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1 Introd uc tion

Decisionsare oftento b e mad e und er uncertainty.T he c onsequencesofa d ecisionmay

d epend ona state ofnature w hose realizationisnot know nat the time the d ecision

ismad e. Inparticular the impac t ofenvironmentalpolicy d ecisionsisnot perfec tly

know ninmost casesb ec ause the a®ec ted ecosystemsare too c omplex. Inord er to

make d ec isionsinthe c ontext ofrisk or uncertainty usually the c oncept ofexpec ted

utilitymaximizationisapplied .To d o thisit isnecessary,how ever,that prob ab ilities

canb e assigned to the statesofnature.For the c ase that no such reliable prob ab ility

d istributionexists, the M axiM incriterioncould b e employed asanalternative, i.e.

the d ecisioncould b e b ased ona valuationofthe w orst conceivable scenario. Not

surprisingly,optimald ec isionsd epend cruc iallyonthe c riteriontaken.

To d etermine expec ted utility and for the valuationofthe w orst c ase scenario one has

to spec ifythe w elfare concept.Let usconsid er the problem ofa d ec isiononhow much

emissionsofa pollutant should b e ab ated .Inpartialanalysistw o d i®erent c onceptsc an

b e found inthe literature:Insome mod elsone triesto maximize expec ted utilityw hich

isoftenspec ī ed asexpec ted b ene¯tsfrom emissionslessthe environmentald amage

from those emissions.Inother mod elsthe expec ted increase ofutility c ompared to

a reference scenario ismaximized . T hisisoftend one by optimizing b ene¯tsfrom

red uc ingemissions,i.e.avoid ed d amage,minusthe ab atement costs.T he ab atement

costsare d e¯ned asthe lossofb ene¯tsfrom emissionsd ue to a red uc tionofemissions.

T hissecond c oncept d epend sona reference level,referred to asthe statusquo emission

level.B oth conceptshave b eenapplied to environmentald ec isionsund er uncertainty.

For example, Ulph and Ulph [19 97] employ the ¯rst c oncept, w hereasW e lsch

[19 95]usesthe sec ond one.Inb oth papersthe authorsassume that the d irec t economic

b ene¯tsand c ostsofthe d ec isionsare certain,w hereasthe environmentalconsequences

d epend ona state ofnature that isunknow nat the time the d ecisionismad e.Since

the tw o papersansw er d i®erent questions,the c onsequencesofthe choic e ofthe w elfare

concept c annot b e c ompared d irec tly. B ut, w ould w e have to expec t d i®erencesin

resultsthat arise onlyb ec ause the und erlyingw elfare c onceptsd i®er?Are there reasons

to take the ¯rst approach insome mod elsw hile inothersthe sec ond concept isapplied ?
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Inord er to answ er these questions,w e w ill̄ rst motivate the tw o w elfare c onceptsplus

a third one byapplyingd ec isioncriteria from the literature onthe valuationofd isc rete

projec ts, i.e.d ec isionsof\yes-or-no"-type.T hese criteria mostly refer to a measure

ofthe c ompensatingvariation.T hisw illingness-to-pay c anb e d etermined exante,i.e.

b efore the uncertaintyisresolved ,or expost,i.e.after the revelationofthe true state

ofnature.1 We thenshow that the three w elfare measurescoincid e w ith respec t to the

d erived \optimal"d ecisions,ifand onlyifa riskneutralexpec ted utilitymaximization

isapplied .For allother d ecisioncriteria optimalemissionlevelsmay vary d ue to the

choic e ofthe w elfare func tional.T hus,a thorough assessment ofw hich w elfare measure

isthe appropriate one isnecessary b efore mod elingquestionsinthiscontext.

Inthispaper w e analyze the impac t ofthe choice ofthe w elfare measure for risk-

averse expec ted utililitymaximizationand itsextreme c ase,the M axiM incriterion.In

particular w e show that ifa red uc tionofemissionsissoc ially d esirable, the optimal

emissionlevelsb ased ona exante c ompensationmeasure are low er thanthose b ased

onthe expost measure,i.e.onthe change inutilityofa representative c onsumer.T his

result hold strue for non-risk-neutralexpec ted utilitymaximizationasw ellasfor the

M axiM incriterion.

T he paper isorganized asfollow s.Insection2 w e present our mod el.Insection3

w e introd uc e and motivate the three d i®erent w elfare c oncepts.Sec tion4 show sthat

ingeneralequivalence ofw elfare measuresistantamount to a riskneutrald ecision

criterion.Insec tion5 d ec isionsb ased ona riskaverse expec ted utility maximization

are stud ied ,insec tion6w e lookat the M axiM incriterion.Section7conclud es.

2 T he mod el

Westud ya simple static mod elinw hich the impac t ofa politic ald ec isiononthe utility

ofa representative c onsumer isuncertain.T he c onsumer'sutility canb e measured in

termsofa composite c ommod ity (money),d enoted by z .T he grossexpost utility of

the representative consumer d epend sonthe government'sd ec isionon,say,anemission
1ForadiscussionofthesemeasuresthereaderisreferredtoBishop[1 986]and G raham [1 981].
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levele 2IR.It isgivenby
u= U(e;s) ,

w here s = 1;:::;S representsthe state ofnature w hich isunknow nat the time the

d ec isionismad e.We assume that U isconcave ine and tw ic e d i®erentiable,i.e.

Ue e :=
@ 2 U
@e 2

< 0 .

T hisspec ī c ationofexpost utilityc overssituationsw here prod uc tionor c onsumption

ofprivate good sresultscausespollution. Incase that the b ene¯tsfrom consuming

that good (V ) and the environmentald amage c aused by the emissions(D) canb e

monetarized separately,the utilityfunctionU c ould b e w rittenas

U(e;s) = V (e;s)¡D(e;s) .

Such anapproach w astakenbyUlph and Ulph [19 97].Intheir mod elV isconcave

and d oesnot d epend onthe state ofnature s.D takesthe specialform D(e;s) = sd (e),

w here d isa convexfunction.

We assume that the case w here the government d oesnot change itscurrent policy

correspond sto thestatusquo,w hich w e d enote bye 0.Further,there could b e payments

to or by the c onsumer inord er to compensate for lossesor gainsd ue to the policy

change. Inthiscase, the net expost utility z s instate s may d i®er from the gross

utility levelU(e;s). We assume that the c onsumer c anrank d i®erent net ex post

utility vec tors,(z s)s = (z 1;:::;z S),by anexante utilityfunctionW ((z s)s).R ealizing

the impac t ofhisd ec isionsonthe utilityofthe c onsumer a regulator hasto choose the

w ay,i.e.a w elfare func tionalby w hich he rankshisd ecisions.

3 T he d i®erent w elfare measures

Inthissec tionw e d esc rib e three d i®erent w elfare measuresw hich w illb e analyzed in

the follow ingsec tions.

First,ifthe regulator knew the valuationbythe consumer he could just rankd ec isions
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inexac tly the same w ay.T hislead sto a w elfare function

W 1(e) = W ((U(e;s))s) .

How ever,inmost c asessucha proced ure isnot feasible d ue to informationalrestric tions.

It maysometimesb e easier for the regulator to assessthe change inconsumer'sutility

d ue to a certainpoliticalac tion.Inthe literature onthe valuationofpolicy options,

inthose casesit isoftenreferred to the c ontingent valuationmethod .T hisapproach

b asesoncomparingtw o policiesby askingpeople for their w illingness-to-pay for or

their w illingness-to-ac c ept a policychange,respec tively.Inour mod elthisw oud result

inassessinga changefrom thestatusquo emissionlevele= to a new levele.2 T hispolicy

change,how ever,may have d i®erent impac tsind i®erent statesofnature.T herefore,

the exante w illingness-to-pay (or c ompensatingvariation) generally d i®ersfrom the

state d epend ent expost w illingness-to-payfor a change ofthe emissionlevelfrom e0 to

e.T he exante c ompensatingvariation,C V (e),inour mod elisimplic itely d etermined

by

W ((U(e;s)¡C V (e))s) = W ((U(e0 ;s))s) .3

B ased onthismeasure a policy change should b e pursued ifC V (e) > 0 .Since w hen

d ec id ingab out the emissionlevelthere isnot only one but a c ontinuum ofpossible

emissionlevels,it maymake sense to maximize the c ompensatingvariation.T hislead s

to a second w elfare functional

W 2 (e) = C V (e) .

How ever,their isa d iscussioninthe literature asto w hether to aggregate exante or

expost w illingness-to-pay.4 Inour mod elthe expost w illingness-to-paygivena state

ofnature s isgivenby

C V (e;s) = U(e;s)¡U(e 0 ;s) .
2SeeHanle y and Spash [1 993]foranoverviewofthecontingentvaluationmethod.
3T hemeasureofcompensatingvariationoftenisreferredtoasoptionprice,iftheW (¢)isaexpected

utilityfunctional.R eadersarereferredtoAh lh e im [1 998],p.554.
4ForadiscussionseeG raham [1 981 ],M e ie r and R andall [1 991 ],R e ady [1 995].R eadygives

normativearguments fortheexantemeasure,whereas he points atdi±culties todetermine this

measure.
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T hese expost improvementsinconsumersw ell-b eingcould b e aggregated by the regu-

lator to a third w elfare func tional.Let usassume that the regulator assessesuncertain

expost valuesinexac tly the same w ayasthe consumer d oes.T henw e ob tain:

W 3(e) = W ((C V (e;s))s) .

Note that the w elfare measuresW 2 and W 3 d epend onthe statusquo emissionlevel

e0.T he w elfare measure w 1 isnot a®ec ted by thisreference scenario.

O ne could ask the questionw hether or not there isa naturalw elfare concept w hich

should b e applied to ¯nd an\optimal"d ec ision.G ivena normative point ofview the

¯rst c riterionseemsto b e the most plausible one since ifthe c onsumer c ould make the

d ec isionbyhimself,he w ould certainlymaximize hisexante expec ted utility.How ever,

ifthe regulator hasno complete informationab out the c onsumers'preferencesand c an

onlyaskfor changesinutility d ue to a c ertaind ecision,one ofthe last tw o measures

hasto b e applied .

Inthe literature that analyzes\optimal"emissionlevelsona theoretic alb asis,also d if-

feringw elfare c onceptsare employed .Let usconsid er the spec ialcasefrom the previous

sec tionw here utilityw asgivenbythe b ene¯tsfrom emissionsthrough the c onsumption

ofa private good minusthe environmentald amage,U(e;s) = V (e;s)¡D(e;s).Ulph

and Ulph [1997] d irec tly take thisutility asa w elfare measure and thereby employ

the ¯rst w elfare c oncept.O ther authors,asfor example W e lsch [1995],try to eval-

uate ab atement programsbymaximizingthe b ene¯tsfrom the red uc tionofemissions

minusthe ab atement c osts.B ene¯tsfrom the red uc tionthereby equalthe ab ated en-

vironmentald amage,D(e 0:s)¡D(e;s).Ab atement costsare a measure for the lossin

consumptioncompared to a reference scenario,i.e.V (e 0 ;s)¡V (e;s).Welsch therefore
b asesthe analysisonthe d i®erence ofutility levels,U(e;s)¡U(e 0 ;s). Hence,such

anapproach c oincid esw ith the third w elfare measure w here the utilityU isd e¯ned in

exac tly the same w ayasinUlph and Ulph [19 97].
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4 E quivalence ofthe w elfare measures?

Wenow stud yinw hich casesd ec isionsb ased onthe d i®erent w elfare measurescoincid e,

and therefore a d istinc tionofthese measuresisred und ant.For a aggregationruleW (¢)
to lead to w elfare measuresW 1 and W 3 that imply id entic ald ec isions,for arb itrary

utility vec tors(U(e0 ;s))s and emissionlevelse1,e 2 it must hold that

W ((U(e1;s))s) > W ((U(e 2 ;s))s)

, W ((U(e1;s)¡U(e 0 ;s))s) > W ((U(e 2 ;s)¡U(e0 ;s))s) .

Inord er to show w hich propertiesofW thisimpliesw e use the follow ingpreliminary

result:

Lemma 1 Assume that a continuousmonotone preference relationº d e¯ned onIRS

satis̄ esfor anyx1;x2 2IRS

x1 ºx2 =) x1 + aºx2 + a , for alla 2IRS.

Thenthere existsa vec tor ¼ = (¼1;:::;¼S) 2 IRS
+ where

P
s¼s = 1, such that for all

x1;x2 2IRS:

x1 ºx2 , ¼ ¢x1 ¸¼ ¢x2 .

T he vec tor ¼ { giveninlemma 1 { c anb e interpreted asa prob ab ility d istrib tution

over the statesofnature s = 1;:::;S.T henx1 ispreferred to x2 ifthe expec ted utility

ofx1 exceed sthat ofx2.T he proofoflemma 1 isd elegated to the append ix.

Applyinglemma 1 to the preference relationgivenby W (¢) w e d irec tly ob tainthe
follow ingresult:

P roposition1 Let W (¢) :IRS ! IR be continuousand monotone. M aximizingthe

welfare measuresW 1,W 2 and W 3 based onW lead sto id enticald ecisionsfor anygiven

U(¢) ifand onlyifW (¢) canbe interpreted asriskneutralexpec ted utility, i.e.canbe
represented asW ((z s)s) =

P
s¼sz s hat.
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T he proofisgiveninthe append ix.T hus,equivalence ofthe w elfare measurescanonly

b e expec ted ifb ased ona riskneutralexpec ted utility maximization.Inparticular,

thisequivalence hold sifthere isno uncertainty,i.e.the state ofnature s isperfec tly

know n.T hiscase isillustrated in¯gure 1.For alternative d ecisioncriteria,hoever,

the questionarises,how the resultingd ecisionsonthe emissionleveld i®er.T hisw ill

b e analyzed inthe follow ingsec tionsfor riskaverse expec ted utilitymaximizationand

the M axiM incriterionw hich canalso b e applied to situationsofw here no reliable

prob ab ility d istributionexists.

-
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=
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ee¤ e0

W 1(e¤)

W 2 (e¤) = W 3(e¤)

U(e;s)

Figure 1: T he equivalence ofthe welfare measuresund er certainty

5 R iskaverse expec ted utilitymaximization

Let usassume that d ecisionsare b ased ona riskaverse expec ted utilitymaximization

w ith respec t to a prob ab ilitymeasure ¼.Here W isgivenby

W ((z s)s) =
Z

Á(z s)d ¼(s) ,
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w here Á isa c oncave von-Neumann-M orgensternutilityfunction,i.e.

Á0> 0 ; Á00< 0 .

Ifw e employ the ¯rst w elfare c oncept,

W 1(e) =
Z

Á(U(e;s))d ¼(s) ,

optimizationlead sto the follow ing¯rst ord er cond ition:

0 = W 0
1(e)

=
Z
Á0(U(e;s))[Ue(e;s)]d ¼(s) . (1)

T he second w elfare func tionalW 2 (e) = C V (e) for risk-averse d ec isionmaker isim-

plicitely d e¯ned by
Z
Á(U(e;s)¡C V (e))d ¼(s) =

Z
Á(U(e 0 ;s))d ¼(s) .

M aximizingW 2 w e ob tain

0 = W 0
2 (e)

=
R
Á0(U(e;s)¡C V (e))[Ue(e;s)]d ¼(s)R

Á0(U(e;s)¡C V (e))d ¼(s)
. (2 )

Finally,the third w elfare func tionalW 3 takesthe form

W 3(e) =
Z

Á(U(e;s)¡U(e0 ;s))d ¼(s) .

T he ¯rst ord er cond itionfor the maximizationofW 3 isgivenby

0 = W 0
3(e)

=
Z
Á0(U(e;s)¡U(e 0 ;s))[Ue(e;s)]d ¼(s) . (3)

We d enote the optimalemissionlevelsby e¤1, e¤2 , e¤3, respec tively.To examine the

impac t ofthe choic e ofthe w elfare concept onthe optimalemissionlevelw e have to

compare e¤1, e¤2 , and e¤3.B efore d oingthisw e w illshow the d i®erent c onsequences

ofrisk-aversiond epend ingonthe criterionb eingemployed .For thisw e assume that

utilityU and marginalutilityUe := @U
@e d ec rease ins:

U(e;s) > U(e;¹s) and

Ue(e;s) > Ue(e;¹s) for s < ¹s. (4 )
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T hus,s c anb e interpreted asa d amage parameter.T he larger s, the smaller isthe

utility d erived by the representative consumer.5

Comparingthe risk-averse emissionlevelse¤1,e¤2 ,e¤3 w ith the risk-neutrallevel,inthe

follow ingd enoted by e¤,w e ob tainthe follow ingproposition:

P roposition2 (i) Compared w ith optimal d ecisions und er risk-neutrality, risk-

aversionlead sto lower optimalemissionlevelsifwelfare measuresW 1 or W 2 are em-

ployed , i.e.e¤1 < e¤ and e¤2 < e¤.

(ii) Ifrisk-neutralwelfare maximizationimpliesa red uctionofemissionswith respect

to the statusquo levele 0 , thenthe emissionlevele¤3 based onthe expost compensation

scheme exceed sthe risk-neutrallevel, i.e. e¤3 > e¤. Ifanexpansionofemissionsis

optimalund er risk-neutrality, i.e. e¤ > e 0 , thenrisk-aversionlead sto lessextend ed

emissions, i.e.e¤3 < e¤.

T he proofcanb e found inthe append ix.P roposition2 statesthat for b oth,the ¯rst

and the sec ond w elfare c oncept, risk-aversionlead sto low er optimalemissionlevels

compared to the risk-neutralcase.T hisisa quite intuitive result since our assumption

that marginalutility d ecreasesins impliesthat the absolute value ofthe d i®erence

b etw eenexpost w elfare levels,U(e;s)¡U(e;¹s),increasesw ith e.Hence,mitigation

ofriskrequiresa red uc tionofemissions.For the last w elfare criterionthisisd i®erent.

Here the riskstemsfrom the uncertainchangesofexpost utilitylevelsifthe emission

levelisincreased or d ec reased from the statusquo emissionlevele 0 to e. T he risk

could b e avoid ed completely bynot d eviatingfrom the statusquo.Ifa red uc tionof

emissionsund er risk-neutralityisoptimal,a further red uc tionlead sto a larger d eviation

ofthe emissionlevelfrom the statusquo.Hence,ad d itionalriskw ould b e generated .

T hus,riskaversionimpliesa smaller optimalred uc tionofemissionscompared to the

optimalemissionlevelund er risk-neutrality.Di®erently,ife¤ exceed se0 ,a red uc tion

ofemissionsfrom the risk-neutrallevelred ucesthe b orne risk.Inthiscase a smaller

expansionofemissionsisoptimalund er risk-aversion.Hence,inb oth c asesrisk-aversion

lead sto a smaller d eviationfrom the statusquo emissionlevel.
5A ssumption(4),althoughtechnical,is quitecommon intheliterature.T his specī cationofex

postutilitycoverstheexamplebyUlph and Ulph [1 997]whereU (e;s)=V (e)¡sd(e).
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After d iscussingthe impac t ofrisk-aversiononoptimald ec isionsb ased onthe d i®erent

w elfare c oncepts, w e w illnow investigate the ord eringofthe optimalemissionlevels

e¤1, e¤2 , and e¤3 for the three w elfare measuresund er risk-aversion. We ob tainthe

follow ingresult:

P roposition3 (i) Ifpreferencessatisfy d ec reasingabsolute risk-aversion(DARA),

e¤1 > e¤2 hold s. For increasingabsolute risk-aversion(IARA) we get e¤1 < e¤2. If

preferencessatisfyconstant absolute risk-aversion, the d ec isionsresultingfrom the ¯rst

and second welfare measure coincid e.6

(ii) T he optimalemissionlevelbased onthe third w elfare measure, e¤3, exceed se¤1 and

e¤2 ifthe statusquo emissionlevelislarger thane¤1 or e¤2 , respec tively.Ifanexpansion

ofemissionsisoptimalfor the ¯rst two welfare criteria, e¤3 canexceed or fallshort of

e¤1 and e¤2.

T he proofisd elegated to the append ix. P roposition3 show sthat for a risk-averse

d ec isionmaker optimald ec isionsd epend c ruc iallyonthe choic e ofthe w elfare c oncept.

Let usassume { and thisiscertainly the relevant c ase { that the initialstatusquo

emissionlevelexceed sb oth the optimallevelb ased onthe ¯rst and onthe sec ond

w elfare c riterion.T henlessemissionshave to b e ab ated ifthe third w elfare measure is

applied .T he reasonisagainthe d i®erent source ofrisk.T he involved risksare smaller

the closer the d ecisionisto the statusquo.Hence,for the third w elfare c riterionless

ab atement ac tivitieslead to low er risk b orne by the d ecisionmaker.T he d i®erences

b etw eenW 1 and W 2 ,how ever,are ofd i®erent nature.W hat isc ruc ialhere ishow the

absolute riskaversiond epend sonincome.Ifthe absolute riskaversionisind epend ent

ofthe income level,the optimald ecisionscoincid e.

Dec isionsb ased onthe third w elfare measure generally d i®er from those b ased onthe

other tw o w elfare c oncepts. Inparticular, applying the w elfare c onceptsemployed

by Ulph and Ulph [1997] and W e lsch [19 95], respec tively, to exac tly the same

problem w ould implyd i®erent optimald ecisions:Anincreased riskaversionw ould lead
6T hemeasureofabsoluteriskaversion is dē nedas¡Á00=Á0.Ifthis measureis aconstant(in-

creasind,decreasing)functionofU ,thepreferences showconstant(increasing,decreasing)absolute

riskaversion.
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to stric ter ab atement ofemissionsfor the U lph and U lph measure,w hereasb ased on

Welsch'sc riterionlessab atement w ould result.T hese d i®erencescanalso b e illustrated

for the M axiM incriterion.

6 M axiM incriterion

Inthissectionw e analyze the implic ationsofthe choic e ofw elfare measures,ifd ec isions

are b ased onthe M axiM incriterion.T hismeansthat the prob ab ility d istributionover

the statesofnature isnot relevant here.Hence, the M axiM incriterioncanalso b e

used inthe case ofcomplete uncertainty.It isb ased onthe assessment ofthe w orst

case scenario.Inthiscase the aggregationrule W isgivenby

W ((z s)s) = min
s
z s .

Hence,the ¯rst w elfare measure takesthe form:

W 1(e) = min
s
[U(e;s)]. (5)

T he exante c ompensatingvariationisimplic itelygivenby

min
s
[U(e;s)¡C V (e)]= min

s
[U(e0 ;s)].

T hus,w e ob tainfor the second w elfare c oncept:

W 2 (e) = min
s
[U(e;s)]¡min

s
[U(e0 ;s)]. (6)

Finallyw e get for the expost c riterion:

W 3(e) = min
s
[U(e;s)¡U(e0 ;s)]. (7)

Since the last term in(6) isuna®ec ted by the choic e ofe,W 1 and W 2 d i®er by a

constant only,and thusimplythe same optimald ec ision.It remainsto investigate the

d i®erencesb etw eenthe optimald ec isionsb ased onW 1 (W 2 ) onthe one hand and W 3

onthe other.

Let us¯rst consid er the w elfare concept W 1.Since w e assumed that utility d ec reases

ins,w e ob tain

W 1(e) = U(e;maxs) ,
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and therefore the follow ing¯rst ord er cond ition:

W 0
1(e) = W 0

2 (e) = Ue(e;maxs) = 0 . (8)

T he solutionto thisproblem isd enoted by em 1, or em 2 for the w elfare measure W 2 ,

respec tively.

For the third w elfare measure w e have to analyze the expost change inthe utilitylevel

U(e;s)¡U(e 0 ;s) .

Due to assumption(4 ) thisd i®erence d ec reasesins ife > e0 ,it isa increasingfunc -

tionofthe d amage parameter ife < e 0.7 T herefore,the minimal(maximal) d amage

parameter isd ec isive for the minimalex post improvement ofutility ifa red uc tion

(expansion) ofemissionsisplanned .Hence,the w elfare functiontakesthe form:

W 3(e) =

8
<
:

U(e;maxs)¡U(e 0 ;maxs); for e ¸e0

U(e;mins)¡U(e0 ;mins); for e < e0 .

T he maximizingemissionlevelw e d enote by em 3.It ischarac terized by the follow ing

cond itions:

Ue(em 3;maxs) = 0 ; ifem 3 > e0 (9)

Ue(em 3;mins) = 0 ; ifem 3 < e 0 (10 )

Ue(em 3;maxs)·0 ·Ue(em 3;mins); ifem 3 = e0 . (11)

T hese cond itionsenable usto c ompare the emissionlevelem 3 w ith em 1(= em 2 ).

P roposition4 T he emissionsbased onthe maximizationofW 3 exceed the optimal

emissionlevelwith respect to the other two c riteria, i.e. em 3 ¸ em 1 = em 2. T he

optimalemissionlevelem 3 d epend sonthe statusquo emissionlevele0.It isgivenas

the emissionlevelw ithinthe intervalofpossibly expost optimalemissionlevels, that

requiresthe smallest policy change with respect to the statusquo.

Applyingthe M axiM incriterion,the d ecisionmaker b aseshisd ec isionsexclusivelyon

the w orst case.T hisisd etermined by the smallest expost utilitylevelifthe ¯rst tw o
7Seeproofofproposition2.
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w elfare measuresare applied . If, how ever, the third c riterionistaken, the minimal

increase ofutility isd ecisive.Asa c onsequence,d ec isionsb ased onW 3show a strong

aversionagainst a policy change.In¯gure 2 it isillustrated how d ecisionsd epend on

the statusquo levele 0.T he proofofproposition4 isgiveninthe append ix.

T he propertiesofthe w elfare measureW 3 w hich have b eend erived also implypotential

problemsfor c alculatingab atement c ostsor b ene¯tsfrom the ab atement ofemissions

inord er to ¯nd a d ec ision.To illustrate thisw e againstud y the example, w here U

isgivenasd irec t utility from emissionsminusenvironmentald amage, i.e.U(e;s) =

V (e;s)¡D(e;s).

E xample 1 Let D(e,s)= d (e) be ind epend ent of s. T hen argminsU(e;s) =

argminsV (e;s) on the one hand , whereas argmins[U(e;s) ¡ U(e 0 ;s)] =

argmaxs[V (e 0 ;s)¡V (e;s)] onthe other. Ifassumption(4 ) hold s, thena state of

nature s w ith a high expost utilitylevelalso implieshigh abatement cost.Hence, the

\w orst case" d epend sonthe choice ofthe w elfare measure: For W 1,W 2 it isgivenby

the low est utility level(correspond ingto the lowest abatement costs), whereasfor W 3

the \w orst case"isgivenby the highest abatement costs(correspond ingto the highest

utilitylevel).

E xample 2 Let V (e;s) = v(e) be ind epend ent ofs.T henwe obtainargminsU(e;s) =

argmaxsD(e;s) and argmins[U(e;s)¡U(e0 ;s)] = argmins[D(e 0 ;s)¡D(e;s)]. Un-

d er assumption(4 ) a high environmentald amage correspond sto high bene¯tsform

abatement.Asthe \w orst case"byapplyingW 1 or W 2 would result the maximalenvi-

ronmentald amage.Ifthe welfare measure W 3 istaken, the minimalgainfrom red ucing

emissionsis\w orst", which correspond sto the minimalenvironmentald amage.

7 Conclusion

Inthispaper w e analyzed how optimald ec isionsund er environmentaluncertainty

d epend onthe choic e ofthe w elfare measure.W ithina simple static mod elw e stud ied

three d i®erent w elfare c oncepts. T he ¯rst one b asesonex ante utility, the sec ond

13
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eem 1 = em 2 em ax

U(e;¢)

(i)

U(e;maxs)
U(e;mins)

-

6

ee0 em 3

W 3(e)

(ii)

-6
ee0 = em 3

W 3(e)

(iii)

-

6

ee 0em 3

W 3(e)

(iv)

Figure 2 :O ptimalemissionsfor a M axM incriterion.(i)showsthe set expost utility

levelsfor the minimaland for the maximald amage parameter.em 1 and em 2 coincid e

with em in.For the third welfare measure the optimalemissionleveld epend sonthe

statusquo.T hisisilustrated in(ii)-(iv).(ii) illustratesthe choice ofem 3 givena

statusquo emissionlevelbelow em in.Here W 3 increaseswith e aslongase < em in.

In(iii), em 3 = e 0 hold s, since changingthe emissionlevelfrom e0 w ould d ecrease

W 3.In(iv) the statusquo levele 0 exceed sem ax.To get the maximalwelfare W 3, e

hasto be d ecreased to em ax.
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one onexante compensatingvariationmeasures,the last one onanaggregationofex

post utility changes. T hereby the c onceptsofab atement c ostsand ofb ene¯tsfrom

ab atement c anb e emb ed d ed inthe third measure since they compare the implic ations

ofthe reference scenario (statusquo) and the intend ed emissionlevel.

We have d emonstrated that exclusivelyfor risk-neutrald ec isionmakersthe d ec isions

b ased onthese w elfare measurescoincid e.For allother d ec isioncriteria d i®ernences

canarise.T hese w ere stud ied for riskaversionand the M axiM incriterion.Decisions

b ased onthe ¯rst tw o w elfare measuresd i®er for risk-averse expec ted utilitymaximizer

w ithnonconstant absolute riskaversion,w hereastheyc oincid e for the M axiM inimizer.

Dec isionsb ased onthe third w elfare c oncept,onthe other hand ,generallyd epart from

those ob tained from the ¯rst tw o measures.For the prob ablymostly relevant c ase of

anoptimalred uc tionofemissionsw e ob tained the follow ingresult: A d ec isionmaker

w ho aggregatesexpost utility changes,i.e.the b ene¯tsfrom changingthe policyfrom

the statusquo,comesout w ith larger optimalemissionlevelsthanw ould b e ob tained

for the ¯rst tw o w elfare c oncepts.T he reasonfor thisisthat a state w ith a highutility

levelgenerallycorrespond sto smallb ene¯tsfrom the policychange,and vic e versa.So,

the higher the environmentald amage,the more b ene¯tscanb e ob tained from red ucing

emissions.T hiscase oc cursb ecause the utilityinthe statusquo scenario d oesd epend

onthe state ofnature.

Summarizing, optimald ecisionsofnon-risk-neutrald ec isionmakersmay heavily d e-

pend onthe und erlyingw elfare functional. Hence, one hasto b e aw are ofthe con-

sequencesofthe choice ofthe w elfare functionalonemissiond ecisions.T he question

arisesw hether there existsone naturalw elfare measure w hich should b e applied .In

our mod elit seemsto b e preferable to b ase d ecisionsd irec tlyonthe (expec ted ) utility

ofthe representative consumer since thisimitatesthe d ecisionw hich isd esired by the

consumer himself.How ever,d ue to informationalrestric tionsthismayb e complic ated

or evenimpossible.Insuch a c ase it isc ertainlyeasier to assessutility changesofcon-

sumersby analyzingthe w illingness-to-payfor a c ertainpoliticalac tion.T hus,there

are normative reasonsinfavor ofthe ¯rst w elfare measure w hereasprac ticalc onsid er-

ationsmaylead to the necessity to apply the sec ond or the third one.Inany case,a

thorough assessment isnecessary to inquire w hich w elfare concept isappropriate ina

15



particular c ontext.

Append ix

P roofoflemma 1:

Due to the c ontinuity ofpreferencesthey c anb e represented by a c ontinuousutility

functionW (x).T hiscanb e d e¯ned asx»W (x)¢(1;:::;1) b ec ause preferencesare
monotone.8 Note,that W (® (1;:::;1)) = ®.Hence,ifx»W (x)¢(1;:::;1),thenfor
arb itrary vec torsy w e get x + y»W (x)¢(1;:::;1)+ y.It follow s

W (x + y) = W (W (x)¢(1;:::;1)+ y)

= W (y+ W (x)¢(1;:::;1))

= W (W (y)¢(1;:::;1)+ W (x)¢(1;:::;1))

= W ((W (x)+ W (y))¢¢¢(1;:::;1))
= W (x)+ W (y) ,

and therefore W (z ¢x) = z W (x) and W (1z ¢x) = 1
z W (x) for allintegersz .Let ® 2IR

d enote anyrealnumb er.It c anb e approximated by pn
qn ! ®,w here pn ;qn are integers.

T hencontinuity ofW (¢) implies:

W (®x) = W (lim
n

pn

qn
¢x)

= lim
n
W (

pn

qn
¢x)

= lim
n

pn

qn
W (x)

= ®W (x) .

T herefore W (¢) islinear and canb e represented asW (x) = ¼ ¢x, w here ¼s ¸ 0 .

Q.E .D.

P roofofproposition1:

Assume that for allutilityfunctionsU(¢),W 1 and W 3lead to id entic ald ec isions.T hen

{ applyinglemma 1 { the preferenceº d e¯ned byx1 ºx2 , W (x1)¸W (x2 ) c anb e
8A (standard)proofisgivenbyM asC ole ll e t al. [1 995],p.47.
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represented by x1 ºx2 , P
s¼sx

1
s ¸

P
s¼sx

2
s.Hence W c anb e interpreted asrisk

neutralexpec ted utility.

Assume the other w ayaround that the preference isrepresented byW (x) =
R
xsd ¼(s).

T henw e ob tain

W 1(e) =
Z
U(e;s)d ¼(s) ,

W 2 (e) =
Z
U(e;s)d ¼(s)¡

Z
U(e 0 ;s)d ¼(s) ,

W 3(e) =
Z
[U(e;s)¡U(e 0 ;s)]d ¼(s) .

Di®erentiationofthese w elfare measureslead sto id entic al̄ rst ord er c ond itions

0 = W 0
1(e) = W 0

2 (e) = W 0
3(e) =

Z
Ue(e;s)d ¼(s) .

T hus,the \optimal"emissionlevelscoincid e. Q.E .D.

P roofofproposition2 :

T he riskneutralemissionlevele¤isgivenby
R
Ue(e¤;s)d ¼(s) = 0.T he right hand sid es

of(1)-(3) looksimilar,except for the d i®erent w eightsÁ0(¢) attached to the marginal
utility Ue 2.Note that und er our assumptionsUe(e;s) d ec reasesins.Hence, ifthe

w eightsÁ0(¢) are anincreasingfunctionofs,smaller valuesofthe marginalexpost
utilityUe(e¤;s)get larger w eights.T hus,inthiscase w e w ould ob taina negative value

for the right hand sid esof(1)-(3) at e = e¤.Analogously, the right hand sid estake

a positive value at e¤ ifthe w eightsare d ec reasinginthe d amage parameter. It is

easily seenthat the w eightsin(1) and (2 ) are increasingins.Hence it follow sthat

W 0
1(e¤) < 0 and W 0

2 (e¤) < 0.Since W 1 isconcave and since W 00
2 (e) < 0 ifW 0

2 (e) = 0 ,

thisd irec tlyimpliesclaim (i).

Ifs < ¹s, thenour assumptionsin(4 ) imply that [U(e;s)¡U(e;¹s)] increasesine.

T herefore w e ob tain:

U(e;s)¡U(e;¹s) ? U(e 0 ;s)¡U(e0 ;¹s) and

U(e;s)¡U(e 0 ;s) ? U(e;¹s)¡U(e0 ;¹s) for e ? e 0 ; s·¹s. (12 )

T hus,the w eight Á0(U(e;s)¡U(e 0 ;s)) in(3) increasesins ife > e 0 and d ec reasesif

e < e0.T herefore,W 0
3(e¤) < 0 ife¤> e0 ,and W 0

3(e¤) > 0 ife¤< e0.T hisimpliesclaim

(ii) since und er our assumptionsW 00
3(e) < 0. Q.E .D.
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P roofofproposition3:

(i) To d erive the relationship b etw eene¤1 and e¤2 w e c onsid er the numerator ofthe

right hand sid e of(2 ) at e = e¤1 asa functionofC V :

R H S(C V ) :=
Z
Á0(U(e¤1;s)¡C V )[Ue(e¤1;s)]d ¼(s) .

Note that (1) impliesthat R H S(0 ) = 0.Di®erentiatingR H S(¢) w e ob tain

R H S0(C V ) =
Z
¡Á00(U(e¤1;s)¡C V )[Ue(e¤1;s)]d ¼(s)

=
Z ·

¡Á
00(¢)
Á0(¢)

¸
Á0(¢)[Ue(e¤1;s)]d ¼(s) (13)

Since utility and marginalutility are d ecreasingins, the third fac tor in(13) isd e-

c reasing,the sec ond one isincreasingins.Ifpreferencesob eyDARA,the ¯rst fac tor

increasesins.Let ¹s b e chosensuch that Ue(e¤1;s) ? 0 for s 7 ¹s.T henw e ob tain

R H S0(C V ) =
Z ·

¡Á
00(U(e¤1;s)¡C V )
Á0(U(e¤1;s)¡C V )

¸

| {z }
" ins

Á0(U(e¤1;s)¡C V )[Ue(e¤1;s)]d ¼(s)

=
Z

s·¹s

·
¡Á

00(U(e¤1;s)¡C V )
Á0(U(e¤1;s)¡C V )

¸
Á0(U(e¤1;s)¡C V )[Ue(e¤1;s)]| {z }

¸0

d ¼(s)

+
Z

s> ¹s

·
¡Á

00(U(e¤1;s)¡C V )
Á0(U(e¤1;s)¡C V )

¸
Á0(U(e¤1;s)¡C V )[Ue(e¤1;s)]| {z }

·0

d ¼(s)

<
·
¡Á

00(U(e¤1;¹s)¡C V )
Á0(U(e¤1;¹s)¡C V )

¸Z

s·¹s
Á0(U(e¤1;s)¡C V )[Ue(e¤1;s)]d ¼(s)

+
·
¡Á

00(U(e¤1;¹s)¡C V )
Á0(U(e¤1;¹s)¡C V )

¸Z

s> ¹s
Á0(U(e¤1;s)¡C V )[Ue(e¤1;s)]d ¼(s)

=
·
¡Á

00(U(e¤1;¹s)¡C V )
Á0(U(e¤1;¹s)¡C V )

¸

| {z }
> 0

Z
Á0(U(e¤1;s)¡C V )[Ue(e¤1;s)]d ¼(s)

| {z }
= R H S(C V )

Hence,aslongasR H S(C V )· 0 the d erivative R H S0(C V ) < 0 .Since R H S(0 ) = 0

thisimpliesR H S(C V ) < 0 at C V (e¤2 )(> 0 ).Since
R
Á0(U(e;s)¡C V )[Ue(e;s)]d ¼(s)

d ec reasesine,it ¯nallyfollow sthat e¤2 < e¤1.Similarly,IARA lead sto e¤2 > e¤1 and

for CARA one arrivesat e¤2 = e¤1.

(ii) To show the relationb etw eene¤3 and e¤1 (e¤2 ) for e 0 > e¤1 (e0 > e¤2 ) it su± ces

to show that W 0
3(e¤1) > 0 ( W 0

3(e¤2 ) > 0 ).We consid er the relationfor e¤1.Let ¹s b e
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chosenasin(i),C V d enotesC V (e¤1).Applying(12 ) w e ob tain:

W 0
3(e

¤1) =
Z
Á0(U(e¤1;s)¡U(e 0 ;s))| {z }

# ins

[Ue(e¤1;s)]d ¼(s)

=
Z

s·¹s
Á0(U(e¤1;s)¡U(e 0 ;s))[Ue(e¤1;s)]| {z }

¸0

d ¼(s)

+
Z

s> ¹s
Á0(U(e¤1;s)¡U(e0 ;s))[Ue(e¤1;s)]| {z }

·0

d ¼(s)

> Á0(U(e¤1;¹s)¡U(e 0 ;¹s))
·Z

s·¹s
Ue(e¤1;s)d ¼(s)+

Z

s> ¹s
Ue(e¤1;s)d ¼(s)

¸

>
Á0(U(e¤1;¹s)¡U(e 0 ;¹s))
Á0(U(e¤1;¹s)¡C V )

Z

s
Á0(U(e¤1;¹s)¡C V )Ue(e¤1;s)d ¼(s)

| {z }
= 0

= 0 .

Analogously one canshow that W 0
3(e¤2 ) > 0 for e¤2 < e0. Ifonthe other hand an

expansionofemissionsisoptimal(e¤1;e¤2 > e0 ),thenthe ¯rst inequality changesinto

\< ",implyinganamb iguoussignofW 0
3(e¤1) (W 0

3(e¤1)). Q.E .D.

P roofofproposition4 :

Let em in = em 1 = em 2 b e d e¯ned asUe(em in;maxs) = 0 and em ax asUe(em ax;mins) =

0.Note that ife 0 < em in, thenUe(e 0 ;mins) > Ue(e 0 ;maxs) > 0 hold s.Hence,it is

optimalto raise the emissionleveland from (9) w e ob tainUe(em 3;maxs) = 0 w hich

impliesem 3 = em in.O nthe other hand , e0 > em ax analogously lead sto em 3 = em ax.

Finally,ifem in · e 0 · em ax,it follow sthat Ue(e 0 ;maxs)· 0 ·Ue(e0 ;mins).T hus,

any change ofthe emissionlevelw ould red uce W 3. Hence, w e ob tainem 3 = e 0 as

the optimalemissionlevel.Summarizing,ife 0 isoutsid e the interval[em in ;em ax],the

optimalemissionlevelcoincid esw ith the closest b ound ary ofthe interval.Ife 0 liesin

the interval,thenpolicy isnot changed (em 3 = e0 ).Note that since em 1 = em 2 = em in,

the emissionlevelresultingfrom the W 3 measure isnot smaller thanem 1 = em 2.

Q.E .D.
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