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ABSTRACT

Ex ante  w illingnes s  to pay to prevent adverse environm ental ch ange depends on people's
perceptions about just h ow  bad th e s ituation w ill becom e if m itigation policie s  are not adopted.  Th e se
perceptions are influenced by an array of external inform ation sources th at m igh t be deem ed m ore or
les s  credible by different individuals.  I use a survey w h ere in people's native subjective distributions
on future environm ental q uality are elicited first.  Re spondents are th en provided w ith  "external"
inform ation attributed to different auth oritie s .  Re spondents' revised subjective distributions th en
underlie th e ir re sponse s  to a referendum  q uestion regarding support for a m itigation program  at
different levels of cost.  It is  as sum ed th at individuals are expected utility m axim izers and th at option
price s (th e appropriate e x ante  w elfare m easure in th e face of uncertainty), are based on th e ir
subjective uncertainty.  State-dependent preferences lead to an expected utility-difference function
acros s th e tw o alternatives in th e referendum  q uestion th at depends on th e m ean and variance of th e
revised subjective clim ate distribution.  Th e e stim ated m odel allow s counterfactual s im ulations
regarding th e effects on option price s of ch anges in (a.) factors th at influence th e updating of
probabilitie s  and/or (b.) factors th at enter directly into th e expected indirect utility-difference
function.  W e find strong evidence of h eterogeneity in th e processing of external inform ation about
clim ate ch ange and in th e scope effects of expected future clim ate conditions.

* Th is paper h as benefitted from  com m ents rece ived at pre s entations at th e  CERE/NOAA Confe re nce  on R e s e arch
Transform ations in Environm e ntal Econom ics:  Policy D e s ign in R e s pons e  to Global Ch ange  at Duk e University (M ay 5-
6, 19 9 7) and at th e  EM L/NSF Sym posium  on Pre fe re nce  Elicitation at UC Berk eley (July 29 -August 1, 19 9 7), and th e
W orld Congre s s  of Environm e ntal and R e s ource  Econom ists, Venice , Italy (June 25-27, 19 9 8).  Th e data w ere  collected
from  m y graduate students, as w ell as th e  Spring 19 9 7 undergraduate class e s  of Profe s sors Kath leen M cGarry and Fred
Luk , th e  19 9 7 sum m er s e s s ion class e s  of Profe s sors Fred Luk , M ich ael Sproul, Ed M cDevitt, and Pari Kasliw al, and m y
ow n Fall 19 9 7 introductory m icroeconom ics and regre s s ion analysis class e s .  Th ank s  are due to Anna Alberini, JR
DeSh azo, Barri Gros sm an, Jack  H irs h le ifer, Kath leen M cGarry,  and V. Kerry Sm ith  for h elpful com m ents, to Sara
W ong Ch ang for careful data entry, and to Casey W illiam s for assistance in as s em bling th e  survey instrum ents.  Any
rem aining errors are  m y ow n.
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Credib ility of Inform ation Sources
and th e Form ation of Individuals' O ption Prices

for Clim ate Ch ange  M itigation

1.  Introduction

In th e upcom ing US pre s idential election, e specially if Albert Gore is  th e  Dem ocratic Party

nom inee, th e vote w ill be (in part) a referendum  on clim ate ch ange m itigation.  Th e w illingnes s  of th e

voting public to incur substantial costs in order to prevent clim ate ch ange w ill be a k ey political

“variable” th at w ill be th e target of m anipulation by both  partie s .  Cons e quently, it is  im portant to

gain som e understanding of h ow  individuals form ulate th e ir subjective conceptions of future clim ate

prospects in th e absence of m itigation.  One relevant cons ideration is  th e possibility of system atically

differing opinions across different subpopulations.  Anoth er is  th e m anner in w h ich  people re spond to

clim ate predictions according to th e source of th e inform ation.  Th ird, it is  crucial to k now  h ow  th e s e

opinions translate into individuals’ w illingnes s  to pay for clim ate ch ange m itigation in term s of h igh er

price s or taxes.

Global clim ate ch ange does seem  to h ave th e potential to re sult in detectable s h ifts in th e

distributions of m any environm ental m easures.  Scientific controversy over th e nature and m agnitude

of th e s e ch anges, h ow ever, h as m ade it very difficult for legislators to agree on optim al clim ate

ch ange policie s .  Different constituencie s  cannot even agree on th e ne ce s s ity for costly m easures to

m itigate clim ate ch ange.  In dem ocratic jurisdictions lik e th e US, support for legislation to m anage th e

w orld's clim ate depends on th e distribution in th e population of individuals' e x ante  w illingnes s  to pay

to avoid th e perceived cons e quences of failing to act.  Citizens are as k ed to vote on policie s  (directly

or indirectly) in advance of k now ing th e re solution of uncertainty about w h at w ill h appen if noth ing is

done.1

                    
    1 Som e early research  on th e  topic of h ow  people m ak e  judgm ents in th e  pre s ence  of uncertainty is described
in Tvers k y and Kah nem an (19 74).
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W h at do people perceive to be th e cons e quences of pursuing no policie s  to m anage th e w orld's

clim ate?   Individuals w h o h ave lived for som e tim e in a particular location h ave becom e accustom ed

to th e typical patterns of seasonal tem peratures, rainfall, cloud cover, and h um idity in th e ir local area.

 Absent any appreciation of th e forces th at m igh t produce system atic ch anges in th e s e clim ate

variables, individuals m ay as sum e th at th e current patterns w ill pers ist indefinitely.  Oth er people h ave

begun to recognize th at w ith out policie s  to prevent th e s e ch anges, s h ifts in th e distributions of th e ir

local clim ate variables m ay occur.  In as s e s s ing w illingnes s  to pay to prevent clim ate ch ange, w e need

to k now  h ow  people com bine alternative inform ation about future clim ate prospects, based on

evidence or conclusions th at th ey pick  up from  different sources.2

It is generally ack now ledged th at m ost people update th e ir ow n as s e s sm ent of lik ely future

conditions (w h ich  m igh t start out being identical to current conditions) as th ey are exposed to external

inform ation.  Th is  external inform ation m ay com e from  diverse sources, such  as governm ent scientists

or environm ental groups.  Individuals w ill h ave different view s about th e credibility of th ese different

sources.3  In th e face of new  outs ide inform ation, th e ir updated personal as se s sm ents about th e future

state of th e environm ent m ay be adjusted, and m ore-credible sources can be expected to h ave a greater

influence.4

In th is paper, w e exam ine m odels intended to capture th e nature of th e opinion updating

proces s  as survey re spondents are exposed to external inform ation about th e probable future state of

th e w orld's clim ate.  Th is  tas k  is pursued in conjunction w ith  th e analysis of a survey of individuals

concerning th e ir w illingnes s  to pay to prevent clim ate ch ange.  Th is  w illingnes s  to pay is  elicited

us ing a referendum -type contingent valuation survey (Arrow  et al., 19 9 3).

                    
    2 In e s s ence , th e  que stion of clim ate ch ange m itigation falls into th e  class of policy problem s involving th e
regulation of ris k .  Th e  w ork  of Slovic, Fisch off, and Lich tenste in (19 85) is relevant.

    3 In th e  context of h ealth  ris k  as s e s sm ent, Joh nson and Slovic (19 9 5) look  at th e  problem  of conveying
uncertaintie s  and th e  cons e quence s  for ris k  perception and trust.

    4 Adler and Pittle (19 84) address th e  issue of inform ation provision as a substitute for regulation.
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Th e re s earch  reported in th is paper is  in th e nature of a scoping exercise.  Th e objective of th e

analysis is to set forth  a s im ple illustration th at captures th e m ost im portant features of any m odel

intended to m easure th e social benefits of clim ate ch ange m itigation:  individual subjective

uncertainty, updating of native priors in re sponse to external inform ation, and e stim ation in term s of

option price s form ally derived from  a com m on underlying indirect utility function th at allow s for

h eterogeneous preferences acros s  individuals.  Th e im portance of incorporating th e s e feature s is

illustrated using a convenience sam ple, rath er th an a representative population sam ple, so furth er

re s earch  is  clearly w arranted.  Neverth eles s , th e present re sults confirm  th at th ere exists system atic

h eterogeneity in th e m anner in w h ich  different people re spond to alternative sources of clim ate

inform ation.  Individual support for clim ate ch ange m itigation program s depends not only on th e

anticipated scope of clim ate ch ange, but also on uncertainty about th is  scope.  Furth erm ore, th e scope

and uncertainty effects are not constant acros s  individuals, but vary system atically w ith  a num ber of

sociodem ograph ic and circum stantial ch aracteristics.

Section 2 review s (in th e general case) th e m odeling of option price s for environm ental

protection in th e context of discrete-ch oice contingent valuation survey data w ith  subjective

uncertainty captured by a probability density function for one representative continuous dim ension of

future environm ental q uality.  Section 3 gives an exam ple in term s of a particular functional form  for

state-dependent individual indirect utility.  Th is  s ection also speculates upon h ow  a revised

distribution of th e uncertain future environm ental q uality variable m igh t to be form ulated by

individuals from  (a.) th e ir ow n native distribution as w ell as (b.) diverse external sources of

inform ation to w h ich  th ey h ave acces s .  Section 4 outlines som e obvious generalizations th at can be

pursued w ith  rich er data sets.  Section 5 de scribes som e available prelim inary data th at allow  th e bas ic

m odel to be te sted, and section 6 discus s e s  th e em pirical re sults based on th ese data.  Section 7

outlines som e useful and intere sting s im ulations th at are possible using th e e stim ated m odel.  Section 8

tak e s  a look  at one particular generalization th at m ay h old prom ise for future applications.  Section 9
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concludes, and outlines som e of th e future re s earch  agenda for th e larger project for w h ich  th is paper

describes th e prelim inary re s earch .

2.  A Generic M odel

Suppose w e are intere sted in determ ining an e x ante  m easure of th e social value of preventing

a deterioration in environm ental q uality (in th is  case, clim ate).  Suppose initially th at environm ental

quality can be conveniently sum m arized (in just one dim ension) as th e level of a continuous variable,

w .  For exam ple, in th e context of clim ate ch ange, one could th ink  of  w   as annual average

tem perature. 

As sum e th at if m itigation is undertak en (at k now n cost), environm ental q uality at th e current

level, w 1, is guaranteed.  If society fails to m itigate, th e level of environm ental q uality is lik ely to

w orsen, but individuals are subjectively uncertain as to th e extent of th is deterioration.5  From  th e

point of view  of a s ingle individual, let th is uncertain future outcom e--in th e absence of intervention--

be w 0.  W h en called upon to m ak e an evaluation about w h eth er to undertak e m itigation efforts,

individuals decide w h eth er or not to pay to prevent environm ental degradation based on th e ir current

perceived distribution for w 0, w h ich  I w ill label f*(w 0).6  Th e w ay in w h ich  individuals form ulate th e ir

ow n subjective distributions for w 0 (partly in re sponse to inform ation from  external sources) is one of

th e m ain is sue s  in th is paper, but discus s ion of th is  topic w ill be re s erved until after th e option price

m odel h as been introduced.

a.) General Discus s ion of Option Prices from  Referendum  CV Responses

Under uncertainty, th e appropriate m easure of th e social value of preventing environm ental

deterioration from  w 1 to w 0 is  th e option price (OP) for th is  ch ange.  Option price is  th e com m on

                    
    5 Arrow  (19 82) com pare s  notions of ris k  perception in th e discipline s  of psych ology and econom ics.
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certain paym ent (regardles s of w h ich  w ay th e uncertainty is resolved) th at yields th e sam e e xpe cte d

utility as th e s et of (differing) paym ents th at w ould be separately optim al under each  pos s ible state of

th e w orld under certainty.7  Th e econom ic th eory concerning option price s is  very fam iliar in th e case

of uncertainty over only tw o pos s ible states of th e w orld.  (See for exam ple, Grah am  (19 81), or an

em pirical adaptation in an environm ental econom ics context by Cam eron and Englin (19 9 7).) 

Identical intuition can be brough t to bear on a problem  w ith  a continuum  of pos s ible states of th e

w orld, w h ere uncertainty is represented by a continuous probability density function, rath er th an

s im ply th e discrete probabilitie s  of an event and its com plem ent.

In order to e stim ate option price (OP) em pirically, it is  expedient to w ork  w ith  a class of

indirect utility functions th at is  additively separable in som e m onotonic function of incom e, g(Y). 

Indirect utility is also affected by h (w ,x), a function of th e realized level of environm ental q uality, w ,

and oth er individual-specific factors x.  Ex ante, individual subjective uncertainty exists acros s  states

of th e w orld (environm ental q uality outcom es), represented by different values of w 0.  H ow ever, for

any one state, th e individual can be m odelled as h aving state-dependent8 utility level V1 if th ey elect to

pay an offered am ount t in order to pre serve environm ental q uality at current level w 1.  If th ey do not

pay, environm ental q uality w ill deteriorate to th e uncertain level w 0, distributed f*(w 0), w h ich  allow s

a utility level of only V0.  An additive norm al error term  facilitates econom etric e stim ation.

(1) V1 (Y - t, w 1) =  g(Y - t) +  h 1(w 1,x) +  ε1

V0 (Y, w 0) =  g(Y) +  h 0(w 0,x) +  ε0

                                                                      

    7 Of cours e , econom ists h ave noted th at expected utility th eory is not adequate to explain every econom ic
decision under uncertainty.  It is, h ow ever, a conventional th eoretical starting point th at appears w ell suited to th e
pre s ent application. See  M ach ina (19 87) for a sim ple overview  of som e  com peting th eorie s .

    8 I us e  th e  term  "state-dependent" in th e  sam e s ens e  as it is used in H irs h le ifer and R iley (19 9 2).  Preference s
differ acros s  th e  uncertain outcom e s  (state s  of th e  w orld), but only because  th e  state  of th e  w orld is an argum ent of a
m ore -general specification of th e  individual's utility function.
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Th e individual w ill prefer to pay am ount t and th ereby to pre serve current environm ental q uality if

(V1 - V0) is positive, i.e. if

(2)
(V1 - V0) = g(Y-t) - g(Y) +  [h 1(w 1,x) - h 0(w 0,x)] +  (ε1 - ε0) >  0.

If one particular value of w 0 w as to occur w ith  certainty, th e individual's m axim um  w illingnes s  to pay

(W TP) for preventing environm ental deterioration from  w 1 to w 0 could be found by setting (V1 - V0)

to zero and solving for t*.  Sim plify by letting e = e0 - e1 and solve for t*w 0 as follow s:

(3) g(Y-t*w 0) =  g(Y) - [h 1(w 1,x) - h 0(w 0,x)] +  ε;

                Y-t*w 0  =  g-1 { g(Y) - [h 1(w 1,x) - h 0(w 0,x)] +  ε };

                       t*w 0 =  Y - g-1 { g(Y) - [h 1(w 1,x) - h 0(w 0,x)] +  ε}.

An e x post m easure of consum er w elfare, acros s  all poss ible states of th e w orld w 0-- usually called th e

"expected surplus"--could th en be calculated by com puting th e probability-w eigh ted average of th e s e

state-dependent W TP values, nam ely th e expectation over w 0:

(4) Ew 0[t*w 0] = Ew 0[ Y - g-1 { g(Y) - [h 1(w 1,x) - h 0(w 0,x)] +  ε } ]

                                     = ∫   [ Y - g-1 { g(Y) - [h 1(w 1,x) - h 0(w 0,x)] +  ε }] f*(w 0) dw 0.
                                   
                    

W h en explicit functional form s h ave been selected for g, h 1 and h 0, th is  integral can typically be

s im plified.

H ow ever, th is  e x post m easure is not appropriate for e x ante  policy decis ions.  Option price is

th e preferred m easure.  Option price is defined as th e com m on certain paym ent, under any of th e

uncertain outcom es, w h ich  produces th e sam e e xpe cte d utility as th e different m axim um  am ounts
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w illingly paid under each  outcom e w ith  certainty.  Th is  latter expected utility is also identical to th e

expected utility gained from  no paym ent and no m itigation, so th at OP is defined by:

(5) ∫ V1 (Y - OP,w 1) f*(w 0) dw 0 = ∫ V0(Y,w 0) f*(w 0) dw 0,

or, identically,

(5') ∫ { V1 (Y - OP,w 1) - V0(Y,w 0) } f*(w 0) dw 0 = 0.

Substituting th e generic expression for th e indirect utility difference (from  e quation 2) into (5') yields:

(6)  ∫ { g(Y - OP) - g(Y) +  [h 1(w 1,x) - h 0(w 0,x)] +  ε} f*(w 0) dw 0 = 0.

Solving th is  e quation for OP yields th e desired option price.  One can s im plify th e notation by using

Ew 0 [ ] to denote an expectation over states of th e w orld w 0.

(7) ∫ g(Y - OP) f*(w 0) dw 0  =  Ew 0[g(Y)] - Ew 0[h
1(w 1,x) - h 0(w 0,x)] +  ε.

Th is  analysis cannot be tak en m uch  furth er w ith out com m itting to a specific functional form ,

e specially for th e function g(Y).  Th us, I proceed in th e next section to adopt one concrete as sum ption

about an em pirically tractable functional form .

3.  Exam ple:  A Specific Functional Form

W e re quire a s im ple functional form  for th e state-dependent indirect utility function th at

exh ibits ris k  avers ion and th erefore allow s e x ante  option price s to differ from  th e e x post expected

surplus m easures.  Such  a m odel is one th at is  linear in th e logarith m  of incom e.  Since w  differs

acros s  th e m itigate/don't-m itigate contingent valuation scenarios, indirect utility can be linear in w . 

H ow ever, w e desire to allow  th e dispe rs ion of th e re spondent's subjective distribution of future

environm ental q uality also to affect option price s.  It is  th erefore expedient to allow  indirect utility to
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depend upon th e  s quared deviation betw een realized w 0 and its ex ante expected value, E[w 0].  Th ere

w ill also be individual ch aracteristics th at do not vary acros s  th e tw o scenarios.  If th e s e are to rem ain

in th e indirect utility-diffe re nce  function, th ey w ill h ave to enter V1 and V0 w ith  different coefficients.

 A s im ple and tractable specific form  for th e m odel is  th erefore:

(8) V1 (Y - t, w 1) = β0 log(Y - t) +  δ0 w 1 +  δ1 (w 1 - E[w 1])2 +  ε1

V0 (Y, w 0) = β0 log (Y) +  δ0 w 0 +  δ1 (w 0 - E[w 0])2 +  ε0

Th e utility-difference function, w h ich  also depends on th e uncertain outcom e w ith  re spect to w 0, is

th en:

(9 )         (V1 - V0) = β0 log[(Y - t)/Y]

                        +  δ0 (w 1 - w 0) +  δ1 {(w 1 - E[w 1])2 - (w 0 - E[w 0])2} +  (ε1 - ε0
).

In practice, each  if th e indirect utility param eters can be expres sed as a system atic function of

observable (exogenous) re spondent attributes, in order to allow  for h eterogeneity in perferences. For

exam ple, w e m igh t let β0 = β0'x, δ0 = δ0'x, and δ1 = δ1'x, w h ere th e vector x m ay differ acros s

th e s e  th ree system atic varying param eters.  Also let ε = ε1 - ε0.  Note th at if w 1 is  certain, th e term

(w 1 - E[w 1])2 is  zero.

a.) Option Prices from  Referendum  Contingent Valuation Responses

As in th e generic case, OP is  th e com m on certain paym ent th at h as th e sam e e xpe cte d utility as

no paym ent and no m itigation (or th e sam e e xpe cte d utility as th e s et of each  of th e s eparately optim al

paym ents under each  pos s ible outcom e w ith  certainty).  Th e binary probit discrete ch oice m odel (th at

w e w ill use to e stim ate  OP) is based on th e e xpe ctation of th e utility difference acros s  all poss ible

outcom es for w 0.  For th e s im ple indirect utility difference specification illustrated above, th is
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expectation tak e s  th e form :

(10) Ew 0[V
1 - V0] = β0 log[(Y - t)/Y]

                +  ∫  δ0 (w 1 - w 0) f*(w 0) dw 0

                +  ∫  δ1 ((w 1 - E[w 1])2 - (w 0 - E[w 0])2} f*(w 0) dw 0  +  ε

If w e as sum e th at w ith  m itigation, th e current level of environm ental q uality can be sustained w ith

certainty, th is  can be sim plified as follow s:9

(11) Ew 0[V
1 - V0] = β0 log[(Y - t)/Y] +  δ0 { w 1 - E*[w 0] }

                         +  δ1  ∫  { - (w 0 - E[w 0])2} f*(w 0) dw 0 + ε.

Since th e rem aining expression involving an integral is s im ply th e negative of th e variance of w 0, th e

discrete ch oice probit "index" expression is th us a linear-in-param eters function of th e indirect utility

function param eters--scalars (or pos s ibly vectors) β0, δ0, and δ1:10 

(12)         Ew 0[V
1 - V0] = β0 log[(Y - t)/Y] +  δ0 {w 1 - E*[w 0]} +  δ1 { - Var*[w 0] } + ε.

For a sam ple of survey re spondents, w e can now  provide an inventory of th e data re quired in

order to e stim ate th e m odel.  Th e dependent variable is  th e discrete YES/NO re sponse to th e

w illingnes s  to pay for m itigation q uestion.  Explanatory variables m ust be constructed from  data on

incom e, Y, th e referendum  offered value, t, th e certain level of environm ental q uality w ith  m itigation

w 1, and individual ch aracteristics x.  Additional explanatory variables are constructed from  th e m ean

and th e variance of th e individual's revised distribution concerning future environm ental q uality in th e

absence of m itigation: E*[w 0] and Var*[w 0].  One ins igh t is  th at th e precise sh ape of th is  revised

                    
    9 W e pre s e rve th e details of th e derivation in th is draft to facilitate verification.
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environm ental q uality distribution can apparently be individual-specific and tak e any valid form . 

Only th e m ean and th e variance of th e distribution affect th e expected utility difference.

Th e m odel, as specified above, is  linear in param eters.  If E*[w 0] and Var*[w 0] are treated as

ordinary explanatory variables, a conventional pack aged m axim um  lik elih ood probit algorith m  can be

used to e stim ate th e unk now n param eters.  Note th at th e intercept s h ould be suppressed.  If it is not

suppressed, it s h ould be insignificantly different from  zero.

To solve th e e stim ated probit discrete ch oice m odel for option price s in th is  concrete exam ple,

recall th at OP is th e value of t th at m ak e s  th e expected utility difference exactly zero.  Substituting OP

for t (and s im plifying th e notation to h igh ligh t th e e s s entials), th e  OP e quation, for each  individual,

w ill tak e th e follow ing form :

(13) Ew 0[V
1 - V0] = B log[(Y - OP)/Y] +  A +  ε = 0,

w h ere w e can m ak e use of th e s im plifying notation of B = β0 and

A = δ0{w 1-E*[w 0]} +  δ1{-Var*[w 0]}.  Solving for OP yields OP = Y - Y exp[ - (A +  ε)/B ].  Note

th at th e error term  ough t to be carried th rough  th is process.  Calculating a fitted value for an

individual's  OP involves tak ing th e expectation of th is  form ula over th e im plicit probit error term  ε

(w h ich  could be as sum ed to be distributed norm ally w ith  m ean zero and variance one).  Th e

expectation of OP for each  individual is given by:

(14) E{OP} = Y - Y exp[ - A/B ] exp[ 1/(2B2) ]

b.) Determ inants of th e Revised Subjective Distribution for w 0

If th e individual's revised distribution for w 0, f*(w 0), is  tak en as given, one could im plem ent

th is  m odel very eas ily by incorporating th e observed values of E*[w 0] and Var*[w 0] directly into

                                                                      
    10 Note th at in  th e  current em pirical application, w 1 is invariant.
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e quation (12).  H ow ever, an im portant re s earch  q ue stion concerns th e m anner in w h ich  individuals

update th e ir native subjective distributions on w 0 in th e face of new  inform ation from  sources th at m ay

h ave different levels of credibility in th e m ind of th e individual.  I w is h  to be able to m odel explicitly

th e data-generating proces s  th at yields each  individual's values of E*[w 0] and Var*[w 0] as sociated w ith

th e ir ow n revised distribution f*(w ). 

Since our survey instrum ent elicits native subjective distributions for environm ental q uality,

provides all of th e "outs ide" inform ation, and th en elicits revised subjective distributions, it can be a

s im ple m atter to m odel th e updating proces s .  Separate ad h oc specifications for th e determ inants of

E*[w 0] and Var*[w 0] can be explored.  M ore-form al Bayesian updating strategies can also be

exam ined.

4. Poss ible Generalizations

Since th is paper describes a stylized m odel and an em pirical scoping exercise, it is  im portant to

note som e obvious generalizations th at h ave not been fully pursued h ere.  All are potentially feas ible,

and each  m ak e s  th e scenario a little m ore realistic th an it is  for th e bas ic m odel above.  In w h at

follow s, I relax as sum ptions individually.  It is unlik ely to be em pirically tractable to relax th em  all at

once, but th e exercise s described below  illustrate som e of th e different directions th at could be

explored.

Only th ree generalizations can been im plem ented (at least in part) w ith  th e currently available

data.  Th e oth ers  h ave not yet been addressed em pirically, and h ave been relegated to an appendix in

th is paper.

a.  Generalizing th e Distributional Updating Models

Viscus i and Magat (19 9 2) describe th e possibility th at individuals w ill respond too drastically

to external inform ation.  Individuals m ay over-react to inform ation th ey rece ive.  For w h at th ey term
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an "alarm ist learner," th e relative inform ational w eigh ts on th e tw o external sources of inform ation

w ould exceed one e ith er individually or collectively.  W e can e stim ate our ad h oc specifications for

E*[w 0] and Var*[w 0] w ith  and w ith out re strictions.  Of particular intere st is  w h eth er e ith er of th e

effective w eigh ts on th e opinions of governm ent scientists and/or environm ental groups are

individually greater th an one, or w h eth er th e ir sum  exceeds unity.

b.  Accounting for Am bigu ity across External Inform ation Sources

Anoth er extension suggested by th e m odel in Viscus i and Magat (19 9 2) is  to allow

respondents' revised dens ity functions for w 0 to be affected by th e extent of th e disparity am ong th e

outs ide sources of inform ation to w h ich  th ey are exposed.11  Th is disparity m igh t be crudely

sum m arized as th e difference betw een th e h igh e st and low est expected values (range, R) am ong th e

density functions as s erted by th e various external inform ation sources.  If th e range in th e s e values is

sm all, th e individual m ay place relatively greater trust in all outside sources th an in h is or h er ow n

native subjective distributions.  If th e range is  large, th e re spondent m ay retreat to place relatively

greater w eigh t on h is or h er ow n judgm ent. 

In th e survey envis ioned for th is  analysis, range R is  an attribute of th e array of external

inform ation sources th at can be designed into th e survey instrum ent as an exogenous variable.  Viscus i

and Magat's (19 9 2) scenario is different from  th e one envis ioned h ere in th at th ey do not observe th e

individual's  prior probability.  Th erefore, th ey append a q uadratic term  in R  to th e ir em pirical m odel

for a discrete prior probability, and th is  term  can pick  up any system atic s h ift in th e im plied prior

probability due to th e extent of th e am biguity in th e external inform ation.  H ere, th e native subjective

density is elicited directly, so R m ust be incorporated differently, alth ough  one could retain th e

nonlinear generality of th e  quadratic form  (as neces sary).  Th e obvious strategy is to let th e coefficient

                    
    11 See  also H eath  and Tvers k y (19 9 1).
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on native subjective expectation for future m ean tem perature be  (κ0 +  κ1R) or  (κ0 +  κ1R +  κ2R 2). 

W ith  am biguity avers ion, as  R increase s  from  zero, one w ould expect (κ1R +  κ2R 2) to increase.

To determ ine w h eth er th e degree of am biguity in th e available external inform ation h as any

system atic effect on th e updating proces s , one w ould test th e h ypoth e s is  th at th e coefficient(s) κ1 (and

κ2) is  (are jointly) e qual to zero.  In a m ore elaborate m odel, w h ere th ere m igh t be a m uch  larger

num ber of outs ide inform ation sources, th e standard error of m eans acros s  all outside sources m igh t

be a m ore useful m easure of th e degree of am biguity.  W h atever m easure is used, it is  as sociated only

w ith  th e norm alized w eigh t on th e individual's ow n native subjective distribution on environm ental

quality.  W h eth er a linear, q uadratic, or oth er form  is used for th e am biguity, it plays th e sam e role:

to s h ift th e w e igh t on th e individual's native subjective distribution, as opposed to th e rem aining

w eigh t on th e outs ide sources collectively.

c.  Dem ands for Environm ental Quality as Derived Dem ands

In th e bas ic m odel, it h as been as sum ed th at environm ental q uality is a direct argum ent of

individuals' utility functions.  It is  m ore lik ely, h ow ever, th at environm ental q uality affects th e levels

of different environm ental services, and it is  th e levels of th e s e s ervices th at confer utility for

individuals.  Individuals m ay care little about th e environm ent pe r s e , but care greatly about h ow  th e

environm ent affects th e ir lives. 

In th e context of valuing clim ate ch ange m itigation, it is  im portant to recognize th at at least

tw o layers of uncertainty are involved.  First, individuals m ay be uncertain as to th e extent of global

ch ange, as as sum ed in th e bas ic m odel.  But second, th ey m ay be uncertain about h ow  th is  ch ange,

even if it is  k now n w ith  certainty, m aps into ch anges in th e levels of utility-conferring environm ental

services to w h ich  th ey are accustom ed.

Suppose it is not w  itself, but s(w ) th at enters directly into each  re spondent's utility function.

H ere, s (w ) is  a vector of environm ental services, th e  quantity (or q uality) of each  depending upon th e
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level of w  th at m aterializes.  Each  individual h as, potentially, a different perception about th e

functions s j(w ) w h ereby w  is  translated into j different environm ental service com m oditie s  th at m atter

to th e individual's utility level.

In order to illustrate a m odelling strategy under th e s e circum stances, as sum e th at th e vector

s(w ) h as only one elem ent, and th at th is  elem ent is  linear in th e level of w :  s (w ) = ζ '0 +  ζ '1 w . 

Individuals are fam iliar w ith  th e ir current levels of environm ental services, s 1 = s(w 1), produced by

th e current level of environm ental q uality w 1.  Assum e again th at if m itigation is undertak en, th e

current level of w 1, and h ence of s(w 1), w ill be preserved w ith  certainty.  H ow ever, if society does

not m itigate, th ere w ill be a deterioration of environm ental q uality to uncertain level w 0, but now  th e

m anner in w h ich  th is  quality m aps into a ch ange in available environm ental services is  also uncertain.

 H ow ever, for any particular level of w 0 and given th e as sum ption of linearity for th e s (w ) function,

s 0  is given by  s 1 +  ζ (w 1 - w 0), w h ere w e s im plify by letting ζ '1 = ζ .

In th is  extension, th en, both  ζ and w 0 are uncertain in th e m inds of re spondents.  Th e indirect

utility-difference function in e quation (9 ) m ust th erefore be m odified.  First, it is  s, not w , th at enters

directly into th e indirect utility function.  Th e relevant "states of th e w orld" now  cons ist of a spectrum

of pos s ible states of environm ental q uality com pounded by a spectrum  of pos s ibilitie s  for th e

transform ation betw een w  and s (s ince th e relevant slope param eter ζ  is uncertain).  Consistent w ith

th e form  of th e indirect utility function em ployed earlier in th is paper, th e revised specification

becom es:

(15) (V1 - V0)w 0 = β0 log[(Y - t)/Y]

                +  δ0 (s 1 - [s 1 +  ζ (w 1 -w 0)])

                +  δ1 ( (s 1 +  ζ (w 1 -w 0)) - E[s 1 +  ζ (w 1 -w 0)] )2 + ε.

In th e face of th is  additional source of uncertainty, th e expected utility difference th at reveals a
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re spondent's option price (e quation 13) w ill also h ave to be m odified.  Th e expectation m ust now  be

tak en across both  w 0 and ζ .  Th e expectation of th is  expre s s ion w ill involve term s in th e individual's

revised expectations about th e individual q uantitie s  w 0 and ζ , as w ell as th e covariance (or correlation)

betw een th e s e tw o random  q uantitie s .   Th e "variance" term  in th is  m odel is particularly unw ieldy. 

Th e se problem s m ay render em pirically intractable any m odel w ith out an as sum ption of independence

betw een ζ  and w 0.

Sim plification m ay im prove tractability.  Perh aps s 0 s h ould be elicited directly from

re spondents, so th at th e m odel can be m ade analogous to th e original specification, w ith  s 1 and s0 in

place of w 1 and w 0.  As neces sary, a point e stim ate for each  individual's value of th e param eter ζ

could be inferred from  th e relations h ip betw een s 0 and w 0.  Th is param eter could be used in ex post

exercises to infer th e lik ely cons e quences, for option price s, of ch anges in w 0.

If both  ζ  and w 0 are retained in th e m odel, despite th e m ore com plicated m om ents th at th is

specification w ould require, and if th e elicitation problem  w as not proh ibitively daunting, h ow ever, it

is  easy to anticipate h ow  one w ould proceed.  Th e updating subm odel for th e revised subjective

distribution of w 0 w ould be extended to cover th e joint distribution of w 0 and ζ .  A system  of

e quations could be em ployed to produce fitted values of each  of th e re quired fitted m om ents.12 

5.  A Sm all Sam ple of Data

In a first round of sam pling, approxim ately 500 pretest surveys w ere distributed, m ostly to

19 9 7 Spring Quarter and Sum m er Ses s ion undergraduate econom ics classe s  at UCLA.  Students

rece ived a five-m inute introduction to th e survey during th e lecture period and w ere re que sted to

                    
    12  D ifferent w e igh ting param eters m ay apply for th e  updating of th e  environm ental q uality distribution and
th e  "translation into environm ental service s  param eter" distribution.  Re spondents m ay place relatively m ore  trust in
governm ent scientists' as s e s sm ents of th e  effects a given ch ange in clim ate w ill h ave on environm ental service s , but
relatively les s  trust in th e s e  scientists' judgm ents about just h ow  s evere  th e  clim ate ch ange w ill be. 
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return th e com pleted survey by th e next lecture.13  W e collected approxim ately 144 fully usable

re sponse s  from  th is distribution.14   A second round of sam pling w as conducted in tw o classe s  in Fall

19 9 7, w ith  th e sam pling period com ing on th e h eels of a h eat w ave.  Nom inal extra credit w as offered

for participation in th e larger class and w e garnered about 250 additional re sponse s .  Table 1 gives

descriptive statistics for th e e stim ating sam ple. 

a.  Data on Respondents' Opinions about Future Environm ental Conditions

If th e m odel described in Section 3 is  e stim ated in tw o stages, th e first e stim ation tas k  involves

e stablis h ing th e determ inants of th e m om ents of th e individual's revised distribution for future

environm ental q uality: E*[w ] and Var*[w ].15  Th ere h as been substantial policy intere st in recent years

in th e topic of ris k  com m unication (e.g. Davies et al., 19 87).  Th is  literature focuse s  on th e best w ay

to convey to individuals th e true objective m agnitudes of ris k s .16  Th ere h as been les s  attention

devoted to th e problem  of eliciting subjective probabilitie s .  Reliable elicitation of (at least) th e m eans

and variances of th e native subjective and revised probability distributions is  crucial to th is  analysis.17

In econom ics, th e topics of (i.) individuals' ris k  perceptions, (ii.) h ow  th e s e ris k  perceptions

re spond to inform ation, and (iii.) th e value of ris k  ch anges, h ave been fertile areas for re s earch . 

Som e representative studies include Sm ith  and De svousges (19 87, 19 88), Sm ith  and Joh nson (19 88),

Viscus i (19 85a, 19 85b), Viscus i and Magat (19 87, 19 9 2), Viscus i et al. (19 86), and Viscus i and

                    
    13  Th e  ch air of th e  Departm ent of Econom ics w ould not approve th e dedication of lecture  tim e  for th e
students to com plete th e  que stionnaire s  in th e  class e s  of oth e r faculty m em bers, so our re sponse  rate  w as m uch  low er
th an it m igh t h ave been.

    14 Given th e  exploratory nature  of th e  sam ple, w e  h ave not pursued non-respondents aggre s s ively.

    15 Except w h e re  it m ay lead to confusion, w e  now  drop th e  0 superscript on E*[w 0], Var*[w 0] and th e
corre sponding q uantitie s  for th e  native subjective distribution of future  annual average tem perature s , as w ell as th e
distributions attributed to governm ent scientists and environm ental groups.

    16 Th e  issue of long-term  environm ental ris k s is addressed in Fisch off (19 9 0).

    17 Benson, Curley and Sm ith  (19 9 5) address th e  role of belief as s e s sm ent in th e  proce s s  of eliciting
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O 'Connor (19 84).  In alm ost all case s , h ow ever, th e ris k s under cons ideration are ph ysical h ealth  or

w ork place ris k s .  But "ris k " can be defined m ore broadly to include preferences over uncertain

outcom es m ore generally.

For clim ate ch ange, th e variable th at I designate to illustrate th e uncertainty is annual average

tem perature during a decade tw enty years into th e future.  At th e beginning of th e survey, w e elicit

from  th e re spondent th e ir initial as sum ptions about th e future distribution of th e  w   variable. 

H istorical data are provided for th e w eath er station neare st th e re spondent.  Provis ion of th is

inform ation insures th at th e re spondent is  m ak ing h is or h er forecast for th e expected value and

dispersion of future  m ean tem peratures (for th e decade of 2011-2020) based on valid curre nt data. 

After e stablis h ing th e true local annual average tem perature, w e first elicit inform ation on th e

m ean and variance of th e individual's native subje ctive  distribution for future environm ental q uality. 

Expected values s eem  relatively easy to elicit.  It is  m ore difficult to as k  re spondents to convey

inform ation on variances.  For dispersion m easures, w e h ave elected to as k  for "plus" and "m inus"

am ounts relative to th e ir expected value (and described as a 9 5% range), and th en to interpret th is  as

four standard deviations, s quaring 0.25 tim es th is  am ount to yield a variance approxim ation.

Once th e s e prior distributions h ave been e stablis h ed, th e re spondent is presented w ith

inform ation de scribing th e distributions of future average tem perature s (purportedly) forecasted by

governm ent scientists and by environm ental groups.18  One objective of th e analysis is to discrim inate

am ong th e effects of different external inform ation sources on th e re spondent's distributional updating

proces s .  Th e design of th e different survey vers ions ensures th at th ere is orth ogonal variation acros s

re spondents in th e s e purported external forecasts.

                                                                      
probabilitie s .

    18 Th is inform ation is  part of th e  experim ental design of th e  survey.  All stylized forecasts fall w ith in th e
range of as sorted actual forecasts.  Concerning survey re s earch  eth ics, th e re  is th e delicate m atter of not lying to
re spondents.  Since  w e  are  purposefully vague about th e  precis ely w h ich  "governm ent scientists" and "environm ental
groups" h ave m ade th e s e  forecasts, th e re  m ay be som e  natural attenuation of th e  credibility assigned by respondents
to th e s e  opinions.
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After th e external inform ation on future clim ate h as been provided, respondents are invited to

update th e ir priors on th e distribution of future annual average tem perature s, giving both  a new

expected value and a new  9 5% range (w h ich  w e convert to a variance, again invok ing strong

distributional as sum ptions).

b.)  Data on W illingness to Pay to Prevent Clim ate Ch ange

No establis h ed m ark ets exist for th e m itigation of clim ate ch ange.  Furth erm ore, th ere are few

opportunitie s  to invok e w eak  com plem entarity and to rely on indirect m ark et inform ation to infer

im plicit dem ands for clim ate ch ange m itigation.  De spite th e ack now ledged sh ortcom ings of

contingent valuation m eth ods, direct elicitation of people's stated w illingnes s  to trade off m oney for

environm ental protection is  lik ely to be th e best source of inform ation about th e social value of

clim ate ch ange m itigation activity.

Prior to th e valuation q uestion, th e survey re spondent h as been as k ed about th e ir opinion of

clim ate ch ange prospects.  W e also invite re spondents to cons ider th e im plications for a variety of

clim ate services of an arbitrary 4 degree Fah renh e it average tem perature increase.  Dem and for

clim ate services give ris e  to derived dem and for clim ate ch ange m itigation.  Th e se effects on clim ate

services are captured by questions concerning th e follow ing:

• h eating costs
• air-conditioning costs
• personal com fort
• food price s
• severity of storm s
• fre quency of storm s
• fre quency of drough ts
• w ater consum ption [price s]
• h ous ing price s in your region
• sea levels
• tropical disease s
• w elfare of th e poorest 50% of US re s idents
• w elfare of th e poorest 50% of th e w orld's population
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H aving explored w ith  th e re spondent th e anticipated cons e quences of failing to prevent a 4

degree Fah renh e it tem perature increase, w e th en review  th e re spondent's probable budget constraint

over th e relevant future period.  W e elicit expected annual incom e categories (in 19 9 7 dollars) for th e

year 2005 and th e year 2020.  Th e proposed policy is described as follow s:

Suppose th at policy-m ak ers  h ave identified a set of dom estic and international environm ental
regulations and incentives.  If put into place , th e s e  policie s  w ill pre ve nt any de te ctible  ch ange
in your re gional clim ate  s o th at ave rage  te m pe rature s  w ill continue , inde finitely, to be  m uch  as
th e y w e re  during 19 87-19 9 6.  In oth er w ords, putting th e s e policie s  in place w ould allow
society to avoid any of th e cons e quences (bad or good) to be expected if w e do noth ing.

Th e m onth ly costs of th e policy are as s igned random ly, in ten different am ounts from  $5 to

$150, pre sented in th e follow ing form :

Suppose th at th e s e policie s  w ill m ean h igh er price s and/or h igh er taxes so th at by th e year
2000, your m onth ly h ouse h old costs w ill be h igh er by $______ (in 19 9 7 dollars) for as long as
th e s e policie s  are follow ed. 

Re spondents are th en as k ed if th ey w ould vote in favor of th is pack age of policie s , given th e ir

expected incom e and th e s e costs.  Th ey are th en probed to detect "protest bids."  Th e last part of th e

survey collects sociodem ograph ic and attitudinal variables, including th e re spondent's perceptions of

bias (for or against th e policy) on th e part of th e re s earch  team .

Th e bas ic option price m odel can be estim ated using data on:  th e YES/NO re sponse to th is

q ue stion, th e exogenously as s igned value of m onth ly costs, t, im posed for th is  re spondent,

inform ation on oth er sociodem ograph ic ch aracteristics, s , current environm ental q uality w 1, and th e

values of E*[w ] and Var*[w ] (w h ich  can be explained by th e pair of e quations in th e revised subjective

distribution subm odel).
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6.  Em pirical Findings

Given th e exploratory nature of th e em pirical w ork  in th is  study, w e h ave not pursued state-of-

th e-art s im ultaneous full inform ation m axim um  lik elih ood (FIML) estim ates of th e th re e  e quations

involved in th is  specification.  In future w ork , w h en a m ore-representative data set can be collected,

m ore soph isticated estim ation tech niq ue s w ill be w arranted.  Th e se w ould involve a cum ulative

trivariate norm al joint density function for th e th ree error term s. 

a. Models for th e Revised Subjective Mom ents of Future Average Tem peratures

H ow  do survey re spondents process th e inform ation attributed to governm ent scientists and

environm ental groups w h en th ey are given th e opportunity to update th e ir ow n opinions in th e ligh t of

th is  additional inform ation?  One possibility is th at th ey m ay be Bayesians.  In th e presence of tw o

additional sources of inform ation about m ean and variance (precis ion) of a distribution, th e usual

Bayesian form ulas appear to generalize straigh tforw ardly.  Th e posterior m ean s h ould be a precis ion-

w eigh ted average of th e com ponent m eans.  Th e posterior precis ion s h ould be th e sum  of th e

com ponent precis ions.19

In order to s im plify th e notation, define th e sum  of precis ions:

(16) D = (Var[w ]ow n)-1 +  (Var[w ]gov)-1 +  (Var[w ]env)-1.

It seem s appropriate to test w h eth er th e updating proces s  could be Bayesian (or w h eth er it is  m ore

general) by specifying th e follow ing tw o regression m odels, one for th e posterior expected value, and

one for th e posterior precis ion:

                    
    19 Som e re s earch  on th e  issue of w h eth e r individuals are  Bayesian decision-m ak e rs includes Viscusi (19 85b),
Viscusi and M agat (19 9 2), Viscusi and O 'Connor (19 84), and Fisch off and Beyth -M arom  (19 83).



22

(17)     E*[w ] = α0 +  α1 E[w ]ow n/(D*Var[w ]ow n) +  α2 E[w ]gov/(D*Var[w ]gov)

                        +  α3 E[w ]env/(D*Var[w ]env) +  εE

(18)     (Var*[w ])-1 = β0 +  β1 (Var[w ]ow n)-1 +  β2 (Var[w ]gov)-1 +  β3 (Var[w ]env)-1 +  εP.

Estim ating th e s e tw o m odels, and testing th e joint h ypoth e s is  th at α0 = 0 and α1 = α2 = α3 = 1 for

th e expected value m odel and th e joint h ypoth e s is  th at β0 = 0 and β1 = β2 = β3 = 1 for th e precision

m odel (e ith er s eparately, or jointly) w ould constitute a rough  te st of w h eth er th e updating proces s

could indeed be strictly Bayesian.

Table 2 sh ow s th e re sults for unre stricted estim ation of th e m odels in e quations (17) and (18),

as w ell as e stim ates w h en th e intercepts are constrained to zero.  W h ile th e point e stim ates of th e

slope param eters appear close to unity in th e case of th e expected value e quation (17), F-tests of th e

re striction th at all slopes be s im ultaneously unity soundly reject th at h ypoth e s is .  (Th e P-values for

th e s e F-tests are e s s entially zero for th e expected value e quation.  For th e precision equation (18), th e

point e stim ates of th e slopes are m ark edly different from  one, and th e null h ypoth e s is of jointly

unitary slopes is  again rejected conclusively.  Th e se individuals are not beh aving lik e Bayesians.

A com peting m odel m igh t be th at re spondents' updated expected values and updated variances

are determ ined m ore s im ply.  Consider th e h ypoth e s is  th at E*[w ] is  s im ply a linear function of

E[w ]ow n, E[w ]gov, and E[w ]env, instead of a m ore-elaborate linear function of th e precision-w eigh ted

expectations as im plied for testing Bayesian updating.  Th is  com peting m odel (w h ich  w e w ill call H 1)

is:

(19 ) E*[w ] = α0 +  α1 E[w ]ow n +  α2 E[w ]gov +  α3 E[w ]env +  εE.

Th e m odel in Eq uation (17) above (w h ich  w e w ill call h ypoth e s is  H 2) subsum es th e Bayesian updating

m odel as a special case w h ere α0 = 0 and α1 = α2 = α3 = 1.   

Th e se non-nested h ypoth e s e s  can be te sted.  W e perform  a Cox test and a Davidson-
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MacKinnon J-test for th e s e com peting m odels, for specifications w ith  and w ith out intercepts.  For

specifications including an intercept term , th e Cox test rejects both  H 1 and H 2.  Th e J-test procedure

fails to reject H 1 (th e s im ple linear relations h ip) at th e 5% level but can reject at th e 10% level.  Th e

J-test procedure, h ow ever, does soundly reject H 2 (th e generalized Bayesian relations h ip), s ince th e

fitted value from  th e s im ple linear m odel, w h en included in th e Bayesian m odel, bears a t-test statistic

greater th an 6.  Th e re sults for specifications th at suppress th e intercept term  are  qualitatively th e

sam e. 

For th e variances, analogous Cox and J-tests are not appropriate.  Again, th e com peting m odel

(versus Bayesian be h avior) s h ould probably cons ist of a s im ple linear relations h ip betw een Var*[w ]

and th e constituent variances, Var[w ]ow n, Var[w ]gov, and Var[w ]env.  Th e dependent variable in th e

Bayesian specification, h ow ever, is  th e posterior pre cis ion, not th e posterior variance  (unles s

nonlinear-in-param eters m odels are broach ed) so th e com peting variance specifications are not as

am enable to Cox or J-tests.

Th is prelim inary evidence s eem s to suggest q uite clearly, h ow ever, th at th e strict Bayesian

form ulation is probably not appropriate in th is  context, particularly for th e variance.  Th e s im ple

linear m odel appears to dom inate even th e ge ne ralization of th e Bayesian specification w ith  nonzero

intercept and non-unitary slopes.  So it is  reasonable to cons ider possible ad h oc specifications m ore

carefully.  W e w ill focus first on m odels to explain E*[w ]. 

In Table 3, M odel 1, w e specify E*[w ], th e re spondent's revised subjective average annual

tem perature, as a s im ple unrestricted linear function of E[w ]ow n, E[w ]gov, and E[w ]env.  M odel 2

im pose s  th e re striction th at th e intercept be zero, w h ich  cannot be rejected at th e 5% level according

to th e t-test statistic on th e intercept in M odel 1.  W ith  th is  re striction, th e individual slopes are all

strongly statistically significant.  M odel 2 is offered in order to test for th e presence of Viscus i/Magat

"alarm ist learning."  W ith  a zero intercept im posed, but th e slope param eters free to tak e on w h atever

values are dictated by th e data, th e absolute value of th e F-test statistic for th e null h ypoth e s is  th at th e
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sum  of th e slopes on E[w ]gov and E[w ]env is one ach ieves a value in exces s  of 12[revise].  Th e point

estim ate of th e sum  is on th e order of 0.60[revise], so th ere is no evidence of alarm ist learning in th is

sam ple.

 M odel 3 re stricts E*[w ] to be a s im ple w eigh ted average of th e com ponent expectations (i.e.

zero intercept, slopes sum m ing to unity).  An F-test of th e s e re strictions (com pared to th e unrestricted

specification in M odel 1) fails to reject th e s e th ree re strictions. 

M odel 4 explores th e h ypoth e s is  th at th e extent of th e disparity betw een th e tw o outs ide

sources of inform ation about th e E[w ] w ill affect th e w e igh t applied to E[w ]ow n.  In an oth erw is e

unre stricted specification, M odel 3 s h ow s th at greater disparity betw een E[w ]gov and E[w ]env does

indeed increase th e w e igh t on th e ow n-expectation by a statistically very significant am ount.  Based on

th is  finding, and th e fact th at th e intercept coefficient in M odel 4 is  ins ignificantly different from

zero, w e w ill be generalizing Model 4 to incorporate system atic varying param eters in our subsequent

m odelling efforts for E*[w ].

Model 5 is  th e last experim ental specification for E*[w ].  H ere, w e allow  E*[w ] to depend (in

an ad h oc fas h ion) upon not only th e th ree com ponent expectations, but also upon th e th ree

com ponent variances, w ith  th e w e igh t on th e ow n-expectation and ow n-variance allow ed to differ

according to th e disparity betw een th e corre sponding "external inform ation" m om ents.  None of th e

th ree variance term s is  a statistically significant factor in determ ining E*[w ], and neith er is  th e

variance-disparity interaction term . 

Table 4 explores som e s im ple linear specifications for th e relations h ip betw een posterior

variance and th e th ree com ponent variances.  Th e unrestricted linear specification in M odel 1 s h ow s

th e intercept to be insignificantly different from  zero.  M odel 2, in contrast, re stricts th e intercept to

zero and forces th e slopes to sum  to unity.  Th is  s et of th ree re strictions cannot be rejected.  For th e s e

prelim inary data, th en, both  expected values and variances s e em  to be reasonably w ell approxim ated

by sim ple w eigh ted averages of th e th ree com ponents.  Th e se m odels w ill be th e bas is  for th e
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generalizations to be described next.

In Table 5, w e s h ow  th e re sults of em ploying th e available variables capturing re spondent

ch aracteristics as factors th at m ay sh ift an individual's relative w eigh ts on th e different sources of

inform ation about future clim ate conditions (for both  th e m ean and th e variance).  Th e e stim ates stem

from  a tw o-e quation s im ultaneous non-linear least s quare s m odel th at is  specified in a m anner th at

ensures th at th e m odels display zero intercepts and non-negative w eigh ts th at sum  to unity, for both

th e expectation e quation and th e variance  e quation.  In order to m inim ize th e notation, th e subscripts

"gov" and "env" h ave been abbreviated to "g" and "e".  Th e bas ic form  of th e m odel is  as follow s:

(20)   E*[w ] = (1 +  κE E[w ]g-E[w ]e]) [(1 +  κE E[w ]g-E[w ]e]) +  exp(γg) +  exp(γe)]-1 E[w ]ow n

                      +  exp(γg) [(1 +  κE E[w ]g-E[w ]e]) +  exp(γg) +  exp(γe)]-1 E[w ]g           

                      +  exp(γe) [(1 +  κE E[w ]g-E[w ]e]) +  exp(γg) +  exp(γe)]-1 E[w ]e +  εE

(21)    V*[w ] =(1 +  κV V[w ]g-V[w ]e]) [(1 +  κV V[w ]g-V[w ]e]) +  exp(δg) +  exp(δe)]-1 V[w ]ow n 

                      +  exp(δg) [(1 +  κV V[w ]g-V[w ]e]) +  exp(δg) +  exp(δe)]-1 V[w ]g           

                      +  exp(δe) [(1 +  κV V[w ]g-V[w ]e]) +  exp(δg) +  exp(δe)]-1 V[w ]e +  εV

Each  of th e s ix param eters, κE, κV,  γgov, γenv, δgov, and δenv could be estim ated as a true but unk now n

constant param eter, analogous to th e independently estim ated specifications in Table 3 (M odel 4) and

Table 4 (M odel 3).  Instead, w e h ave rendered each  of th e γs  and δs  a system atic varying param eter. 

W e em ploy as s h ifters for all of th e s e four param eters (i.) a set of available sociodem ograph ic

variables (AGE, gender), as w ell as (ii.) attitudinal variables (inform edness about environm ental

is sue s, degree of conservatism , lik elih ood of living in th e sam e area in th e future, and perceptions of

re search er bias), and (iii.) a dum m y variable to identify observations collected in th e Fall of 19 9 7. 

Not all of th e s e variables are statistically significant s h ifters of th e system atic varying param eters in

th is  specification.  Pers istently insignificant term s h ave th erefore been dropped.  
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Th e m odel in Table 5 allow s for Viscus i/Magat am biguity effects.  Each  of th e E*[w ] and

Var*[w ] e quations in th e joint m odel is  augm ented w ith  a s ingle am biguity param eter, κE and κV,

re spectively, th at allow s th e w e igh t placed on th e individual's ow n priors to vary system atically w ith

th e absolute difference betw een th e tw o external opinions. 

Th e im plications of th e e stim ated m odel in Table 5 seem  plausible.  W h ile it is not pos s ible to

distinguis h  an age effect from  a coh ort effect in a cros s -s ectional sam ple such  as th is , it neverth eles s

appears th at older college students place les s  w e igh t on governm ent opinions and on environm ental

group opinions in deciding upon Var*[w ].

Gender h as a statistically significant effect on all four w eigh ting param eters.  In form ulating

E*[w ], fem ale students place relatively m ore w e igh t on governm ent and m ore on environm ental

groups th an do m ale students.  For Var*[w ], th ey also put m ore w e igh t on th e opinions of both

external groups th an do m ale students.  Subjective degree of inform edness about environm ental is sue s

does not h ave a s ignificant effect upon any of th e w e igh ts. 

Students w h o identify th em selves as being m ore conservative appear to place system atically

less w e igh t on environm ental groups' opinions about E*[w ] th an do m ore-liberal students.  M ore-

conservative students also place s ignificantly les s w e igh t on governm ent scientists' opinions about

tem perature uncertainty.  Th e m ore lik ely th e student is  to rem ain in th e sam e region in th e future, th e

m ore w e igh t th ey tend to place on governm ent scientists opinions in form ulating th e ir as s e s sm ents of

E*[w ] and Var*[w ].  (Alternately, th e m ore lik ely it is  th at th ey w ill m ove to anoth er region before th e

future tim e period stipulated in th e survey, th e les s  attention th ey pay to governm ent opinion about

E*[w ] and Var*[w ].)

Th e m ore th e re s earch  team  is perceived to be biased in favor of clim ate ch ange m itigation

program s, th e les s  is  th e w e igh t as s igned to th e ostensible external inform ation sources in form ulating

an opinion about E*[w ].  H ow ever, perceptions of re s earch er bias h ave no statistically discernible

effects on th e w e igh ts as s igned to different inform ation sources in form ulating a revised subjective
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variance for w .

Re spondents in th e Fall 19 9 7 subsam ple appear to be very strongly statistically significantly

less attentive to th e degree of uncertainty about future clim ate conveyed by both  governm ent scientist

opinions and environm ental group opinions.  Th is  apparent effect m ay be an artifact of th e greater

representativeness of th e Fall 19 9 7 sam ple.  (No extra-credit incentives w ere provided in th e earlier

sam ple, so self-selection in re sponse s  is  a greater problem  th ere.)

b.  Models to Explain Option Prices (W illingness to Pay)

H ow  w illing are re spondents to vote in favor of th e clim ate ch ange m itigation policie s  at

different levels of cost?  Given th e m icroeconom ic th eory beh ind our e stim ating specification, th e

discrete ch oice probit m odel explaining stated voting be h avior can be used to produce fitted estim ates

of individuals' option price s for clim ate ch ange m itigation.  Table 6 displays th e re sults from  som e

prelim inary m odels using our exploratory sam ple.

Keep in m ind th at our bas ic e stim ating specification is based on a utility difference function

w ith  th ree param eters (th e coefficients on log[(Y-t)/Y], E*[w ], and Var*[w ]).20  Introducing

re spondent h eterogeneity (potentially) generalizes each  of th e s e th ree param eters to a linear function

of individual attributes.  Th is  is  h ow  w e accom m odate preferences th at differ according to th e

observable ch aracteristics of different groups of re spondents.

M odel 1 is  th e m ost rudim entary specification, s ince it as sum es h om ogeneous preferences and

even excludes Var*[w ].  Th e initial term , log[(Y-t)/Y], ough t alw ays to be im portant, s ince it captures

both  th e effect of incom e and th at of policy costs.  It is  solidly significant in all th e specifications

s h ow n in Table 6.  If E*[w ] is  th e only regressor capturing th e ch aracter of th e expected ch ange in

                    
    20 For eas e  of e stim ation w ith  pack aged m axim um  lik elih ood algorith m s, w e  allow  for an intercept term  in
th e  specifications to be described h e re .  In none of our m odels is th e  point e stim ate for th is intercept term s
statistically significantly different from  zero.  Th us th e  qualitative re sults are  unlik ely to be very sensitive to w h eth e r
th is intercept is suppressed.
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clim ate to be avoided by incurring th e stated costs, its coefficient is positive, but statistically

ins ignificant.  Th is  im plies "insens itivity to scope," ack now ledged to be an undes irable property in a

stated preference valuation exercise (Arrow  et al., 19 9 3).

If w e still assum e h om ogeneous preferences and include both  E*[w ] and Var*[w ], as im plied by

e quation (12) in th e th eoretical section, th e coefficient on E*[w ] becom es m arginally significant at th e

10% level.  Th e se re sults, under an as sum ption of h om ogenous preferences th rough out th e sam ple,

m ay seem  som ew h at disappointing.  M odels 3 th rough  6, h ow ever, reveal th e possibility of som e

im portant h eterogeneitie s  in preferences acros s  th e sam ple. 

Under som e conditions, gender is  an im portant factor in determ ining w illingnes s  to pay for

clim ate ch ange m itigation (w h ere clim ate ch ange is  interpreted by m ost people as "global w arm ing").

 Unfortunately, th e overall effect of any specific individual attribute, such  as gender, on fitted option

price s for clim ate ch ange m itigation is  a rath er com plex function of all th e param eters and all th e data.

 Th e overall effects of gender on option price s w ill be illustrated via s im ulation exercises in th e next

section. 

M odel 6 w ill be our w ork ing specification for th e upcom ing s im ulations.  One intere sting

feature of th is  m odel is  th e distinction betw een gender effects and sam ple-tim e effects (FALL97), and

th e ir interaction.  In th e  W inter/Spring 19 9 7 subsam ple, w om en w ere m uch  les s  w illing to pay to

prevent clim ate ch ange.  One could speculate th at w om en, as a group, are m ore inclined to feel th e

cold th an are m en (th ere is  som e anecdotal evidence to th is  effect).  H ow ever, th e very strong gender

effect th at existed in th e initial W inter/Spring 19 9 7 sam ple failed to pers ist w h en th ese data w ere

pooled w ith  observations from  th e Fall 19 9 7 sam ple.  Th ere are a num ber of pos s ible reasons for th is

outcom e.   First, th e w eath er w as m uch  h otter at th e tim e th e Fall 19 9 7 sam ple w as collected, and

w om en and m en m ay respond differently to current w eath er conditions in conveying th e ir w illingnes s

to pay for clim ate ch ange m itigation.  Alternately, th e different gender effects in th e tw o subsam ples

m ay be a cons e quence of th e fact th at participation w as les s  s elf-selected in th e Fall 19 9 7 sam ple due
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to th e extra credit as sociated w ith  subm itting a com pleted questionnaire.   Also, th e Fall 19 9 7 classe s

w ere all students of th e re s earch er (as opposed to oth er faculty).  Larger and m ore diverse sam ples,

collected in in a num ber of different seasons, w ould be neces sary to distinguis h  th e s e  effects. 

From  M odels 3 th rough  6, w h ere th e scope effect (th e coefficient on E*[w ]) is  allow ed to vary

w ith  re spondent ch aracteristics, w e learn th at th e scope effect differs system atically acros s our sam ple.

 Age appears to increase th e scope effect, and inform edness about environm ental is sue s  also increase s

it. H ow ever, greater conservatism  les s ens th e scope effect.  Th e effect of gender is difficult to

discern, s ince it is  confounded w ith  sam ple tim ing.

A k ey feature of th is paper is  th e  que stion of w h eth er uncertainty about future clim ate

conditions influences re spondents' w illingnes s  to support clim ate ch ange m itigation program s at any

given cost.  M odels 5 and 6, w h ich  control for th e greatest am ount of h eterogeneity acros s

re spondents, display a statistically significant negative effect of Var*[w ].  Th e m ore lik ely it is  th at th e

re spondent expects to be living in th e sam e region, h ow ever, th e les s  negative th e effect of greater

clim ate uncertainty.  (O r, alternately, plans to live in a different geograph ic region exacerbate th e

negative effects of uncertainty on w illingnes s  to vote for m itigation policie s .)

7.  Sim ulations

If m odels lik e th e ones in th is paper could be estim ated w ith  rich er data, th ey w ill perm it

counterfactual s im ulations th at are potentially very relevant to policy-m ak ing.  W ith  th e lim ited data

currently available, w e pursue sim ulations w ith  caveats.  Th e sam ple s ize and representativeness are

insufficient to allow  general conclusions to be draw n.  Som e straigh tforw ard sim ulations w ill

neverth eles s  illustrate th e potential of th e m odel.

Sim ulations are neces sary because th e point e stim ates of option price are non-linear functions

of th e data and th e e stim ated m odel param eters.  Eq uation (14) can be used to produce point e stim ates

of th e expected value of OP for each  individual in th e sam ple.  W e can th en report descriptive



30

statistics for th e s e point e stim ates (m ean, standard deviation, m edian) calculated acros s  all individuals

in th e sam ple. 

For th e s im ulations th at follow , w e em ploy th e non-Bayesian s im ultaneous nonlinear e quations

specifications and param eter e stim ates of th e E*[w ] and Var*[w ] e quations in Table 5, and th e option

price  e quation of Model 6 in Table 6.  Th e first tw o lines in th e body of Table 7 display descriptive

statistics for fitted expected option price s (w ith  m onth ly expected future incom e statistics for

com parison).  Option price point e stim ates range w idely in th e sam ple, w ith  all of th is  variation

attributable to differences in expected incom e and oth er individual attributes.21  One class of

s im ulations concerns w h at w ould h appen if everyone h ad instead placed zero w eigh t on th e opinions

of one (or th e oth er) of th e external auth oritie s .  In our counterfactual s im ulations, w e scale th e

w e igh ts on th e rem aining inform ation sources so th ey continue to sum  to one.  If everyone placed zero

w eigh t on th e opinions of environm ental groups, th e average  OP w ould increase from  $268 to $272--

probably not a s ignificant ch ange.  If people ignored th e opinions of governm ent scientists, th e

average  OP w ould increase to $270, w h ich  does not represent an appreciable difference e ith er.

A second class of s im ulations concerns ch anges in th e sociodem ograph ic or attitudinal

variables th at influence th e w e igh ts placed on different inform ation sources by individuals as th ey

arrive at E*[w ] and Var*[w ].  W e use E*[w ] and Var*[w ] directly in th e option price probit m odel, not

th e ir fitted values.  Counterfactual s im ulations concerning sociodem ograph ics or attitudes are as sum ed

to ch ange th e fitted portion of th e s e variables; w e retain th e e stim ated error term , h ow ever. 

W e m ak e m odest ch anges in som e of th e variables th at affect th e w e igh ts, and th e s im ulations

reveal th e overall effects of th e s e ch anges on predicted OP values.  M ak ing everyone in th e sam ple 4

years older, w ith out ch anging any of th e ir oth er ch aracteristics, w ould reduce option price s from  th e

                    
    21 As individual expected option price s  are  calculated, estim ate s  les s  th an zero are  counted as zero, and
occasional fitted values  in exce s s  of incom e are  counted as  e qual to incom e (th e re  are  only about a dozen cases
w h e re  th is occurs).
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current average of 268 to only 162.  Age (or perh aps it is  a coh ort effect) h as a pronounced effect on

perceived benefits of clim ate ch ange m itigation.  If everyone w as m ade one unit subjectively m ore-

inform ed about environm ental is sue s  (to a m axim um  of th e sam ple upper bound of 7 units), m ean

expected option price s w ould increase from  268 to 29 1.  If everyone w as m ade one unit m ore

conservative, option price s w ould drop from  268 to 229 .  If m obility increased by one unit, th e

overall effect on m ean expected option price s w ould be negligible (from  268 to 271).

Elim inating everyone's uncertainty about future clim ate (but leaving th e ir individuale E*[w ]

unch anged w ould increase option price s from  268 to 300.  Elim inating all uncertainty and convincing

everyone th at th ere w ould be a tem perature increase of one degree Celsius w ould increase W TP from

268 only to 271.  H ow ever, a certain tem perature increase of tw o degrees Celsius w ould boost

expected option price s to 303 on average.

Th e s ize of th e gender effect on option price s for clim ate ch ange m itigation can also be

asse s sed.  It is not sufficient m erely to divide th e sam ple by gender and to calculate th e average fitted

option price for each  subsam ple.  System atic differences in oth er attributes, by gender, could obscure

th e gender effect.  Instead, w e illustrate th e s ize of th e gender effect, ceteris paribus, by

counterfactual s im ulations.  First, w e m ak e all respondents fem ales (w h ile retaining all of th e ir oth er

attributes, nam ely age and th e attitudinal variables).  Th is  w ill affect th e w e igh ts on different

inform ation sources in th e calculation of E*[w ] and Var*[w ], as w ell as th e gender dum m y variable in

th e option price probit e quation.  Due to th e com plex interaction of gender w ith  th e FALL97 survey-

tim ing variable, th e m ean option price if all respondents h ad been fem ale is predicted to be $268.  In

contrast, if w e m ak e all respondents m ales (again retaining all of th e ir oth er attributes), th e sam ple

average option price w ould increase to $283.  Th e difference in m ean expected option prices betw een

th e genders appears to be about $15 per m onth , w ith  m en w illing to pay m ore for clim ate ch ange

m itigation.
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8.  A Generalization:  Dem and for Clim ate Services

One of th e generalizations proposed in th e th eory section can be exam ined in a crude fas h ion

w ith  th e s e  lim ited data.  In lieu of E*[w ] and Var*[w ], th e m om ents of th e anticipated distribution of

future annual average tem perature s, w e cons ider substituting each  re spondent's as s e s sm ent of th e

future levels and variances of an array of clim ate services.  Table 7 displays four different

specifications of m odels for deriving option price s in term s of clim ate services.

In th e survey instrum ent, w e as k ed each  re spondent to speculate on th e lik ely effects of one

particular increase in average tem perature s, nam ely a 4 degree Fah renh e it increase.  Assum ing

linearity, w e th en apply th e ir be st gues s  about th is  effect to th e ir reported E*[w ].  Th e range of

clim ate services addressed included:  h eating costs (H EAT), air-conditioning costs (AIR), personal

com fort, food price s, s everity of storm s (SEVR), fre quency of storm s, fre quency of drough ts, w ater

consum ption (WATR), regional h ous ing price s, s ea levels, tropical disease s , th e w elfare of th e

poore st 50% of US re s idents, and th e w elfare of th e poorest 50% of th e w orld's population (EQW L).

 W e attem pted to elicit enough  inform ation to construct no only expected values, but also anticipated

"variances" in th e future levels of th e s e s ervices.22

Despite th e variability in E*[w ] acros s  re spondents, individuals' as s e s sm ents of th e effects on

different clim ate services of a 4 degree Fah renh e it increase in tem perature s are rath er collinear. 

Neverth eles s , a num ber of s ignificant effects are revealed in Table 7.

Since th e sam ple w as collected in Los Angeles, air-conditioning expenses are probably a m ore

salient cons ideration th an h eating costs, alth ough  m ost m odern h om es are h eated during th e w inter

season, at least at nigh t.  Th e scope effect in term s of expected h eating cost increase s  avoided by

m itigation is  larger for fem ales th an for m ales.

                    
    22 Table 7 includes a dum m y variable for "Non-zero Var?" w h ich  tak e s  on a value of 1 if th e  re spondent
offered a range of values  for th e  future  level of at least one  clim ate s e rvice .  Th is confirm s th at th ey understood th e
opportunity to expre s s  uncertainty.  W e do not w ish  to confound failure  to understand th e  survey instructions w ith
perfect certainty about clim ate s e rvice s .  Th is m eans th at th e  coefficients on any variance term s are  conditional on
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Th e scope effect w ith  re spect to h igh er air conditioning costs is positive, but th is  scope effect

varies directly w ith  th e re spondents' subjective inform edness about environm ental is sue s . Th e m ore

severe th e storm s th at are expected to be avoided by m itigation, th e m ore w illing is  th e re spondent, on

average, to support m itigation policie s .

If som e variance in th e increase in anticipated h eating costs (w ith out m itigation) w as expres sed

by th e re spondent, greater variance (uncertainty) increase s  support for clim ate ch ange m itigation

policie s .  In contrast, greater variance (uncertainty) about air conditioning costs reduces support for

clim ate ch ange m itigation.  Th e se effects are m ore strongly revealed in th e Fall 19 9 7 subsam ple,

w h ich  w as collected at th e end of a h eat w ave.

Uncertainty about th e effects of clim ate ch ange on w ater consum ption appears to h ave a

s ignificant negative effect on support for m itigation policie s  for fem ales.  In contrast, uncertainty

about th e effects of clim ate ch ange on w orld distributional e quity appears to h ave a pos itive effect on

support for clim ate ch ange m itigation m easures am ong fem ales.

Th e m odels in Tables 6 and 8 are not nested, so no form al h ypoth e s is  te sting can be

perform ed. But it is  intere sting to note th at th e m axim ized values of th e log-lik elih ood functions in

Table 8 seem s to be h igh er th an th e m odels of rough ly corre sponding com plexity in Table 6.  Non-

nested tests w ill certainly be indicated w ith  rich er data sets.

9 .  Conclusions and Directions for Future Re s earch

Due to th e sm all convenience sam ple used for th e em pirical exercise in th is  study, th e findings

from  th e analysis of th is  survey are not conclusive.  Th ey are, h ow ever, very th ough t-provok ing.  Th e

is sue of h ow  individuals process th e disparate inform ation th ey rece ive concerning clim ate ch ange h as

not been addressed before, and it w ill be a k ey political is sue over th e next few  years.  People do not

                                                                      
th e  re spondent h aving expres s ed nonzero variance in at least one  case .
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appear to be Bayesian in th is  m atter.  Th e jointly estim ated system atically varying param eters m odels

for th e m ean and variance of future average tem perature s reveals beh avior patterns th at seem

intuitively plausible.  W ith  a sam ple th at is  representative of th e broader population, rich er m odels

could undoubtedly be supported.

Th e derivation of a s im ple but rigorous m odel of th e th eoretic underpinnings of a referendum

discrete ch oice m odel for clim ate ch ange m itigation is  also im portant.  Option price s h ave been argued

to be th e correct th eoretical construct for cost-benefit analysis of public policie s  under uncertainty.  A

s im ple state-preference m odel w ith  a w ell-defined indirect utility function is  s h ow n in th is paper to

lead to a convenient em pirical specification for use w ith  re spondent's subjective as s e s sm ents of th e

expected value and variance of future clim ate conditions.  Th is degree of rigor allow s th e e stim ated

m odel to be solved for th e th eoretically appropriate valuation construct.  Th e specifications th at can be

supported w ith  th e current data are adm ittedly rudim entary.  R ich er data w ill allow  m ore elaborate

(and realistic) m odels in th e sam e spirit.

W h erever th e e stim ated param eters of our option price m odels are statistically significant (or

m igh t approach  s ignificance in larger sam ples), m any of th e ir s igns are plausible.   Know ledge of th e

nature of h eterogeneity in preferences w ith  re spect to clim ate ch ange m itigation w ill be a very

im portant cons ideration in th e politics of "selling" (or derailing) clim ate ch ange m itigation policie s .

W e h ave found persuas ive evidence, even in th is  sm all sam ple, th at th e scope of clim ate

ch ange in th e absence of m itigation m ak e s  a statistically significant difference in individuals'

w illingnes s  to pay for m itigation.  Th is  is  an expected and satisfying re sult.  Greater clim ate

uncertainty also seem s to reduce people’s w illingnes s  to incur th e costs of clim ate ch ange m itigation. 

Re solving th e role of uncertainty about future clim ate in determ ining th e strength  of support for

clim ate ch ange policie s  s h ould be an im portant item  on th e re s earch  agenda.  Th e re sults in th is paper

suggest th at, for any group th at is  trying to lim it support for clim ate ch ange m itigation, a cam paign to

am plify uncertainty about future clim ate conditions w ill lead to reduced support for m itigation
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policie s .

Th is paper h as also reported on an alternative view  of w h at drives W TP for clim ate ch ange

m itigation.  If clim ate services, rath er th an clim ate itself, enter into th e utility function, different

em pirical specifications are appropriate.  W e h ave dem onstrated th at m odels in term s of clim ate

services are potentially viable.

Th e next ph ase of th is  re s earch  program  cons ists of an on-line (W orld W ide W eb) enh anced

vers ion of th e classroom  surveys used to generate th e data analyzed in th is paper.  (A prototype

vers ion of th e survey, w h ich  is  still under developm ent, can be found at th e URL

http://www.sscnet.ucla.edu/ssc/labs/cameron/ClimateSurvey.html.  Th e

softw are h as been developed w ith  th e valuable as s istance of Geoffrey Gerdes.)  By surveying

"classroom  sam ples" at oth er univers itie s  in North  A m e rica and possibly around th e w orld, w e can get

a better s ense of h ow  W TP for clim ate ch ange m itigation varie s  w ith  regional clim ate, w ith  variation

in survey-date w eath er conditions, w ith  differences in fields of study am ong th e s e students, and acros s

univers itie s  and countrie s .  W e are w ork ing on a survey instrum ent th at w ill eventually be offered in

different languages (initially just Englis h , French , and Spanis h ), and w ith  link s  to local h istorical

clim ate data and currency convers ion softw are.  Sam ples w ill be collected in collaboration w ith

faculty corre spondents at oth er univers itie s , so th at inform ation can be gleaned from  th e s e faculty

about th e nature of each  student population from  w h ich  re spondents are recruited.  Th is  inform ation

w ill be critical to th e process of m odelling sam ple selectivity.23

Online surveys are very prom is ing for th e interm ediate ph ase s  of survey developm ent.  W orld

W ide W eb acces s  is not yet sufficiently universal to allow  for representative sam ples, but a great deal

                    
23 Anyone intere sted in h aving students at th e ir institution participate in th is survey is invited to contact th e  auth or at
tcam eron@econ.ucla.edu.  W e are  m ost intere sted in large class e s  of students in cours e s  th at do not h ave environm ental
econom ics specifically as th e ir m ain subject m atter (to avoid h aving sam ples biased in favor of environm ental cause s). 
Corre sponding faculty w ill h ave acce s s  to th e  full data s et collected as part of th e  study.  W e plan to h ave th e  online
survey rem ain open for s everal years.   At intervals, different m odules of q ue stions m ay be appended to th e  m ain survey
instrum ent to allow  for a variety of studies.  It is h oped th at th is online survey w ill becom e a data re source  for m any
re s earch e rs .



36

can be learned about th e variety of preferences in som e w ell-defined subpopulations.  Teleph one

surveys w ere unreliable in th e 19 30s due to insufficient m ark et penetration, but th ey are now  w idely

em ployed to good effect.  It m ay be a decade or m ore before  Web  acces s  is  sufficiently universal to

m ak e it a useful m edium  for survey re s earch .  In th e m eantim e, th ere is  m uch  to be learned about th e

special capabilitie s  of W eb-based surveys th at m ak e th em  very attractive for re s earch .
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APPENDIX

Oth er Generalizations to Consider

a.  Uncertainty About w 1 As  W ell As  w 0

Th e bas ic m odel described above as sum es th at all of th e uncertainty about th e future state of

th e environm ent, if m itigation is not pursued, can be reduced to a distribution on a s ingle variable,

w 0--future environm ental q uality in th e absence of m itigation efforts.  Th e first logical extension is to

adm it th at individuals m ay also be uncertain about future environm ental q uality if protection policie s

are in fact im plem ented.  It is  lik ely th at w 1 is  also uncertain.  H ow  does th e m odel ch ange if one

allow s for subjective uncertainty about th e level of w 1 as w ell as w 0?  Th e uncertainty can now  be

ch aracterized as th e individual's joint revised distribution f*(w 1,w 0).

Th e analogous form ula for th e expected utility-difference in e quation (13) now  involves

additional data for E*[w 1] and Var*[w 1]--th e oth er m arginal m om ents of th e individual's revised

subjective joint distribution for w 1 and w 0.  To allow  for state-dependent preferences, th e indirect

utility function again varies system atically w ith  th e realizations of th e uncertainty (now  for both  w 1

and w 0).  Th e e stim ating specification now  tak e s  th e form :

(A1) Ew 0[V
1 - V0] = β0 log[(Y - t)/Y]

                +  δ0 {E*[w 1] - E*[w 0]} +  δ1 {Var*[w 1] - Var*[w 0]} + ε.

Analogous to th e s im pler case, param eters to be estim ated are again th e scalars (or vectors) β0, δ0, and

δ1.  M ore-elaborate form ulations of th e bas ic indirect utility function can neces s itate using

Cov[w 1,w 0], but th is  s im ple specification in e quation (8) avoids th is  re quirem ent.  Of course, if w 1

and w 0 are as sum ed independent in th e m ind of th e re spondent, Cov*[w 1,w 0] = 0 can be as sum ed. 

To im plem ent m any of th e rich er m odels, it w ill be neces sary to elicit from  each  re spondent

th e extent to w h ich  th e tw o future outcom es, w 1 and w 0, are correlated.  Since som e m easure of
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correlation is probably eas ier to elicit th at th e concept of covariance, one could replace Cov*(w 1,w 0)

w ith  th e product of th e individual's correlation and th e tw o relevant standard deviations.

To elicit correlations, it w ould be neces sary to craft very carefully an introduction to th e idea

of joint variability.  One m igh t th en sh ow  th e re spondent a num ber of representative scatters of points

in (w 1,w 0)- space w ith  degrees of correlation varying betw een -1 and + 1 (alth ough  negative

correlations m ay not be relevant).  Th e se scattergram s could be arrayed along a line indexed from  -1

to + 1, and re spondents could th en be as k ed to m ark  a point on th e line th at indicates w h ich  degree of

correlation look s m ost plausible to th em .

If th e concept of correlation cannot be conveyed, th is  factor could be as s e s s  qualitatively.  For

exam ple, it m igh t only be establis h ed th at correlation is positive or negative, and th en h igh , m edium ,

or low .  It w ould be neces sary to describe in w ords th e interpretation of correlation.  Re spondents

could be as k ed w h eth er th ey w ould expect underlying factors to drive both  tem perature s h igh er or

low er, regardles s of w h eth er m itigation is pursued (leading to pos itive correlation).  O r, th ey m igh t be

inform ed th at m itigation could be m ore or les s  effective th an anticipated, and at th e sam e tim e, th e

cons e quences of no m itigation could be better or w orse th an anticipated (so th at a zero correlation

could be plausible).

b.  Unce rtainty About Costs  (and Oth e r Variable s )

Th e s im ple m odel w e h ave used in th is paper m ak e s  use only of th e uncertainty in th e future

clim ate variable.  Th e real decis ion context for individuals also involves uncertainty about future

incom e, th e prices of substitutes and com plem ents in th e future, and about th e true opportunity costs

of th e clim ate ch ange m itigation program s th at are being proposed.  Th e se additional sources of

uncertainty could be incorporated into th e m odel.

c.  Multiple Dim ensions of "Clim ate"

In reality, clim ate is  ch aracterized by m any correlated variables.  Global clim ate ch ange m ay
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s im ultane ously affect th e levels of such  typically recorded variables as w inter and sum m er

tem peratures, h um idity, w ind speed and direction, h eating and cooling degree days, percent sunsh ine,

precipitation (rain and snow ), expected frost dates, and so on.  It is probably not feas ible w ith  current

tech nologie s  to convey to re spondents (or to elicit from  th em ) a forecasted joint distribution for m ore

th an tw o variables if th e s e variables are correlated. 

One can eas ily generalize th e bas ic m odel, w h ich  h as uncertainty only in th e absence off

m itigation, to th e case w ith  tw o potentially correlated m easures of environm ental q uality.  Suppose

th e s econd q uality variable is  z, w h ich  tak e s  on th e value z1 w ith  certainty if th ere is  m itigation, and

th e uncertain level z0 in th e absence of m itigation.  Th e individual relevant joint distribution w ill be

f*(w 0,z0), and th e survey w ould need to elicit expected values, variances, and (pos s ibly) correlations

for both  w 0 and z0.  Th e e stim ating specification for th e binary probit m odel th at allow s option price

to be calculated w ould th en be:

(A2) Ew 0[V
1 - V0] = β0 log[(Y - t)/Y]

                +  δ0 {w 1 - E*[w 0]} +  δ1 { - Var*[w 0]}

                +  θ0 {z1 - E*[z0]} +  θ1 { - Var*[z0]} + ε.

R ich er specifications of th e bas ic underlying indirect utility function m ay require covariances

betw een w 0 and z0.  Once again, correlations, rath er th an covariances, s h ould probably be elicited.  In

th e distributional updating portion of th e m odel, th e four (or five) m om ents of th e joint distribution of

w 0 and z0 w ould need to be m odelled.  

d.  Uncertainty about Trajectories of Environm ental Quality

Th e m odels described in th is paper h ave been developed on th e as sum ption th at it is  lik ely to

be eas ie st to elicit from  individuals a description about th e ir uncertainty about clim ate ch aracteristics



42

at som e point in th e future (I h ave used "2011-2020" as an exam ple).  People are probably as sum ing

th at if clim ate variables ch ange, th ey are unlik ely to do so precipitously, eith er in th e near or distant

future.  Instead, clim ate ch aracteristics are lik ely to ch ange fairly sm ooth ly in m any case s , m uch  as

som e of th em  appear to h ave been doing in recent years.

It is  lik ely, th erefore, th at individuals h arbor uncertainty not about clim ate ch aracteristics at

specific points in th e future, but about rates of ch ange of clim ate ch aracteristics.  H ow ever, if th e

re s earch er is  w illing to im pose strong as sum ptions about th e functional form  of th e trajectory of som e

k ey clim ate variable, uncertainty about th e value of th e variable at a s ingle future point in tim e w ould

readily m ap into uncertainty about th e rate of ch ange of th at variable.  Suppose w e are cons idering an

anticipated w arm ing trend--increase s  in m ean sum m er tem perature.  Subject to th e as sum ption of a

sm ooth  trajectory, a re spondent's answ er to th e  que stion about conditions in "2011-2020" w ould

translate into a corre sponding distribution on grow th  rates for th is  m ean tem perature.  Th e scenario

w ith  m itigation w ould corre spond to a certain zero grow th  rate in m ean tem peratures.

e . Oth e r Continge nt Valuationn Form ats

Referendum  contingent valuation surveys are generally th ough t to provok e th e few est strategic

distortions and to m im ic m ost closely a type of policy ch oice w ith  w h ich  m any individuals w ill be

fam iliar.24  H ow ever, th ey are a statistically inefficient w ay of gath ering non-m ark et value

inform ation.  In im plem enting a survey lik e th e one described h ere, th e re s earch  m igh t contem plate

supplem enting a core sam ple of referendum -based survey re spondents w ith  oth er sam ples th at are

"treated" w ith  open-ended valuation q uestions or paym ent-card value-elicitation devices.  It is possible

to m ak e th e re sponse s  to such  alternative treatm ents conform able w ith  th e data generated from  a

referendum  survey. 

Th e point values from  an open-ended q uestion, or th e interval values from  a paym ent-card

q uestion, could be explained using th e (very nonlinear) form ula for OP appearing in e quation (15). 
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Alternately, since incom e Y is  cons idered exogenous, th e "dependent" variable could be specified as:

(A3) log[(Y - OP)/Y] =  -A/B +  ε/B

w h ere, again, B = β0 and  A = δ0{w 1-E*[w 0]} +  δ1{-Var*[w 0]}.   Th e error term  ε s h ould  be th e

sam e error th at enters into th e probit form ula in th e bas ic m odel (in standardized form ).  It w ill be

im portant to accom m odate during estim ation th e fact th at th e effective error in e quation (A3), ε/B,

w ill be intrins ically h eteroscedastic if B is  a system atic varying param eter (i.e. a function of th e

re spondent's data, rath er th an s im ply β0).

Th e referendum  contingent valuation data could be pooled w ith  valuation data elicited using

alternative form ats.  Com m on param eters can be constrained to be identical and estim ated in th e

context of a s ingle encom pass ing specification.

f.  Oth er Functional Form s for th e Indirect Utility Function

Th e functional form  used to illustrate th is  m odel is  still very re strictive.  It h as th e advantage

th at th e expectation of option price E{OP} is easy to calculate w h en th e log of incom e is used.  Th e

linearity in param eters of th e function h  also allow s th e option price portion of th e m odel to be

e stim ated using conventional pack aged m axim um  lik elih ood binary probit algorith m s if th e tw o-stage

e stim ation m eth od is em ployed.  If th e re s earch er is prepared to program  non-linear index functions

for a probit m odel, th e possibilitie s  for th e functions g and h  are diverse. 

                                                                      
24 Carson, M ach ina and Groves…
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Table 1

De scriptive Statistics  for Com plete Estim ating Sam ple (n = 39 2)
___________________________________________________________________________________________________

VARIABLE DESCRIPTION     MEAN STD. DEV
___________________________________________________________________________________________________

Distributions of future  annual m e an te m pe rature : (degrees Fah renh e it)

E[w ]ow n Native subjective m ean tem p.                   66.35 3.10
E[w ]gov "Governm ent Scientists" m ean tem p. 66.01 0.50
E[w ]env "Environm ental Groups" m ean tem p. 67.9 9  1.50
E*[w ] Revised subjective m ean tem p. 66.53  1.75

Var[w ]ow n Native subjective tem p. variance 2.46  3.55
Var[w ]gov "Governm ent Scientists" tem p. variance 1.04 0.79
Var[w ]env "Environm ental Groups" tem p. variance 3.62  3.28
Var*[w ] Revised subjective tem p. variance 2.17  2.37

Incom e s , Cost, and Vote :

Y2005 Expected incom e in 2005                         6289 5.  31722.
Y2020 Expected incom e in 2020 102030. 38424.

t Month ly cost of policie s  59 .40  48.9 6
W TP? Vote for policie s? (1=yes, 0=no) 0.74 0.44

R e s ponde nt Attribute s :

AGE Age of re spondent                                    19 .9 8    2.39 7  
FEM Gender (1=fem ale, 0=m ale) 0.4821 

INFORM Inform edness about env. (1-7 scale)               4.207   1.331 
CONSRV Conservativism  (1-7 scale)  4.018    1.180 

IMMOBILE Lik elih ood of living in sam e  region (1-7 scale)  4.202    1.740 
RES. BIAS Perce ived bias of survey for policy (1-7 scale)  5.287    1.133 

 FALL97 Mem bers h ip in Fall 19 9 7 subsam ple 0.6327

Expe cte d ch ange  in clim ate  s e rvice s  for 4 de gre e  Fah re nh e it te m p incre as e :

H EAT4 H eating expense s                                     -0.6252      0.8887  
AIR4 Air-conditioning expense s    1.084       1.072  

COMF4 Personal com fort -0.3019       0.9 617  
FOOD4 Food price s  0.5233      0.9 073  
SEVR4 Severity of storm s  0.4140      0.9 543  
FREQ4 Fre quency of storm s  0.3262      0.9 49 5  
WATR4 W ater consum ption   1.178       1.088  
H OUS4 H ousing price s  0.2416      0.8067 

SEA4 Sea levels  0.1586       1.244  
TROP4 Tropical diseas e s  0.5858      0.8411  

*DROU4 Fre quency of drough ts  0.9 262       1.09 6  
*EQUS4 W elfare  of poore st 50% of US re s idents -0.19 9 2      0.8777  
*EQW L4 W elfare  of poore st 50% of w orld's population -0.3539        1.149   

___________________________________________________________________________________________________

* Pre s ent only for Version 4 of th e  Survey Trials.
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                                                              Table 2
                                      Test of Bayesian Updating in Form ulation of
                     R evised Sujective Distribution of Future Annual Average Tem perature s
                                                              (n = 39 2)
___________________________________________________________________________________

VARIABLE E*[w ] (Var*[w ])-1
_________________________ _________________________

ow n-term    1.138      1.002      0.7740      0.7664
(14.65)**  (29 9 .7)     (36.31)**   (36.65)**

                                                                                                                                                         
                        

gov-term    1.151      1.016      0.04635     -0.02054
(14.9 8)**  (39 4.3)     (0.80)   (-0.48)

                                                                                                                                                         
                        

env-term    1.122      0.9 89 1     0.1033      -0.02052
(14.81)**  (200.6)     (0.80)   (-0.19 ) 

                                                           
constant    -8.9 48 -  -0.2857 -

(-1.760)                     (-1.72)   
     

___________________________________________________________________________________

H 0:  Bayesian? 0.00000 0.00000 0.00000 0.00000
(F-te st P-value)
___________________________________________________________________________________

NOTE:  Let D = (Var[w ]ow n)-1 +  (Var[w ]gov)-1 +  (Var[w ]env)-1.  Th en th e  e stim ated equations are :

E*[w ] = α0 +  α1 E[w ]ow n/(D*Var[w ]ow n) +  α2 E[w ]gov/(D*Var[w ]gov) +  α3 E[w ]env/(D*Var[w ]env) +  εE

(Var*[w ])-1 = β0 +  β1 (Var[w ]ow n)-1 +  β2 (Var[w ]gov)-1 +  β3 (Var[w ]env)-1 +  εP.
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                                 Table 3
                                               Non-Bayesian Models to Explain
                               Revised Subjective Average Annual Tem perature (E*[w ])
                                                                              (n = 39 2)
___________________________________________________________________________________________________

VARIABLE MODEL 1 MODEL 2 MODEL 3 MODEL 4 MODEL 5
___________________________________________________________________________________________________

E[w ]ow n  0.329 1  0.329 1  0.329 1  0.1252  0.1207
(14.67)** (14.9 0)** (14.9 1)** (3.62) (3.45)**

    
E[w ]gov  0.4577  0.4577  0.4673  7.658  7.772

(3.29 )** (9 .45)** (14.20)** (7.83) (7.81)**
    

E[w ]env  0.2128  0.2128  0.2036  -7.000  -7.018
(4.59 )** (4.88)** (7.41)** (-7.20) (-7.15)**
  

E[w ]ow n*E[w ]gov-E[w ]env - - -  0.1087  0.1085
 (7.43) (7.32)**

                                          
Var[w ]ow n - - - -  0.03022

  (1.19 )
                    

Var[w ]gov - - - -  -0.1418
  (-1.42)

                    
Var[w ]env - - - -  0.029 60

  (0.9 9 )
                    
Var[w ]ow n*Var[w ]gov-Var[w ]env    - - - -  -0.003645 

  (-0.66)
                    
CONSTANT  -0.0029 10 - -  14.33  8.357

(-0.0002)  (1.51) (0.74)  
___________________________________________________________________________________________________

R-Squared 0.3887 0.3887 0.4648 0.4703 0.55

P-value (F-te st of Re str.) - 0.9 9 9 8 0.9 642 - -
___________________________________________________________________________________________________

a H 0: Slopes  in M odel 1a sum  to unity.    
b H 0: M odel 2 (zero intercept, slopes  sum  to unity) is true  m odel (versus  Model 1).
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                                                                  Table 4

        Non-Bayesian M odels to Explain Revised Subjective Variance in Annual Tem perature  (Var*[w ])
(n = 39 2)

_______________________________________________________________________________________

VARIABLE MODEL 1 MODEL 2 MODEL 3
_______________________________________________________________________________________

Var[w ]ow n    0.4043         0.4079 0.4056
(16.78)**      (17.82)** (16.75)**

                                             
Var[w ]gov    0.1848         0.219 0 0.1456

(1.71)       (2.67) (1.20)
                                             

Var[w ]env    0.2451         0.2521 0.3169
(9 .38)**       (11.55)** (3.06)**

Var[w ]ow n*Var[w ]gov-Var[w ]env   - - -0.07829
(-0.72)

CONSTANT    0.089 19    - 0.09 335
(0.49 )    (0.51)

_______________________________________________________________________________________

R-Squared 0.49 43 0.49 40 0.49 47

P-value for F-te st 0.19 56 0.0817 -
of Re strictions*
_______________________________________________________________________________________

* Re striction th at intercept to zero and coefficients to sum  to unity cannot be rejected.
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                                                                Table 5 
                     Sim ultaneous Nonlinear Least Sq uare s  Model w ith  Am biguity Effects
                      E*[w ] and Var*[w ] Each  a W e igh ted Average of O w n, Governm ent,
                                    and Environm ental Group M om ents (n = 39 2)
______________________________________________________________________________________

VARIABLE γgov γenv δgov δenv

______________________________________________________________________________________

"am biguity" κE = 0.006383 κV = 0.02566
(2.57)** (1.73)*

constant  1.854   2.254   19 .18  12.9 1
(2.9 5)** (2.38)**  (6.02)** (4.43)**

                   
AGE    -  -  -0.8237  -0.6043

   (-5.9 3)** (-4.62)**
                    

FEMALE  0.4264  0.89 44  0.8169   0.9 9 81
(1.71)* (2.76)** (3.41)** (4.23)**

                    
INFORM - - - -

   
                             

CONSRV -  -0.309 1  -0.29 20  -
   (-2.50)** (-3.47)**

                              
IMMOBILE  0.2340 -  0.1149  -

(2.70)**  (1.89 )*
                              

RES.BIAS  -0.4237  -0.2741  -  -
(-4.08)** (-1.9 0)*  

                              
FALL'9 7  -  -  -3.408  -2.562

   (-6.57)** (-4.66)**
_______________________________________________________________________________________

E*[w ] = (1 +  κE |E[w ]gov - E[w ]env]|) [(1 +  κE |E[w ]gov - E[w ]env]|) +  exp(γgov) +  exp(γenv)]-1 E[w ]ow n 
                                     +  exp(γgov) [(1 +  κE |E[w ]gov - E[w ]env]|) +  exp(γgov) +  exp(γenv)]-1 E[w ]gov 
                                     +  exp(γenv) [(1 +  κE |E[w ]gov - E[w ]env]|) +  exp(γgov) +  exp(γenv)]-1 E[w ]env +  eE

V*[w ] =(1 +  κV |V[w ]gov - V[w ]env]|) [(1 +  κV |V[w ]gov - V[w ]env]|) +  exp(δgov) +  exp(δenv)]-1 V[w ]ow n 
                                     +  exp(δgov) [(1 +  κV |V[w ]gov - V[w ]env]|) +  exp(δgov) +  exp(δenv)]-1 V[w ]gov 
                                     +  exp(δenv) [(1 +  κV |V[w ]gov - V[w ]env]|) +  exp(δgov) +  exp(δenv)]-1 V[w ]env +  eV

Each  of th e  four param eters, γgov, γenv, δgov, and δenv are system atically varying.  Th e  param eters  κE and κV capture  th e  "am biguity"
effect.  If th e  κ param eter is  positive in a particular e quation, greater disparitie s betw e e n th e  opinions  of th e  tw o outside sources
w ill increas e  th e  w e igh t on th e  individual's ow n prior opinion.
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                              Table 6
                 Constant Param eter and System atic Varying Param eter Specifications
                                 for th e Indirect Utility-D ifference Function:
                                          (n = 39 2; n(1)=29 1, n(0)=101)

_________________________________________________________________________

Model 1 Model 2 Model 3 Model 4 Model 5 Model 6
_________________________________________________________________________

 CONSTANT  -2.722  -3.524  -3.545  -4.300  -1.9 10  -2.68
 (-1.05) (-1.30) (-1.28) (-1.53) (-0.67) (-0.9 2)
       log[(Y-t)/Y]  20.71  20.9 8  27.40  26.40  -142.2  -139 .7
 (4.32)** (4.36)** (3.9 6)** (3.76)** (-2.33)** (-2.31)**
    log[(Y-t)/Y]*AGE - - - -  7.318  7.118
  (2.43)** (2.39 )**
   log[(Y-t)/Y]*FEMALE - -  -12.57  -11.79  - -
  (-1.31) (-1.22)
   log[(Y-t)/Y]*IMMOBILE - - - -  4.73  4.9 0
  (1.9 0)* (1.9 6)**
    E*[w ]  0.05550  0.06873  0.07189   0.089 83  0.004644  0.02731
 (1.42) (1.68)* (1.71)* (2.09 )** (0.10) (0.57)
       E*[w ]*AGE - - - -  0.002066  0.0019 18
  (2.27)** (2.06)**
    E*[w ]*FEMALE - -  -0.006259   -0.01384 -  -0.009 770
  (-1.66)* (-2.85)**  (-2.42)**
     E*[w ]*FALL97 - - -  -0.009 731 -  -0.009 105

 (-2.76)**  (-2.47)**
   E*[w ]*FEMALE*FALL97 - - -  0.01173 -  0.01237

  (2.49 )**  (2.58)**
     E*[w ]*INFORM - - - -  0.001473  0.001271
  (1.76)* (1.49 )
    E*[w ]*CONSERV - - - -  -0.001817  -0.0019 00
  (-1.9 1)* (-1.9 6)**
    Var*[w ] -  -0.03366  -0.05551  -0.05233  -0.1565  -0.1726

(-1.12) (-1.47) (-1.37) (-2.14)** (-2.30)**
     Var*[w ]*FEMALE - -  0.059 38  0.04654 - -
  (0.9 4) (0.73) 
  Var*[w ]*IMMOBILE - - - -  0.03680  0.04025
  (1.9 1)* (2.06)**

_______________________________________________________________________________________________________________

M ax Log L -213.25 -212.61 -211.16 -206.88 -202.77 -19 8.75
_______________________________________________________________________________________________________________
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                                                                    Table 7 

                                                        Counterfactual Sim ulations
                         De scriptive Statistics Acros s  Sam ple for Fitted Individual Option Price s
_________________________________________________________________________________________

SIMULATION Sam ple Sam ple Med ian
Mean Std.dev. Value

_________________________________________________________________________________________

Be nch m ark  Inform ation:

Fitted Expected OP 268 334 19 4
Month ly Expected Incom e $ 5241 $ 2644 $ 5208

Sim ulations re garding DGP for E*[w ]:

Z e ro w e igh t on ENV opinion 272 357 189
Z e ro w e igh t on GOV opinion 270 350 203

Diffe re nt sociode m ograph ics or attitude s :

All 4 years older 162  9 8 138
One unit m ore  inform ed 29 1 351 209
One unit m ore  conservative 229 302 170
One unit m ore  m obile 271 272 19 6

Diffe re nt opinions about future  clim ate :

Certainty about future  clim ate (Var*[w ]=0) 300 452 201
All believe exactly + 1oC 271 362 188
All believe exactly + 2oC 303 418 208

Ge nde r e ffe cts:

All fem ale (sam e  oth e r ch aracteristics) 268 327 19 3
All m ale (sam e  oth e r ch aracteristics) 283 357 207

Tim ing of Surve y:

All W inter/Spring 19 9 7 (sam e  oth e rw ise) 328 427 225
All Fall 19 9 7 (sam e  oth e rw ise) 236 206 186

_________________________________________________________________________________________

NOTES:  Sim ulations are  of th ree basic varietie s :  (i.) alter th e  w e igh ts on external inform ation exogenously;
(ii.) alter th e  w e igh ts on th e  external inform ation via ch ange s  in th e  variables th at system atically affect th e
m agnitudes of th e  w e igh ts; and (iii.) alter th e dem ograph ics th at enter directly into th e  Option Price  m odel. 
W h en th e  sam e  variables  enter both  th e  updating m odel for E*[w ] and Var*[w ] and th e  Option Price  m odel,
th e  s im ulations m ust capture both  effects.
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                                                             Table 8 

               Constant Param eter and System atic Varying Param eter Specifications
          for th e Indirect Utility-D ifference Function; Model in term s of clim ate  s e rvice s
                                             (n=39 2; n(1)=29 1, n(0)=101)
______________________________________________________________________________________________________________________

M odel 1 M odel 2 M odel 3 M odel 4
______________________________________________________________________________________________________________________

CONSTANT  0.4539  0.3238  0.3080  0.1528
(0.89 ) (0.59 9 6) (0.57) (0.27)
  

log[(Y-t)/Y]  20.9 7 19 .62  19 .23  18.9 6
(4.24)** (3.86)** (3.75)** (3.66)**
  

Version 4  0.05875 0.0569 7  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) (-0.9 8) (0.40)
  

E[H EAT]*FEMALE - 0.4835  0.9 9 75  0.3636
 (2.82)** (2.17)** (1.85)*
  

E[H EAT]*FALL97 - -  0.49 34 -
  (1.14) 
   

E[H EAT]*FEMALE - -  -0.7041 -
*FALL97   (-1.24) 

   
E[AIR]  0.4322 0.3164  0.2878  -0.003300

(3.47)** (0.9 5) (0.65) (-0.01)
  

E[AIR]*FEMALE - -  0.1161 -
  (0.27) 
   

E[AIR]*FALL97 - -  -0.04471 -
  (-0.12) 
   

E[AIR]*FEMALE*FALL97 - -  -0.08636 -
  (-0.172) 
   

E[AIR]*INFORM - 0.129 2  0.1362  0.1044
 (2.60)** (2.67)** (2.02)**
  

E[AIR]*CONSERV - -0.09 566  -0.089 60 -
 (-1.60)* (-1.49 ) 
  

E[SEVR]  0.2462 0.2353  0.2435  0.2789
(2.84)** (2.68)** (2.65)** (3.05)**
  

                                                                                                                                                                                   continued...
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Table 8, continued

Non-zero Var?  0.1838 0.2366  0.2088  0.379 6
(0.38) (0.48) (0.42) (0.72)
  

Var[H EAT]  0.89 58 -0.4886  -0.5708  -0.1508
(2.52)** (-0.62) (-0.63) (-0.19 )
  

Var[H EAT]*FALL97 - 1.638  1.740  1.567
 (1.88)* (1.69 )* (1.72)*
  

Var[AIR]  -0.619 9  1.005  0.79 15  1.102
(-2.71)** (1.28) (0.87) (1.36)

  
Var[AIR]*FALL97 - -1.753  -1.562  -1.432

 (-2.25)** (-1.62)* (-1.79 )*
 

Var[WATR] - - -  0.119 5
  (0.28)
  

Var[WATR]*FEMALE - - -  -0.7510
  (-1.66)*
  

Var[EQW L] - - -  -0.59 15
  (-1.54)
  

Var[EQW L]*FEMALE - - -  1.880
 (2.62)**

______________________________________________________________________________________________________________________

Log _ -19 8.18 -186.89 -185.06 -182.22
______________________________________________________________________________________________________________________

Th e re  is som e  evidence of m ulticollinearity am ong perce ived ch ange s  in clim ate  s e rvices.  If w e  w e re  to specify a m odel th at incorporated all expected
s e rvice  ch ange s  and all variance s  in s e rvice s  ch anges, it is constructive to as s e s s  m ulticollinearity by inspecting th e  R -squared value s  for regre s s ions  of each
of th e  follow ing variable s  on all of th e  oth e rs in th is list. Specifically, th e s e  R -squared value s  are: log[(Y-t)/Y]: 0.0782; version 4 dum m y: 0.2625;
E[H EAT]: 0.49 60; E[AIR]: 0.6665; E[COMF]: 0.19 45; E[FOOD]: 0.5117; E[SEVR]: 0.809 9; E[FREQ]: 0.7650; E[DROU]: 0.7501; E[WATR]: 0.7701;
E[H OUS]: 0.29 85; E[SEA]: 0.4056; E[TROP]: 0.6107; E[EQUS]: 0.6718; E[EQW L]: 0.69 25; nonzero variance dum m y: 0.0457; Var[H EAT]: 0.6148;
Var[AIR]: 0.79 63; Var[COMF]: 0.4845; Var[FOOD]: 0.679 0; Var[SEVR]: 0.6675; Var[FREQ]: 0.5476; Var[DROU]: 0.819 8; Var[WATR]: 0.8515;
Var[H OUS]: 0.3363; Var[SEA] : 0.5802; Var[TROP]: 0.6482; Var[EQUS]: 0.7202; Var[EQW L]: 0.7554.


