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1 Irtrod uton

Dec isorsare ofento be mad e uri er unertairty-T he corgquenesofa ( ec iISonNmay
depert ona sate ofrature w ho= reakationisrot krow Nat the time the d ecigonN
ismade. Inpartcubkr the mpact ofervirormertalpoky decigorsisrut perktly
krow NiNmog caksbhecauk the a®ectel ecos/gemsare too comp Ex. INnorder to
make 4 ec iIorsiNthe cortext ofridk or unertairty usa iy the cornept ofexpected

uility maxan eationisapp kel -To d o thisit isrecessary, how ever, that probab ilities
canbe assg®l to the gatesofrature - For the cae that ro sch reliab B probab ility
( ikrb utionexads the Il axdl iNcriteroncoul be emp byel asanakerrative, ie.
the decigoncoul be hasd ona valatonofthe wors coreivab B serario- Not
suprigrgly, optimald ec igorsd epert cru ia By onthe criterontaken

To determire expected wility ard Br the valationofthe wors ca seraro ore has
to gec iy the we lfre cornept - Let uscors er the prob Bm ofa d ec iISononhow muh
em issorsofa po Btart houll be abated - inpartialarab/gstwo | Rerertconeptscan
be Hurd inthe Bterature: IN©me mod elbore triesto ma>am e expected utilityw hch
isofeneci e asexpectel bere tsfom emissors bssthe ervirormertald amace
Ffom tho= emissors. INother mod elbthe expectel inreak oFutility compareld to
a refrene serarb ismaximiel - Thisisofendore by optimeirg bere tsfom
red L irgemissiors ie.avon el damage, mirusthe abatemert coss. T he abatemert
cogsarede rel asthe bssofhere tsfom emissorsi e to a red wtbnofemissiors.
T hissconri cornept d epert sona re€rerne kvel reErrel to asthe gatusquo emissonN
Bve B oth coreptshave beenapp kel to ervirormerta ld ec iISorsuri er unertairty-
For examp bk, Ulp ad Ulp [1997] emp by the r< cornept, w hereasW e Isch
[1995] u=sthe scord ore- Inb oth papersthe authorsasame that the d irect ecorasmt
bere tsari cosgsofthe d ec i9orsare certainw hereasthe ervirormertak orgqlenes
depert ona sate ofrature that isurkrow Nat the time the d eciIGoNismad e Sine
the tw o papersarsier ( Rerert quesors the corgquerniesofthe chore ofthe w e Mire
cornept carvot be compared directl/- But, woull we have to expect ¢ Rerenesin
resulksthat arie orly/b ecaus the uri er Lirgw e lre corneptsi Ber? Are there rears
to take the r<g approach in®@me mod e lbw hik iNothersthe scort corept isapp ked ?



Inord er to arwi er thew quesiorgwe w il r4 motivate the two w e lire coneptsp Lis
a third ore byapp birgd ec iorxriteria fom the Eterature onthe vaLatornof isrete
projpcts ie. decigorsoR\yesor-ro'‘type. T hes criteria mos by re®r to a measure
ofthe comperwmtirgvarton. T hisw ilirgressto-paycanbe d etermired exarte, ie.
b eBre the unertainty isres Vel , or expod, ie-afer the reve htionofthe true gate
ofirature ! We thenshow that the three w e Mire measrescoini e w ith respect to the
derivel \optimal“decigorsg rfan orly ifa ridkreutralexpectel Utility maxam eation
isapp kel - For a Mother d ecigoncriteria optimalemisson bvelbmay vary ( e to the
choke ofthe welMire Bntora LT hus a thorough asessnert ofw hch w e lire measre
isthe appropriate ore isrecessary bebre mod elrgquesorsinthiscoriext -

INnthispaper we aralze the mpact ofthe chore ofthe welire measre Br ride
avers expectel utilility maxanzationan itsextreme cae,thell axdil incriteron N
partculbr we sow that ifa rel utionNnofemisorsissc ey d edrab B, the optimal
emisson kbvebbasl ona exarte comperwmtionmeasre are bwer thanthos ha<d

onthe expog measure, ie-.onthe charge iINUility ofa repreeriative corgmer _T his
resuk holl strie Br ronridereutrallexpectel utility ma>an zatonasw e Masr the
I a>dl Incriteriorn.

T he paper isorqarrzel astibwv s Insction? we preert our model INnsction3
we irtrod e ari motivate the three d Rerert we lire conepts. Sectiond how sthat
incererallequiva Brne ofwelire measres istartamourt to a rigk reutralld ec ison
criterion INsctioNS5deciIForsbawl ona ridkavers expected ULility maxam eation
are gul Kl , INkctoN6we bokat thell axdl INcriteron Section7con i es.

2 Themodel

We gul ya amp b gatc mod elirw hch the mpact ofa poltrali ec iISornonthe uility
ofa repreriative corgmer isunertain. T he corgmer’sutility canbe measrel IN
termsofa compodte commod ity (morey), d eroted by z_T he gossexpos uility ofF
the repreriative corgmer d eperi sonthe goverrmert’s| e¢ ISONON Ky, anNem issoN

! Faradisassion of these messures the reecieris refenred to B ish o1 986 Jand 6 rabh am [1981



Bvelle 2 R _ k isgvenby
u= U;s),

where s = 1;::2;Srepreristhe gate ofrature w hch isurkrow Nat the time the
decigonNismale_-We assme that U iscornave iNe ari twce d Rerertib B, ie.

2
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-— @? O_
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T hisseci catbnofexpogs uility coversgtuatiorsw here prod utionor coremption
ofprivate gpod sresultscausspoLtion. INnca< that the bere tsfom coramiry
that gpod (V) ard the ervirormertald amace causi by the emisgors (D) canbe
moretareel sparately, the uility £rationU coull be writtenas

UE;s)=VE;s) iDE;s) -

Suh anapproach wastalkenby Ul ad Ul [1997]- Intheir mod eV iscornave
ari d oesrot d epern onthe gate ofrature s_D takesthe pecIBrm D (e;s) = sl (e),
where d isa corvex Ention

We assme that the ca where the goverrmert (oesrot charge itscurert poky
correspor sto the gatusgup,w hthwed erote bye? _Further,there coull be payments
to or by the corsumer inorier to comperwmte Hr bsesor quirsd Le to the poky
charge . Inthiscas, the ret expos wilty zg indate s may ¢ ®er fom the goss
uility BvelU(;s)- We asmme that the corgmer canrark d Rerert ret ex pos
uility vectors (Z)s = (21;::5;2s), by anexante uility tTntonW ((zs)s)-Realkkirg
the mpact ofhisd ec iISorsonthe uility ofthe corgmer a reguktor hasto choo< the
way, ie-a wellire Bntoralbyw hrh he rarkshisd ec iI90rs.

3 Thed Rerert we lBre meagsres

INnthissctionwe (esribe three ¢ Rerert we Mire measresw hch willbe aralzel IN
the v g =ctiors

Firg, rfithe reguktor krew the valLationbythe corgmer he coull jus rarkd ec iISors

3



ine>actly/the sme way-T his kal sto a we lire Bintion

WiE)= W (UE;9)s) -

How ever, irmog caessrha proced ure isrot £ash B( we to inbrmatioralredretiors.
k may metimesh e eager Br the reguhtor to asessthe charg incoremer'suility
0 e to a certainpolitcalactorn. Inthe Bterature onthe valetonofpoky optiorg
iNthosx cassit isofenre®rrel to the cortirgent valbatobnmethod - T hisapproach
bassoncomparirgtwo pokieshy addrgpeop B Br their w ilirgessto-pay Br or
their w illirgressto-accept a pokycharee, repectivel/. Inour mod elthiswoul resuk
imnsesErga charee fom the gatusquo emissonkveke”™ toa rew Bvele 2 Thispoky
charge, how ever, may have ¢ Rerert mpactsind Rerert fatesofrature . T herebre,
the exarte w ilirgessto-pay (or comperwtirg varatior) cererally d Rersfom the
gate d eperdert expos w ilirgressto-pay Hr a charge ofthe em issonkve IHom ¢’ to
e . T he exarte compermtirgvariation CV (&), inour mod elismp Kk ite by d eterm ired
by
W(UE:S) iCVED)= W (UE":9))s) -2

Basd onthismeasre a pokycharge soul be pusel TV () > 0 - Sirnne w hen
dectl rgabout the emisson kvelthere iIsrot orl/ore but a cortiruum ofpossb b
emissoNnkveE it maymake re to ma>an ke the comperwtirgvareton T hiskal s

to a scori welEre Bntioral
W,@€)=CV () -

How ever, their Isa ( iIsusoninthe Eerature asto w hether to agyecate exarte or
expos w ilirgressto-pay! Inour mod ellthe expog w ilirgressto-pay gvena gate
ofrature s iIsgvenby
CV;s)= UE;s) iUE";s) -
2SeeHanley ard Spash [1 993 Horan oeniew of the aontingantvaluation method -
3T he messure ofcompersating \ariation often is referred toas qotianprice, ifthell (@is aepeacted

utility Tuncticnal R eeders are referred O Ah The I [19987) p554 -
‘Faradisassionsaet reham [1981 JMedir ad Radall [1991 JRe ady [L995R eedy g\es

namative ailgumats or the ex ante messure, Wwheress he pdnts at di-aulies o determine this

meesure.-




T he expog mprovemertsincorgmersw e b eirgcoul be agyegated by the regu
ktor to a third we Mre Tntoral Let usassme that the reguhtor asssesunertain
expod valesinexactly the s me way asthe corgmer d oes. T hernw e ob tairt

WaE)= W (CV E;9)s) -

Note that the w e Mire measresW, ari W3 deperi onthe satusquo emisson kvel
e’ _T he we Mfire measre w, isrot aBected by thisre€rerne Serario .

0 re coul askthe quesinw hether or rot there isa raturallwelire cornept whrh
soull heappled to ri anMoptimal'decigon 6 vena rermative poirt ofview the
“rg criterbnNsemsto be the most p husb B ore gne ifthe cormmer coull make the
leciornyhim=s Khewoul certairlyma>am ke hisexarte expected utility. How ever,
ifthe regultor hasro comp kte iNBrmationab out the corsmmers prefrenesarn can
orly ask Br chargesinutility ¢ Le to a certaind ecigony ore ofthe hg two meagsres
hasto be app kel -

Inthe Bterature that aralzes\optmal*emissonkvebora theoretrabhagsab ( If
Erirgw e liire coneptsare emp byed - Let uscorsdl er the ec e kkae fom the previous
<sctiorw here uilityw asgivertythe here tsfom em issorsthrough the coremption
ofa private good mirusthe ervirormertalld amage,U(€;s)= V (;s) i D(;s)-Ulp

and Ulp [1997d irectly take thisutility asa we lire measre ari thereby emp by
the rg welfire conept - 0 ther authors as®r examp B W e Isch [1995], try to eval

Late abhatemert progamsbhy maxim ez irg the bere ts¥om the rej utionofem issors
mirusthe abatemert cogs.Bere tsfom the rel uwtionthereby equa Ithe abated en

virormertaliamage, D’ ) § D(e;S)-Abatemert cogsare a measure Br the bssin
corgmptirncompared to a refrene seraro, ie.V €°;s) iV €;s)-Wekh therefre

bassthe aral/dsonthe d Berenne oFutility Bvelg U (e;s) i U(’;s)- Here, sth

anapproach coini esw ith the third we lire measure w here the wility U isie red in
exactlythe smewayasinU lp ad Ul [1997]-



4 E quivakrue ofthe w e lEre meagsres?

Wermw gulyirwhchcassi ec igorshasd onthe d Rerert w e Mire measrescoini e,
ani thereBre a d Idintionofthes measresisrel i art -For a aggyeqatonruk W (¢
to Bal to welre measresW, ari W3 that imp i/ tertcalld ecisorsg Br arb itrary
uility vectors(U (€°;s))s art emissonkbvebbel, e’ it mug holl that

W (U E9)s) > W (U E;S)s)
. WEUESS) TUE:9)))> WUE;S) 1 UE;9))s) -

Inord er to show w hich propertiesofV thisimp keswe u= the Tbw irgprelimirary
resuk:
Lemma 1 Assme that a cortirousmorotore pre€rerie rebtion<de red oNRS
sitisesBr aryx!;xX 2 RS

xx*ex =) xt+aeox+a, Pralla2R>.

P
Thenthere exdgtsa vector % = (Y%1;::3%s) 2 RS where

xt:xt 2 RS:

Y%s = 1, srh that Br all

S
xtex |, naet _uad .

The vector % { gveninkmma 1 { canbe irterpretel asa probability d idrbtution
over the satesofratue s= 1;:::;S.T henx! isprefrred to X ithe expected utility
ofx! exceel sthat o’ T he proofofkmma 1 isi e kgptel to the appert ix.

App irg Emma 1 to the prefrene rektongvenby W (gwe ( irectly obtainthe
Thw irgresuk:

P ropogitionl Let W (¢ : RS! R be cortinbusari morotore. Il axim zirgthe
welire measresW,, W, ari Wsbasi onW Badsto dertcalld ecigors®r ary gven
U(g rran orly ifV (gcanbe irterpretel asrisk reuralexpectel uiility, ie. canbe
repreertel asW ((zs)s) = PS%SZS hat -



T he proofisgveninthe appeni x- T hus equiva Brae ofthe w e Bire measrescarnoryy
bhe expectel rfhael ona rik reuralexpected utility maxam eatiorv Inpartc ukr,
thisequiva Brue hol sifthere iIsro unertairty, ie - the fate ofrature s isperktly
krow . T hisca isilldratel in gure 1. For alkerrative d ecigoncriteria, hoever,
the quedpnariss how the resukirgd ecigorsonthe emisson kvelld Rer . T hisw il
bearalzel inthe Tw irng<sctorsr ridkavers expectel Lility ma>an gationan

the I axdl iNcriterionw hch canalbe be app led to Stuatiorsofw here ro refiab b
probab ity d iI€rb uLioNexdass.

U(;s)
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Figure 1: T he equiva Brae ofthe we lire meagsresurier certairty

5 Rikavers expected uility ma>ameation

Let usassme that ( ec igorsare basl ona ridkavers expectel utility maxam eation

w ith respect to a probab ility measure ¥ _Here W isgvenby
Z

W (@)=  AG@NU(E) ,



w here A isa cornave vonNeumarnl orgergernutility frtbnie.
A%> 0 ; A®< 0 .

Hwe emp by the rg welfre cornept,
Z

WiE)= AUESN%E) ,
optimzationkad sto the Tbw irg r order corl itiort

0

%)
AW E€;9)IUe ;9% (S) - @

The =cori wellire TntoralW; () = CV () Br ridcaver= d ec iIdonmalker isim-
pkitel/de red by
Z

Z
AUE:S) iCVEXHE = AUE;NLE) -

I a>xanz rgW, we obtain

0

o
AR E:9) i CV EDU:E:9)1% ()
AQUE;s) iCV E)%E)

Firaly, the third welire tntoralW ;3 takesthe Hrm
Z

Wa@)= AUE:s) iUE%;9)N%CE) -

@

The ra order cont ition®r the maxam zatbNofW 5 isgvenby

0 = W3e)
AU E;S) T UE%9))UeE: T %) - (€)

We d erote the optimalemisson bvebby e™, e, ™8, repectively. To examire the

mpact ofthe choke ofthe we Mre cornept onthe optimalem isson kvellw e have to

compare e, e® , ari ¢*®_ Bet®re doirgthiswe w illshow the d Berert corwgLernes

ofrid<caversond epert irgonthe criterionbeirgemp byed - For thiswe assme that
. . . _ eu .

uility U ard margraluility U, = @@—e l ecrea INs:

UE;s) > UE:;%) an
Ue(e;s) > Uc(e;8) Brs< g._ ®)

8



Thus scanbe irterpretel asa damage parameter- T he hrger s, the snalkr isthe
uility d erivel by the represrative corgmer >

Comparirgthe ridcavers emissonkvebe™,e® e ith the rid<creutral kvel irthe
T v irgd eroted hye®, we obtainthe ©bw ingpropogtion

Propogatomn? (i) Comparal with optimal (ecigors uder rid<reurality, ridk

averson kad sto bwer optimalemisson kve b rfw e lre meagsresW, or W, are em-

pbyel, ie_e™ < e”ar e® < e”.

(i) Hrigereuralwelire maxan zationimp kesa red u tionofem isSorsw ith repect
to the gatusqup Bvelle?, thenthe em issonkve Ie™8 basl onithe expost com perwation
sheme exeal sthe ridereural bvel ie. e™ > e¢”. Hanexpargonofemisorsis
optimalurier riskreurality, ie. e > ¢, thenridcaverson baisto kssexeriel

emisHorsg ie_e®S< e,

T he prooftanbe Hu inthe appert ix- P ropogtion? gatesthat Br both, the rg

art the scori welfire conuept, rid<caverson kal sto bwer optimalemisson kbvelb
compared to the ridereutralca - T hisisa quite irtuitive resul 9ne our assmption
that margralutilty d ecreasins imp kesthat the ab @ Lte valle ofthe d Rerene

betweenexpogs wellire BvelE U (e;s) j U (e;3), Inreaksw ith e - Hernie, mitication
ofrikrequiresa ref uwtionofemissors. For the ks w e Mre criteronthisisi Berert -
Here the ridk gem sfom the unertainchargesofexpogs uwility kBvekifthe emisson
Bvelisinreas! or decreased fom the satusquwo emisson Bvelle’ to e . The rik
coull be avoried comp Etely by rot deviatirg fom the gatusquwo . Ha ref utionof
em issorsund er ridereutra ity isoptimala frther red wtionkad stoa hrgerd eviation
ofthe emisson kvelfom the gatusquo - Hene, ad d itioralriskwoull be cererated -
T hus ridkaversonimp kesa sna lbr optmalrel utionofem issorscompared to the

optima lem ission kvelunier ridereutra lity. DiRerertly, ife” exceel se’, a ref uwtion
ofemissorsfom the ridereutrall Bvellrel ttesthe borre rid<. Inthisca a snalkr

exparsgorofem issorsisoptima lun er ridcaverson. Hene, irb oth casrid<averson
Bal sto a snalbr d evatonfom the gatusquo emissonkvell

54 ssumptian @), although tednical, is guite conman in the Herature. T his sped catian of ex
postutiity oars teeampkebyUlp atd Ulp [1997wharel E&s)=V ©&) i sde)-

9



Atfer ( isusrgthe impact ofridcaversononoptimalld ec iorsbad onthe d Rerert
welre connepts we w illrow irvedicate the ord erirg ofthe optimallemisson bvelb
e, e?, arn e Br the three welfire measresurier rideaversorn. We obtainthe
Thw irgresuk:

P roposaton3 (i) Hprefrenes sitisky dec readrg ab< Lte ridcaverson (DARA),
e > e® hols. For inreadsirgabs Lte ridkaversoNn(IARA) we gpt e < e® _ IF
preErenessatisky corgart ab Lie ridkaverson the d ec iSlorsresukirgfom the rg
ar scorn welfire measue coinite’

(i) T he optimallem issonkve lhasel onthe third we lire measre, e*3, exeal se™ anl
e rfthe atusquo em issonkve lis brger thare™ or e, regpec tivel/. Hane>pargon
ofemisgorsisoptimalBr the “r< two we lfire criteria, ¢™® canexee! or Elsort of
e ari e .

T he prooFisd ekaatel to the apperi ix- P ropogtion3 show sthat Br a ridcavers
d ec ionmaker optimalld ec iI90rsi epert cru ia By onthe chore ofthe w e Mre corept -
Let usasmme { anl thisiscertairly the rebvart ca { that the intia Ifatusquo
emisson kvellexceed shoth the optimal Bvelbasd onthe rd arni onthe wscon

w e Mre criterion. T henkssem isgorshave to be abatel ifthe third welire measre is
app kel _T he reamnisaquinthe ¢ Rerert @urce ofrid. T he irvo el rid<sare sna lkr
the ¢ b<er the d ec ISoNisto the fatusquwo - Hene, Br the third welre criteron ks
abatemert activities bal to bwer ridkhorre by the d ecigonmaker . T he d Rerernes
betweenW, ari W, , how ever, are ofi i®erert rature .W hat iscru i lhere ishow the
ab @ Lte ridkaversond eperi soninome . Hthe ab < Lie rid<avergonisirieperiert
ofthe imome Bvell the optimalld eciSorscoinm e.

Decisorshasd onthe third wellire measre cererall/ | ®er fom thos bal onthe
other two wellire conepts. Inpartcukr, app birg the welre cornneptsemp byed
by Ulp ad Ulp [1997] ard W e Isch [1995], repectively, to exactly the same
prob Bm woull mp l/d ®erert optimald ecigors Aninreasd ridkaversorwoul kad

5T he messure of aosolute risk aersian is de ned as JA®AC. IF this messure is a arstant (n-
aessind, dearessing) Tunctian of U , the preferencs show aastant (inaessing, decressing) absolute
riskaasian.

10



to gricter abatemert ofemissors®r the U bh ard U bh measre, w hereashas! on
WeBh'scriterbnkssabatemertwoul resuk T he d Rerenescara b b e ilbgrated
Br the ll axdl Incriteron

6 I axil mcrekeron

Inthissctiorwe aralze the mp katiorsofthe chore ofw e Mire measres It et iIS0rs
arebasd onthell a>dl incriterion. T hismearsthat the probab ility d itrib utionover
the datesofrature isrot rebvant here. Hene, the Il axdl incriteroncanalb be
uxl INthe ca oftomp kte unertairty. k ishakl onthe asessnert ofthe worg
ca seraro - Inthiscas the aggecgatonNruk W isgvenby

W ((2s)s) = mires -
Herue, the rg welfire measre takesthe Hirm:
Wi)= mirll @;s)] - ®
T he exarte compermtirgvaratonisimp k tely gvenby
mirlU €;s) i CV @)1= miriy €*;9)] -

T hus w e ob tain®r the scord we Mre coruept:

W, @)= mirfU €:9)] i mirU @;9)] - ©
Firallywe cet Br the expod criterorn
W3(e) = miriU@€:s) i UE';s)] - @)

Sine the kg term IN(6) isuraRected by the choke ofe, W, ard W, di®er by a
corgart only,ant thusimp Iythe ssme optima ld ec iISon. It remairsto irvesticate the
0 Berernesh etw eenthe optmalld ec iIorsbakli onW; (W;) onthe ore hari ard W3
onthe other .

Let us ra cordl er the we Mre cornept W, - Sinne we assaumed that uility d ecreas

INs,we obtain
WiE) = U(;maxs),

11



ari therefre the Tw irg r< order conl itiory
W)= WAe)= Ue(e;maxs)= 0 . ®)

T he @ Ltbnto thisprob bm isdervtel bye™?!, or e"? Hr the welfire meagsre W, ,
repectivel/.

For the third w e Mire measre w e have to arabze the expod charge inthe uility kvel
UE;s) iUE";s) -

Die to asgamption(®) thisd BPerene ( ecreasins ife > ¢, it isa inreadry -
tionofthe damage parameter ife < ¢’ 7 T here®re, the mirimal(maxinal d amace
parameter isdecigve Br the mirmallexpog mprovemert ofFuilty fa red wtion

(e>parsor) ofem isorsisp kel - Hene, the w e lire Tntiontakesthe Hrm:

8
<

U(e:;maxs) jUE’;maxs); Bre _ e
W) = ( ) i U ) -

UE;mirs) jUE%;mire); Bre< e’ .

The maxinzirgemissonkvellwe d ervte by e 3_ k ischaractered by the Tibw irg

con itors
Ue@"3maxs)= 0; ifR"3> ¢ ®
Ue€"3mirs)= 0; ife"3< ¢ 10)
Ue(e"3maxs) -0 - U, " 3mire); ife"3= ¢’ . 11)

T hes conl itiorserab B usto compare the emissonkvele" 3withe" 1(= e"?).

P roposstord The emisgorsbhasi onthe maxam zationo®W 3 exceel the optimal
emission Bvelwith respect to the other two criteria, ie. e"3 _ e"! = e"?_ The
optimalemisson kvelle™ 2 d eperi sonthe gatusqup emisson kvele! - It isgvenas
the em isson kve lw ithinthe irtervalofposab Iy expog optimalemisson kve § that

requiresthe snallkg pokycharg with repect to the gatusqup -

App birgthe | a>dl incriterion the d ec ISoNmaker hashis( et iIorsex Lavelyon
the worg cae . T hisisd etermired by the snalkg expos uility Bvellifthe ra two

“See proofof propasitian 2 -

12



we MEre measresare app kel - H how ever, the thiri criterionistaken the mirimal
inreak ofuility isd et i9ve - Asa corgquenie, d ecigdorsbai onW s sow a grorg
aversonacpirg a pokycharte- In gue? it isillgrated how d ecigorsd epert on
the gatusquo EBvelle? _T he proofofpropogtiond isgiveninthe appern ix.

T he propertiesofthe w e lire measre W sw hch have heerd erived al® imp W/ poterirl
prob BmsHr calubtirgabatemert cogsor bere ts¥om the abatemert ofemissiors
inorier to i adecison To illgrate thiswe agpingul y the examp B, w here U
isgvenasd irect uility fom emissorsmiruservirormertalld amace, ie- U(;s) =
VE;s) iD(;s)-

E>xamp Bk 1l Let D(e,9=d() be irdeperiert oFs. Then argminU(;s)
argminV (¢;s) on the ore hard, whereas argminU(;s) i UE’;s)]
argmax[V (°;s) i V (e;s)] onthe other. Hrass.mption () holls thena date of
ratue s with a hidh expogs uihbty kvelal imp kEeshidh abatemert cos . Here, the
\word cae™* ( eperi sonthe choxe ofthe we lire measre: For W, W, it isgvenby
the bwes uility Bvel(Corresoni irgto the bwed abatemert cogs), whereas Br W 3
the \word cae™" isgvenby the hidnes abatemert cogs (corresport irgto the hides

uility bveb.

E>xamp k2 LetV (e;s)= v(e) be ineperiertofs. T herwe obtainargmin U (¢;s) =
argmax D (e;s) ard argmin[UE;s) i UE";9)]= argmin[DE’;s) i DE;s)]- Un
der asamption (@) a hidh ervirormertaldamag correporisto hidh bere ts Hrm
abatemert. Asthe \word cae™ by app bhirgW , or W, woul resuk the maxamalerve
rormertaldamace - Hthe we lire meagsre W 3 istaken the minmalgiinfom rel u irg
emisorsis\worg™’, whch correporisto the mirimalervirormertaldamace -

7 Con L=Eon

INnthispaper we arabzel how optimalld ecigors urier ervirormerta l unertairty
d epert onthe chore ofthe we Mire measuae W ithina amp b gatr modellwe Sul d
three d Berert welire conepts. The rg ore baesonex arte uwility, the sconi

13



U9,

W)

W)
/40?@\ Gip) ©
W€,
e N\ @) °

Figre?:0ptimalemissiors®rall axX incriterion (i) dowsthe st expos Uity
kve b r the mirimalard Br the maxinaldamagg parameter .e™ * ari e™? coinile
with e, - For the thiri we Bire measre the optimallem isson kve ld eperi sonthe
gatusquwo - T hisisilgratel iN(ii)-(v) - (i) illdratesthe choke ofe" 3 gvena
datusquw emissonkvelbebw e, ; -Here W3 inreaeswithe asbrgase < e, 7 -
INiii), e" 3= ¢° hol's sine chargrgthe emisson bvelfom ¢” woul decrease
W . IN(iv) the datusqup kvelle’ exceal se;, o - To gt the maxamalwe lire W 3, ¢
hasto be decreased 10 €y ax -
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ore onexarte compermtirgvaretbnmeasres the hg ore onanagyegatonofex
pog uility charges. T hereby the coneptsofabatemert cogsari ofhere tsfom
abatemert canbe embed d ed iNthe thii measre Srue theycompare the mp katiors
ofthe refrene seraro (fatusqup) ari the irteried emissonkvel

We have d emorgtrated that exx Lavely Br rid<reutrald ec isonmakersthe ( ec i9ors
hal onthes wellire measrescoini e. For alother d ec iIoNcritera | Berrenes
canarie.-Thes were gul Bl Br rid<aversonan the ll axdl incriterion Dec iSors
basd onthe ra two wellire measures! Ber Br ridecaverse expected Utility maxamizer
w ith rercorgart ab  Lte ridkaversonw hereastheycoini e Brthell axdl irmeer.
Decisorsbasi onthe third w e Mare cornept, onthe other hari , gerera By d epart fom
tho= obtaired fom the rd two measres. For the probab by mosl/ rebvart ca oF
anoptmalrel utonofemisorswe obtaired the Tbw irgresul: A ( ecisonmaker
w ho aggecatesexpos uility charges ie-the bere tsfom chargirgthe poky fom
the gatusquo, comesout w ith krger optima lem isson kve kthanw oull b e ob taired
Trthe rg two welfre conepts.T he reanN®r thisisthat a Kate w ith a high uility
kvelgererall/correpori sto snallbere tsfom thepokycharge,an vie vers - So,
the higher the ervirormerta ld amage,the morebere tscarbe obtairel fom rel Lcirg
emisOrs. T hiscas occursh ecaus the utility iNthe gatusquo seraro d oesi eperd
onthe gate ofratue.

Sunmark irg, optima ld ec iISorsofronridereutrald ec iIoNmakersmay heavily d e-

peri onthe urierlirgwelire ntioral Herne, ore hasto be aware ofthe con
<quenesotthe chore ofthe welfire Btioralonemissond ec iF0rs. T he quedionN
ariesw hether there exadsore ratualw e lire measre whch soul be appled - IN
our mod elit ®emsto be pre€rab B to bas d ecigorsd rect by onthe (expected ) uility
ofthe represriative corgmer dne thisim itatesthe ( ec iIgorw hrh isd egred by the
corgmer him<s BEHowever, { we to iNbrmatiora Iredrrtiorsthismaybe comp kated

orevenimpossh k. INarhaca<s it iscertairly eager to asessuility chargesofton
amershy aralzirgthe w ilirgressto-pay or a certainpoitcalacton T hus there
are rermative rearsinfvor ofthe rg wellfire measre w hereaspractralcorsl er-

atorsmay kal to the recessty to app b/ the sconi or the third ore. Inaryca<, a
thorough assssnert isrecessary to irguire w hch we lfire cornept isappropriate iNa
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partculr cortext -

Appen X

Proofofkmma 1:

Due to the cortiruity ofprefrernesthey canbe represried by a cortirnobusutility
TntioNW (X)- T hiscanbe de red asx >>W (X) d€1; :::;1) becau= prefrernnesare
morwotore 8 Note, that W ® (1;::2;1)) = ® - Henue, ifx >»>W (X) €1; ::2;1), then®Br
arb trary vectorsywe gt x+ y>W (X) &1;::;;1)+ y- it Thhwvs

Wkty) = WWQE) KL 251+ Y)

= W+ WX ®&l;::51)

= WW() KL i)+ W) KL -z 1))

= WWEO+ W () dekkl; -251))

= W+WQE),
ari therere W (z &) = zZW (x) ard W ¢ ax) = 2W (x) Br allirtecersz_Let @ 2 R
d erote aryrealrumber. k canb e appro>amate( byg—z I ®,wherep";q" are irtecers.
T herncortiruity ofV (Eimp ks

W(@Z—n@

@W(Z—ncu)

W @x)

i 'zr—nw )
OW (X) -

T herebre W (¢ is lrear ari canbe represrted asW (X) = % dx, where %g _ 0.
Qf D.

P roofofpropostionl:

Assume that Br a Buility BntiorsU (¢, W, ari W3 Bad to  ertraldecigors.T hen

{ app Virg Emma 1 { the prefrene 2de red hyxt ©x , W) _ W ) canbe
8} Gtandard) proofis gvenby M ast ole Il et al . [1995] p-47-
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P P B} .
repre®riel by x! ©x¢ , - Ut Jiex - Herne W canbe irterpreted asrisk

=

reutra lexpected uility.

R
Assume the other way arouri that the pre€rene isrepreriel hyW (X) = X% (S) -

T hernwe obtain

Z

Wi) = UeE;siu() ,
Z Z

Wo() = UEsSH%©E) i UE':sH%E),
Z

W) = [UE;s) i UER' ;9T %) -

DiRererintbnofthes w e Mire meagres kal sto %eni:al_rst order cont KOIs

0=W2Xe)= W)= WXe)= Uc(;s)N¥%(s) -
T hus the \optimal'emissonkvebcoine. QEf D.

P roofofpropostion? :

T he ridkreutra lem issonkve le” isgjveri)yR U (€90 %(s)= 0 .T heright hari Sl es
of(1)-(3 bokdmihr, except Br the ¢ Berert weigtsA{Gattachel to the margiral
uility U, - Note that urier our asamptorsU, (e;s) d ecreasins. Hene, ifthe
weiditsAQ g are aninreagryg Entonofs, sna lkr valesofthe margralex pog
uility U, (7 s) cet hreer weidhts. T hus inthiscae we woull obtaina regative valle
Tr the right hard Sl esof(1)-(3) at e = e“. Arabgudly, the rigtt hari gl estake
a pogtive valle at e” rfithe weidhtsare d ecreadrg iNnthe d amage parameter. It is
eadly :enthat the weiditsin(l) ard () are inreadryg iNns. Hene it Ty sthat
W< 0 ard WAe™) < 0. Sire W, iscorave ari sine W, 3e)< 0 ifve) = 0,
thisd rectly mp Besc him (i) -

IFs < §, thenour asamptorsin(@) mply that [U;s) § U(e;3)] inreaksine .
T herebre we obtairt

UE;s) iUE:;% ? UE%:s) §UE;®) an

UE;s) iUE";s) 2 UE:3) iUE:3 Br e?e’;s-8&. 1)

T hus the weight AQU ¢;s) § U(E";s)) iN(d inreassins ife > ¢’ anl decreassif
e < e _Therefre, WJe™) < 0 "> e’,ard WXe™) > 0 ie“< ¢’ _T hisimp kesc him
(i) grne uder our asamptiorsW H{e)< 0. QE D.
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P roofofpropostionN3:
(i) To derive the rehtiorship betweerne™ ard e® we cordler the rumerator ofthe

right hari sle o) at e = ¢ asa EntibNoCV :
Z
RHSCV)= AQUE™;s) i CV)U.E™;9)]%(S) -

Note that (1) mp Besthat RH S(0) = 0 -.DRerertiatirgR H S(gw e obtain
Z

IATUE™;9) i CV)U ™91 %)
zZ-
ARG
A(G
Sine uility ari margraluilty are { ecreagrg iNs, the thiri #ctor IN(3) i1sd e-

RHSICV)
AU ;)1 % (S) a3

creadrg, the scon ore isinreadry ins. HpreErenesobey DARA, the rg Hctor
inreaesins.Let $he choenarh that U,€™;s)? 0 Hrs7 %_.T herwe obtain

Z - .
A®UE™;8) §iCV)~,
RHS{CV) = = T AU E™;s) § CV)Ue ™)1 %(s)
I.Ac(U(e-‘éS) ICV)} '
Z ms

" ATUE;s) §CV)”
os (AUETS) ICV)

T ARUE™;s) §CV)”
s AQUE;S) iCV)
" ARUET:8) 0V )L
YAQUE;®) §CV) -3
T AqUE™;8) §CV)”

"AUES®) ICV)_ o

AUE™S) i GV U™ (s)
)

+

AUE™S) i GV C™: ()
-0

AQUE™;s) 1 CV)UE™;9)1%(S)

AQUE™;s) 1 CV)U.™;9)1%(S)

. _

ATUE™®) TCV)TT 0w L .

|'/'*‘(U(eﬂi;,§)iCV)}IAOQJ(e ’S)-Cé)[ue(e ,s)]j/zu(s)}
>0 =RHSCV)

Henie,asbrgasRH S(CV) - 0 the derivative RH F?3(CV)< 0.SineRH S0)=0
thisimpBesRH SCV)< 0 atCV @F)C 0).Sine AU E;s) i CV)[U.E;9)1%(S)
i ecreassine, it rally Tbw sthat e® < e _Simikrl, IARA Baisto e > e™ ani

Pr CARA ore arrivesat e = e _

(i) To show the rehtionbetweene™ art e %) Hre’ > e @ > e?) it Sk ces
to show that W3e™)> 0 (We™)> 0 )-We corsler the rektion®r e™ _ Let $he
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chonasin(i),CV derotesCV (). App Virg (12) we obtairt
Z

ﬁ"(U (e"l;szzi U’ ;s)gye(e"l;s)]i %(s)
Z # INs
i o . - 0. o . n
S_gAc(U(e ;S iU ’S))[He—(%i’—sgd'/(s)
> )
i o . - 0. o. n
+ MACKU(B ;S iU ,S))[He_(gzﬁ)id,/(s)
-z 0 zZ .
AQUE™;3) 1UE":3) Ue @™ 8) % (S) + Ue €5 8) % (S)
) . ] - ZS-S S 3
HC DD jueti9 Cvuetionie
( ) ) [ | ) r { }

=0

we™)

\4

0 -

Arabgusly ore canshow that WJe®) > 0 Br e® < ¢’ . Honthe other hari an
exparsonofemissorsisoptimale™;e® > ¢°), thenthe “r< irequa ity chargesirio
\< "%, imp Virganamb igousggnofv &) W e™))- QE D.

P roofofpropogtiornd :

Lete,pn=e"t=e"2 bede red asU.(en in;maxs) = 0 ari e, ax asSUe En ax;MIrs) =

0 . Note that ife’ < e, s, thenU.(";mire) > U.(’;maxs) > 0 hol s. Hene, it is
optimalto rai® the emisson kvelari fom (9) we obtainU, (" 3;maxs) = 0 which
implese" 3= ¢, ; - 0 Nthe other hard , e’ > e, .x arabgusly kai sto e" 3= ¢, ax -
Firnly, ife, 5, - e° - e,ax, it Twsthat U.e%;maxs) - 0 - U.(€";mirs). T hus
ary chargg ofthe emission kbvellwoull red te Ws. Hene, we obtaine™3 = ¢ as
the optimallemisson kveL Summart irg, Mk’ isoutdl e the irtervallfe, i ;en ax], the
optima lem issonkvelcoin i esw ith the ¢ bsg bourt ary ofthe irtervall HR! Esin
the irtervall thenpoky isrot charged (" 3= e’).Note that dnee™! = ¢e"? = ¢, i,
the emisson Bvelresulirg fom the W3 measre isrot snalbr thane™?! = e"? _
Qf D.
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