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ABSTRACT

In a world of incomplete markecs for envircnmental goods, ex ance
planned expenditures rather than ex post realized cutcomes explain tie values
individuals attach to these goods. We use the distance functicon to develop
restrictions from a model of ex ante consumer behavior involving these goods.
A contingent valuation approach is then employed to estimate policy-relevant
components of the ex ante economic values that recreationists attach to
differing subjective probabilities of alternative atmospheric visibilicy
levels at a wilderness lIccation and at an urban location jin Oregon. Marginal
valuations of probability changes are similar at the two sites. Marginal
rates of time preference for resolving uncertalnties vary between 10 and 50
percent and are inversely related ro education. Existence value averages 10
percent of total value, and evidence 1s mixed that site-specific values act as

surrogates for general environmental preferences.



L. INTRODUCTION

“Landscape perception and the impulse to preservation of
place 1s, perhaps, no more or less an authencic existencial act,
free of deterministic rationalism, undertaken as a way to dignify
a man and to make his surroundings more humane... In these
technologically parlous times, the Impulse born of aesthetic
perception and the fruitless search for Eden is, surely, absurd.
But it is authentically affirmative of life. What furcher
argumenc for landscape preservation is needed?” (Little, 1875,
50) '
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A search for an E£den in which nothing disturbs aesthecic and moral
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visions of nature may well be absurd. Nevertheless, in the United States,
1977 Clean Air Acrt Amendmencs (PL35-95, 91 Scat. 731) and cther environmencal
laws demand a public congcience which strives for something iess than Eden and
which Lnsists that the nothing less be rationalized. The Amendments demand
justifications for landscape preservation or restoration that offer mors
informaticn than c¢an entreatlies about existential acts authentlically
affirmacive of life.

If consumer sovereignty commands respect, public environmentsl controcl
authorities must Incorporate into policy decisions individuals’' preference
revelations for alternative environmental states., These revelations and their
consumer welfare implications can be measured either ex ante or ex postc. Tas
€x ante measure, the opticn price, 15 the compensation paid or received to
restore expecced urcility given a change in the expected environment. Expected
consumer’s surplus, the ex post measure, is the Marshallian or Hicksian
surplus evaluated after the true state of pnature 1ls revealed. Buchanan (1963)
and Helms (1985) demonstrate that the ex ante measure 1s the less rescrictlive
of the two since it caprures risk attitudes -- the precise factor of intceresc
when the exact environmencal conseguences of a policy cholce are uncertcain.

Therefore, in a world of incomplete markets rfor envircnmental geods, ex ante



planned expenditures rather than ex post realized cuctcomes explain Choice and
welfare.

An ex ante approach 1s especially appropriate when estimacing the value
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of atmospheric visibility in landscapes. Prospective visibilicy Ievs!
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inherently uncertain,.implying that individﬁals and policymakers musc sl
resources based on the perceived probability that a parcicular visibiiicy
state will occur at a particular time and.piace. Studies about the value of
visibility have apéeared feor at least fifreen years.! The seguence of
studies perhaps represents the most complete example of the evolution of
nonmarketed environmental good valuation technigques. Nevertheless, iey
examine rather restrictive problem dimensions relative to the choices
individuals and policymakers actually confronc. The sctochastic and che
intertemporal features of visibility changes have been totally neglecced, and
the physical and spatial features of the individual’'s decision preblsm fave
sometimes not been fully defined. Similar inattentions to important
dimensions of policy cholices are found throughout the nonmarketed goods
valuation literature. In this paper, we show that the contingent valuacion
method (C¥M) is easily made to fit the dimensions of policy choices,
dimensions that form nearly every epvirenmental good. In addiction, we provids
empirical Insights into the roles that each of these dimensions play Iin
individuals’ atmospheric visibility valuations.

We use CVM to construct four contingent claims marketsAin which the
physical, stochastic, spatial, and intertempcral properties of access to
visibility srates are varied. Our study builds upon previous ex ante
valuation studies (see for example Brockshire et al., 1983, and Desvousges =t

l1., 1987) of environmental goods in four key ways. First, we glicit the



individual’'s subjective prcobabilities of alternative visibility staces,
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thereby allowing his personal risk perceptions to influence his va
differing access contingencies. Previous studies provided each respondent
with a uniform “chjective” probability selected by the researchers and then
elicited valuaticons based én changés in this probability. These sarliisr
approaches did not recognize that différent people may have differenc
perceptions of the probability of an event.

Sgcond, we provide the first test of Kazaneman's (1936) ccnjeccure chat
site~specific values Iin CVM merely act as surrogate measures for general
environmental preferences. If Kahneman 1s correct, then site-specific
nonmarket valuation studies using CVM will not provide useful informaticn for
the specific amenity in guestion.

Third, we estimate marginal rates of time preference for Iimprcved
visibiliry. Finally, we supply estimares of the existence value of Improved
visibilicy.

The paper proceeds as follows. In the next section, we develop a model
of ex ance visibility valuation. Section j describes a CVM design consistent
with the ex ante valuation model. Empirical results are presented and
examined in Sectlion 4. The last section summarizes the paper and discusses

its breoader implications and limitations.

II. A MODEL

Below we use an explicit model of consumer behavior to develop
restriccions that subsSequently gulide the interpretation of our empirical
results, Specifically, we identify the paramsters of four Key dimensions of

value relevant to atmospheric visibility and other environmencal pelicy



decisions: option price, marginal rates of ctime preference, existence value,

and locacion value.

Definiticns and Assumptions. Consider an individual who.prac:ices a
two-stage budget allocation preocess. In stage one, he allocates his money
income and leisure time in a weakly separable fashion between.recreaﬁional
activities and all other commodities. In stage two, he allcocates his
recreatioconal budget, M, given a fixed, twice-differentiable, and guasi-ccncave
von Neumann-Morgenstern subutility function, U. Assume this individual
expects to derive utility from a vector of site-specific recreation
activities, x, a site-specific level of atmospheric visibility, Q, znd,

fellowing Smith (1987), a set of centingent claims, Z, defining the nonprice

terms under which access to a site will be available. HAiking, campling, and
travel to a site are examples of x-vector elements. The contingent claims arse
defined over the physical, stochastic, spatial, and intertemporal prcperties

of access. Let p represent the vector of excgenous money and time prices for
¥, where the elements of x are measured 1in terms of annual site-specific
participation or visit frequencies.

Furcher assume that the individual’'s total visits to all sites and thac
the sequencing and allocation of his total visits among sSites are invariantc.

Suppose that there exlists a finite, nonzero egullibrium price at walch & fixed

length specific site visic, %, k=1,...,n, would be made when x 1s a choice
variable.
Let Q be uncertain. Suppose that ¢, 1 = 1,...,n, represents

alternative visibility states. Because his rotal site visits and thel

allocation and sequence are invariant, @ 1s excgenous to the individual.



Let w.(A) be his subjective probability of state I occurring at sits x,
i 5

condictional on the ambient air pollution concentrations, A.

Finally, qﬁ is a freely and fully enforceable access c¢laim or contract

to a visibility state, Qi’ at a time j, 7 = 1,...,t, at a sirte x . Let Qm be

the normalized price for this access claim,.
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The Distance functicn. WIth the planned expenditure furccion o

(1985} and Smith (1987), the individual chocses an expendicure-minimizing
gquanctity of a contingent claim for a visibility state subject to a fixed
ex ante level of expected utility, V:

C(Bijk; x; pr Vs TI (A} ,---, WH(A); sz anJ
= min % % Lz px (2
. R T1jk ijk
lek 7 7 7
subject to V = § w U (x, Q., Z. ).
i1 ijk

where, given the Invariance of visits, 5(0) is the restricted cost cf ucil cy
or expenditure function for a given level of expected utiliry. This

expenditure funcrcion Is consistent with the dichotomous choice (yes/no)
approach used in some recent CVM studies, e.g., Hanemann (1984). The
individual is presented with a price, Biﬁ’ for a posited contingent claim,
and is then asked if he would purchase a particular quantity of che c-laim.

The expenditure function in (1} is not iImmediately translatablie,
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however, into the traditional CVM elicitation process, e.g., Brookshire g
(1983), where a gquanticy of an investigaror-suppllied contingent claim iz
described to the respondent and fe is then asked fto state fhe price he would
pay to secure Iit. A distance function, which Deaton (1%79) shows t3 D& the

dual of the expenditure Ffupction, accurately describes this version of the



decisiocn problem. Given that visits are nct a choice variable, we follow

Dearon (1979 and Pauwels (I1988) and define the restricted discance function,

5(0) as
(2, 0 X; Pi Vi T (A),0%0, % (A); Q,°%,0 )
=min £ LT B, 2., + px (2
B ik ik i1ik  1ijk

subject toiZ sz E(%jk ; ;; D} 9; wi(A); Qi) = I.

Pauwels (1988) shows that differentiation of the restricted discance function
with respect to a %k yields the restricted compensated inverse demand

function with marginal willingness to pay as a function of utility and the

3
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Given (2), we now examine the ex ante compensating surplus measurss of

value, the Qm,

for four contingent claims defining conditions of accsess ro
Q. (a) the value (opticon price) of changing the probability of securing &an
accegs claim to Q7 (b) the value (time preference) when an already secured

access claim to @ 1is delayed until the £h

time period; (c} the value that
remains (existence value) after removing an already secured access claim from
the choice set; and (d) the value added (locaricnal value) when an _already

secured access claim 1s extended Ffrom one site to a sec of k sites.

Option Price. For a specific site and ctime the individual‘ 's rescriccred

; ‘ - g I ; L
option price, 0P, for a change from 7 ,to w ,1in the probability of securing
i

an access claim to the ith visibility state (level) is
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0P is thus the change in planned expenditures on %ﬁ to ke allowed the
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staces,-5; is the average of the changes in planned expenditures thact must

be allowed Aim if he is to recover his initial expected utility level.® If
the individual’'s expected utility function is concave in the Q, Jensen’'s
inegquality Implies that EE will be greater than the income change rsguired ¢
was the average of the visibilicy states. The difference represents 2 risk
premium which incorporates risk attitudes and risk beliefs or percepcions.
The premium changes as the subjective probabilicy density functicn changes
(Helms, 1985).

Time Preference. The outcomes of programs to alter environmenzal

se
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amenities are not instantaneously realized and abandoned, nor are

alterations necessarily permanent. At a sSpeciflic site, the Individual values

A1

a delay from t = 1 to t = n, n > 1, In securing an access claim tc
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particular subjecrive probability, ff, of the M visibilicy level

(4

Estimation or DV, allows the individual’s marginal rate of time prefsrence to
be directly inferred using the appropriate present value and discounting

formulae.

Existence Value. Starting with Krutilla (1%67), economiscts have

repeatedly argued that an individual can value an amenity without ever using

B

it or planning to use it. Within our framewcrk, this implies rhat cia
individual would value some particular probability of provision of ¢ ac a

specific site and time even though any claim of access to this Q is



complerely removed from his choice set. Thus exigtence value, XV ., i3
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Location Yalue. Finally, we examine how ex ante valuations of an access

claim to { vary with the spatial coverage of the claim. Thus location value,

Ly, is
Lv dez X v o )
= ' X; pr Vi owog
i 117’ ;B A b
(5,
302 % op; Vioals 0.
l.jk, ’ _P; ’ "il i ’
where 7 15 the unicn of locations, k= 1,...,m. A small or zero magnitude for

LV, would be consistent with Kahneman’'s (1386, pp. 190-193} conjeccturs chat
site-specific value statements in contingent valuation experiments ars rsally

surrcgates for attitudes about environmental guality, broadly conceived.

ITr. THE CONTINGENT VALUATION EXPERIMENT

The Design. The Cv¥ questionnéire was built around computer-generaced
haze levels superimposed upon an 8 x 10 inch color photeograph of a vista from
a Central Oregon Cascades wilderness site and an 8 x 10 inch color phctograph
of a vista from a Portland, Oregon, urban park site. The Cascades images
depicted a hillrtop view toward heavily forested lesser hills, while the
Portland images represented the view of Mount Hcod obrained ioocking sast from
the hills lying Immediately to the west of the city’s downtown area. Visual
ranges for the Cascades simulations were 309, 121, 88, and 33 kilomerers,; the
Portland simulations portrayed ranges of 82, 43, 30, and 20 kilometers. For

each site, these distances corresponded respectively to the 90th, 50ch, 2Z0th,



and Z2.5th percenciles of the visual range cumularive distributions (Core,

M

1985). For concreteness, all interviews were conducted cutdeoors in lat
summer 1985, in the immediate vicinities of the photograph sites.

The guestionnalire at each site proceeded in three steps. First, the
respondent was asgked o rank-ofder the four depicted vistas from Ais mosc to
his leastc preferred. Second, he was asked to state the percenrage chances
during his visit (Cascades) or his summertime presence in the cicy (Forcland)
that his most and his Ieast preferred vistas would occur. ~Ffinally, in
accordance with (2), he was asked to estimate his marginal willingness to pay
for each of a series of contingent claims defining changes in access
conditions for the four vistas. This three-stage structure allowed rhe

ration
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respondent first to frame and then to solve his decision problem. Sep

1,

of the ordering and the value estimation processes reduces the complexizy o
the raspondent’'s task and conforms to the Sicvic and Lichrenstein (13763} visw
of decision making in which the framing phase precedes the evaiuaticn phase.,
In the third step, each respondent inicially estimated (3), his option
price for an access claim supplied by a special fund that would guarancee
provision of.each of the appropriate four vistas during his current visic
(Cascades) or during the current summer (Portland). The respendent was not
allowed to adjust visit or activity patterns during this third step.?
Cascades respondents estimated their option prices in terms of a daily zccess
fee over and above any entrance fee that they had already paid. In Porctland
the respondent was asked to estimate Als one-tlme option price.f
The scarting bid poine for & claim guaranteeling provision of & Cascades
respondent’s most preferred vista was $§3.00, with intervals varying becween

$0.50 and $4.00 according to the interviewer’'s perception of the respondent’s



impatience; the Poftland starting point was $40.00, with intervals spread from
SI;OO to sz0.00.Y  rThis iteraci&é value estimation procedure applied only tc
the respondent’'s most preferred vista. Once he had settled upcon hls maximum
payment for this vista, he presumably had enough information about his
preferences to allow him to state without further prodding his option prices
for the three remaining vistas. Finally, the respondenc sstimated che zime
pfeference, existence, and location values in (4), (5), and (8) by sdjuscing

his option price statement for his most preferred vista.

Iv. EMPIRICAL RESULTS

Data Properties. Data were obtained from 99 Cascades and 67 Pcrtland

interviews.y The Cascades sample retains all completed Interviews; the
Portland sample excises a single completed interview with a I3-year-2.id
female. Boch samples had very similar demographic features. Twency-three
Cascades respondents were engaged In multiplepurpose trips. The medilan round
trip mileage for the Cascades sample was substantially less than the
arithmetic mean. Respondents’ visits to the Portland sire were nearly always
an interlude in a round of daily activities.

The expected visual ranges of 134 km in the Cascades and 47 km in

Portland were calculated by weighting the visual ranges in each respondent’s

I

most and least preferred vistas by the respectivsg subjective probabiliicis
that he had assigned, splitting the residual probability equally becween the
two remaining visual ranges, and then summing over the four probabilicy-
welghted visual ranges. The resulting arithmetic means taken cver alli
respondents exceed by 10 percent the actual visual range medians of 121 xm In

the Cascades and 43 km in Portland. However, respondents’ perceived

10



probabilicies of their mest and their least preferred vistas exceeded the trus
probabilities by a factor of two or more, thus supporting findings <i
Lichtenstein et al. (1978) and Machina (1982) that people tend to over-assess
low probability events.

Preference Expressigns. No outright preference reversals occurred

between any respondent’s initial rank-ordering of vistas and his marginzl
value estimates, although egual estimates were freguently provided for vistsas
which the respohdent had earlier strongly rank-ordered. Every respondent’s
rank-orderings and technical rank-orderings of vistas with the two gJreatest
visual ranges were ldentical at each site. Tables Ia and 1b presentc
statistics for respondent estimates of the option price, 55. Givern
independence of respondent subjective probability estimaces and value
estimates of vistas, the tables report the average respondent’'s marginal
willingness to pay for a claim securing a change from the probabilicy he had
earlier assigned the occurrence of each vista to the guaranteed provision of
the vista. For example, the $4.04 figure in the 309 km column of Table la
says that the average respondent was willing to pay this amount in order to
Secure a claim that would Increase the chance of this vista being realiized
from 35 percent to 100 percent, where 35 percent is the arithmetic mean cf
Cascades respondents’ perceived chance of their most preferred vista. Thils
respendent’s expected compensating surplus was calculated by weighting the
option prices he estimated for claims securing his most and least preferred
vistas by thelr respective subjective probabilities of occurrence, splitting
the residual probabillirty egually between his option prices for claims sscuring
the two remaining vistas, and then summing arithmecically across the four

vistas. A Wilcoxon signed rank test for matched samples did not &ccept at the



§5 percent confidence level the null hypothesis of eguality of opticn prices
for the elemencs in the six possible pairs of vistas for each sample In Tables
la and !b. The encitlement which the willingness to pay measurs 1mpiies doesg
not allow a respondent value estimate tc be less than zero in Porctland, or
less than the access fee he had already paid in the Cascades.

Tables 2a and 2b present the statistics for the seccnd, third, and
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fourth contingent claims markets; that 1s, the representative respond

value escimates for guaranteed provision of Als most preferred visca given a

claim to a change in the posited time horizon, DV,, the choice setr, XV, and
the spatial extent, Eﬁ. When the data for DV, 1s used to estiméate marginal
rates of time preference for resclving visibility uncertainties, the Cascades
sample produces arithmetic mean rates of 10.0 percent for a 2-year delayed
resolution and 49.7 percent for a permanent resolution. For the Porcland

sample the implied mean marginal rates are 17.8 percent for a Z-year delayed
resolucion and 45.1 percent for a l0-year resolution. These escimaces ie
considerably above the 1.0 to 3.5 percent rates that the respondents in
Brookshire et al. (1983} estimated for Wyoming game animal habitac. TIThey
correspond rather well, however, to the 20-50 percent subjective discounc
rates that Hausman (1979), Houston (1983}, and Hartman and Doane (19846 round
for energy using household durables and cthact friedman (1962) and Fuchs (1982;
found for human health and capital.

For ;i, arithmetic mean respondent value estimates wien there was no
access claim to a permanent (Cascades) or to a l0-year guaranteed resoiucion
(Portland) of the most preferred vista wers about 10 percent of the value

estimates for the identical resolutions when the claim was available.

Although 10 percent is not a negligible porcicn of total ex ancte value, LL iS

12



far shor:t of the greater than 50 percent estimate that Schulze et al. (1583

pro&uced for the existence‘value of visibility in the Grand.Canyon.

The fourth contingent claims market estimated marginal willingness to
pay when the c¢laim to the visual range in each respondent’s most preferred
vista was excended chroughout the State of Oregon. Use of the Wilcoxon signed
rank test to evaluate the null hypothesis of the equalicy of the mean coral
payments for tAls extension, EE, and the mean payments for the most preferred

vistas, OP, resulted in the hypothesis not béing rejected at the 90 percent
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confidence level for the Portland sample. It could nor be rejecced a
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percent level for the Cascades sample. Thus, especially for the Porc
sample, it 1s plausible rhat many respondents treated the local visual range
as a surrcgate for visual range throughout Oregon. Alternatively, cthey may
have been indifferent to conditions elsewhere. These results provide mixed

support for Kahneman’'s (1986) conjecture that option payments act as surreg
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measures of general preference for environmental amenlities.

Explaining Respondent Willingness toc Pay Estimates. The rescricred

inverse Hicksian demand functlon in (3) has the access claim termé, the prices
of recreation acciviries, the utility level, predetermined visits, ind che
probabilities of visibility states as its arguments. Access <¢laim terms &are
identical for each respondent in each sample. Price measures employed are ths
simple sum cf respondent travel costs at 30 cents per mile and ocn-site coscs
for the current visit, as well as respondenc-estimaced expendicures for a

he
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single incident of the respondenr-selected substitcute activicy. Ffor

(1]

Cascades sample, travel costs were welighted by the respondent’s Interview It
visit days as a fraction of total trip days. The cpportunity ceost of cime :is

represented in the Cascades sample by a dummy variable indicating whether the



individual was foregoing current income during his site visit.? In
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Portlanﬁ sample che.responden;’s escimate of the costs of hAis-visic incliuded
lost wages. Variables representing respondent education, lengch of residency,
annual visits, and freguency of outdoor activities mirror differsnces among
respondents in tastes and in prior beliefs. Note again that neither our mcdel
formulation nor our respondents treat annual visits and activity freguencies
as cholice variables. Expected visual range is the visibilicy level chat mus:z
be exceeded if the respondent is to make a positive willingness to pay

estimate. Other than the depicted visual ranges, we treat all variaples

i)
1]

linear. In accordance with Fechner’s law, the depicted visual ranges are
entered in their natural logarithms.mf
Out of their 396 estimates of the willingness to pay for access claims,
55, Cascades respondents made 181 estimates of zero, where each reszondenc
value escimarte-visual range combination is treated as a distinct
observation.Y' The 268 Portland respondent willingness to pay estimates
contained 122 zerces. There was no upper bound to the willingness zo pay thac
a respondent could estimate; he was not regquired to choose among discrece
willingness teo pay categories; and the exogenous variables in (3) wers
observed irrespective of whether he had a zero or a positive willingness zc
pay. These facts justify application of the Tobit transformacion te (3),
given that the error term is independently and identically discribucsd with
mean zero and constant variance [McDopnald and Moffitt (1980)]. Tables Za and
3b display the resulting parameter estimates for each sample. The Portland

specification in Table 3b presumes that the factors influencing the

respondent’ s willingness to pay for visibility improvements at any site in thae

Ig



urban area are lidentical to those influencing his willingness to pay at the
Interview Site.

With the exception of the statistically insignificant “cost of visic~
variable in Table 3a, all price couefficients in both tables have the expected
signs: as the cost of the respondent’s visit and his foregone inccme
increases, the value he acgquires at the interview site declines; as cthe price
of a substlirute increases, the value at the site Increases. The pcsitlive
signs attached to cthe education coefficients are consistent with heighcened
sensitivities to differences among claims to the “gualitles” of natural
environments, whatever the sources of these differences. The educaced
individual may be a more efficient producer of environmental services
fMichael, 1973). The statistical performances of the other tasce and prior
belief variables differ drastically between the two samples. Only in chae
Cascades sample do they exert a fairly significant Influence.

Expected vigual range, because it could be lower or higher rthan che

particular range that the respondent was asked to value, could have

i

coefficient of either sign. The positive coefficients attached to Iin (visual
range) Imply that willingness to pay increases at a decreasing rate as visual
range increases. The percentage rates of decrease in each sample are similar.

Implicit Discount Rates. If different groups of individuals uss

disparare Implicit discount rates in evaluacting the own-effects of a projecc,
atcempts by policymakers to override these time preferences may csuse
unintended and possibly undesired results. Scholastic searches for a unigue
market rate are Irrelevant if intertemporal opportunicies to trade are
seriously iImpaired and if these opportunities vary widely among groups.

Th

(1]

refore, even if the mechanism of the Individual’ s discount rate choice s

15



by,

not derived from first principles, the ad hoc association of the results o
this choice with various Individual acrributes 1s Of interest.

Only years of education displayed a sta;istically significant (one-
percent level, one—tailed test) coefficient in ordinary-least-sguares
regressions to predict the discount rates that respondents applied tc a claim
tc permanent atcajinment (Cascades) and to 10-year attainment (Portliand) af
thelr most preferred viétas;uf Cascades respondents, on average, reducesd. the
discount rates they applied by 7.2 percent with each additional year of
education; Portland respondents reduced theirs by 6.5 percent. Variables
representing Portland residency, annual cuctdoor recreaticon days, and age
exerted no stacistically significant influence upon the discountc races that
Portland respondents applied. Similarly, Oregon residency, annual visits to

the interview site, and age had no statistical influence upon Cascades

respondents’ implicit discount rate choices.

V. CONCLUDING COMMENTS

This paper provides estimaces in an explicitly ex ante, stcochascic, and
intertemporal setring of the site-specific valiues of claims teo urban snd to
wilderness atmospheric visibility Iimprovements. These estimates provide upper
bound measures of value since respondents were unable to vary visit numbgrs in
response to visibility changes. The main empirical findings are thac: opcion
price payments for claims guaranteeing access to limproved visual ranges
increase at a decreasing rate; the percentage rates of decresase at a
wilderness site and at an urban site are similar; marginal rates of time
preference for resolving uncertainties about visual ranges vary between 10 and

50 percent and are inversely related to educaticn; existence value averages [0

]



percenc of total value; and evidence is mixed of site-sSpeciliic valuesg acting
as surrogate measures for generél environmental preferences.

We close by discussihg the broader implications of cur wcork on the
nonmarket valuation of envircnmental phenomena. First, individual decisions
are Iinherently ex ante, implying that planned expenditures'racher chan

realized ccsts explain individual choice. As shown by Helms (1985}, the

S~

relevant measure of ex ante value refers to changes in the level cf
uncertainty for provision of a given level of a resource rather than a change
in the resource level itself. By allowing respondents to ranx order preferred
resource levels, state thelir perceived likelihcod of future provisicn of each
level, and finally reveal their willingnesses toc pay for an increase In
Iikelihood of provision, our approach caprures the correcc definicion of ex
ante value. The empirical results reported herein demonstrats chag this
definition of ex ante value can be measured in a stralghtforward manner.

Second, our approach allows us to expand the dimensions of pasc CVN
exercises involving atmospheric visibility and other environmental goods to
match herecofore disregarded dimensions of policy cholces. By focusing
respondentc attention on policy-relevant dimensions of choice, we are able to
inform policymakers of the absclute and the relative weights individuals
attach to these dimensions.

Lascly, we acknowledge a significant limitaticn that rthe employment of
respondent degrees of belief rather than technical “objective” propabilities
impecses upon the usefulness of these results. Each respondenc’s degrees of
belief were employed zo calculate his expected visual range. C(Conseguencly, as
the Tobit estimaces demonstrate, the value (compensating surpius) he atrached

te a claim for & change In the prcbabilicy of a vigibility level was sensitive

17



co whether this level was greater than or less than his expected level. The
respondent was in essence asked to trear his expected level as a prior
entitlement. These entitlements differed across respondents. The differing
entitlements resulting from discrepancies across respondents’ degrees of
belief akout identical objective visibility levels inhibited any efforc to
develop eguivalent surplus and compensation-demanded measures of value.
Valuations across fespondents woﬁld then have been ncncomparable because
different value measures would have been applied to identical objeccive

visibility levels.
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TABLE la

Cascades: Willingness to pay per Pay of Current Visit

Visgual Range (km) 309 121 88 33
Median payment $2.50 52.00 s 0 5 0
Arithmetic mean payment 4.04 3.00  0.89 2.42
Standard deviation 5.49 4.18 1.553 2.27

Expected visual range = 133.56 &km
Expected surplus = §1.96
TABLE 1b
Portland: Willingness to pay During 1985 Summer

Visual Range (km} 82 43 30 20
Median payment S &60.00 540.00 s 0 5 0
Arithmetic mean payment - 93.3¢ 57.00 16.95 2.38%
Standard deviation 172.41 94.45 38.45 5.13

Expected visual range = 47.02 km

Expected surplus = 544.10
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TABLE 2a

Cascades: Willingness to pay per Day of Current 1985 Visic

for Contingencies Attached to Most Preferred Vista

Median Arithmetic Standard
Contingency Payment Mean Paymentc Jeviartion
Delay resolution until Summer 1987 52.00 5 3.76 3 53.52
Permanent resolution 2.00 11.48 37.87
No access claim, permanent resolution 0 1.12 2.70
Resolution throughout Oregon 3.00 6.64 14.72
TABLE 2b

Portland: Wwillingness to pay in Summer 1885 for Contingencies

Attached to Most Preferred Vista

Median Arithmetic Standard
Contingency Paymenc Mean Payment Devigtion

Delay resolution until Summer 1987 s 42.00 S 6l.64 5 82.7¢6
Permanent resolution 200.00 262.48 372.71
No access claim, permanent resolution 0 23.51 38.22
Resolution throughout Oregcn 70.00 117.57 217.32
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TABLE 3a

Cascades: Tobit Estimates of Willingness to pay
S FPer Day of Current Visit

Normalized Asymptotic

Variable Coefficient t-Value
Constant (S} . -7.508 -11.014
Cost of visit (S) .760x107 .867
Substitute expenditures (5) L119x107 2.612
Foregone income (I=yes; 0=nc) - .253 2.437
Education (years) .161 6.433
First visit (l=yes; 0O=no) - 417 - 2.340
Length of visit (days) - .535x10! - 1.139
Expected visual range (km) .498x10" 2.997
In Visual range (km) .943 10.122

Log-likelikhood function ~-734.164

Observations at limit 181

Observations not at limit 215

Standard error of estimate 4.827

z 271
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TABLE 3b

Porcland: Tobit Estimates of Willingness to pay
S Per Year

Normalized o Asymptcotic

Variakle Coefficient ct-Value
Constant (5} _ -5.626 . - 5.948
Cost of visit (5) ' - .230xI0" - 2.723
Substitute expenditures (§) .246x107 1.2:13
Education (years) - 100 3.318
Annual cutdoor recreation (days) . 438x107 .502
Portland area residency (years) - .712x10° - .I49
Expected visual range (km) - L164x17! - 1.755
in Visual range (xm} : 1.290 3.79¢6

Log-likelihood function -972.413

Observations at limit 123

Observations not at limit 1435

Standard error of estimate 136.320

r .182
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FOOTNOTES

1/ See Randall gt al. (1974), Rowe et al. (1%80), Schulze et al. (1983), and
Hanley (1988), for example.

2/ Anderson (1380) uses a distance functicn to show the inverse demand
analogs to the well-known empirical restrictions (adding up etc.) on direct
demand systems.

3/ This 1is a generalization of the Diamond and Stiglitz (1974) mean utilicy
preserving spread. While working within a state-independent frameworx, they
defined the spread as a change in the distribution of states that maintains
utility but shifts the probability mass toward the talls of the disctribution.
A state dependent utility treatment allows utility to increase In some staces
and decrease in others if average utility taken across states is upnchanged.

4/ At first glance it may appear overly restrictive to assume Visics are
fixed, since efficient responses to changes 1in nonmarket goods include
changing the number of visits. An effective CVM approach, however, must
control n-1 parameters, only allowing one parameter (environmental guality)} to
vary. In many previous CVM studies, one cannot determine 1f respcecndents were
allowed to vary more than one parameter, thereby creating a confounding
problem. To avoid this, we explicirly control for substitution by not
allowing it to occur. According toc the Le Chatelier principle, relaxing this
assumption would simply imply a decreased value for the good in guescion.
Thererfcre, one can view our restricted measure of value as an upper bound.

5/ HMitchell and Carson (1988) favor discrece choice referendum methods,
e.g., Hanemann (1984), rather than direct willingness to pay methods in CVM.
Discrete choice methods ask the respondent to rank alternatives from most to
least preferred, given their associated prices. They argue that referendum
metheds accord much more closely to individuals’ normal market experiences
than do the direct inguiries into willingness to pay that we adopt here. They
may be correct. However, Mitchell and Carson (1588) disregard numerous
analytical and practical difficulties of the referendum method. They do not
make it clear why having respondents express less information about
preferences is desirable. Moreover, they fail to note that the discreote
cheice merhod when applied to risk problems rsgquires independence orf
alternastives. Finally, empirical results cbtained with referendum methods for
environmental goods have not been especially robust. Incorrect signs have
appeared on price and iIncome terms and the explanatory power of key parameters
has often been weak.

6/ For a review of the contreoversy on “starcing point bias,” see Boyle et
al. (1985}, and Samples (1985). Those who express concern about this bias
appear to attach no credence to abundant econcmic, e.g. Markowitz (1932), and
psycheclogical, e.g. Tversky and Kahneman (198!), arguments and evidence that
the individual’'s decision problem is sclved conditional upon a reference poinc
or set racther than with respect to final weal:zh. If the individual chooses
the reference point in addition to the value estimate, values estimatss becoms
noncomparable across individuals when they chocse different, unobservable
reference points. A finding of “starting point bias” fails.to contradict the
reference point view of decision-making.



7/ The final guesticnnaires resulted from a seguence of twc prete
gquestionnalres given to 15 respondents atf each site. Pretest and final
guestionnaire Interviewers went though two ¢ne-pour training sessions
conducted by an area survey coasulting firm. Final guestionnaires were
administered by 4 employees of the Oregon Department of Eavironmenzal Qualicy.

8/ For the summer 1987 resolution the relevant formula 1% ﬁ_= 5/(l+:f,
where W is the 1987 income equivazent, S is the [985 income equivalent, and r
1s the discount rate the respondent used to estimate W. For the permanent or
the l0-year resolution the formula Iis ﬁ_= 5[(l+rf - 1})/r(l+r), where t is

respectively infinity or 10. Since W, S, and t are known, these exrressions
are solved for r. As the time horizon increases over which discounting
cccurs, the estimated rate will converge upon a maximum.

8/ This disregards the Chavas et &l. (1989) finding that the commodicy value
of travel time 1s positive but only a small fraction of the wage rate.

10/ Fechner’s law (Baird and Noma (19%78)] ¢f psychophysics states chat tae
perceived strength of a just noticeable increment in a sensatcion (will e

to pay,) 1s proportional to the logarithm of the stimulus (visual range}.

w3

11/ Each respondent made 4 value statements for 5;. Thus the indiwvidual’s
disturbance terms among his 4 statements could be correlated, implying a loss
in estimation efficiency. If interest focuses con the visual range rerm,
Tables 3a and 3b make it clear that little statistical efficiency wculd be
gained by resorting tc a seemingly unrelated regression technique.

12/ The value stacements of 6§ percent of the Cascades respondents and I0
percent of the Portland respondents Implied zero rates of discount. An
ordinary-least-squares regression intended to explain the Z-year attainment
discount rates explained nothing. A majoricy of these rates were zero 1n
sample.
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TABLE Al

Cascades: Sample Atcributes

Atrribuce Number Mean Standard Jsviacion

Sample Size 39

Oregon residencs 87

Visit lengrh (nights) 1.56 1.70
Irsc visic I3

Trip length (days) 4.90 16.56.

Trip expenditures s 81.53 SIZ20.14

Trip mileage 390.08 559,11

Substiture trip expenditures 5I101.389 3142.09

Could have worked 53

Zducarion (years) 15.40 2.33

Age (years}) 38.87 12.30

Expected visual range (xm) 133.548 33.2¢9

Perceived chance of most 35.30 16.50
preferred vista (percent)

Perceived chance or least 23.30 12.728

preferred vista (percent)




TABLE AZ

Portland: Sample Artributes

Number

Attributes
Sample size &7

Portland area residency
(yedars)

Annual site visits

Annual oucdoor recreation
{days)

Cost of visit

Cost of substitute
Educatlicn (years)

Age (years)

Expected visual range (km)

Perceived chance of most
preferred vista (percent)

Perceived chance of least
preferred vista (percent)

Mean

I16.90

9.24

J1.9%

15.74

15.0!

39.99

47.02

29.90

18.60

tandard Deviszion
17.21
2.1
E=] T
[y -
S10d.24
S 44.44
2.2:
13,23
§.<1]
e 22
15.20




