(t)). *(t)). 

–– «« CanonicalCanonical »» EcologicalEcological CostCost benefitbenefit AnalysisAnalysis
�� GenerationGeneration 0 0 evaluatesevaluates an an investinvest ((atat 0), 0), generatinggenerating an an improvimprov
of the of the environlenvironl qualityquality for for generationgeneration t,  value t,  value measuredmeasured withwith
the marginal the marginal willingnesswillingness to to paypay of of generationgeneration 00 : : multipliedmultiplied by by 
the the «« ecologicalecological discount ratediscount rate



EcologicalEcological discount rate discount rate fromfrom the the 
reformreform viewpointviewpoint. . 

�� The The reformreform viewpointviewpoint : : 
–– FixedFixed enviromentalenviromental qualityquality
–– GivenGiven trajectorytrajectory of of growthgrowth rates grates g
–– The long The long runrun . . 

�� A basic insight : the relative A basic insight : the relative priceprice effecteffect. . 
–– B = rB = r-- (g/(g/σσ))

�� Proposition A :  the Proposition A :  the «« moderatemoderate »» environmentalistenvironmentalist..
–– Standard discount rate : Min (gStandard discount rate : Min (gσσ’’)+)+ δδ

–– EcologicalEcological long long runrun discount rate : discount rate : limlim ρρ (T)  =  (T)  =  g [g [σσ ’’--(1(1/ / σσ )])] + + δδ

–– Min{g}[Min{Min{g}[Min{σσ’’}}--1/{Min 1/{Min σσ } : (1) (1,4 } : (1) (1,4 -- 0.9) = 0,5 pour cent !0.9) = 0,5 pour cent !

�� Proposition B : the Proposition B : the «« radicalradical »» environmentalistenvironmentalist. . 
–– Standard discount rate : (g/Standard discount rate : (g/σσ)+)+ δδ

–– ecologicalecological long long runrun discount rate : discount rate : limlim ρρ (T)= (T)= δδ



The optimum in the 4The optimum in the 4--parametersparameters
world.world.

�� ConstraintsConstraints..
–– FixedFixed environmetalenvironmetal qualityquality. . 
–– FixedFixed interestinterest rate (standard discount rate). rate (standard discount rate). 

�� ResultsResults : optimal : optimal asymptoticasymptotic growthgrowth withwith moderatemoderate
environmentalenvironmental concernsconcerns. . 
–– AsymptoticAsymptotic growthgrowth rate : g*=(rrate : g*=(r-- δδ)/)/σσ’’
–– EcologicalEcological discount rate : B*=[1discount rate : B*=[1--1/(1/(σσσσσσσσ’’σσσσσσσσ)]r+ )]r+ 1/(1/(σσσσσσσσ’’σσσσσσσσ)] )] δδ. . 

�� Optimal Optimal growthgrowth withwith radical radical environmentalenvironmental concernsconcerns ::
–– AsymptoticAsymptotic growthgrowth rate : g*= rate : g*= σσσσσσσσ(r(r-- δδ))
–– EcologicalEcological discount rate : B*=discount rate : B*=δδ. . 

�� DiscontinuityDiscontinuity and and continuitycontinuity ::
–– AtAt eacheach t, the optimal t, the optimal trajectorytrajectory, as , as wellwell as the as the ecologicalecological

discount rate, discount rate, isis a a continuouscontinuous functionfunction of of σσσσσσσσ



Long Long runrun ecologicalecological discount rate discount rate 
as a as a functionfunction of sigma.of sigma.



The The dynamicsdynamics of of «« ecologicalecological
discount ratesdiscount rates »»..

�� The The dynamicdynamic of optimal of optimal growthgrowth
rates rates ((σσ’’σσ>1) >1) 
–– σσσσσσσσ <1,<1, g*(t) g*(t) isis increasingincreasing..
–– σσσσσσσσ >1,>1, g*(t) g*(t) isis decreasingdecreasing. . 

�� The The dynamicsdynamics of of ecologicalecological
discount ratesdiscount rates
–– σσσσσσσσ <1,<1,

�� B*(t) B*(t) isis decreasingdecreasing
�� and converges to and converges to δδ..

–– σσσσσσσσ >1, >1, 
�� B*(t) B*(t) isis increasingincreasing
�� and and convconv to : to : rr--(r(r-- δδδδδδδδ)/ )/ σσσσσσσσ’’σσσσσσσσ

�� σσσσσσσσ’’=1,5, =1,5, 
–– σσσσσσσσ==

–– 0,8, 0,8, 

–– 1,2,1,2,

�� δδδδδδδδ=0,1, r=2%=0,1, r=2%



EcologicalEcological return : the return : the wealthwealth
effecteffect..



ValuingValuing an an irreversibleirreversible damage to damage to 
the the environmentenvironment. . 

�� The question : The question : 
–– ConsiderConsider an an irreversibleirreversible damage to the damage to the environmentenvironment
–– GenerationGeneration 0 0 isis willingwilling to to paypay x to x to avoidavoid the damage for the damage for itselfitself. . 
–– How How muchmuch shouldshould itit bebe willingwilling to to paypay, , consideringconsidering otherother generationsgenerations ??
–– The The answeranswer isis mxmx, m>1. , m>1. 

�� An An AnswerAnswer : A : A BoundBound on m, on m, withwith a a broadbroad validityvalidity range ?range ?
–– ConsiderConsider a=a=[1[1--1/(1/(σσσσσσσσ’’σσσσσσσσ)]r+ )]r+ 1/(1/(σσσσσσσσ’’σσσσσσσσ)] )] δδ
–– m>1/a, m>1/a, irrespectiveirrespective of of σσσσσσσσ. . 

�� ExamplesExamples : : 
–– σσ’’=1,5=1,5, , δδ=0,1%, r=2%, =0,1%, r=2%, σσσσσσσσ=0,8, =0,8, 

�� m>300m>300

–– σσ’’=1,5=1,5, , δδ=1%, r=3%=1%, r=3%
�� σσσσσσσσ=1,2, =1,2, boundbound 52,94, 52,94, actualactual m : 61, 49. m : 61, 49. 

�� σσσσσσσσ=0,8, =0,8, boundbound 75, 75, actualactual m : 86, 68. m : 86, 68. 

–– σσ’’=1,5=1,5, , δδ=0,1%, r=3%, =0,1%, r=3%, 
�� σσσσσσσσ=0,8, m=200, =0,8, m=200, 

�� σσσσσσσσ=1,2, m=75.=1,2, m=75.



IntroducingIntroducing uncertaintyuncertainty on on σσσσσσσσ

�� ModellingModelling ::
�� The The elasticityelasticity of substitution of substitution σσσσσσσσ isis uncertainuncertain..

�� the the uncertaintyuncertainty on on σσσσσσσσ remainsremains steadysteady untilluntill periodperiod ττ

�� It It willwill bebe fullyfully revealedrevealed atat time time ττ. . 

�� Question 1 : Question 1 : whatwhat about the long about the long runrun «« ecologicalecological
discount ratediscount rate »» ??
–– The long The long runrun ecologicalecological discount rate discount rate isis δδ. . (WPP) (WPP) 

�� Question 2 : Question 2 : 
–– RevelationRevelation of the of the uncertaintyuncertainty comescomes togethertogether withwith an an 
«« ecologicalecological »» accident, accident, 

–– the the presentpresent generationgeneration wouldwould bebe willingwilling to to paypay x for x for 
avoidingavoiding thisthis accident to accident to itselfitself underunder the the assumptionassumption thatthat
the the moderatemoderate environmentalistenvironmentalist hypothesishypothesis has has probabilityprobability
(1(1--p) p) 

–– How How muchmuch shouldshould itit bebe preparedprepared to to paypay to to avoidavoid the the 
«« accidentaccident »» thatthat willwill concernconcern all all generationsgenerations followingfollowing ττ



StrongStrong precautionaryprecautionary principleprinciple. . 

�� Question 2 : Question 2 : 
–– RevelationRevelation of the of the uncertaintyuncertainty comescomes togethertogether withwith an an 
«« ecologicalecological »» accident, accident, 

–– the the presentpresent generationgeneration wouldwould bebe willingwilling to to paypay

–– How How muchmuch shouldshould itit bebe preparedprepared to to paypay to to avoidavoid the the 
«« accidentaccident »» thatthat willwill concernconcern all all generationsgenerations followingfollowing ττ

�� WPP : WPP : ecologicalecological discount rate tends to deltadiscount rate tends to delta

�� AnswerAnswer 2 : SPP2 : SPP
–– a=a=[1[1--1/(1/(σσσσσσσσ’’σσσσσσσσ)]r+ )]r+ 1/(1/(σσσσσσσσ’’σσσσσσσσ)] )] δδ

–– m > m > expexp((--a(h)a(h)ττ)f(p, )f(p, ττ))

–– f>((1f>((1--p)/a(h)+p/a(l)) and concave.p)/a(h)+p/a(l)) and concave.

–– Lim(Lim(ττ) [f(p, ) [f(p, ττ.)=a(l) .)=a(l) 

�� Back of the enveloppe Back of the enveloppe computation.computation.



m as a m as a functionfunction of the of the probabilityprobability of of 
accidentaccident


