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ABSTRACT

Ex ant wilngness © pay © prexentad\erse environm entallch ange depends on peop s
perceptions about justhow bad te situation wiBlbecome ifm itigation po Icies are notadoptd. These
perceptions are inflienced by an array ofextrnallinform ation sources ¢ atm igh the deemed m ore or
Bss credib B by differentindividuall. 1 use asurvey wherein peop B's native subpctive distributions
on future environm entallqualty are e Icied first Respondent® are ten promMded with "external’
inform ation atiributd t© differentaut orities. Respondens” remsed subgctive distributions tien
under Be tieir responses © a referendum question regarding supportfor a m iigation program at
different e B of cost Itis assumed t atindiMduall are expectd uti iy m axim izers and t© atoption
prices (b e appropriak ex ant we Fare measure in te face ofuncertainty), are based on teir
subpctive uncertainty. Stat-dependentpreferences Bad 1 an expectd uti y-difference function
across te o alernatives in te referendum question tatdepends on te mean and \ariance oftie
reMsed subpctive clm ak distribution. The estim atd m ode Balbw s countrfactua lsim u lktions
regarding tie effect on option prices of changes in (a.) factors t atinflience t e updating of
probabi Mies and/or (b.) factors t atentr directh into te expectd indirectut My-difference
function. We find strong eMdence ofhetrogeneity in te processing ofextrnallinform ation about
clm ak change and in tie scope effeck ofexpeckd future clim ak conditions.
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6, 1997)and atthe EM L/NSF Sym posium on Pre€rence E Icitation atUC Berke By (¥ 29-Augustl, 1997), and te
Wor B Congress ofEnvironme ntaland Resource Economist, \enice, Ital (dine 25-27, 1998). The datawere co Bckd
from my graduat student, as we Mas tie Spring 1997 undergraduat chsses of Professors Kati Ben M cGarry and Fred
Luk, e 1997 summer session c bsses of Professors Fred Luk, Mich ae BSproull Ed M cDevitt, and Pari Kas lwall and my
own Fal1997 introductory m icroeconom ics and regression ana bsis clbsses. Thanks are due © Anna A berini, R
DeShazo, Barri Grossm an, Jhck H irsh Bifer, Katt Ben McGarry, and V. Kerry Sm it for he bfullcom ment, 0 Sara

W ong Chang for care fu ldata entry, and © Casey W i lam s for assistance in assem b Ing tie suney instrum ent. Any

rem aining errors are my ow n.



Credibity of Inform ation Sources
and te Form ation of Indivduall’ O ption Prices
for C Im ate Ch ange Mitigation

1. Introduction

In te upcom ing US presidentialle Bction, especiall iTA bertGore is e Dem ocratic Party
nom inee, te vot willbe (in part)a referendum on clim at change m itigation. The wilngness ofte
voting pub lc © incur substantialcost in order © prexentclim ak change willbe akey po Hicall
“Sariab B~ "t atw i Hbe te targetofm anipu ktion by bot parties. Consequentd, itis im portantt
gain som e understanding ofhow individuall form ulk& teir subpctive conceptions of future clim ate
prospect in tie absence ofm itigation. One re Bvantconsideration is te possibi ly ofsystem aticaly
differing opinions across differentsubpopu ktions. Anotieris te manner in which peop B respond ©
clm ak predictions according © te source oftie inform ation. Third, itis cruciallto know how tese
opinions trans ke in indiMduall "w i Eingness © pay for clm ak change m itigation in €rms ofhigher
prices or taxes.

G bbalclm ak change does seem © haw te poentiallto resukin detectab b shift in te
distributions ofm any environm entallm easures. Scientific controversy o\er t e nature and m agnitude
ofthese changes, however, has made it\ery difficukfor Bgis htors 1o agree on optim allcin at
change po Icies. Differentconstituencies cannoteen agree on tie necessity for costh measures
mitigat climak change. In dem ocratic jrisdictions lke te US, supportfor Rgishtion b manage te
worB's clm ak depends on te distribution in tie popu htion ofindividuall’ ex ant wiBlngness © pay
0 awid te perceived consequences of faillng © act Citizens are asked © ot on po Icies (directy
or indirectl) in advance ofknow ing te resolition of uncertainty aboutwhatw i lhappen ifnoting is

done.!

' some earl research on te topic ofhow peop B make judgment in te presence ofuncertainty is described
in T\ersky and Kah nem an (1974).



Whatdo peop B perceine © be te consequences of pursuing no po Bcies © m anage te worli's
clmae? Indivduall who haw Ied for some time in a particu kr bcation have becom e accustom ed
1 te typicallpaterns ofseasona lem peratures, rainfall cbud cover, and hum idity in tieir bcallarea.
Absentany appreciation oftie forces tatm igh tproduce systm atic changes in tese clim ak
variab Bs, individuall may assume tatte currentpaterns wiBpersistindefinie b. Oter peop B haw
begun 1o recognize tatw it outpo Icies © prexenttiese changes, shifts in tie distributions oftheir
bcallclm ak \ariab Bs m ay occur. In assessing wilngness © pay © prexentclim ak change, we need
0 know how peop B com bine alernative inform ation aboutfuture clm ak prospect, based on
evidence or conc Bisions tattiey pick up from differentsources.?

Itis genera ¥ ack now Bdged tatm ostpeop B updak teir own assessmentof Bke ¥ future
conditions (which mightstartoutbeing identicallto currentconditions) a tiey are exposed © extrnal
inform ation. This externalinform ation m ay com e from diverse sources, such as governm entscientist
or enronm entallgroups. Individuall willhave different\ews abouttie credibi ly oftiese different
sources.’ Inte face ofnew outide inform ation, tieir updatd persona Bassessm ent abouttie future
stak ofthe environmentm ay be adustd, and m ore-credib B sources can be expectd 0 hawe a greaktr
inflience.*

In tis paper, we exam ine m ode I intended t capture te nature oftie opinion updating
process as suney respondent are exposed © extrnallinform ation aboutt e probab } future stake of
teworB'scImat. This task is pursued in conpunction wit te analsis ofasurwey ofindividual
concerning teir wilngness 1 pay © prexentclmak change. This wilngness © pay is e Icited

using a referendum -type contingentvaliation sur\ey (Arrow etal, 1993).

2 Inessence, te question ofclim at change m itigation fall into tie clss ofpolcy probBm s invo ling te
regu ktion ofrisk. The work of Sbwc, FHsch off, and Lich nstin (1985)is re hvant

3 Inte conextofheah risk assessment, bhnson and Sbvic (1995) bok atte prob Bm of conveying
uncertainties and te consequences for risk perception and trust

* Ad Br and Pitth (1984) address tie issue ofinform ation proMsion as a substitute for regu btion.



The research reported in tis paper is in te nature ofascoping exercise. The objpctive oftie
anabsis is o setfort asimpl i Estration t atcaptures e mostim portant eatures ofany m ode I
intnded o measure te sociallbenefit of clm ak change m itigation: indimMdua Bsub pctive
uncertainty, updating of natine priors in response 1 extrnalinform ation, and estim ation in €rms of
option prices form al¥ derined from a com m on under ¥ing indirectuti iy function t atalbws for
hetrogeneous preferences across individuall. The im portance ofincorporating tiese features is
i Mstratd using a convenience sam p B, ratier tan a representative popu ktion sam p B, so furter
research is clarl warrantd. Newerte Bss, te presentresuls confirm tattere exist systm atic
hetrogeneity in e manner inwhich differentpeop B respond © akernative sources of clim at
inform ation. Individua Bsupportfor cllm ak change m itigation program s depends notonlb on te
anticipatd scope of clm ak change, butallo on uncertainty aboutt is scope. Furtierm ore, tie scope
and uncertainty effect are notconstantacross individuall, butvary system atical® wit a num ber of
sociodem ograph ic and circum stantia Ich aractristics.

Section 2 reMews (in te genera lcase) tie m ode Ing of option prices for environm entall
prokction in te conextofdiscret-choice contingentvaliation surwey dataw it subpctie
uncertainty captured by a probabi My density function for one representative continuous dim ension of
future environm entallgualty. Section 3 gives anexam p b in £rms of a particu br functiona Horm for
stat-dependentindivdua Bindirectut iy. This section allo specu l&s upon how a remsed
distribution of e uncertain future environm entallqua ity variab B m igh t1o be form u lbkkd by
indiMduall from (a.) tieir ow n native distribution as we BMas (b.) diverse extrnallsources of
inform ation © which tey haw access. Section 4 outlines som e obwMous genera Izations ¢ atcan be
pursued wit richer dataset. Section 5 describes some avaibb B pre Iminary data t atalbw te basic
m ode o be €std, and section 6 discusses tie em piricallresu ks based on tese data. Section 7
outlnes som e usefu land intresting sim u lktions t atare possib B using tie estim akd m ode I Section 8

tekes a bok atone particu br genera lzation tatm ay ho M prom ise for future app Bcations. Section 9



conc lides, and outlnes some oftie future research agenda for te hrger propctfor which tis paper

describes te pre Im inary research .

2. A Generic Model

Suppose we are interestd in detrmining an ex ant measure oftie socialvalie of prexenting
adetrioration in enmMronm entalquallty (in tis case, cIm ak). Suppose initia ¥ t atenvronm entall
qualty can be conmwenientl sum m arized (in justone dimension) a te I Bof a continuous variab F,
w. Forexamph, in e conextofclmat change, one coull tink of w as annua laverage
tm perature.

Assum e tatifm itigation is undertak en (atk now n cost), environm entallguallty atte current
he B w', isguaranted. Ifsociety fail © mitigake, te B Bofenvironmentalqualty is ke b ©
worsen, butindividuall are subjctive b uncertain as © te exentoftis detrioration.” From te
pointofuview ofasingk indiMdual Bttis uncertain future outcom e--in tie absence ofinkrnenton--

be w°.

When calld upon o m ake an evaliation aboutwheter © undertake m itigation effort,
individua l decide whetier or notto pay © prexentenvironm entalldegradation based on teir current
perceived distribution for w®, which 1wilBbe H*w®).® The way in which individuall form u bk teir
ow n subgctive distributions for w° (party in response © inform ation from ex®rnalsources) is one of

te main issues in tis paper, butdiscussion ofthis topic wilbe reserned unt Bafer e option price

m ode Ihas been introduced.

a.) Genera IDiscussion of Option Prices from Referendum CV Responses
Under uncertainty, te appropriat measure oftie socialhvalie ofpreenting environm ental

detrioration from w' © w® is te option price (OP) for tis change. Option price is te com mon

> Arrow (1982) com pares notions ofrisk perception in te discip Ines ofpsychobgy and econom ics.



certain paym ent(regard Bss ofwhich way tie uncertainty is reso Led) tratyie Bs te same expeced
utily as te setof(differing) payment tatwoull be separat ¥ optim allunder each possib B stak of
te wor B under certainty.” The econom ic teory concerning option prices is \ery fam i Bar in tie case
ofuncertainty oner onl wo possib B states oftie worB. (See for exam p B, Graham (1981), or an
em piricaBadaptation in an environm entalleconom ics contextby Cameron and Eng In (1997).)
Identicalintuition can be brough tt bear on a probBm w it a continuum ofpossib k staks ofthe
worl, where uncertainty is represented by a continuous probabi ly density function, ratier tan
sinpl te discret probabi Ities of an exentand it com pEment

In order 0 estim ak option price (OP)em pirical¥, itis expedientto work wit achss of
indirectuti iy functions t atis additive ¥ separab B in som e m onotonic function ofincome, g(Y).
Indirectuti ity is allo affectd by h (w,x), a function oftie reallzed I Bofenvironmentallquallty, w,
and otier individua Bspecific factors x. Ex ant, individua Bsub pctive uncertainty exist across stats
oftie wor B (environm entallqua My outcom es), represented by differentvalies ofw®. H owever, for
any one stat, te individuallcan be m ode Bd as having state-dependent utily e IN iftiey e Bctd
pay an offered am ounttin order © presene environm entallquality atcurrent e lw'. Ifthey do not
pay, environm entallgualty wi Bdetriorat © te uncertain bve lw°®, distributed fw®), which albws

autilty he lofon¥ \/. An additive norm allerror €rm faciltaks econom etric estim ation.

D V(Y-tw)=g(Y-D+ h'w' )+ €

VY, whD= g(Y)+ h°'w’x)+ ¢

7 . . . . .
Ofcourse, econom ist hawe notd tatexpectd utilty tieory is notadequat 1 exp Rin exery econom ic
decision under uncerfainty. Itis, howewer, a conventiona lt eoreticalstarting pointt atappears we Bsuitd © te
presentapp Bcation. See Mach ina (1987) for a sim p B ovenview ofsom e com peting teories.

8 . . S ) )

luse te ®rm "stake-dependent' in tie same sense as itis used in H irsh Bifer and Rily (1992). Preferences
differ across e uncertain outcom es (stakes oftie worl), buton¥ because tie stat oftie worl is an argum entofa
m ore-generalspecification oftie individua s uti Iy function.



The indiMdua llw i Mprefer 10 pay am ounttand tereby © presene currentenvronm entallquality if

(V - V) is positie, i.e. if

)
(V-V)=g(Y-9-g(V)+ 1’0 x)-0°w’x)]+ (e -€)> 0.

Ifone particu br valie ofw® was © occur wit certainty, te individualls m axim um w i Eingness  pay
(W TP) for pre\enting environm entaldeerioration from w' © w® coull be found by setting (\V - \/)

 zero and so Ling for = Sim pHy by kting© —€°- €' and so Le for t  as folbws:

) o(Y-% ) = g(Y)- [1"(w'x)- h°w )]+ e
YTy o = gt {o(Y)- W ) -h w01+ ek

o= Y-g {g(Y)- W) -h"w’x)]+ eF

An ex postm easure of consum er we Fare, across aMpossib B staes of tie wor B w°-- usuall calld te
"expectd surpbis”--coull ten be cakuktd by com puting tie probabi ly-weigh €d awerage ofthese

state-dependentW TP valies, name b te expectation over w’:

O B ol ol =E o[ Y- g {a(V)- (') - h°w’ )]+ e

=0 [Y-g {o(V)-[w"x)-0°w’x)]+ e JFw’)dw’.

W hen exp Icit functiona Horm s hawe been se bcied for g, h* and h°, tis intgra Bcan typica W be
sim p Hed.

H owever, Bis ex postm easure is notappropriat for ex ant pollcy decisions. Option price is
te preferred measure. Option price is defined as tie com m on certain paym ent, under any oftie

uncertain outcom es, which produces tie same expeced utillty as te differentm axim um am ount



wilng ¥ paid under each outtome wit certainty. This htier expected utily is allo identicallo te

expectd uti iy gained from no paym entand no m itigation, so tatOPis defined by:

(5) OV (Y - OPw ) Ftw ) dw® = o\V(Y,w *) Ftw *) dw °,
or, identical¥,

5" OV (Y -OPwH - V(Y. w® MHwD)dw® =0.
Substituting t e generic expression for te indirectuti My difference (from equation 2) into (5") yie Bs:

©) o{g(Y - OP)-g(Y)+ [h'(w"x)-h°w’x)]+ eM*w®)dw’®=0.

Sol4ng tis equation for OPyie Bs te desired option price. One can sim pHy te notation by using

EWo [ 110 denot an expectation over stakes oftie worl w®.
M 0g(Y - OP) Fw ) dw® = E_o[g(Y)]-E, ofh '(w"x)-h°w’x)]+ e.

This anabsis cannotbe &ken much furter wit outcom m itting © a specific functiona Horm ,
especiall} for te function g(Y). Thus, I proceed in te nextsection 1o adoptone concre® assum ption

aboutan em pirica ¥ tractab k functiona Horm .

3. Exampk: A Specific Functiona IForm

We require asim p # functionalform for te stat-dependentindirectut My function t at
exhibit risk aversion and terefore albws ex ant option prices © differ from te ex postexpectd
surpis measures. Such am ode lis one tatis Enear in te bgaritm ofincome. Since w differs
across te mitigat/don"tm itigat contingentvaliation scenarios, indirectutily can be Enear inw.
Howewer, we desire o allbw te dispersion oftie respondents subpctive distribution of future

environm entallquallty allo o affectoption prices. Itis terefore expedientt albw indirectut iy ©



depend upon te squared deviation between reallized w® and it ex ant expected valie, E[w°]. There
w i lallo be individua Ich aractristics t© atdo notvary across tie o scenarios. Iftese are © rem ain
in te indirectuti Hy-difE rence function, ey willhawe © enter V and \V wit differentcoefficient.

A sim p } and tractab B specific form for tie m ode Bis terefore:

(8) V(Y-tw)=bo bg(Y-D+ cow'+ ch(w'-E[w’+ €

VY, w® =bo bg (Y)+ dow’+ ch(w’-E[w’]+ €

The uti My-difference function, which allo depends on te uncertain outcome wit respectto w®, is

ten:

9) (V- V) =ho bg[(Y - t¥Y]
toWi-w)r d{Ww-EWw'D - W - EMWD (-6,

In practice, each ifte indirectuti Iy param ers can be expressed as a sysem atic function of
observab B (exogenous) respondentatiributs, in order o albw for hetrogeneity in perferences. For
exanp B, we might Bthbo = bo'x, do = db"X, and dt = di"x, where te \ector x may differ across
tese tree system atic varying parametrs. Allo Bte=¢' - €. Not tatifw'is certain, te €rm

(w' - E[w']y is zero.

a.) Option Prices from Referendum Contingent\aliation Responses

As in tie generic case, OPis tie common certain paymentt athas tie same expeced utilty as
no paym entand no m itigation (or tie same expectd utilty as tie setofeach oftie separat ¥ optim all
payment under each possib B outcome wit certainty). The binary probitdiscre® choice m ode I(t at
we willuse o estimat OP)is based on te expectation oftie uti My difference across aMpossib

outcom es for w°’. For tie simpk indirectuti My difference specification i istrakd aboe, tis
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expectation tkes te form :

(10) E, o[V - VI=ho bg[(Y - O]

+ o (wh-w)Pw)dw’
tood (W' -EWT-w®-Ew DY Iw)dw® + e

Ifwe assume tatwit mitigaton, tie current e Blofenvironm entallqualty can be sustained w it

certainty, tis can be sim p Mied as fo Wbws:’

(11 E, o[V - VI=bo bg[(Y - O]+ do{w’-E{w ]}

#odt o {- (W -EMWDIFW) e

Since e rem aining expression invo king an inkgrallis sin p ¥ te negative oftie variance ofw®, te
discret choice probit™index™ expression is tus a EInear-in-param etrs function oftie indirectut iy

function param ers--scabrs (or possib ¥ \ectors) bo, cb, and dr:*
(12) EWo[\/1 -V1=1ho bg[(Y - W]+ co{w'-Efw’ d{-Var{w’ 13} e

For asam p B ofsur\ey respondents, we can now provide an inventory oftie data required in
order o estimat tie model The dependentvariab B is te discree YES/NO response o tie
w i Hlngness 1 pay for m itigation question. Exp hnatory variab Bs m usthe constructd from data on
income, Y, te referendum offered \valie, t te certain e Bofenvronm entallquallty wit mitigation
w ', and individua Ich arackristics x. Additionalexp Bnatory \ariab Bs are constructed from tie mean
and te variance oftie individualls reMsed distribution concerning future environm entallquality in te

absence ofm itigation: E4{w ] and Var{w°]. One insigh tis tatte precise shape oftis revised

o We presene tie detaill oftie derivation in tis draft o faci lak \erification.
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enmronm entallqua ity distribution can apparentld be individua Bspecific and ke any valld form .
Onl te meanand te variance oftie distribution affecttie expectd uti ity difference.

The mode B as specified aboe, is Enear in param eters. IFE-{w ] and \ar{w °] are treaked as
ordinary exp Bnatory variab ks, a connentiona Ipack aged m axim um lke Ihood probitaborit m can be
used © estim at te unknown parametrs. Nok tatte intrceptshoul be suppressed. Ifitis not
suppressed, itshoul be insignificantV differentfrom zero.

Tosole te estimatd probitdiscre® choice m ode Hor option prices in tis concret exam p F,
recallt atOPis te valle ofttatm akes tie expected uti iy difference exactld zero. Substituting OP
for t(and sim p Hying te notation © high Igh tte essentiall), te OPequation, for each individua il

willke tie folbwing form:

(13) EWO[\f-\f]zs bo[(Y -OPWY]+ A+ e=0,

where we canmake use oftie sim p Hying notation of B = bo and

A = do{w -Ew T di{-Var{w T} Soling for OPyieBs OP=Y - Y exp[- (A + e¥B]. Noe
tatte error €rm oughtt be carried tirough tis process. Calkuhting a fittd valie for an
indiMdualls OP invo bes taking tie expectation ofthis form ulk over te im p Icitprobiterror €rm e
(which coul be assumed 1 be distributd norm al} witt mean zero and variance one). The

expectation of O P for each individua llis ginen by:
(14) E{OP3}=Y - Y exp[ - A/B]exp[ 1/2B)]

b.) Detrminant of tie Revised Sub pctive Distribution for w°
Ifte individualls revised distribution for w®, w®), is tken as given, one coul im p Ement

tiis m ode Iery easi ¥ by incorporating tie observed valies of E-{w °] and Var{w ] directd into

10 ) . . . .
Not tatin te currentem pirica Blapp Ication, w ' is invariant
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equation (12). H owewer, an im portantresearch question concerns tie manner in which indiMdual
updat teir native subgctive distributions on w® in tie face ofnew inform ation from sources t atm ay
hawe different e B of credibi Iy in e mind ofte indivduall 1 wish © be ab B © m ode Rlexp Icith
te data-generating process tatyie Bs each individuals valies of E-{w °] and \ar-{w °] asociatd w it
teir own remsed distribution £w ).

Since our sunwey instrum ente Icit native subgpctive distributions for environm entallqua iy,
proMdes alloftie "outide™ inform ation, and ten e Bcit reMsed subpctive distributions, itcan be a
simpl matier © mode kb e updating process. Separat ad hoc specifications for te detrm inant of
E-{w °] and \ar{w°] can be expbred. More-form alBayesian updating stratgies can allo be

exam ined.

4. Possib B Genera Izations

Since tis paper describes a sty Bzed m ode Band an em piricalscoping exercise, itis im portantt
not som e obwous genera lzations t athawe notheen fu l¥ pursued here. A Mare poentall fasib B,
and each makes tie scenario a Itth more realstic t an itis for tie basic m ode Blabove. Inwhat
folbws, | re bx assum ptions individua . I1tisunlke b © be em piricall tactab B 0 re hx tem alat
once, butte exercises described be bw iBistrat some ofte differentdirections tatcoull be
exp bred.

On¥ tree generalzations can been imp Ementd (at Bastin parf)wit te currenth avai kb B
data. The otiers haw notyetheen addressed em piricall, and have been re Bgatd t an appendix in

tis paper.

a. Generallzing t e DistributionalUpdating Mode |
Mscusi and M agat(1992) describe te possibi iy ¢ atindividuall w i Mrespond o drastica

0 extrnallinform ation. IndiMduall m ay over-reactt inform ation tiey receinve. Forwhattey €rm
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an "ahrm ist Barner,” te re htive inform ationallweigh & on tie two extrnalsources ofinform ation
woull exceed one eitier individua Il or co Bctinve §. We can estim ak our ad hoc specifications for
E4w ] and Var{w “Jw it and wit outrestrictions. Ofparticulbr inrestis whetereiter ofthe
effective weigh® on te opinions ofgovernm entscientis® and/or environm entallgroups are

indiMdua ¥ greakr tan one, or whetier teir sum exceeds unity.

b. Accounting for Ambiguity across Extrna llnform ation Sources

Anotier extnsion suggestd by te mode Bin Mscusi and Magat(1992) is ©© albw
respondent” revised density functions for w° © be affeckd by tie exentofte disparity an ong te
outide sources ofinform ation o which tey are exposed.™ This disparity m igh the crude ¥
summ arized as te difference betveen tie highestand bwestexpectd valies (range, R) anong te
density functions assertd by te various extrnallinform ation sources. Iftie range in tiese valies is
smal te indivduallm ay p kce re lktive ¥ greater trustin aBMoutide sources taninhis or her own
native subpctive distributions. Iftie range is hrge, tie respondentm ay retreat®© p hee re htine ¥
greatr weighton his or her own judgment

In te suney enusioned for tis anabsis, range R is an atiribut ofte array ofextrnal
inform ation sources t atcan be designed into tie suney instrum entas an exogenous \ariab k. Mscusi
and Magat's (1992)scenario is differentfrom te one enMsioned here in tattey do notobsene te
individua s prior probabi ly. Therefore, tiey append aquadratic €rm in R 1 teir em piricallm ode
for a discre® prior probabi My, and tis €rm can pick up any systm atic shiftin te im p led prior
probabi Hy due © te exentoftie am biguity in te extrnallinform ation. H ere, te native subgctiwe
density is e Bcitd directl, so R m usthbe incorporatd differentl, akb ough one coull retain te

non Inear genera iy oftie quadratic form (as necessary). The obwMous strakgy is © Btte coefficient

" see aloh eat and Tersky (1991).
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on native subgctive expectation for future mean €m perature be (ko+ kiR)or (ko+ kiR + keR?).
Wit am biguity aversion, as R increases from zero, one woull expect(kR + k2R®) 10 increase.

To dekrmine wheter tie degree of an biguity in te avai kb k extrnallinform ation has any
sysem atic effecton te updating process, one wou Bl £sttie hypotiesis tatte coefficient(s) k: (and
k2)is (are pinth)equallto zero. Inamore e hborat modeBwhere tiere mighthe amuch hrger
num ber ofoutide inform ation sources, te standard error of m eans across aloutide sources m ight
be am ore usefullmeasure oftie degree of an biguity. Whate\er measure is used, itis associatd on ¥
wit tenormallzed weighton te individualls ow n native subgctive distribution on environm ental
qualty. Whetera Enear, quadratic, or otier form is used for te am biguity, itphys te same rok:
o shiftte weighton te individualls native sub pctive distribution, as opposed © te rem aining

weighton te outide sources co Bct\e ¥.

c. Demands for EnvironmentalQua by as Derived Dem ands

Inte basic mode § ithas been assumed t atenvironm entallqualty is a directargum entof
indiMdua l” uti Iy functions. Itis more ke ¥, however, tatenvironmentallqualty affect te el
ofdifferentenvironm entallservices, and itis e Iwve B oftiese servces tatconfer uti iy for
individuall. Indivduall may care Itth aboutt e environmentper se, butcare greath abouthow te
envronm entaffect teir Ies.

In te conextofvaliing clim ak change mitigation, itis im portantt recognize t atat Bast
wo Byers ofuncertainty are involed. Hrst, individuall may be uncertain as © te exentofgbbal
change, as assumed in te basic mode I Butsecond, tiey may be uncertain abouthow tis change,
exen ifitis known wit certainty, maps into changes in te Iwe I ofuti y-conferring envronm ental
services o which tey are accustom ed.

Suppose itis notw ite K, buts(w) tatenters directd into each respondents uti iy function.

Here, s(w)is avector ofenuvronm entallservices, te quantity (or quallty) ofeach depending upon te
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e lofw tatmatriallzes. Each individualhas, poentiall, a differentperception aboutte
functions siw )whereby w is trans bted into jdifferentenvironm entallservice com m odities tatm ater
1 te indivdualls ui ity el

In order © i Mistrat am ode ling strakgy under tese circum stances, assume tatte \ector
s(w)hasonl one elment, and tattis e Bmentis Inearin te e llofw: s(w)=2z%+ z1w.
Individuall are familar wit teir current e I ofenvironm entallsenvices, s* =s(w ), produced by
te current e Bofenvironm entallquay w'. Assum e again t atifm itigation is undertaken, te
current e Bofw *, and hence ofs(w?), wiBlbe preser\ed wit certainty. H owever, ifsociety does
notm itigak, tere wilbe adetrioration ofenvironm entalgualty © uncertain ke lw®, butnow te
manner inwhich tis quallty m aps into a change in avai kb B environm entallservces is allo uncertain.

H owever, for any particu br e Bofw° and given tie assum ption of Inearity for tie s(w) function,
" isgivenby s'+ zw'-w®), where we simp My by Rtting z'1 = z.

In tis extnsion, ten, bot zand w° are uncertain in te minds of respondent. The indirect
uti y-difference function in equation (9) mustterefore be m odified. Hrst, itis s, notw, tatentrs
directy into te indirectuti y function. The re Bvant'stakes oftie wor B now consistof aspectrum
ofpossib B staks ofenvironm entallgualty com pounded by a spectrum ofpossibi Hties for te
transform ation between w and s (since te re Bvants bpe parametr z is uncertain). Consisentw it
te form oftie indirectuti My function em p byed earler in tis paper, te reMsed specification

becom es:

(15) (V- V), 0 =ho bg[(Y - D]

o (st-stt zwt -w D

tod (Mt zwtw®))-E[sT+ zwt-w)] Y+ e

Inte face ofthis additiona Bsource ofuncertainty, te expectd uti iy difference tatre\eal a
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respondents option price (equation 13) wilallo hawe 1 be modified. The expectation m ustnow be
teken across bott w®and z. The expectation of this expression wi BinvoLe ®rms in te individualls
reMised expectations aboutte individua Bquantities w® and z, as we Bas te covariance (or corre Btion)
betveen tese to random quantities. The "\ariance™ ®rm in tis m ode Ris particu br ¥ unw ie By.
These prob Bms may render em pirical§ intractab B any m ode lw it outan assum ption ofindependence
between z and w°.

Sim p Mication m ay im prove tractabi ly. Perhaps s° shou B be e Icited directd from
respondent, so tatte mode Bcan be m ade anabgous 1 t e origina Ispecification, wit s* and s° in
phce ofw'and w°. As necessary, a pointestim at for each individualls valie oftie param e®r z
coull be inferred from te re Btionship between s’ and w®. This param eter coul be used in ex post
exercises © infer e Be b consequences, for option prices, of changes in w°.

Ifhot z and w® are retained in te mode § despit te more com p lcatd moment tatt is
specification wou B require, and ifte e Icitation prob Bm w as notproh ibit\e ¥ daunting, howe\er, it
is easy 0 anticipat how one woull proceed. The updating subm ode Hor tie revsed subgctive
distribution ofw® wou Bl be extnded © cowver te pintdistribution ofw®and z. A sysem of

equations coulll be em p byed t produce fited valies ofeach oftie required fited m oment.”

5. ASnallSan pbk ofData

In a firstround ofsam p Ing, approxim at ¥ 500 preestsur\eys were distributed, m osth ©
1997 Spring Quartr and Sum mer Session undergraduat econom ics cbsses atUCLA. Student

received afive-m inuk introduction o tie sunwey during tie Bcture period and were requestd ©

2 Differentweigh ting param eters m ay app ¥ for te updating oftie environm entallqualty distribution and
te "trans ktion into environm entalsenvices param eter” distribution. Respondent may p bce re htine ¥ m ore trustin
governm entscientisk” assessment oftie effeck a given change in cllm at wi lhave on environm entalse nvces, but
re Btine ¥ Bss trustin tese scientisk® judgm ent about justhow severe tie clim at change wi lbe.
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return tie com p Hed sunwey by te next Bcture.” We coBckd approxim ate ¥ 144 fu l usab B
responses from tis distribution." A second round ofsam plIng was conductd in o chsses in Fall
1997, wit te sam plng period coming on te hee B ofaheatwaw. Nominallextra creditw as offered
for participation in tie hrger clbss and we garnered about250 additionaBresponses. Tab B 1 gives

descriptive statistics for te estim ating sanp k.

a. Data on Respondent® Opinions aboutFutre Environmenta IConditions
ITte mode Bdescribed in Section 3 is estim akd in o stages, te firstestim ation task invo Les
estab Ishing te detrminant oftie moment oftie individualls revsed distribution for future
environm entalqualty: E-{w ] and Var{w]."> There has been substantiallpo kcy inrestin recentyears
in e topic ofrisk com m unication (e.g. Daues etall, 1987). This Herature focuses on tie bestway
 comey 1 individuall tie true objpctive m agnitudes ofrisks.*® There has been Bss atiention
devotd 10 te prob Bm ofe Bciting sub pctive probabi kies. Re Bab | e Icitation of (at Bast) tie m eans
and variances ofthe native subjctive and revised probabi Iy distributions is crucialfo tis ana bsis. "’
In econom ics, tie topics of (i.) indiMdua l® risk perceptions, (ii.)how tese risk perceptions
respond 1 inform ation, and (iii.) tre \valie ofrisk changes, hawe been ferti # areas for research .
Som e representative studies inclide Sm it and Deswousges (1987, 1988), Sm it and Jbhnson (1988),

Mscusi (1985a, 1985b), Mscusi and M agat (1987, 1992), Mscusi etall (1986), and Mscusi and

3 . ) L )
Y The chair oftie Departn entofEconom ics wou B notapprowe te dedication of Bcture time for e
student t com p bt te questionnaires in e chsses ofoter facully mem bers, so our response rat was much bwer

tan itm igh thawe been.

1 Given te exp bratory nature oftie samp B, we hawe notpursued non-respondent aggressive .

15 Exceptwhere itmay Bad © confusion, we now drop tie O superscripton E{w°], Var{w“Jand te
corresponding quantities for e native subgctive distribution of future annualanerage &m peratures, as we las te
distributions atiributd © governm entscientists and environm entaligroups.

16 The issue of bng-trm environm entalrisks is addressed in Fsch off (1990).

. Benson, Curlly and Sm it (1995)address tie rolk ofbe BeFassessmentin te process ofe Bciting
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O'Connor (1984). Inah ostaMcases, howe\er, te risks under consideration are physicalheah or
work p hee risks. But'risk™ can be defined m ore broad ¥ 1o inc lide preferences over uncertain
outcom es m ore genera .

For cllm ak change, tie variab B tatl designat © i Bstrak te uncertainty is annua laverage
£m perature during a decade wenty years into te future. Atte beginning oftie suney, we e Icit
from te respondentteir initiaBassum ptions aboutte future distribution ofte w \ariab k.

H istoricaldata are promMded for e weater station nearestt e respondent Prowusion oftis
inform ation insures tatte respondentis making his or her forecastfor te expectd valie and
dispersion of future mean &m peratures (for te decade 0¥2011-2020) based on valld currentdata.

Aferestab Ishing te true bcallannuallaverage €m perature, we firste Icitinform ation on te
mean and variance oftie individua s native sub g ctive distribution for future environm entallqua lty.
Expectd vallies seem re lhtive b easy o e Bcit Itis more difficu k1 ask respondent t conwey
inform ation on variances. For dispersion measures, we haw e Bcted t© ask for "phis™ and ""m inus™
amount re lktive © teir expeckd vallie (and described as a 95% range), and tien o intrprettis as
four standard demations, squaring 0.25 times tis am ountt yie B a \ariance approxim ation.

Once tese prior distributions hawe been estab Ished, te respondentis presentd w it
inform ation describing te distributions of future average €m peratures (purportd ¥) forecasted by
governm entscientis® and by environm entallgroups.”® One obgctive oftie anabsis is o discrim inat
among te effect ofdiflerentextrnalinform ation sources on te respondents distributiona lupdating
process. The design oftie differentsur\ey \ersions ensures tattere is ort ogona Ihariation across

respondent® in tese purported extrnalHorecass.

probabi Hies.

'® This inform ation is partoftie experim entalldesign oftie suney. A Bsty Bzed forecast falwitin te
range ofassorted actualforecast. Concerning suney research ethics, tiere is tie de Icat m ater ofnot ¥ing ©
respondent. Since we are purposefu Il vague abouttie precise ¥ which "governm entscientist™ and “"environm entall
groups' hawe made tese forecast, tiere may be some naturalatenuation ofthe credibi Iy assigned by respondent
10 tese opinions.
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After te exernallinform ation on future cllm ak has been promMded, respondent are invitd ©
updat teir priors on tie distribution of future annua lanerage €m peratures, giMng bot a new
expectd valie and a new 95% range (which we comert® a variance, again invok ing strong

distributiona Bassum ptions).

b.) Data on Wilngness © Pay © PrexentClmat Change

No estab Ished market existfor e mitigation of clm ak change. Furtermore, tere are fw
opportunities o invoke weak com p Bmentarity and © re b on indirectm arketinform ation © infer
im p Bcitdem ands for cllm ak change m itigation. Despit tie ack now Bdged shortcom ings of
contingentvallation m et ods, directe Bcitation ofpeop #'s stated wilngness © trade offm oney for
envronm entallprotction is Bke ¥ © be te bestsource ofinform ation aboutt e socialvalie of
clim ak change m itigation activity.

Prior o tie valiation question, tie suney respondenthas been asked aboutteir opinion of
clm ak change prospect. We allo invE respondent t consider tie im p Bcations for a \ariety of
clim ak services of an arbitrary 4 degree Fahrenheitawerage €m perature increase. Dem and for
clm ak senvces give rise © derined dem and for clim ak change m itigation. These eflect on c Im ak
servces are captured by questions concerning te fo lbw ing:

= eating cos®

=air-conditioning cost

=persona lcom fort

=food prices

=se\erity ofstorm s

=frequency ofstorms

=frequency ofdrought

=\ akr consum ption [prices]

=/ ousing prices in your region

=sea el

=tropica ldiseases

=\ ¢ Fare oftie poorest50% ofUS resident
= ¢ Fare ofthe poorest50% ofte worl's popu ktion
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H avng exp bred with te respondentte anticipatd consequences of faillng 0 pre\enta 4
degree Fahrenheit®m perature increase, we ten reMew te respondents probab B budgetconstraint
over te re hantfuture period. We e Icitexpectd annuallincom e catgories (in 1997 do lhrs) for te
year 2005 and tie year 2020. The proposed po Bey is described as fo lbws:

Suppose tatpo bcy-m akers hawe identified asetofdom estic and intrnationalenvironm ental

regu ktions and incentives. Ifputinto phce, tese pollcies wilprexentany deectib B change

in your regionallcImat so tatawerage €mperatures willcontinue, indefinie b, © be much as
tey were during 1987-1996. In oter words, putting tiese polcies in phce wou Bl allbw
society © awid any oftie consequences (bad or good) to be expectd ifwe do noting.

The mont ¥ cost ofthe pollcy are assigned random ¥, in &n differentam ount from 95 ©
H50, presentd in te folbwing form :

Suppose tattese polcies wilmean higher prices and/or higher taxes so tatby te year

2000, your monti ¥ househo B cost wilbe higher by $ (in 1997 do Whrs) for as bng as

tese pollcies are fo lbwed.

Respondent are ten asked iftiey woull vot in favor of this pack age ofpo Icies, given teir
expectd income and tese cost. They are tien probed © detct"protsthids.” The bstpartoftie
survey co lct sociodem ograph ic and atfitudina INariab Bs, inc Liding tie respondents perceptions of
bias (for or againstte po lcy) on tie partoftie research tam.

The basic option price m ode Bcan be estim atd using data on: te YES/NO response © tis
question, tie exogenous ¥ assigned valie ofmont ¥ cost, t, im posed for tis respondent,
inform ation on ot er sociodem ograph ic ch arackristics, s, currentenvironm entalquality w', and te
valles of E-{w ] and Var{w ] (which can be exp hined by tie pair ofequations in tie renised subgctie

distribution subm ode B.
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6. Em piricalHNdings

Ginen te exp bratory nature oftie em piricallwork in tis study, we haw notpursued stak-of
te-artsim uBlaneous fu Minform ation m axim um ke Bhood (FIM L) estim aks oftie tree equations
invo Bed in tis specification. In future work, when am ore-representative data setcan be co lBced,

m ore soph isticatd estim ation €chniques wiMlbe warrantd. These wou Bl invoLe a cum u btive

trivariat norm alpintdensity function for tie tree error €rms.

a. Modell for tie Reuvsed Sub pctive Moment of Futire Average Tem peratures

H ow do surwey respondent process tie inform ation attributd © governm entscientist and
enmronm entallgroups when tiey are ginen te opportunity © updat teir own opinions in e ghtof
tis additiona Binform ation? O ne possibi My is tattey may be Bayesians. In te presence oftwo
additionalsources of inform ation aboutm ean and variance (precision) of adistribution, tie usual
Bayesian form u s appear © genera lze straigh tfiorward b. The postrior mean shoull be a precision-
weigh td awerage oftie com ponentmeans. The postrior precision shou ll be te sum oftie
com ponentprecisions.*

In order © sim pHy te notation, define tie sum ofprecisions:

(16) D =(Varwwn)' + (Varfwo)' + (Varfw ).

Itseem s appropriat © estwheter te updating process coull be Bayesian (or wheter itis m ore
genera B by specifying tie fo bwing t o regression m ode I, one for te postrior expectd wvalie, and

one for te postrior precision:

1o Som e research on te issue ofwhetier individuall are Bayesian decision-m akers inc lides Mscusi (1985b),
Mscusi and M agat(1992), Mscusi and O *Connor (1984), and Fisch offand Beyt -Marom (1983).
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A7) Efw]=aot+ at E[w Jwn/AD>™Nar[w pun)+ az E[w Jow/(D *\ar[w Jov)

t as E[w pv/(D™Nar[wv)+ e

(18) (MVar{wD' =bo+ bt (Mar[wun)" + bz (Varfw o) + bz (Var[w )" +  er.

Estim ating tiese two m ode I, and €sting tie pinthypotesis tatao =0and a1 —az2 —=as =1 for
te expecttd valie mode land tie pinthypotesis tatbo =0 and b1 = b2 =bs =1 for tie precision
m ode B(eitier separat ¥, or pinth)wou Bl constitue a rough estofwheter te updating process
cou Bl indeed be strictlh Bayesian.

Tab B 2 shows te resulk for unrestriced estim ation oftie m ode I in equations (17) and (18),
as we las estimats when te intrcept are constrained © zero. Whilk te pointestim akes oftie
s bpe param eters appear cbse 1 unity in te case oftie expectd valie equation (17), F-est ofthe
restriction t ata s bpes be sim uBaneous ¥ unity sound ¥ repctt athypotiesis. (The P-valies for
tese FEst are essentiall zero for te expectd vallie equation. For te precision equation (18), tie
pointestim ats oftie s bpes are marked ¥ differentfrom one, and te nu lhypotesis of jointh
unitary s bpes is again re pctd concbisinve §. These individuall are notbehaving Bke Bayesians.

A com peting m ode Im igh the t atrespondent® updatd expectd valies and updatd \ariances
are determined more sinpl. Consider te hypotesis tatE-{w]is simp¥ a EInear function of
E[w Joun, E[W Jov, and E[w }nv, instead of am ore-¢ Bborat Enear function ofthe precision-weigh &d
expectations as im p Bled for €sting Bayesian updating. This com peting m ode B(which we willcalli 1)

is:

(29) Eqw] =ao+ atE[wjwn+ azE[wovt asE[w]v+ e

The mode Bin Equation (17) aowe (which we wilcalhypotiesis H 2) subsumes tie Bayesian updating
m ode Bas a speciallcase where ao =0 and a1 —az =—=as = 1.

These non-nestd hypotieses can be estd. We perform a Cox stand a Dauvdson-
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MacKinnon Jestfor tese com peting m ode I, for specifications wit and wit outinterceps. For
specifications inc liding an inercepterm, te Cox €strepct bot H1andH 2. The Jestprocedure
fal ©repcti 1 (be simph Enear re Btionship) atte 5% I lbutcan re pctatte 10% hel The
Jestprocedure, however, does sound ¥ repctH 2 (b e genera lzed Bayesian re Btionship), since te
fited valle from te simpl Enear mode B when inc lided in te Bayesian m ode § bears a teststatistic
greakr tan 6. The resulk for specifications t atsuppress te inercepterm are qualltatinve b tie
same.

For t e variances, anabgous Cox and J&st are notappropriat. Again, te com peting m ode
(\ersus Bayesian behavior) shoull probab ¥ consistofasimp# Enear re Btionsh ip between Var{w ]
and te constituentvariances, Var[w Jwn, \ar[w Jov, and Var[w pov. The dependentvariab b in te
Bayesian specification, howe\er, is tie postrior precision, nott e postrior variance (un Bss
non Inear-in-param etrs m ode I are broached) so te com peting \ariance specifications are notas
amenab I © Cox or Jest.

This pre Im inary eMdence seem s © suggestquite clarl, howe\er, tatte strictBayesian
form u ktion is probab ¥ notappropriat in tis context, particu br¥ for tie variance. The simph
Inear m ode Bappears © dom inat e\xen tie generallzation of tie Bayesian specification w it nonzero
inkerceptand non-unitary s bpes. So itis reasonab k © consider possib B ad hoc specifications m ore
carefull. We willfocus firston m ode I © exp hin EA{w ].

In Tab B 3, Mode I1, we specify E{w ], te respondents remsed subpctive awverage annuall
€m perature, as asim p B unrestriced Enear function of E[w Jwn, E[W Jov, and E[w }v. Mode 12
im poses te restriction tatte inkrcepthe zero, which cannotbe repctd attie 5% B Baccording
O te teststatistic on te inkrceptin Mode I1. Wit tis restriction, te individua s bpes are all
strong ¥ statistica ¥ significant Mode B2 is offered in order 0 ®stfor te presence of MscusiM agat
"ahm ist Barning.” Wit azero inerceptim posed, butte s bpe parametrs free © ke on whak\er

\alies are dictated by te data, te abso e valle ofte Feststatistic for te nulhypotesis tatte
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sum oftie sbpes on E[w povand E[w Frvis one achieves a valie in excess of12[remMse]. The point
estim ak ofthe sum is on te order of0.60[reMse], so tiere is no eMdence of alrm ist Barning in tis
sanpk.

Mode B3 restrics E-{w ] 0 be asimp B weigh &d awrage oftie com ponentexpectations (i.e.
zero intercept, s bpes summing © unity). An Festoftiese restrictions (com pared © tie unrestriced
specification in Mode 11) faill © re pcttiese tiree restrictions.

Mode B4 exp bres e hypotesis tatte exentoftie disparity betveen te two outide
sources ofinform ation aboutte E[w JwiMaffectte weightapplled © E[w pvn. Inan oterwise
unrestriced specification, Mode I3 shows tatgreatr disparity between E[w fovand E[w v does
indeed increase tie weighton tie own-expectation by a statistica ¥ \ery significantam ount Based on
tis finding, and te facttatte intrceptcoefficientin Mode 14 is insignificanty differentfrom
zero, we w i lbe generallzing Mode 14  incorporat systm atic \varying param e®rs in our subsequent
m ode Hng effort for EA{w ].

Model5 is te Bstexperimentalspecification for E{{w ]. Here, we albw E-{w ] © depend (in
an ad hoc fashion) upon noton ¥ tie tree com ponentexpectations, butallo upon tie tiree
com ponentvariances, wit te weighton te own-expectation and ow n-variance albwed 0 differ
according o te disparity between te corresponding "extrnallinform ation™ m om ent. None oftie
tiree variance &rms is a statistica W significant factor in detrm ining E{{w ], and neiteris te
variance-disparity intraction £rm .

Tab B 4 exp bres some simp # Enear specifications for tie re ktionship between postrior
variance and te tiree com ponentvariances. The unrestriced Enear specification in Mode B1 shows
te inkrceptt be insignificantl differentfrom zero. Mode B2, in contrast, restrict te inkercept®©
zero and forces te s bpes o sum o unity. This setofthree restricions cannotbe re pcted. For tese
pre Im inary data, ten, bot expectd valies and variances seem 1 be reasonab ¥ we Mapproxim atd

by simp B weightd awerages oftie tiree com ponent. These modell wilbe te basis for te
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genera lzations © be described next

In Tab B 5, we show te resuls ofem pbying te avai bb I variab Bs capturing respondent
charackristics as factors tatm ay shiftan individua lls re ltive weight on te differentsources of
inform ation about future clim at conditions (for bot te mean and tie variance). The estim aks sem
from a two-equation sim u Baneous non- Inear Bastsquares m ode It atis specified in am anner t at
ensures tattie mode N disp By zero intrcept and non-negative weigh & tatsum © unity, for bot
te expectation equation and te variance equation. In order © minimize te notation, tie subscript

"goVv' and "enV' haw been abbreMatd © "'g" and "e". The basic form oftie mode lis as fo lbws:

(20) Efwl=(1+ ke VEWREWIIA[(L+ ke VEWF-E[WFEA+ exp(g)+ exp(g) E[W
+oexp(@) [(L+ ke VEWR-EWEEA+ exp(g)+ exp(g)] EwE

+oexp(@) [(L+ ke VEWB-EWEEA+ exp(g)+ exp(@)] EW}+ e

2D VAWI=(1+ kvAMWEMWIPA[L+ kviAMwE-Mw IR+ exp(dh) + exp(c)] Mw Jn
+oexp(d) [(1+ kviMwB-MwEFA+ exp(ds)+ exp(d)]’ Mw b
+oexp(d) [(1+ kviMWB-MWEED+ exp(d)+ exp(c)] Mw} + ev

Each oftie six param e€rs, ke, kv, gov, gnv, deov, and denv cou ll be estim atd as a true butunk nown
constantparam etr, anabgous 1 te independentl estim akd specifications in Tab B 3 (Mode I4) and
Tab B4 (ModeI3). Instad, we hawe rendered each oftie ¢ and ds a sysem atic varying param etr.
We empby as shifers for alofthiese four param etrs (i.) asetof avai b B sociodem ograph ic

variab bs (AGE, gender), as we Bas (ii.) atitudina Ivariab ks (inform edness aboutenvironm entall
issues, degree of conservatism , Blke lhood of IMng in te same area in te future, and perceptions of
researcher bias), and (iii.) adummy variab } © identify observations colictd in te Fallof1997.
NotaMoftiese variab Bs are statistica W significantshifiers oftie sys€em atic varying param e®rs in

tis specification. Persisentd insignificant®rms hawe terefore been dropped.



26

The modellin Tab B 5 albws for Miscusi/M agatam biguity effecs. Each oftie E-{w ] and
Var{w ] equations in tie pintm ode Ris augm entd wit asing} am biguity param etr, ke and kv,
respectinve b, tatalbws te weightphced on te indiMdualls ow n priors © vary sysem aticaly wit
te abso bk difference betveen te o extrnallopinions.

The im pBcations ofthe estim attd m ode Bin Tab B 5 seem phusibB. Whilk itis notpossib k ©
distinguish an age effectfrom a cohorteffectin a cross-sectionallsam p B such as tis, itnevertie Bss
appears tato Ber colge student p hce Bss weighton governm entopinions and on environm entall
group opinions in deciding upon \Var{w ].

Gender has astatistica ¥ significanteffecton a lMfour weigh ting param etrs. In form u kting
E-{w], fem alk student p hce re ktive b m ore weigh ton governm entand m ore on environm entall
groups tando makl student. For \ar{w ], tey allo putmore weighton te opinions ofbot
extrnallgroups tan do m all student. Subpgctive degree ofinform edness aboutenvironm entalissues
does nothawe asignificanteffectupon any oftie weigh®.

Studen® who identify temse Les as being m ore consernvative appear © p hee systm atica ly
Bss weigh ton enmMronm entallgroups” opinions aboutE-{w ]t an do m ore- Bbera Bstudent. More-
consenative student allo p kee significantl Bss weigh ton governm entscientis®” opinions about
€m perature uncertainty. The more Bkel te studentis © remain in tie same region in tie future, te
more weighttiey £nd © p lkce on governm entscientis® opinions in form u lkting teir assessment of
Eqw]and Var{w]. (AREmatl, tie more lke ¥ itis tattey willmowe © anoter region before te
future time period stipulted in tie suney, te Bss atention tey pay © governm entopinion about
E{{w]and Var{w].)

The more te research tam is perceined © be biased in favor of clm ak change m itigation
programs, tie Bssis e weightassigned o te osensib B extrnallinform ation sources in form u lkting
an opinion aboutE-{w]. H owe\er, perceptions ofresearcher bias hawe no statistical discernib B

effect on te weigh & assigned © differentinform ation sources in form u kting a reMsed sub pctive
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\ariance for w .

Respondent in te Fal1997 subsam p B appear © be \ery strong ¥ statistica W significantly
Bss atentive © tie degree ofuncertainty aboutfuture clim ak conweyed by bot governmentscientist
opinions and environm entallgroup opinions. This apparenteflectm ay be an artifactoftie greatr
representativeness oftie Fal1997 sam pB. (No extra-creditincentives were promMded in te earler

sam p B, so se IFse Bction in responses is a greater prob bm tere.)

b. Modell © Exp kin Option Prices (WiHlngness © Pay)

How willing are respondent © ot in favor oftie clim ak change m itigation po Icies at
different e 1 of cost? Given tie m icroeconom ic teory behind our estim ating specification, te
discrete choice probitm ode Rexp Rining statd voting beh avor can be used © produce fited estim aks
ofindividua I" option prices for clm ak change m itigation. Tab B 6 disp bys te resulk from some
pre Im inary m ode B using our exp bratory samp k.

Keep in mind t atour basic estim ating specification is based on a uti Hy difference function
wit tree parametrs (be coefficient on bg[(Y-tWY], E{w], and Var{w ).” Introducing
respondenthetrogeneity (potntia ) genera lzes each oftiese tree parametrs © a Inear function
ofindividua Batiributes. This is how we accom m odat preferences t atdiffer according o te
observab B charactristics ofdifferentgroups ofrespondent.

Mode Il is ©e m ostrudim entary specification, since itassumes hom ogeneous preferences and
exen exclides Var{w ]. The initalerm, bg[(Y-t/Y ], ough talk ays © be im portant, since itcaptures
bot te eflectofincome and tatofpolcy cost. Itis sold¥ significantin alte specifications

shownin Tab B 6. ITE4{w]is te onl regressor capturing te characer oftie expectd change in

20 For ease ofestim ation wit packaged m aximum HBke lhood aboritms, we allbw for an inkercept®rm in
te specifications 10 be described here. In none ofour mode I is tie pointestim ak for tis inkercepterms
statistical significanty differentfrom zero. Thus te qualtative resulk are unlke ¥ 10 be \ery sensitive bwhetier
tis intrceptis suppressed.
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clim ak 1 be awided by incurring te statd cost, it coefficientis positive, butstatistica
insignificant This im p Bes "insensitiMty 1o scope,” ack now Bdged t be an undesirab B property in a
stad preference vallation exercise (Arrow etal, 1993).

ITwe stilMassum e hom ogeneous preferences and inc bide bot E{w ] and Var{w ], as im p ked by
equation (12)in te teoreticallsection, tie coefficienton E-{w ] becom es m argina W significantatte
10% BIe @ These resulk, under an assum ption ofhom ogenous preferences t roughoutte sampl,
may seem somewhatdisappointing. Modell 3 tirough 6, howe\er, rexealltie possibi ly ofsome
im portanth et rogeneities in preferences across te sampk.

Under som e conditions, gender is an im portant facor in detrm ining w i Engness t pay for
clim ak change mitigation (where clm ak change is inerpretd by m ostpeop k as "'gbballw arm ing™).

Unfortunat ¥, te o\eraleflectof any specific individua Batiribut, such as gender, on fitkd option
prices for clIm ak change m itigation is a rat er com p Bx function of allitie parametrs and allt e data.
The overalleflect ofgender on option prices wilbe i Bistratd \ia sim u lktion exercises in te next
section.

Mode 16 w i Mbe our work ing specification for tie upcom ing sim u lktions. One intresting
feature ofthis m ode His te distinction betwveen gender effect and sam p B-time effects (FALLY7), and
teir inkraction. Inte Wintr/Spring 1997 subsam pB, women were much Bss wiling © pay ©
prexentclim ak change. One coull specu bk tatwomen, as a group, are more inclined © fee lte
coli tanare men (tere is some anecdotaleMdence o tis effect). H owever, te \ery strong gender
effectt atexistd in te iniialW inter/Spring 1997 sam p B fai Bd 1 persistwhen tese datawere
poo kd wit observations from te Fal1997 sampB. There are a num ber ofpossib B reasons for tis
outtcome. First te weaterwas much hoter atte time e Fal1997 samp B was colckd, and
women and men may respond differentld © currentweat er conditions in conveying teir wi lingness
10 pay for clm ak change mitigation. AErnat ¥, te differentgender effect in tie two subsam p s

may be a consequence ofthe factt atparticipation was Bss se FFse Bcied in e Fal1997 sam p B due
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10 te extra creditassociatd wit subm itting a com p Bed questionnaire. Allo, e Fall1997 c hsses
were allstudent oftie researcher (as opposed © oter facully). Larger and m ore diverse sam p s,
colced in in a number ofdiflerentseasons, wou B be necessary o distinguish tiese effect.

From Modell 3 trough 6, where e scope effect(tie coefficienton E-{w ])is albwed © vary
wit respondentcharactristics, we Barn tatte scope effectdiffers systm atical across our sam p k.
Age appears 1 increase te scope eflect, and inform edness aboutenwvronm entalissues allo increases
it Howewer, greatr consernvatism Bssens tie scope effect The effectofgender is difficulk
discern, since itis confounded wit sam p B tim ing.

A key feature ofthis paper is e question ofwheter uncertainty aboutfuture clm at
conditions infliences respondent” wilngness 1 supportclm ak change m itigation program s atany
ginven cost Modell 5 and 6, which contro Hor tie greatstam ountofhetrogeneity across
respondent, disp By astatistica ¥ significantnegative effectof\Var{w]. The more Blke b itis tatte
respondentexpect © be IMng in te same region, howe\er, te Bss negative te effectofgreater
clm ak uncertainty. (Or, alernat ¥, p hns © e in a differentgeograph ic region exacerbat te

negative eflect ofuncertainty on wilngness © ot for m itigation po Bcies.)

7. Sim u ktions

Ifmodel Kke tie onesin tis paper coull be estimatd wit richer data, tey wiBpermit
countrfactuallsim u ktions t atare poentia ¥ \ery re vantt pollcy-making. Wit te Imitd data
currentl avai Bb B, we pursue sim u lktions wit caveat. The sam p B size and representativeness are
insufficient® albw generalconclisions © be drawn. Som e straigh torw ard sim u ktions w il
nexerte Bss iMistrak te pokntalloftie model

Sim u ktions are necessary because te pointestim aks ofoption price are non- Inear functions
oftie data and te estimatd m ode Bparam etrs. Equation (14) can be used © produce pointestim ats

ofthie expected valie ofOP for each individuallin tie sampB. We can ten reportdescriptive
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statistics for tiese pointestim aks (m ean, standard demMation, m edian) caku ked across a Mindividual
intesanpl.

For te simuhtions tatfolbw, we em p by te non-Bayesian sim u Baneous non Inear equations
specifications and param etr estim ats oftie E{{w ] and Var{w ]Jequations in Tab # 5, and t e option
price equation ofMode 16 in Tab B 6. The firsttwo Enes in te body of Tab B 7 disp By descriptive
statistics for fited expected option prices (wit mont ¥ expectd future incom e statistics for
com parison). Option price pointestim ats range wide b in te sanpl, wit aloftis variation
atiributab B © differences in expectd incom e and ot er individua Batiributes.” One chss of
sim u ktions concerns whatw ou B happen ifeveryone had instad p bhced zero weigh ton te opinions
ofone (or te otier) ofthe externallaut orities. In our countrfactuallsim u ktions, we scall te
weigh® on te rem aining inform ation sources so tiey continue o sum t one. Ifeveryone p heed zero
weighton te opinions ofenvironm entallgroups, te average OPwou Bl increase from 9268 b $272--
probab ¥ nota significantchange. Ifpeop B ignored te opinions ofgovernm entscientist, te
average OPwoull increase o 270, which does notrepresentan appreciab B difference eiter.

A second c lbss ofsim ulktions concerns changes in tie sociodem ograph ic or atitudina ll
\ariab Bs tatinflience te weigh® p bced on differentinform ation sources by indimMduall as tey
arrive atE-{{w ] and Var{w ]. We use E{{w ] and Var{w ] directld in t e option price probitm ode § not
teir fittd valies. Countrfactuallsim u lktions concerning sociodem ograph ics or attitudes are assum ed
1o change tie fited portion ofthese variab s Jwe retain te estim akd error €rm , howe\er.

We make modestchanges insome oftie variab Bs tataffectte weight, and te sim u lktions
rexeallte overalleflect oftiese changes on prediced OPvalies. Making exeryone in te sanpl 4

years o Ber, wit outchanging any oftieir ot er charactristics, wou B reduce option prices from te

21 .o . . )

As individua Bexpected option prices are caku bhtd, estim ates Bss tan zero are countd as zero, and
occasiona Hited valies in excess ofincom e are countd as equallto income (tere are on ¥ abouta dozen cases
where tis occurs).
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currentawerage 0268 o on¥ 162. Age (or perhaps itis a cohorteffect)has a pronounced effecton
perceived benefits of clim ak change m itigation. Ifeveryone was m ade one unitsubpctive ¥ m ore-
inform ed aboutenvironm entallissues (to am axim um oftie sam p B upper bound of7 unik), mean
expectd option prices wou B increase from 268 © 291. Ifeveryone was m ade one unitm ore
consenative, option prices wou Bl drop from 268 0 229. Ifmobillty increased by one unit, te
oweralleflecton m ean expectd option prices wou B be neg Igib B (from 268 0 271).

E Im inating e\eryone’s uncertainty aboutfuture clim ak (but Baving teir individua b E4{w ]
unch anged wou B increase option prices from 268 © 300. E Im inating a Muncertainty and conuncing
eneryone tattere woull be a €m perature increase ofone degree Ce Rius wou B increase W TP from
268 on¥ © 271. H owe\er, a certain €m perature increase oftw o degrees Ce Bius wou B boost
expectd option prices © 303 on awerage.

The size oftie gender eflecton option prices for cIm ak change m itigation can allo be
assessed. Itis notsufficientmere ¥ © divide tie sam p B by gender and o caku bt te awerage fited
option price for each subsam pB. Sysem atic differences in otier atiributs, by gender, coul obscure
te gender effect Instad, we i Mistrak te size ofthe gender effect, cetris paribus, by
countrfactuallsim u ktions. First we m ake aMrespondent fem alls (whil retaining alMoftieir oter
attributs, name I age and t e attitudina INariab ks). This wilaffecttie weight on different
inform ation sources in te cakulktion of E{{w ] and Var{w ], as we Blas tie gender dummy variab k in
te option price probitequation. Due o tie com p Bx intraction ofgender wit te FALLI7 sur\ey-
tim ing variab B, tie mean option price if alrespondent had been fem alk is prediced © be 9268. In
contrast, ifwe make aMrespondent m alls (again retaining a Moftieir otier atiributs), te sanpl
awverage option price wou ll increase to $283. The difference in m ean expectd option prices between
tie genders appears © be about$5 permonti, wit men wiling to pay m ore for clm at change

m itigation.
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8. A Generallzation: Dem and for CIm at Serces

One ofte genera Bzations proposed in ke teory section can be exam ined in a crude fashion
wit tese Imitd data. In Beu ofE-{w ] and Var{w ], te moment oftie anticipatd distribution of
future annuaBaverage €m peratures, we consider substituting each respondents assessmentoftie
future e I and variances of an array of clm at services. Tab B 7 disp hys four different
specifications ofm ode I for deriving option prices in €rms of clm ak servces.

Inte suney instrument, we asked each respondentto speculie on tie ke I effeck ofone
particu kr increase in average &€m peratures, name ¥ a 4 degree Fahrenheitincrease. Assum ing
Inearity, we ten app ¥ teir bestguess abouttis effect® teir repored E{w]. The range of
clim ak services addressed inclided: heating cos® (H EAT), air-conditioning cost (AIR), personall
com fort, food prices, se\erity ofstorms (SEMR), frequency ofstorm s, frequency ofdrough &, watr
consum ption (WA TR), regiona lh ousing prices, sea e I, tropicaldiseases, tie we Fare ofthe
poorest50% ofUS resident, and te we Fare oftie poorest50% oftie worB's popu khtion (EQW L.
We atem ptd 1 e Icitenough inform ation © constructno on ¥ expectd valies, butallo anticipatd
"\ariances" in tie future e B oftiese senvices.”

Despit te variabi ly in E{{w ] across respondents, indiMduall* assessment oftie effect on
differentclm ak servces of a4 degree Fahrenheitincrease in &m peratures are rat er co Hnear.
Newertie Bss, a num ber ofsignificanteflect are rexealld in Tab B 7.

Since te samnp B was colced in Los Ange Bs, air-conditioning expenses are probab ¥ am ore
sallentconsideration t an heating cost, alhough mostm odern homes are heatd during tie winter
season, at Bastatnight The scope effectin €rms ofexpectkd heating costincreases awided by

m itigation is hrger for fem alls tan for m alks.

22 Tab B 7 incLdes adum my variab B for "Non-zero Var? which takes on avalie of 1 iftie respondent
offered a range ofvalles for te future e lofat Bastone cllm ak senvce. This confirms tattey understood te
opportunity © express uncertainty. We do notwish © confound fai lire © understand tie suney instructions w it
perfectcertainty aboutclm ak services. Thismeans tatte coefficient on any variance £rms are conditionalon
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The scope effectw it respectt higher air conditioning cos® is positive, buttis scope effect
varies directh wit te respondent’ subgctive inform edness aboutenvironm entallissues. The m ore
severe tie storms t atare expectd © be awided by m itigation, te more wilng is te respondent, on
awerage, B supportm itigation po Icies.

Ifsome variance in te increase in anticipatd heating cost (w it outm itigation) was expressed
by tie respondent, greatr variance (uncertainty) increases supportfor cllm aké change m itigation
po Icies. In contrast, greatr variance (uncertainty) aboutair conditioning cost reduces supportfor
clm ak change mitigation. These effect are more strongl rexealld in te Fal1997 subsamp B,
which was colicked attie end ofaheatwawe.

Uncertainty aboutt e eflect of cllm ak change on watr consum ption appears © hawe a
significantnegati\e effecton supportfor m itigation po Icies for ftm alls. In contrast, uncertainty
abouttie effect of clm ak change on wor l distributionalequity appears 0 hawe a positive effecton
supportfor clim ak change m itigation m easures am ong fem alks.

The modell in Tab Bs 6 and 8 are notnestd, so no form alhypotiesis &sting can be
perform ed. Butitis inkeresting o not tatte maximized valies oftie bg-lke Ihood functions in
Tab B 8 seems © be higher tan te model ofrough ¥ corresponding com p Bxity in Tab B 6. Non-

nestd st willcertainl be indicakd wit richer dataset.

9. Conclisions and Directions for Future Research

Due o tie sm alconvenience sam p B used for te em piricallexercise in tis study, te findings
from te anabsis oftis suney are notconclisive. They are, however, \ery tough €prowking. The
issue ofhow indivduall process te disparat inform ation tiey receive concerning c im at change has

notbeen addressed before, and itwilbe akey po Hicallissue o\er te nextfw years. Peop B do not

te respondenthaving expressed nonzero variance in at Bastone case.
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appear © be Bayesian in tiis mater. The jointh estim ated sysem atica ¥ \arying param etrs m ode
for e mean and variance of future average €m peratures rexeall beh avor patierns t atseem

inuit\ve ¥ phusib k. Wit asanpl tatis representative oftie broader popu ktion, richer m ode il
cou Ml undoubtd ¥ be supportd.

The derivation ofasim p B butrigorous m ode Bofthe tieoretic underpinnings of a referendum
discret choice m ode Hfor cllm at change m itigation is allo im portant Option prices hawe been argued
10 be te correctteoreticallconstruct for costbenefitanalsis of pub Bc po Bcies under uncertainty. A
sinp Bl stak-preference mode lwit awe Bdefined indirectuti My function is shown in tis paper ©
Bad © a conwenientem piricalspecification for use wit respondents subpctive assessment ofte
expectd valie and variance of future clim ak conditions. This degree ofrigor allbws te estim akd
m ode o be so Bed for te teoreticall appropriat vallation construct The specifications t atcan be
supported wit te currentdata are adm ited ¥ rudim entary. Richer datawiBalbw more e Bborat
(and realstic)m ode B in te same spirit

Wherewer tie estim atd param etrs ofour option price m ode I are statistica W significant (or
m igh tapproach significance in krger sam p Bs), many oftieir signs are p husib k.  Know RBdge oftie
nature ofhetrogeneity in preferences wit respect® cllm ak change m itigation wilbe a\ery
im portantconsideration in e po kics of'se Mng™ (or derailing) clm ak change m itigation po Icies.

We haw found persuasive eMdence, exen in tis smallsanp b, tatte scope of clm ak
change in te absence ofm itigation m akes a statistica W significantdifference in indiMdual”

w i lngness 1 pay for m itigation. This is an expeckd and satisfying resuk Greater cllm at
uncertainty allo seems © reduce peop # T wilngness 1 incur tie cost of clim ak change m itigation.
Resoling tie rol ofuncertainty aboutfuture clim ak in detrm ining te strengt ofsupportfor

clim ak change po Icies shou M be an im portantitm on te research agenda. The resuls in tis paper
suggestt at, for any group t atis trying © Im itsupportfor cllm ak change m itigation, a cam paign ©

am p Hy uncertainty aboutfuture clim ak conditions w il Bad © reduced supportfor m itigation
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po Kcies.

This paper has allo repored on an alernative Mew ofwhatdrives W TP for cllm at change
m itigation. Ifclmat senvces, ratier tan cllm ak ite F, entr into te uti iy function, different
em piricaBspecifications are appropriat. We hawe demonstratd ¢ atm odel in €rms of cllm a
senvces are poentaly vab k.

The nextphase oftis research program consis® ofan on-lne (Worl Wide Web) enhanced
\ersion oftie chssroom surweys used 10 generat te data analbzed in tis paper. (A prootype

\ersion ofthe surney, which is st Munder deve bpment, can be found atte URL

http://ww. sscnet. ucl a. edu/ ssc/ | abs/ canmeron/ d i mat eSurvey. htm | The

software has been deve bped wit te valiab B assistance of Geoffrey Gerdes.) By sur\eying
"chssroom sam p Bs* atotier uninersities in Nort America and possib ¥ around te wor B, we can get
abetker sense ofhow W TP for clIm ak change m itigation \aries wit regionallcIm ak, wit \ariation
in sur\ey-dat weater conditions, wit differences in fie Bs ofstudy am ong tese student, and across
uninersities and countries. We are working on a sun\ey instrum entt atw i Mexentua ly be offered in
different hnguages (inital ustEngksh, French, and Spanish ), and wit Inks © bcalhistorical
clm ak data and currency conersion software. Sam p s willbe colctd in co lboration wit
facully correspondent atotier uninersities, so t atinform ation can be g Baned from tese facully
abouttie nature ofeach studentpopu hktion from which respondent are recruitd. This inform ation
w i Mbe criticallo tie process ofm ode Bing sam p I se kctivity.”

Onlne sunweys are \ery promising for te intrmediat phases ofsurwey dexe bpment Worll

Wide Web access is notyetsufficientl uninersallto albw for representative sam p Bs, buta greatdeal

s Anyone intrestd in hawving student atteir institution participat in tis sur\wey is invtd © contactt e aut or at
fcam eron@econ.uc b.edu. We are mostintrestd in krge chsses ofstudent in courses tiatdo nothawe environm ental
gconom ics specificall as tieir m ain subpctm ater (o awoid having sam p Bs biased in favor ofenvironm entallcauses).
Corresponding facully wi lhawe access 0 te fulldatasetcoBckd as partoftie study. We phntohaw te onlne
suney rem ain open for sexerallyears. Atintnal, differentm odu Bs ofquestions m ay be appended o tie m ain suney
instrum entto albw for a variety ofstudies. Itishoped tattis onlne surey wilbecome adata resource for m any
researchers.
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can be Barned aboutte variety ofpreferences in some we Bdefined subpopu ktions. Te Bphone
surveys were unrellab I in te 1930s due 1 insufficientm arketpenetration, buttey are now widely
empbyed 0 good effect Itmay be adecade or m ore before Web access is sufficienth uninersallo
make ita usefullmedium for sur\ey research. Inte meantime, tiere is much o be Barned aboutte

specia lcapabi Hies of W eb-based suneys tratm ake tem \ery atiractive for research.
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APPENDIX

Otier Genera lzations © Consider

a. Uncertainty Aboutw' As We MAs w°

The basic m ode Bdescribed abowe assum es t ataloft e uncertainty aboutte future stak of
te environm ent, ifm itigation is notpursued, can be reduced 1 a distribution on a sing k variab B,
w ’--future environm entallqualty in tie absence ofm itigation effors. The first bgicalexnsion is ©
adm itt atindividuall m ay allo be uncertain aboutfuture environm entallqualty ifprotction po Icies
are in factimpBmentd. Itis kel tatw'is allo uncertain. H ow does tie m ode Ich ange ifone
albws for subjctive uncertainty aboutte Bve lofw' as we BMas w 2 The uncertainty can now be
charactrized as te individualls pintrevised distribution 4w *,w ).

The anabgous form ulk for te expectd uti Hy-difference in equation (13) now invo Les
additiona Idata for E-{w ‘] and \ar{w ‘}-tie otier m arginallm om en ofthe individuals revised
subjctive jointdistribution for w* and w°. To albw for stak-dependentpreferences, tie indirect
uti My function again \varies sysem atical¥ wit te reallzations ofte uncertinty (now for bot w'

and w®). The estim ating specification now tkes te form :

(Al) E, o[V - VI=ho bg[(Y - O]

+ o {EAw ] - EAw T+ o HVardw ] - Var{w T3+ e.

Anabgous © te sim p Br case, param etrs © be estim akd are again tie scahrs (or \ectors) bo, do, and
di. More-e Bborat form u ktions ofthe basic indirectuti iy function can necessitak using
CoMvw*,w"], buttiis sim p B specification in equation (8) awoids tis requirement Ofcourse, ifw®
and w° are assum ed independentin tie mind oftie respondent, Covw *,w °] =0 can be assum ed.

To impEmentmany oftie richer modell, itwiHbe necessary © e Icitfrom each respondent

te exentto which tie o future outcomes, w' and w®, are corre bted. Since some m easure of
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corre ltion is probab ¥ easier 1o e Icitt atte conceptof covariance, one cou B rep bee Cove(w *,w®)
wit te productoftie individualls corre Bhtion and te two re lvantstandard deviations.

To e Icitcorre ktions, itwou B be necessary 1o craft\ery carefu l§ an introduction ©© te idea
of jointvariabi ly. One mightten show te respondenta num ber ofrepresentative scatiers ofpoint
in (w',w®)- space wit degrees of corre Btion varying betveen -1 and + 1 (alkough negative
corre Bhtions m ay notbe re lvant). These scatiergram s cou l be arrayed abng a Ene indexed from -1
o+ 1, and respondent coull ten be asked o mark a pointon te Ene tatindicats which degree of
corre lktion boks mostp husib B © tem .

Ifte conceptof corre ltion cannotbe conweyed, tis factor cou M be assess qualtatine §. For
exam p B, itmightonk¥ be estab kshed t atcorre ltion is positive or negatine, and tien high, medium,
or bw. Itwoull be necessary o describe in words te intrpretation of corre Btion. Respondent
coull be asked wheter tey woull expectunder Fing factors © drive bot €m peratures higher or
bwer, regard Bss ofwheter m itigation is pursued ( Bading 10 positive corre khtion). Or, tiey mightbe
inform ed t atm itigation cou M be m ore or Bss effective t an anticipatd, and attie same time, te
consequences ofno m itigation cou B be betier or worse tan anticipatd (so t ata zero corre ktion
coull be p husib ).

b. Uncertainty AboutCost (and Other Variab Bs)

The simpB modelwe hawe used in tis paper makes use onl oftie uncertainty in te future
clm ak variab k. The realldecision conextfor indiMduall allo invo bes uncertainty about future
income, tie prices ofsubstitutes and com pEment in te future, and aboutt e true opportunity cost
oftie clim ak change m itigation program s t atare being proposed. These additiona Bsources of

uncertainty coull be incorporatd into te model

c. Mu lipB Dimensions of"Clmag"

In reallty, clm ak is charactrized by m any corre kied variab Bs. G bballcIm ak change m ay
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simuBaneous ¥ affectte el ofsuch typica ¥ recorded variab Bs as wintr and summer
€m peratures, hum idity, wind speed and direction, heating and coo Ing degree days, percentsunshine,
precipitation (rain and snow ), expectd frostdats, and so on. Itis probab ¥ notfasib ¥ wit current
tchinobgies © conwey B respondent (or o e Icitfrom tem ) aforecasted intdistribution for m ore
tan wo variab bs iftese variab bs are corre bhid.

One caneasi b generallze te basic mode B which has uncertainty on¥ in te absence off
m itigation, © tie case wit two poential¥ corre hed measures ofenvironm entallguallty. Suppose
te second quaMy variab B is z, which takes on te valie z' wit certainty iftiere is m itigation, and
te uncertain e 12’ in te absence ofmitigation. The individua lre hant intdistribution w i Mbe
4w °,2%), and tie suney woull need © e Icitexpected valies, variances, and (possib §) corre ktions
for bot w®and z°. The estim ating specification for te binary probitm ode It ataBbws option price

10 be cakubtd wou ll ten be:
(A2) E, o[V - VI=ho bg[(Y - O]
todo{w' - Ew T o {- Var{w T3

tooe {7 - BT q {- Var {3 e

Richer specifications oftie basic under ¥ing indirectuti y function m ay require covariances
betveen w®and z°. Once again, corre ktions, ratier © an covariances, shou lf probab ¥ be e Icied. In
te distributiona lupdating portion oftie m ode § te four (or fixve) moment ofte pintdistribution of

w®and z° woul need 1 be m ode .

d. Uncertainty aboutTragcbries of Envronment IQua Iy

The mode N described in tis paper hawe been deve bped on te assum ption tatitis kel ©

be easiestto e Bcitfrom individuall a description aboutt eir uncertainty aboutclim ak ch aractristics
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atsom e pointin te future (I haw used "2011-2020" as an exam p}). Peop k are probab ¥ assum ing
tatifclmat variab bs change, tey are unlke ¥ © do so precipitous ¥, eiter in te near or distant
future. Instad, clim ak charactristics are Bke ¥ © change fair ¥ sm oot ¥ in many cases, much as
some oftiem appear 0 haw been doing in recentyears.

Itis lke ¥, terefore, tatindividuall harbor uncertainty notaboutclm ak ch arackristics at
specific point in te future, butaboutrats of ciange of clm ak charackristics. H owever, ifte
researcher is wiling © im pose strong assum ptions aboutt e functionallform ofte trapctory ofsome
key clm at variab B, uncertainty abouttie valie oftie variab B ata sing } future pointin time wou
readi ¥ m ap into uncertainty aboutte rat of change oftratvariab k. Suppose we are considering an
anticipatd w arm ing trend--increases in mean summer €m perature. Subpct® te assum ption ofa
sm oot tragctory, a respondents answer 0 tie question aboutconditions in "2011-2020" w ou B
trans e into a corresponding distribution on grow @ rats for tis mean €m perature. The scenario
wit mitigaton woull correspond  a certain zero grow &t rat in mean &m peratures.

e. Oter Contingent\aliationn Form at

Referendum contingentvaliation sur\eys are genera Iy t ough tt provoke tie feweststratgic
distortions and o mimic mostchbse ¥ a type ofpollcy choice wit which many individuall wilbe
fanilar.” H owe\er, tey are astatistical inefficientw ay of gat ering non-m arketvalie
inform ation. In im pEmenting a survey Bke te one described here, tie research mightcontem p ke
supp Bm enting a core sam p B ofreferendum -based suney respondent wit otier san p s t atare
"treatd" wit open-ended valiation questions or paym entcard vallie-e Icitation devices. Itis possib B
tomake te responses © such alernative treatm ent conformab B wit te data generatd from a
referendum sur\ey.

The pointvalies from an open-ended question, or te inenalhalies from a paym entcard

question, cou B be exp hined using te (\ery non Inear) form u k for O P appearing in equation (15).
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A Ernat ¥, since income Y is considered exogenous, te "dependent’ variab B cou M be specified as:

(A3) bg[(Y - OPW]= -A/B+ e/B

where, again, B =boand A = do{w -E-{w ‘¥ di{-\Var{w’T} The error €rm eshoull be te
same error tatentrs into te probitform ulk in te basic m ode 0(in standardized form ). ItwiHlbe
im portant © accom m odat during estim ation te factt atte effective error in equation (A3), /B,
wilbe intrinsicall hetroscedastic if Bis asystm atic varying param etr (i.e. a function oftie
respondents data, rater tan simp ¥ bo).

The referendum contingentvallation data coull be poo kd wit valiation data e Icitd using
akrnative format. Comm on param etrs can be constrained © be identicalland estim atd in te
conextofasing B encom passing specification.

f. Oter FunctionallForms for te IndirectUtilly Function

The functionalform used o i Bistrat tis m ode Bis st M\ery restrictive. Ithas te advantage
tatte expectation ofoption price E{OP}is easy o caku bt when te bg ofincome is used. The
Inearity in param etrs oftie functionh allo albws te option price portion oftie m ode o be
estim akd using conventiona lpack aged m axim um Bke lhood binary probitaborit ms ifte to-stage
estimation metod isem pbyed. Iftie researcher is prepared © program non- Inear index functions

for a probitm ode B tie possibi Hies for tie functions g and h are diverse.

4 Carson, Mach ina and Grows...



Tabk1

Descriptive Statistics for Com p ke Estim ating Sam p ¥ (n = 392)

VARIABLE DESCRIPTION MEAN STD. DEV
Distributions offuture annuallmean tmperature: (degrees Fahrenheit)
E[w Joun Native subpctive mean €m p. 66.35 3.10
E[w Joov "Gowernm ent Scientist™ mean €m p. 66.01 0.50
E[w v "Environm entaBGroups™ m ean &m p. 67.99 1.50
E-4w] Rewsed subgctive mean &m p. 66.53 1.75
\ar[w Joun Native subpctive €m p. \ariance 2.46 3.55
Var[w Jeov "Gowernm ent Scientist™ &m p. \ariance 1.04 0.79
\ar[w v "Environm enta BGroups™ &m p. \ariance 3.62 3.28
\ar-w ] Rewsed subpctive €m p. \ariance 2.17 2.37
Incomes, Cost, and Voe:
Y 2005 Expectd incom e in 2005 62895. 31722.
Y 2020 Expectd incom e in 2020 102030. 38424.
t Mont ¥ costofpoIcies 59.40 48.96
W TP? ot for po Icies 2(1=yes, 0=no) 0.74 0.44
RespondentAtiributs:
AGE Age ofrespondent 19.98 2.397
FEM Gender (1=fem al, 0O=mak) 0.4821
INFORM Inform edness aboutenwv. (1-7 scall) 4.207 1.331
CONSRV Consenativism (1-7 scall) 4.018 1.180
IMMOBILE Like lhood of Iving in sam e region (1-7 scalt) 4.202 1.740
RES. BIAS Perceived bias ofsuney for pollcy (1-7 scalt) 5.287 1.133
FALLY97 Mem bership in Fal1997 subsam p B 0.6327
Expectd change in cImat services for 4 degree Fahrenheit®mp increase:
HEAT4 H eating expenses -0.6252 0.8887
AIR4 Air-conditioning expenses 1.084 1.072
COMH Persona llcom fort -0.3019 0.9617
FOOD4 Food prices 0.5233 0.9073
SEVR4 Se\erity ofstorm s 0.4140 0.9543
FREQ4 Frequency ofstorm s 0.3262 0.9495
WATR4 W atr consum ption 1.178 1.088
HOUS4 H ousing prices 0.2416 0.8067
SEA4 Sea el 0.1586 1.244
TROP4 Tropicaldiseases 0.5858 0.8411
*DROU4 Frequency ofdrough 0.9262 1.096
EQUS4 We Fare ofpoorest50% ofUS resident -0.1992 0.8777
“EQW L4 We Fare of poorest50% ofw or B*s popu ktion -0.3539 1.149

*Presenton ¥ for \£rsion 4 ofthe Suney Trial.



Tab B 2
Testof Bayesian Updating in Form u ktion of
Rewsed Sugctive Distribution of Future Annua BA\erage Tem peratures

(n=1392)
VARIABLE E4qw] (Vvar{w D"
ow n-&rm 1.138 1.002 0.7740 0.7664
(14.65)™~ (299.7) (36.31)** (36.65)™*
goverm 1.151 1.016 0.04635 -0.02054
(14.98)*~ (394.3) (0.80) (-0.48)
e m 1.122 0.9891 0.1033 -0.02052
(14.81)*~ (200.6) (0.80) (-0.19)
constant -8.948 - -0.2857 -
(-1.760) (-1.72)
Ho: Bayesian? 0.00000 0.00000 0.00000 0.00000

(F-estP\alie)

NOTE: LetD = (Marfw )"+ (Marfw ov)' + (Mar[w ). Then te estim akd equations are:
E"‘[W ] —aot ai E[W })w n/(D *\ﬁr[w })w n) a2 E[W ]gov/(D *\ﬁr[w ]gov) + as E[W ]env/(D *\ﬁr[w ]env) + e

(Var{w D' =bo+ br (Marfw i)'+ bz (Var[w pov)' + bs (Var[w pnv)' + er.
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Non-Bayesian Mode I © Exp hin

Tab Bk 3

Rewused Subpctive Average AnnualTem perature (E-4{w ])

(n=392)
VARIABLE MODEL1 MODEL2 MODEL3 MODEL4 MODELS5
E[w Jown 0.3291 0.3291 0.3291 0.1252 0.1207
(14.67)*~ (14.90)*~ (14.91)*~ (3.62) (3.45)*
E[w Jeov 0.4577 0.4577 0.4673 7.658 7.772
(3.29 )™~ (9.45)* (14.20)*~ (7.83) (7.81)*~
E[w Jov 0.2128 0.2128 0.2036 -7.000 -7.018
(4.59 )7 (4.88)*~ (7.41)*~ (-7.20) (-7.15)**
E[w Jrn*YE[W Jov-E[W 2 - - - 0.1087 0.1085
(7.43) (7.32)*
\ar[w Jwn - - - - 0.03022
(1.19)
\ar[w Jov - - - - -0.1418
(-1.42)
\ar[w Jov - - - - 0.02960
(0.99)
\ar[w Jren?oMar[w pow-Varfw vz - - - - - -0.003645
(-0.66)
CONSTANT -0.002910 - - 14.33 8.357
(-0.0002) (1.51) (0.74)
R-Squared 0.3887 0.3887 0.4648 0.4703 0.55
Pvalie (F-estofRestr.) - 0.9998 0.9642 - -

*H o: Sbpes in Mode Bla sum 1t unity.

®H o: Mode B2 (zero intercept, s bpes sum © unity) is true m ode I(versus Mode I1).
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Tabk 4
Non-Bayesian Mode I t© Exp hin Revised Subpctive MVariance in Annua ITem perature (Var{w J)
(n=392)
VARIABLE MODEL1 MODEL2 MODEL3
\ar[w Jown 0.4043 0.4079 0.4056
(16.78)*~ (17.82)** (16.75)**~
Var[w Jeov 0.1848 0.2190 0.1456
(1.7 (2.67) (1.20)
\ar[w Jov 0.2451 0.2521 0.3169
(9.38)*~ (11.55)** (3.06)™*~
Var[w Jrn?oMar[w pow-Varfw vz - - -0.07829
(-0.72)
CONSTANT 0.08919 - 0.09335
(0.49) (0.51)
R-Squared 0.4943 0.4940 0.4947
P-valie for Fest 0.1956 0.0817 -

ofRestrictions ™

*Restriction tatinkrceptt zero and coe fficient 1 sum 1 unity cannotbe re pced.
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Tab B 5
Sim uBaneous Non Inear Least Syuares Mode lwitt Am biguity Effect
E-{w]and Var{w ] Each aWeightd Awerage ofOwn, Gowernm ent,
and Environm enaIGroup Mom ent (n =392)

VARIABLE Cpov gnv Oloov Cknv
"am biguity" ke = 0.006383 kv =0.02566
(2.57)* 1.73)*
constant 1.854 2.254 19.18 12.91
(2.95)* (2.38)** (6.02)* (4.43)*~
AGE - - -0.8237 -0.6043
(-5.93)** (-4.62)*~
FEMALE 0.4264 0.8944 0.8169 0.9981
1.71)* (2.76)7 (3.41)*~ (4.23)**
INFORM - - - -
CONSRV - -0.3091 -0.2920 -
(-2.50)** (-3.47)*~
IMMOBILE 0.2340 - 0.1149 -
(2.70)7 (1.89)*
RES.BIAS -0.4237 -0.2741 - -
(-4.08)** (-1.90)*
FALL97 - - -3.408 -2.562
(-6.57)** (-4.66)**

EAwl=(1+ ke |E(wlov- EfwEAI)[(L+ Ke |E[wTov- E[wn)+ exp(ge)+ exp(gn)]” E[w Jun
+ exp(g;ov) [(1 + ke IE[W ]gov- E[W ]Snv]l) + exp(g;ov) + (-EXp(@nv)]1 E[W ]gov
+ exp(gnv) [(1 + ke IE[W ]gov- E[W ]Snv]l) + exp(g;ov) + (-EXp(@nv)]1 E[W }nv+ €g

VAT =1+ kv [Mkov- D [+ kv [MinJv - MwInd) + exp(dod)+ exp(an)]* Vn P
b oexp(de) [(1+ kv MRy - Mdnd)+ exp(d)+ exp(coa)]* Viu Fov
+oexp@m) [+ kv M- VInndD)+ explde) + exp(@m)]* Viwbv+ ev

Each oftie four parametrs, gov, gnv, deov, and denvare system atical varying. The param e®rs ke and kv capture te "am biguity"
effect Ifte k parameter is positive in a particu br equation, greatr disparities betveen te opinions oftie tw o outide sources
wiBincrease tie weighton te individualls ow n prior opinion.
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Tab Bk 6
Constant Param e®r and Systm atic \arying Param etr Specifications
for te IndirectUt ly-Difference Function:
(n =392 zn(1)=291, n(0)=101)

Mode 11 M ode 12 M ode I3 Mode 14 Mode I5 Mode 16

CONSTANT 2.722 -3.524 -3.545 -4.300 -1.910 -2.68
(-1.05) (-1.30) (-1.28) (-1.53) (-0.67) (-0.92)
bo[(Y-O/Y] 20.71 20.98 27.40 26.40 -142.2 -139.7
(4.32) (4.36) (3.96) (3.76) (-2.33)*~ (-2.31)*
bo[(Y-OY PAGE - - - - 7.318 7.118
(2.43) (2.39)
bo[(Y-OWY PEEMALE - - -12.57 -11.79 - -
(-1.31) (-1.22)
bo[(Y-tWY PIMMO BILE - - - - 4.73 490
(1.90)* (1.96)
E-{w] 0.05550 0.06873 0.07189 0.08983 0.004644 0.02731
(1.42) (1.68)* (L.71)> (2.09)> (0.10) (0.57)
E-{w PAGE - - - - 0.002066 0.001918
(2.27y (2.06)
E-{w PFEMALE - - -0.006259 -0.01384 - -0.009770
(-1.66)* (-2.85)* (-2.42)*
E-fw PFALLY7 - - - -0.009731 - -0.009 105
(-2.76) (-2.47)*
E-fw PFEMALEFALLY7 - - - 0.01173 - 0.01237
(2.49)7 (2.58y**
E-{w PANFORM - - - - 0.001473 0.001271
(1.76)* (1.49)
E-{w PCONSERV - - - - -0.001817 -0.001900
(-1.91)* (-1.96)>
Var{w ] - -0.03366 -0.05551 -0.05233 -0.1565 -0.1726
(-1.12) (-1.47) (-1.37) (-2.14)> (-2.30)
Var{w PFEEMALE - - 0.05938 0.04654 - -
(0.99) (0.73)
Var{w {M M O BILE - - - - 0.03680 0.04025
(1.91)*> (2.06)>

Max Log L -213.25 -212.61 -211.16 -206.88 -202.77 -198.75




Tab R 7

Countrfactua ISim u ktions
Descriptive Statistics Across San p B for Ftied Individua B0 ption Prices

SIMULATION Sanphk Sanphk Median
Mean Sd.dewv. Valie

Benchmark Inform ation:

FHtied Expected OP 268 334 194
Mont ¥ Expected Incom e $5241 $2644 $5208

Simu ktions regarding DGP for E4{w ]
Zeroweighton ENVopinion 272 357 189
Zeroweighton GOV opinion 270 350 203

DifErentsociodemographics or attitudes:

A B4 years oBer 162 98 138
One unitm ore inform ed 291 351 209
One unitm ore conse native 229 302 170
One unitm ore m obi B 271 272 196

Dif€ rentopinions aboutfuture clmat:

Certainty aboutfuture clim ak (\Var{w J=0) 300 452 201

A Hbe le\e exacth + 1°C 271 362 188

A Hbe le\e exacth + 2°C 303 418 208
Gender efect:

A Bfemal (same oter charackristics) 268 327 193

A Hlmnal (same oter charactristics) 283 357 207

Timing ofSur\ey:

A BWintr/Spring 1997 (sam e oterwise) 328 427 225
A BFal1997 (same oterwise) 236 206 186

NOTES: Simulktions are oftiree basic varieties: (i.)aler te weigh® on extrnallinform ation exogenous ¥ 3
(ii.)akerte weight on te extrnalinform ation \ia changes in tie variabbs tatsysem aticall affecttie

m agnitudes oftie weight zand (iii.)aler te dem ographics tatentr directh into e Option Price m odell
When tie same variabBs entr bot te updating m ode Hor E-{w Jand \ar{w Jand tie Option Price m ode §
tie simulktions m ustcapture bot eflect.



Tab Bk 8

Constant Param e®r and Systm atic \arying Param etr Specifications
for te IndirectUt My-Difference Function ;M ode lin £rm s ofclmat servces
(=392 3n(1)=291, n(0)=101)

Mode 11 Mode 12 Mode I3 Mode 14
CONSTANT 0.4539 0.3238 0.3080 0.1528
(0.89) (0.5996) (0.57) 0.27)
bg[(Y-O/Y] 20.97 19.62 19.23 18.96
(4.24)* (3.86)* (3.75)* (3.66)*
\Arsion 4 0.05875 0.05697 0.1038 0.02660
(0.28) (0.23) (0.38) (0.11)
E[H EAT] 0.3150 0.03116 -0.3250 0.07480
(2.30)* 0.17) (-0.98) (0.40)
E[H EAT]PFEMALE - 0.4835 0.9975 0.3636
(2.82)* (2.17)* (1.85)*
E[H EAT]PFALLY7 - - 0.4934 -
(1.14)
E[H EAT]PFEMALE - - -0.7041 -
*FALLY7 (-1.24)
E[AIR] 0.4322 0.3164 0.2878 -0.003300
(3.47)* (0.95) (0.65) (-0.01)
E[AIR]PFEMALE - - 0.1161 -
0.27)
E[AIRJPFALLY7 - - -0.04471 -
(-0.12)
E[AIRPFEMALE"FALLY7 - - -0.08636 -
(-0.172)
E[AIRJTYNFORM - 0.1292 0.1362 0.1044
(2.60)* (2.67)* (2.02)*
E[AIRJ?’CONSERV - -0.09566 -0.08960 -
(-1.60)* (-1.49)
E[SEMR] 0.2462 0.2353 0.2435 0.2789
(2.84)* (2.68)* (2.65)* (3.05)*

continued. ..
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Tabk 8, continued

Non-zero \ar? 0.1838 0.2366 0.2088 0.3796
(0.38) (0.48) (0.42) (0.72)
\ar[i EAT] 0.8958 -0.4886 -0.5708 -0.1508
(2.52)** (-0.62) (-0.63) (-0.19)
Var[i EATAFA LLY 7 - 1.638 1.740 1.567
(1.88)y* (1.69)y* (1.72y*
Var[AIR] -0.6199 1.005 0.7915 1.102
(-2.70)% (1.28) (0.87) (1.36)
Var[AIRPFALLY? - -1.753 -1.562 -1.432
(-2.25)% (-1.62)* (-1.79)*
\ar[WATR] - - - 0.1195
(0.28)
\ar[WA TRFPFEMA LE - - - -0.7510
(-1.66)*
\ar[EQW L] - - - -0.5915
(-1.54)
\Aar[EQW LPFEMA LE - - - 1.880
(2.62)**
Log _ -198.18 -186.89 -185.06 -182.22

There is som e evidence ofm u lico Mnearity am ong perceived changes in cIm ak services. Ifwe were © specify a m ode It atincorporatd alexpectd
service changes and a M\ariances in servces changes, itis constructive © assess m ullico Mnearity by inspecting te R-squared valies for regressions ofeach
oftie folbwing \ariab s on aloftie otersin tis Est Specifical, tese R-squared vallies are: bg[(Y-ty/Y]: 0.0782 sversion 4 dum my: 0.2625 3

E[H EAT]: 0.4960 sE[AIR]: 0.6665 ;E[COM FJ: 0.1945 ;E[FOOD]: 0.5117 ;E[SEMVR]: 0.8099 ;E[FREQ]: 0.7650 sE[DROUT: 0.7501 ;E[WATR]: 0.7701 5
E[H OUS]: 0.2985 ;E[SEA]: 0.4056 ;E[TRO PJ: 0.6107 ;E[EQUS]: 0.6718 ;E[EQW LJ: 0.6925 znonzero variance dum my: 0.0457 ;\ar[H EAT]: 0.6148 3
Var[AIR]: 0.7963 ;\ar[COM FJ: 0.4845 ;\ar[FOOD]: 0.6790 ;Var[SEVR]: 0.6675 ;Var[FREQT: 0.5476 ;\ar[DROUT: 0.8198 ;\ar[WATR]: 0.8515 3
Var[H OUS]: 0.3363 ;\ar[SEA] : 0.5802 ;\ar[TROPJ: 0.6482 ;\ar[EQUS]: 0.7202 ;\ar[EQW L} 0.7554.



