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ABSTRACT

‘The use of stated preference (SP) techniques for estimating environmental values has
increased substantially in recent years, However, criticism about the most widespread

SP technique used for valuing environmental resources, the contingent valuation

‘ method (CVM‘), st;ggeqts tlmi: thc.xe 15 \ nead tt) u‘of mﬂy wﬁnc the CVM bul to
bP techmquc.s, commgent mtm&,, cuntm;,ent nmkmg, pmred LOIHPH!‘I‘{ON 'md t.hoicc
modelling. The techniques are compared in terms of their mcthodologlcs and the
validity and reliability of the results they produce, The appmpxmlcncss of using cach of
the SP techniques in different environmental valuation applications is also discugsed. Tt

is concluded that while the CVM is prone to bias and has some practical limitations,
when applied appropriately it can be used to pr oduce theoretically valid tesults, Three

- of the other techniques—contingent rating, conticgent ranking and  puaired
comparison—are found to have weak theoretical bases and do not produce
economically valid valuation estimates, The final SP technique examined, choics

modelling, appears to have considerable potential for providing useful and vahd
estimates of cnvwonmcnfal values.
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1 Introduction

Stated pmtemncc (SP). teuhmqucs are characterised by the use of surveys in wlu ch
respondents” preferences for various environmental outcomes are identified, SP
techniques have frequently been used to value environmental goods (Mitchell &
Carson 1989, Wilks 1990, NSW EPA 1995), and to evaluate new marketable products
(Wittink & Cattin 1989) and transport options (Hensher 1991).

The use of surveys means that SP technigues are very floxible, and caix be used in many
more applications than yevealed preference technigues such as the hedonic price and
travel cost methods, In pamcular, SP u:chmqucs can be uscd to estimate non-use
values and use values where there is no existing matket or related market data,

The appealing features of SP techniques are, however, countered by some drawbacks,
The SP technique most widely used for estimating the vatue of environmental goods is
the contingent valwation method (CVM), In Australia, decision makers are cautious
about using this method, pactly as a result of the criticism it received following the
Rescurce Assessment Commission’s application of the CVM to estimate the value of
environmental damage if mining was to be allowed in the Kakadu Conservation Zone
(Bermett 1996), The conh‘m’enay swrrounding the use of the CYM in Australia was
parallelled by the debate in the United States of America following the use of the
method to estimate the value of the damage caused to the natural environment
following the grounding of the Exxon Valdez (Diamond & Hausman 1994, Hanemann
1994),

Because of the controversy associated with use of the CVM, there is a rationale for not
only refining the CVM, but also for developing alternative SP techniques for estimating
environmental values. Alternatives to the CVM mc,lude contingeit mtmg, contingent
ranking, paired comparison and choice modelling (CM}

The purpose of this paper is to provide a compansun of these techniques when applied
to the valuation of environmental goods, both in tems of the methodology involved
and the validity and reliability of the results. In Scetion 2, each of the five main SP
techniques are outlined and in Section 3 the validity and reliability of applications of
the five SP tccl’miqucs is considered, Section 4 containg a discussion of the
appropriateness of using each SP technique for different enwronmentnl valuatlon
applications.

Hn the mﬁrkuing literature cmtingcm ra!fng nd m\king, pairsd compatisoit rmd CM ake collf:ctivcly known ag

‘conjolnt analysis'. Green & Srinivasan (1978) define conjoint analysis as ‘any decompositional snéthod that
estiniates the stricture of & consumers's preferences givm hisftiey overall cvn!uaﬂcms of a et uf altepnadyes that
are prespecified in ierms of Iew:ls of diffmntatmbmcs’ ,



2  Overview of Stated Preference Techniques
21  Contingent Valuation

The CVM involves asking a sample of respondents whether (or how much) they are
willing to pay to prevent ot obtain a particular envitonmental ontcome, The use of
surveys to estimite the value of environmental goods was first suggested by (‘luaoy—
Wantrup (1947). Since then the number of CV* 1 studies has grown exponentially, with
Carson, Wright, Carson, Alberini & Flores (1994) producing a bibliography of CVM
applications and studies vontaining 1674 entries, In Australi, the growth has been less
dramatic, with the ENVALUE database listing 26 studies in its 1995 version (NSW
EPA 1995).

CVM applications provide estimates of the aggregate value of changes in the quantity
or quality of environmental goods involving usually only oné or two resource use
options, For most environmental applications, responses are used 1o estimate
compersating or equivalent surplus (Mitchell & Carson 1989),

In practice most contingent valuation studics contain several well detined elements (see
Portney 1994). The first is o description of the status quo and the environmental
changes that will result from a proposed management or pahcy Optl()n. The desctiption
should be *Fair und aceurats” m;d should include all information that is of relevance for
the respondent.

The sccond element is a mechanism for eliciting the willingness to pay of respondents
to achicve the environmental unprmemcm or prevent the decling in environmental
quality under the proposed option, There are various mechanisms or formats available
for eliciting willingness to pay, The main formats are listed in Table 1. The
dichotomous choice format (Bishop & Heberlein 1979) is generally considered to be
the state of the art elicitation format, Various modifications to this format hive also
been wsed, such as the double-bounded dichotomous choice (Hanemann 1985),
polychotomous choice (Ready, Whitchead & Blomquist 1995) and the dissonance-
minimising elicitation format (Blamiey, Bennett & Morrison 1997), In all formats of the
CVM, # payment method such as increased income tixes, levies on water and house
rates, or voluntary donations is usually specilied.

CYM qw:suommnﬁs ulso contain guestions to determine respondents’ socmw)m)mi
characteristics, as well as other information about their environmental attitudes and
anything else that may affect +llingness to pay, These data are used to demonstrate
whether theoretical N’ﬂ!mrl‘)hlpsi betwaen willingness to pay .md mdepcndrm vmublcs ,
such ag income hold, ,

The final part of a CVM study i thc statistical analysis, Responses are usuany
regressed ag,amst the socio-economic and attitudinal characteristics of respondents, us
well as price in the case of discréte choice formats, The estimated equation is nsed to 3
provide aggregate estimates n)t mean or median Huksnan Surplusf o
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Tahle 13 Mnin forms of 1t - et yaluation method.

Form ___ | Main features

Open-euded quu«inn L Re-amndcmq are dircct ymkcd mur max:mum wil!%csqmmy
Trerative bic dm&!mﬂding gime | Respondents are asked whether they are willing 1o pay a4 centain

amount, #nd then exten or rediced Tneremenis; depending on
whether they respond positively or negatively to the initial bnl,
until their maximu willingness to pay is reached :

Bayment card : Respondeitts are given & card that contains & nuimbe of mymem
hids and chivose one

Dichotomousibserete chore | Often referned (o s e *relerenda model', mlmudcms are asked
whether they support a change in cavironimental quality given &
specified wdditioinl paymeit

Double-bonnded dickotomous | Similae o dichotomous choice &.xct‘pt hat it mmudcuts supmn
choice | the paymient they are then asked whetier they would pay a slightly |
higher amount, If they don't support thie payment they are asked if

| they ure willing to pay a stightly lower amount :

Polychotomons chotee. | Sumilar w0 dichotomous choice execpt respondents are able (0
indicate the extent &y whicl they are in Favour of or oppose thu
; IRETRCAERRN: B 11,4\
Dissonance-minimising | Similar 10 dichotomons chioiee ¢chpl rvzpmxdcnw e able 10|
elicitation forma indicate ihav they support o proposal but either cawnot afford the |
| specilied ameunt, that the proposal is ot worll the amountof the
1levy 1o them, or that they oppose theuse ofadevy, |

Hanemann (1984) and Hanemann & Kanninen (1996) show that the behavioural basis
of the diserete choice format CVM is random utility theory (RUT), RUT assumes that
the probability of an individual choosing a good from an array of goods is depundem ~
on the utility of the good relative to the utility of other goods. In othet word, an
individual qwi will choose alternative i over alternative j if and only if Uy > Uy (i € Al
where A is the choice set faced by the individual, In RUT the utility of a good is
considered to depend on observable components, including a vector of attributes (x)
and individual characteristies (s), as well as unubservable components (e).
Unobservable components are treatéd us it they ace rancom, and are assumed to follow
some distribution function, The utility of good i can be epresented as, Uy = V(s Xig)
+ e where V is an indirect uumy function, The pmbabimy of cltmqing, altermative 1
can he written as:

P(ilije A) = P[(V», + i) > (‘m + eig)]

The probability of someone choasm;, i instead of j is equal to the ptob.tblmy that their
deterministic wility (V) plus their random utility (e} for i is greater than for j. By

reatranging the terms in the above equation it can be seen that the pmbabnlxty that an

individual drawn randomly from a sampled population will choose a given altemative is
cqual to- the probability that the difference between the random utility of altemative j
and { is Jess than the difference betwsen the dctermmism utility of altemative i und ji

Plillj& A) = PI(Vig « Vi > (e - &)




2.2 Contingent Rating

The two main differences between CVM and contingent tating (zmd other SP
techniques) are the number of resource use alicrnatives that are evaluated by
respondents and the method of evaluation. In CYM applications there are usually only
one or two resource use altermatives cvalupied by respondents and, under the
dichotomous ¢hoice format, mspmdenus indicate whether they Support or oppose the
alternative. Tiv contingent wating applications o series of resource use alteraatives are
evaluated by respondents, oné at o time, through the use of a ratings scale,
Respondents are not asked to compare the different altermatives, but rather ave asked
to rate each separately. For example, the followum resource use alterative may be
presented to a respondent;

Table 2: Ia,\xsmph* from o contingent rating survey
Wetland managemsant survey
Please cirele otie of the numbers below to shiow your pmt‘emnccs for ihe following alternntives

Water quality -~ fair
Numbser of waterbirds 50,000
Area of wetlaid 60,000 i
Household cost $40°

i 2 3 & 5 G 7 8 4 10

Weakly Simngb,v
Preferred ; I’referred

The use of sxmtmgem rating us 2 stated preference wchmque origitiated in the
mmkmm;,, area. Wittink & Cattin (1989) report that there were about 400 commercial
conjoint studies undertaken each year in the USA during the esrly 1980s; and that 49%
of these involved ratings scales, There have also been several applications mvolwng the
valuation of environmental goods, including recreational fishing (Roe, Boyle & Teisl
1996) and preservation of the bandicoot (J‘akobmn, Kennedy & Bllmtt 1995).

The theoretical basis of c.mum,ent rating is information mts;,ramn thcory (IIT)
(Anderson 1982, Lyich 1985, Louviers 1988a). Under IIT msyondcnt.s are assumed to
evaluate separately each puew of information about an option prescntcd to them and
assign a value to each pices of information, The information is then integrated by

resmmdents to produce an overall evaluation which is transformed into a rzltmg. As
well ag assuming that people are able to transform their evaluations into ratings, IIT

theory usually assumes that the errors people make in deriving ratings are normally
distributed, If these assumptions hold, ordinary Jeast squares can be used to diagnose
and test utility functions, However, in practice because of metric b ias (scc Semon 3, 1)_

errors are unlikely to be normally distributed,

As shown in Table 3, the infoimation that respondents *integrate’ mvdlves a set of
attmbuteq (or resource use characteristics) that have mnlupIe levels, The choice of
attributes and attribute levels is baszd on factors such as which attributes are releyant
to respondents’ decisions, attribute levels actually existing at tho site, policy felevant
nttubutc$ nnd levels and the need far patsimony, For examp‘!m thc cVahmﬁnn ofa

0
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wetland, an analyst may select the following four attributes and atmbute Icvcls from ;
which to develop resource use alternatives. Notice that in this example two attributes
have two levels and two have three fevels.

Talile 3: Attributes and levels tnr a wetland

Attributes Levels

Water quality |  Goxd, fai, poor 7
Number of waterbinds ' 100,000 waterbirds, 50,000 waterbirds
Area : 60,000 hin, 20,000 ba

Cost $70, $40, $10

These attributes can be combined to form 2°x3* or 36 different resource use options,
The total number of resource use options or alternatives which can be formed from a
set of attributes is kaown as a2 complete factorial, Complete factorials have two
significant properties, In a complete factorial each attribute Jevel occurs it an equal
number of choice alternatives, and occurs with other attribute levels an equal number
of dmes. The atteibutes are said to be orthogonal or independent, which means that
multicollinearity between atwibutes is eliminated. Secondly, because all possible
combinations of attributes and attribute Tevels are included within a complete factoriul,

it is possible to estimate all two way and higher level interactions in addition to main
effects® when attempting to model rerpondents’ behaviour using regression techniques.

In many studies it is not possible to evaluate all resotrge use alternatives within a
complete factorial because the number of possible resource use alternatives increases
exponentially with the number of attributes and attribute levels. Given that it is
desirable to have multiple evaluations of each resource use alternative to allow tests of
variance, a method is needed to reduce the number of choice alteratives, In practice,
most applications systematically smnple from complets Tactorials by using fmcnonal',‘
factorinls, A fractional factorial consists of a *fraction” of the resource use alternatives
within a complete factorial. It is possible to muintain the property of orthogonality
within a fractional factorial, ammngh information about some or all interactions will be
lost, However, in some cases it is possible to select a fractional factorial which
excludes information about potentially unimportant interictions. Basic main effects and
main effects designs with interactions are avmmble in Box & Hunter (1961), Addelman
{19624, 1962b) and Dey (1985),

After the resource use altematives have bccn gﬁncmtcd using compléte or fmcuonal
factorials they are evaluated by respondents using ratings scales. ReSpondems ratings
are thcn regmsscd agamst th“ atmbutu; using Ordmary least fsquarcs (OLS)", Where an

% A ity effect refers (o thc contribution of chinge i one of the attributes (og Xi, Xz or X3) on the dcpcndcm' 388

vatfable, which in this ¢ yotings. A-1wo way Interaction effect occurs when the magnitude of & main effect
changes at different levels of a second ntribite (and s topresented by XiX;y; a throe way inwachon ooeurs when
the magnitude of a two way interaction changes at different levels of @ third atiibuic and soon,

% Ratings have, howver, mly dinal and pot cardiowl interval signifieance und v ol
by OLS which tmplxciﬂy treats min;t as wdmai intervals. The cardinality ass ption i GLS n




appropriate expeﬁmemal dcw_.,n has been used the cxxslcncc of ugmhczmt interaction
effeets can be demonstrated by the significance of the interaction coefficient. If thete

are no interaction effects, the marginal rate of substitution between vach attribute and

price provides 4 measure of the value or *part-worth’ of each attribute, Part-worths are
caleulated by dwidm the estimated coefficients of each of the atiributes by the
coefticient of price. A pcr respondent estimate of the value of an aggregate change in
environmental quality is found by adding part-worths, However, these are only
unconditional or relative estimates of willmgnes:» to pay. Contingent rating estimates
are not conditional on respondents agreeing to purchase a good, Hence while valid
estimates of the marginal rate of substitution between attributes may be derived from
respondent’s mmu._s of tesource use aletnatives, estimates of value derived from the
marginal rate of subamutmu will be biased if respondents would not actually choose to
purchase the good”.

23 Contingent nanktng
v . w»

The characteristic feature of commgam winking is the mnkm;,, by 1‘cspond¢nl$ of three
or more resource use alfernatives from most to least preferred, as shown in Table 4,
There have heen a number of applications of the contingent ranking method that have
attempted to estimate the value of environmental goods, including electric cars (Beggs,
Cardell & Hausman 1981), improved aii quality (Rae 1983), improved water quality
(Smith & Desvousges 1986), hazardous waste risk reduction (Smith, Desvousges &
Freeman 1985), reduced diesel odours from motor vehicles (Larean & Rac 1987) and
recreational hunting (Mackenzie 1993),

As with contingent rating, contingant rankmg, allows the estimation of part-worths as
well as the agpregate value of environmental goods, It also, however, shares the
weakness of contingent rating that respondents are not able to express opposition to
payment for the environmental g(md, except through providing a low ranking, Hence

the valuation estimates derived in contingent ranking studies are also unconditional,

unit inerease i the rifings scale vepreséits a similag inemm i miuty mgnrdless of the lovel of the mﬁngu seale,
It nlso implies that i responident givcs bundle 77 o ratiing of 8 and bundle 2’ & ratiivg of 4, that the respondent is
indifferent between two bundies of Z* and o bunidle of 2 (Mackenzic 1992), Secoidly, ()LS multiple regression
unalysis yields biused und inefficient eslintates of coefficients os rullngs ave diserete and not continuous, Several
recent stidies have used contingent rting buk haye analysed the dita using ordered logit or probit {eg Gan &
Luzar 1993; Muckenzie 1992, 1993; Jakobsson et ol 1995), These studies are o hybrid contingent iating-ranking
 study, While they elicit ralings; the ralings. are treated ordinally wbich is ndcnbch% to how ke dota from &
l,wmiugmi runking study is teated, :
" Using labels 1o denote the fowest. rating 08 ‘oppose paymest i unlikely fo mske the osults conditional 4§
respoiidents use rmings: seales fn varions mys and may use xmml of the inw::at vanks w fidicate that ﬁséy
nppoue payment. : . -




Table 4: Example from s contingent ranking Klll‘vgy

Wetland managemant survey

Please rank the three alienatives bc}mv, {roiy st 1o feast pm(‘cm:d by pl wmg lhe mxmbcrs 1y 2 and ‘
3 in the boxes belows

Altermative 1 Al‘tenmtivaﬁ ~ Alilé'r,nmivc\i% ‘
Water quality Tair good poor
Number of waterbinds 50,000 100,000 50000
Areyof wetland 60,000 ha ‘ 60,000 ha 20,000 by

Houschold cost S 40 : $70 $10

The use of contingent ranking for valuing envirommnm goods was stimulated by the
seminal study by Beggs et al (1981) who showed that contingent miking could be
based on RUT (Thurstone 1927, McFadden 1974), and suggested statistical methods
for analysing data that corresponded to RUT. Prior to the study by Beggs et al (1981)
researchers had no direet way of statisticully analysing the resulis of o ranking excreise,
Biecause of the dearth of statistical techniques, rescarchers either converted rankings to
a vatings scale or asked respondents to place alternatives which they had initially
ranked onto a ratings seale, and then analysed the data vsing OLS multiple regression
teg Whitmore & Cavadias 1974), Hence many of the eurly contingent ranking studies
were coneeptually very similir to contingent rating studies, and in a statistical sense,
virtually identical. Beges et al (1981) showed, theoretically, that the ranking of
alternatives is equivalent to the pmbabmty of choosing the good with the highest utility
from a cholce et A, multiplied by thie probability of choosing the &,oc)d with the next
highest utility out of the remaining goods and 80 on. This is shown in the following
conditional probability distribution, where m represents & resource use alternative, I is
the set of resource use alternudves, b represents rank, and H is the total number of
rankings which is equivalent to the lowest ranking:

Pr(UUz>. 5Un for HS D) = 11 16"/ 3 o)

Basec on their theoretical exposition, Beggs et al (1981) pwpmd the use of the
ordered logit model to explain rankings in terms of atuibutes®,

Despite the work of Begps et al (1981), some questions remain about the abiliy of

contingent ranking to satisfy the assumptions of RUT, Respondents may use steategies
when ranking alternatives that are contrary to RUT, especially when rankings are
complex (Chapman & Staelin 1982, Smith & Desvousges 1986). For examplm thw ,

$ In miketing npplications bcforc the nVnnlal>ility of ordered logit models Mgdriﬁims sich us MA\IANGVA Weie
used to evalunte yanked dala (eg Gre Rao 1971, Hargreaves, Cluxton & Siller 1976), A weakiiess of
MANANOVA is that theie i3 ito theory of erors, henice theiss are no tests of significance (Louviers 1988b).

*The index function of the ordéred logit model is of the fonm y* = oy + Il’x for i & 1., j, whem y* i u ranking, =

and ogare dimmy variables iat repicsent ranking uwcshnm;» (



may rank the alternative with the highest and Jowest utility and randomy rank umse n
the middle, Or they may just rank the top one or two and randomly assign the
remaining ultemmlves, Allernatively respondents may use #i bottom-up tanking
methodology’, Violations of RUT have been indicated by several studies which have
found that the sampling variance is much geater with lower ranked altermatives (eg
Chapman & Staelin 1982; Housman & Ruud 1987; Ben-Akiva, Motikawa & Shitoshi
1992), This violates RUT because preater verinnce at lower ranks affects the
probability of choice, Consider the following ptobabimy expression repoited earlisi

P(ili,je A) = Pl (viq - qu)’ > ((‘ajq » em)l’

As the variance increases at lowet ranks, ey ~ &y increnses thereby 4fi‘mtxn1z, the
probability of choice. Hausman & Ruud (1987) suggesied introducing a scale
parameter, T, that would vary scross rankings snd would allow for differences in
cognitive burden, However, this model is not consistent with the random utility model,
as it implies a different set of preferences for each choice set within u ranking activity
(Hanemann & Kanninen 1996), Moreover, Hausman & Ruud (1987) found that the
scale purameter did not incrense monotonicully with the number of items ranked, while
Ben-Akiva et al (1992) found that re-scaling did not produce completely consisient
rankings.

At lenst one contingent ranking study has attempted to value multiple goods (Rae
1983), However, this is only possible using ordered logit if the goods ate not close
substitutes, This Is because of the itrelevance of irrelevant alternatives (1A)
assumption which results from the error term distiibution of the ordered logit model,
This ussumption is discussed more fully in Section 2,6, With the ovdered logit model
there is limited prospeet of resolving A viplations,

24  Paired comparison

In a paired comparison, respondents are presented with two choice alternatives and au,

asked to rate the difference between the two alterntives, usually on o five point scale®
(see Tuble 5). The paired compurison method has been used to estimate the value of
several environmental gbnds, including recreation (Sinden 1974)°, morbidity risk
reductions (Magat, Viscusi & Huber 1988; Viscusi, Magat & Huber 1991; Krupnick &
Cmppcr 1992; Dewou::g% Johnson, Hudson, Gable & Ruby 1996), improved water

1 Cliapiman & Staclin (1982) comment that *if décision ioakers revenic thilg proceduid, e choles pmbabxlflicx
gengrated fiom such a botlom-to-top procedure will be equal 1o the topto-botlom procedure only if the
alu,masww in each ehole set are equally Tikely o be chiosen, 1 ratlier restrielive kituntion',

¥ Some rescarcliors defing studies whers respondents nve asked to elivose el preferred alternatlve out of sl
of two alternatives ug paired comparison (eg Lockwod 1996; Pelerson, Brown, McCollum, Bell, Bidulin &
Clatke 1996), We define uny studies were respondents choose théir most pmt‘mcu nllummlve fmm aselof two
pr tiore lternnifves ns CM,

* ‘Thie stndy by Sinden (1974) 1s 5li3hlly different (o the utimr #idics aa respondenits wer usked how mucl moy
wete willing o pay lo vislt & iore preferred altemutive over a bie alternative, Sinden (1974) also comments
it “dats.on two further measures of preference were colleeted, . They were rank order (1 to 8) uid a seallng (1
o 100)..These were not rolevant as mensures of fntensity of preferences,. intespernonal compueisons of
preferences ute impossible beeause thege lack a common qualimﬁw it Jin eny caws ihm WS FASISHITEH did -
not prove m be xmlixﬁcully 8)gnifi(fmlim N e ‘
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quality (Griner fomtmxmng) c.nvimnmenmlly fmendly electricity ganemtmn (Johnson,,
Desvousges & Wood 1995) and use of eleetric cars (Segal 1995),

Table 5; Exnmple from a palred comparison snrvey e
Remnant vogetation ‘management survey
Please indicate which of the fwo alternatives you prefer most by cireling one of the numbers below:

Aliemative 1 Aliernative 2
Rarity of species Fairly tare Notrare at all
Base of visit ' Noviss allowed Enasy (o visit with tull factlifies
Area 100 1 500 ha
Household cost 510 $20
Strongly . ' Strongly
Prafer 1 2 3 4 5 Prefer

Alternative 1 Alternative 2

The pairs of resource use alternatives presented 1o respondents in paired compurison
exercises have predominntly been generated using computer algorithms, The main
motivation for using computer algorithms is that it saves the researchier from liaving to
manually develop an experimental desipn, Some computer aiwrithms used for the
paired comparison method, such us *Adaptive Conjoint Analysis’, claim to produce
designs that are close to orthogonal, Adaptive Conjoint Analysis initially randomly
selects a pair of resource use alternatives for respondents to evalpate, Based on a
respondent’s evaluation, the algorithr then successively seeks pairs of altematives that
are closest in utility for mspmxdems to evaluate so that points of indifference can be
found more efficiently (Johnson et al 1995), 'The algorithm seeks points of indifference
because they provide the greatest amount of information about the value of atwibutes.
Whilst intuitively appealing, some applications of Adaptive Conjcint Analysis have
experienced problems with non-convergence (eg Johnson et al 1995), so that more

recent studies have resorted to more tradidonal design methods (eg Desvousges et al
1596}, ' :

The data from paired mmpzmson have been analysed vsing OLS {eg Magat et a1 1989,
Viscusi et al 1991, Krupnick & Cropper 1992) and ardeted logit/probit prosedures
(Johnson et al 1995, Griner forthcoming). Similar to contingent rating and ranking, the
paired comparison method produces estimates of the value of unit changes in atbibutes
as well as estimates of the aggregate value of changes in environmental qualit,y' Paired
comparison also shares the limitation of contingent rating and ranking that estimates of
value are unconditional as respondents are not able to oppose payment, A possible
method of providing respondents with the ability to express oppomtmn to payment is
to include a constant base alternative in each paired comparison which represents the
status quo (eg Segal 1995), However, respondents may n!:,o not ahoosa to purchase a
good mpmscnted by the status quo,

The behavioural basis of paired comparison i also not cfcﬁrly deﬁned, I‘n I,
respondents are assumed to evaluate pieces of information separately and assign each a
value, and then integrate this information into an overall evaluation which is
naxwfmmcd mto a rating, ha pror:ess whereby mspondant.s cvalume two separate
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bundles of information, define & dutumue between them and convert this into nrating

is not well undersiood,
2.5 Choice Modelling

CM is a stated pmfmume technique in which respondents choose their most preferred
resouree use option from a number of siiematives (see Table 6), CM was developed
initially i the work of Louviere & Hensher (1982) and Louviere & Woodsworth
(1983). It has been frequendv used in the evaluation of choices involving consumer
goods (eg Louviere & Woodsworth 1983), transportation (e Hensher et al 1989,
Hensher 1991, tourisni (g Morley 1994) and the selection of landfill sites (Opaluch,
Swallow, Weaver, Wessells & Wichelns 1993), There have been a few applications
that have valued envivonmental goods, including Adamowiez, Louviere & Williams
(1994) who estimated water-based recreational value, Eom (1994) who valued
pesticide risk reduction in food products and Rolfe & Bennett (1996) who estimated
the value of preserving internationsl rainforests,

Choice models can be used to analyse choices between branded as well as generic
alternatives, A generic choice set containg unlabelled alternatives (eg alternative 1,2 or
3), whereas branded asliernatives ore labelled (eg Macquarie Murshes, Gwydir
Wetlands, Narran Lakes). It is therefore possible to use CM to value simultuconsly
several different sites, and produce site specific estimates of the value of unit changes
in attributes.

Table 6: I wmple from a cholce moddlling \im vey
'Remnant  vegetation management survey
Please indicate the aliernatives you prefer nsost by ticking one of the hoxcv; b«s!ow

Alternative 1 Aliernative 2 Allcm.a(ive 3
Rarity of species Faltly rare Notraee ot all Choosg
Ease of visit No visits atlowed Easy to visit neither
Arca 100 ha S00- by

Houschold cost $10 $20

Choice models produce estimates of the value of cinnges in individual attributes as
well us the value of aggregate changes in environmental quality, Therefore CM can be
used to produce estimates of the value of multiple resource use alternatives, The
estimates are conditional o absolute measures of value if a *choose neither” ept on i
included as an altemative'® (see Table 6),

As with contingent ranking, CM is based on RUT which suggests that CQHSUMPY‘% 56 elc
to maximise uuhty when they make chcnwb. As noted abow, RUT holds that there is 3

1 fyetuding o *choose tscit!xcr‘ option I nis uselul for testing for A vimnumm 'I‘mting A requires at )em :
three ojstions, Which gt be sitlsfied by ineluding a ‘chooke neither® option (Adnuwwlc.z wtal 1994)4
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detevministic or observable component and o random or unobserved companent of
utility, The most common assumption made about the unobserved or error term in CM
is that it is independently and identically distributed (I1D), which means it has an
extreme value error distribution (Ben-Akiva & Lerman 1985), The extreme value
distribution implies a multinomial logit model with the following form, where V
represents the systematie component of the utility of an alternative and A is a scale
parameters

Py = exp(AV)/Z exp(AVy) whete f = 1,...,0

The structure of the multinomial logit model depends on the form of the indirect utility
function. An additive indirect utility function can be used to estimate main effects, or a
polynomial form may be used to caleulpte interaction effeets if an appropriate
fractional factorial is seleeted, ‘ ; ‘

The seale parameter, A, results from the exteine value or Gumbell distribution which iy
the error distribution used to derive logit models (Ben-Akiva & Lerman 1985, Swait &
Louviere 1993)", The scale parumeter is inversely related o variance and is equal to
r*/6* where J1 is equal to the varlance of the ervor term., The scule parameter cannot
be identified in a specific model bepanse it is confounded with the explanatory
variables, and is usually arbitrarily set to one, This is approprinie when estimating
partworths as the seale parameter is cancelled whan one explanitory variable is divided
by another. However, the scale parameter can »ffeet the validity of comparisons
between models, as differences in variance affect the magnitide of model parameters,
The parameters of two different models may therefore appear to be unequal when all
that really differs is the variance of the models, While it is not possible to estimate the
scale parameter in-any particular model, it is possible to estimate the ratio of seale
parameters in two different data sets, By identifying (his ratio accurate tests of the
equality of | wameter estimates in different models can be conducted (Swait &
Louviere 1993). ~

An important aspect of the multinomial logit model and all logit models is the
independerice of irrelevant alternatives (IIA) property. This property arises fiom the
1D assumption and states that the probability of choosing an alternative from u subset
of ultermatives depends only on the aliematives included in the choice set and is
independent of any other alternatives which might exist, Ben-Akiva & Lerman (1985)
suggest that the TIA property is a special case of order independence, This implics that
the madel coefficients will be binsed if the multinomial Togit model is used to value
goods that are close substituies, This is because the addition of o substituie can affect
the ordéring of preferences, It is however possible to use more complex models such

as the nested or mother logit to value goods that are close substitutes (Hensher &

Johnson 1981; Ben-Akiva & Lerman 1985), McFudden (1987) reports various
methods for testing for violations of the ITA nssumption, '

Experimental design is required to derive the choiee sets that are svaluated by
respondents, Both sequential and simultancous designg can be used fo derive cholee

" A seale parameter Js wlso found iy probit models which ligve u ﬁorjinﬁl ‘dlss,ﬁtiut’iozs (Swnilk & Lunviere 1‘996);
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factorials  to derwm A parsimonious set of resource u@a aliematives, Further

experimental design is then used to combine resource use alternatives into choice sets,
In simultaneous designs resource use alternatives and chowe sets are denvcd at the
same time.,

CM xs i immtive process because of the experimental design process. For example, a
design where two way interactions dre not confounded must be selected for two way
interactions to be estimated. However, if some or all of the two way interactions prove
to be insignificant, a simpler and more efficient design can be selected, To test for
violations of the A asaumpumm a type of simultaneous design, known as the L™
design, which allows estimation of cross effects is required, Cross effects refer to the
effect of the attributes of one alternative on the ulility of another alternative, If such
effeets exist there is a violation of the 1A assumption, Again, if cross effects aie not
significant a more efficient design that does not allow for their estimation may be

selccted. By following this iterative pmccsv. greater prwxsmn in parameter csumatmn
cin be ; mlnc.vcd

2.6 Summary

Some of the differences between the SP techwqucs arg summansed in Table 7. The

main differences are in thc memmmlnz,y, statistical .m'u]ysus aud behavioural busis of
~ the techniques.

In terms of methodology, the most obvious difference between SP techniques is in the
elicitation question. In the discrete choice CVM respondents are asked whether they
“support or oppose a specified payment for a pumber of resource use alternative; in
contingent rating respondents provide a rating for various resource use alternatives; in

‘contingent ranking respondents rank several resource use alternatives; in paired

comparison respondents indicate which of two alternatives they prefer most through
“use of 4 ratings scale; and, in CM respondents choose their preferred altematixfe., \

SP techniques differ in the type of statistical analysis required. Discrete choice CYM
usually utilises binaty logit while other forms of the CVM use OLS. Contingent rating
uses OLS. Contingent rankmg, applications use either ordered logit and probit, Early
applications of paired comparison used OLS, but more recent applications have used
flther ordered logit or probit, Most CM application use cnthcr nested or multinomial
oglt :

The bchavmuml basis of the discrete chmce CVM and CM is RUT, Several rcSe,‘uchera |

also contend that continigent tanking is based on RUT. While this can be demonstrated
in theory, in practice, contingent ranking violates the assumptions of RUT. Contmgent o
rating is based on II'T which, in practice, is usually violated because of metric bias

which is discussed in Swmm 3.1, The behavmural basis ot pmred companson is
unclear, : '
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Table 7 OVﬂr\'lL\\'ﬂl Stated l’referonce'] echnlgues e i i g
Feature -~ | CYM Contingent | Contingent | Paired cM

. ; _| rating canking | comparison | -
Behavioorl | RUT (Giscrete | 1T | RUT (unclear) | ? - RUT
basis choice CVM) N | R R RTINS, ATEaR )
Elicitation Discrete Provide Rank several | Ratedifference | Choose
miethod choice rating altematives - between two preferred

. T RESA | altématives alernative

Noof Tor2 | Many { Many Many - Many
alternatives ‘
evaluated | SRR o SRR SO R ;
Substitute No No ' Yes(as longas | No | Yes
goods A not '
included s : N {_violated) ” L
Express | Yes (poly- Yes | No - Yes No
ambivalence/ | cholomons ~
preference choice only)
intensity e , N R
Compurer na Yes { No
algorithms | . I ‘ N S -
Experimental | Basic designs | Yes - Yes - Option Yes
design only ~ Conimosions ] {
Statistical OLS or binary | OLS Ordered fogit/ | OLSor Multnomial,
analysis ogit 1 probit ordered logit/ | nested or
NIRRT KRV . , i probit _mother lopit
Wellare Absolute 1 Relative Relative Relative Absoluite
meastire . i . ;
Data Agpregate Infarmation on relative preferences Aggrcgntu+ :
produced | value. attribute value |

3  Applying stated preference techmques in the non-market
valuation context

The previous section was primarily concerned with identifying methodological
differences between the various SP techniques, In this section the appropriateness of
these tee h’uiques for use in the non-market valuation context is assessed, where

""" is defined in tetrms of validitv and relinbility. An estimate is
consxdmed o be valid when the mean of the disttibution of the observed values is
equal to the frue value, In statistical jargon, it is unbiased, An estimate is reliable when
it can ali):e: reproduced, Reliability reflecis the variance of observed values around the .
true value.

While technigues such as contingent mting and ranking, paired comparison and CM
have been widely used in the marketing literature, their use for the purpose of non-
market valvation has only recently begun to attract the attention of euvnronmemal

economists. Although cmpmca} fesults are drawn upon whem po&mble, there is a
eneml lack of studtes in this area,

In Section 3.1 the evidence of the existcnce of bias in SP appll(.atlbns is revrewed I

Sections 3, 2 and 33 cvxdence about the theomncal and predwnve vahdnty of estimates
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made using each of the SP techniques is examined, while the reliahility of estimate
made using SP techniques is assessed in Section 3.4, =

3.1 Biases associated with using SP techniques to estimate non-
market values , ,

Bias it SP applications can affect both the validity and reliability of estimates, Bias can
cause observed values to differ from true values, and/or increase the varisnce of
estimators, This section lists some of the common biases found in environmental
applications of SP techniques, reviews the empirical and a priori theoretical evidence
of their existence fnd where evidence does not exist, considers the form it might be
expected to take. It is not the intention here to review the wealth of literature that
addresses biases in techniques such as the CYM. Rather we focus on a comparison of
the different techniques. Table 9, which is at the end of Section 3.1, summarises the
biages that can be expected i each technique,

Embedding effects

A debate that received prominence after an article was published by Kubneman &
Kneteh (1992) oncerns the existence of what has become known as the ‘embeddiug
effect’. The embedding effect is said to occur when the estimated meun willingness to
pay for a good is lower when it is valued as part of a more inclusive good, rather than
on its own. In Table &, the embedding effect would oceur if good BC1, which is a
component of good ABCI, is not equal to good BC2, or goods C1, C2 and C3 are not
equal, The problem with this effect is that, if it occurs, the estimated value of an
environmental good will be derermined by how the good is framed, and their is limited
consensts about what constitutes an appropriate framing, In addition to Kahneman &
Knetsch (1992), several recent studies have also shown this effect (Lockwood 1992,
Brown, Barro, Manfredo & Peterson 1995), Kahneman & Knetsch (1992) suggest that
the embedding effect occurs because people are seeking a *warm-glow’ associated
with contribution to a good cause, while Kahneman (1986) and Blamey (1996) suggest
that the embedding effect may be observed in practice if respondents are expressing
more generalised attitudes and values than are sought by the researcher, Randall &
Hoehn (1996) however demonstrate that embedding should oceur through an analysis
of the etfect in a demand system for marketed goods. The primary theoretical defence
given for embedding is the existence of substitution effects (sce Smith 1992)"* when
people are made aware of the existence of substitutes they will reduce their willingness
to pay. Hence the critical factor is finding the approptiate level of embedding or
framing to be incorporated in a survey design, '

2 Kupiemnan & Knelsclh (1992) argue fial *Although the notions of stibstitution and satiatioh may apply to softe
eivironmental goads, they do vot readily eatend o existence valuex for beautiful siies, historle Tandmarks, o0 -
endangered species.’ Bubedding in these situations can bé explatned by incoine effects (see Lockwood 1992), As
the definition of the poods requiring payient broadens; réspondents have less ficome available to spend o each
comporent of the good, Knhinetan & Knetsch (1992) counter this point by arguling that WTP is typically & small
percentage of Ineame, However, It is not ieessirily a small perccotage of discretionary income of e
diseretionary income that people might allocate in their budget to thise types of expenses, ; ‘
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_| Subsample 1| ﬂulmmplez ‘ Sulmrwiel!
Inchusiveness § | ABCT ‘ ‘
of the | | BCI BC2
god e | C2 1c3

Mote: in ik mmnntple mpmﬁk&ms Wé usked 1 valus the good i tha m;s row first amd, an goods In fowee tows

Other SP techniques are also likely to be subject to embedding effects, Impmf'mﬁy,
however, one would expect the effect to be reduced when respondents are made aware
of relevant substitutes, In the CVM this is done by mmmdmg mspandcm about
relevant substitutes. In contrast, with CM (and contingent ranking in certain cases) it is
possible to include substitute goods within the valuation exercise, providing a more
rigorous valuation context. Informatiuh about substitutes in consumption ¢an be found
prior to an SP survey through fovus groups, and informatica about substitutes in

production or supply are est bh sheu by resesu*chers with reference to the policy
context.

Part-whole bias

A bias that is related to the embedding effect is part-whole bias. This occurs when
respondents value a larger of smaller good than the researcher’s intended good
(Mitchell & Carson 1989), 1t is demonsirated in Table 8 by the equality of values
estimated for goads ABCI, BC2 and C3 which all have a different seope. This biag
occurs in CVM studies when res;mndems willingness to pay is insensitive to the scope
of the good that is valued e respcmdcnts’ willingness to pay dogs not increase
monotonically with increased pmv;smu of an environmental good. In other words,
estimated willingness to pay is independent of the level of the atributes of an
environmental good, In addition to the reasons given by Kahneman & Knetch (1992),
Kahoeran (1986) and Blamey (1996) for the existence of the embedding effect, the
main reasons given for the occurrence of part-whole bias are lack of familiarity with
the good (Boyle, Desvousges, Johnson, Dunford, & Hudson 1994); that the probability
that a good will be provided falls as the scope of the good increases therefoze reducing
willingness to pay (Carson 1995); and bounded rationality in which people are not
capable of discerning differences in scope when they are below certain pcrceptunl ~
thresholds. Boyle et al (1994) found part-whole bias when they used three different
impacts th.;t differed substmually in aggregate numbers but differed little in terms of
relative impaet, The majority of studies examining part-whole bias, however, have -
found significant scope effects (Carson 1995)", although most of these studies have
been for changes that are substantial. Hence it appears that while the CYM can be used

to value relatively large and significant changes, it is still questionable whether it can be.
used to value relatively mmar changes.

Whether other SP techniques are less prone to purt-whole bias than the CVM is yet td
be demonstrated. However, one might expect that the more explicit attention given to

differences in attribute Jevels with these mhcr tcchlﬁques may cause results to be Jess
pmne to this form M‘bms‘

B Catxon (1995) mpmw kx) »mdim which hm Tound mtinucally sigmﬁcmt scope et‘{acts. 190t wbicb «ﬁstim;wd '
;mcwmibn Valtics. .



Hypothetical bias

Hypothetical biag is sometimes cited in applications of the CVM, and is u pommial
problem for all SP techniques. Hypothetical bias occurs when mspmxdems do not
believe that their answers to an elicitation question will have any policy significance, If
this view is taken, there i little incentive for respondents to think carefully about either
the environmental good in question or payment outcomes. Response strategies may
thus be subject to greater influence from internal psychological motives related to
honesty, valug-expression and civic duty (Blamey 1996). Hypothetical bias is likely to
oceur in studies which inform respondents that scenarios are hypothetical, and others
such as student surveys which cleurly have fittle input to policy. Hypothetical bias does
not necessarily lead to over or under estimates of mean of median willingness to- pay,
although it is almost certainly associated with greater variance of parameter estimates.
Alternatives to CVM that involve stating preferences for a series of policy options may
be prone to hypothetical bias if the impression is given thut the exercise is little more
than an ‘academic game’. However, where surveys are clearly not ‘academic’,
respondents may view the evaluation of multiple resource use alternatives as more
realistic than CVM referenda. This may act to reduce hypothetical bias,

Payment yehicle bias

Payment vehicle bias refers to any biases stemming from problems with the puyment
vehicle, Generally spenkmg, these pmblems take one of three forms, First, a given
payment vehicle such as an increase In water rates may not apply to a portion of the
sample causing these respondents to discount payment information, For example,
farmers who rely solely on bore water do not pay water rates und can therefore ‘free
ride’ in a CVM survey, Second, respondents may not belicve that the specified
payment vehicle would ever be implemented, or that the bid value is implavsible,
Finally, respondents may object on ethical grounds to the implementation of the
specified payment vehicle, which, in CYM surveys, is hkely to lead to protest no
responses. The existence of payment vehicle bias in CYM applications has been widely
researched and many studies have found evidence of payment vehicle bias (¢g Daubert

& Young 1981; Greenley, Walsh & Young 1982; Carlos 1991; Schechter & Kim 1991;
Bennett et al forthcoming).

It has been suggested that othcr SP techniques do not suffer payment vehicle bxas to
the samie extent as the CYM. Rolfe & Bennett (1996) suggest that CM may reduce the

likelihood of payment vehicle bias by de-emphasising the payment mode™, However,
there is little empirical evidence to support this hypothesis. Indeed for contingent
mnlung it is unlikely that payment vehicle bias will be Iess than with the CYM because
in most empirical applications there have only been a few attributes used, For example,
Smith. & Desvousges (1986) used only two attributes (one of which wag pncc) and
Rae (1983) used only three attributes, With so few attribuies the pm&bxhty of
deemphusising the payment vehicle will be subsiannauy reduced, This i w. reflected in
evidence of ;)‘Lyment vehicle bias in the, study ‘by Rae (.1983) w here ]8% of

" 1t 1% also possible that deemphasising price §s not desimblc feature of non»mnrkc; yaloation SP applicaimnﬂ.
since a primary concern i thet resporidents bccome fully aware of payment implications,



18

respondents refused 3o teade off increased entey fees for improved visibility. However
contingent rating, paired comparison and CM applications usually involve greater
numbers of attributes, ‘

Strategic bias

One of the first biases that rescarchers identified as u potential problem for the CVM
was strategic bias, Since Somuelson's (1955) declaration that it was inherently difficult
to obtain true valuation of public poods because of *free-riding’, mary economists
have believed that the use of CVM would be open to strategle bins, Strategic bias
would oceur. say, when somebody with 4 pro-conservation disposition deliberutely
overstates, or somebody with u pro-development disposition deliberately nnderstutes,
their true bid, in order to affect the final outeome'®, Strategic bias cun have both weak
and strong forms: weuak forms occur when true bids are only partly reduced or
increased; strang forms oceur, for example, when a respondent would bid zero when
they have a positive willingness to pay, Overall the empirical evidence sugpests that
only weak forms of strategic bias witl occur, if at all, Several studies have found some
empirical evidence of weak forms (Bohm 1984; Brubaker 1984; Bennett 1987), Other
laboratory and field tests have found little empirical evidence of strategie bias (Bohm
1972; Braokshire, Ives & Schulze 1976; Marwell & Ames 1981; Milon 1989). Only -
one study has found strong strategic bius in the valuation of the arts in Australia
(Throsby & Withers 1986), However, the result found by Throsby & Withers (1986) is
possibly due to payment vehicle bias or respondents® inubility to pay additionul taxes',
Various theoretical reasons have been given for the luck of strategic bins found in
empirical studies, including the opportunity costs of strategie behaviour (Smith 1977),
and the value that respondents place on honesty (Johunsen 1977, Brubaker 1984,
Bennett 1987) : :

Similar to payment vehicle bias, other SP techniques may not suffer from strategic bias
to the same extent as the CVM. This may result if de-emphasising payment reduces the
propensity of respondents to act stategically (Rolfe & Bennett 1996), Another
possibility is that the cognitive requitements to act strategically may be greater with
other SP techniques, However, there is also no empirical evidence to support this
hypothesis.

" An alternative explanation of strategie behaviour is that it simply refleets the way respondents denl with
uneertzinty, Milon (1989} found that bihaviour that appears steategic is actunlly related 10 ynecrtainty, and thiat
uncerliin respondents are more likely to reduce their bids. or abstuin rather thon pverstste values, While
uncertuinty is it valid explanton for reduced bids, It i also possible that uheertainty ¢ould cause bids o ingrese
whete respondents have s pro-environment disposition, S

' Throshy & Williers (1986) found honest revelntion nmiongst 65% of respondents, with 35% free-riding. OF the
frewsriders, abowt one-thind were strong free-Hders, Throsby 8 Withers (1986) initin/ly asked people how muely
they wanted o pay for the aits out of existing taxes and Wien compured this with how much they would be
willing o pay iin addidon 1o cutrent taxes, Honeal respondents were defined s (hose whi did not chunge their
respotises. While sirntegic blas may be oceuring it is possible, and even quits likely, that respondents who
reduccd their bids cither were unwilling to pay extra fuxes or could not afford to do 5o, Tt & recent lephone
survey aid focus groups held to develop o CVM sirvey for o public good in South Australlu;, it was fournd thet

many believed that they wore already paying sulficient taxes ot that public gow! provision wus simply the
government's responsibility (Bennett ¢t al forthcoming). This would cause tlie ethitegic bing that Throsby &

Withers (1986) found, yet it Is probably closer to being a form of payment vehicle bias or due Lo pwuié’k
inabllity to pay additionn taxes, FRE R , e



Starting point bias

Starting point bias oceurs in CVM studies when the amount at which the initial bid is
set affects (he bigd distribution. It bas been suggested thut this oceurs because the
starting bid may suggest to the individual the approximate range of ‘appropriate’ bids,
or because a good is poorly defined or not distinetly perceived by respondents, or that
respondents are not willing to go through an iterative bidding process because they
value dme highly or become bored (Brookshire, d’Arge, Schulze & Thayer 19813
Cumimings, Brookshire & Schulze 1986). A number of studies have analysed whether
starting point bias exists when the iterative bidding format is used and the results from
these studies have been mixed. Studies by Brookshire et al (1981), Thayer (1981) and
Green & Tunstall (1991), using different starting points, found no statistically
significant evidence of starting point bius, However two of these sudies bad small
sample sizes und the third did not substantially change starting points, Other studies by
Rowe, d'A1ge & Brookshire (1980), Boyle, Bishop & Welsch (1985) and Desvousges,
Smith & Fisher (1987) did find evidence of starting point bias, Overall it appeurs that
starting point bias can be a significant problem in iterative bidding formats, In recent
studies researchers have also found that starting point bias occurs in discrete choice
CVYM formats (Holmes & Kramer 1995, Herriges & Shogren 1996).

A form of starting point biss may also ocour in other SP techniques if the magnitude o
attribute levels affects the estimates of pact-worths. For example, this muy occur if
three levels for cosit are $20, $50 and $80 instead of $10, $60, $110, While there is no
available evidence about the effect of increasing the magnitude of attribute fevels on
parameter estimates, Mc:ym‘ & Eagle (1982),in a study of shopping centre choice using
student respondents, show that reduced varubility in the levels of ‘major’ atteibutes
can affect the xmpammce of minor atributes, They suggest that this oceurs because
insufficient variation in major attributes cause respondents to focus on less important
attributes when choosing between ulternatives. Meyer & Eagle’s (1982) study used
both choice based and ratings based elicitation formats,

Information bias

Information bias occurs when ms;mndems are sensitive to the quantity or quality of
inforn.ation provided in scenario descriptions that are ‘true’ and ‘accurate’, For the
CVM, most researchers have examined whether inciuding background information
about costs, existing payments or causes of the problem affects estimates (eg Sumples,
Dixon & Gowen 1986; Boyle 1989), or alternatively whether informational cues
designed to stimulate altruism affects estimates (Ajzen, Brown & Rosenthal 1996),

These studies have found that information can affect mean estimates, or at least their
precision, However, this is to be expected from the CVM, as well as other SP
technigues, which are contingent on the information supplied. Defining the appropriate
amount of information to present to rcspondcnts is purt of all SP surveys and depends
on the purpose of the survey and the requitements of respondents, The effect of
bpecmc information can be ascertained through fmm gmupa and remo%md or modiﬁed

if it is niot appropriate or biased. g
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Metric hias

Metric bias occurs in contingent rating and paired cnmpanson applmtmns because of
the use of ratings scales, This bing relates to the difficulty of cardinal measurement of
utility and the problems of interpersonal comparison of cardinal measurement of utility
first exposed by Robbins (1937). Respondents may use ratings scales in diffevent ways:
one respondent may use from 6 to 10 on the .scuic and another. may use i to 10 on the
scale, while they both have similar preferences'”, The use of mtmg scales also rests on
the assumption of 4 monotonic transformation of utility into ratings, It Is not clear that
this assumption will hold if respondents rank prcfc:rmd 0puons very highly and other
options towards the bottont of the scale, or if the ratings scale is insufficiently small to
allow respondents to differentiate between alternatives, Mettic bias may bias parameter
estimates as well as lead to increased variance,

Non-response bias

Non-response bias arises when there is a low response rate which means that o survey
sample may not be representative of the population, Some researchers have argued that
certain SF tcthmquaf; will be less prone to non-response bias because the
questionnaires are easier to answer. For example, contingent rating supveys may be
easier for respondents to answer as providing ratings allows respondents to express
ambivalence (Mackenzie 1993), Mackenzie (1993) seports some evidence of lower
protest mtes in 4 sutyey where respondents were initially asked to rate Yar ious
alernatives'™, Only 1.4% of respondents refused to answer the rating questions.

Rolfe & Bennett (1996) contend that respondents find CM exercises easier than some
other SP exercises because people are familiar with choices in markel, transaetions and
that, cognitively, it is simpler. Choosing a preferred alternative a priori toay be less
demanding than rating or ranking the same number of alternatives.

7 Some rescarchers huve tried o overcome this problem by fabelling ranngs gonles {eg Criner rorﬂmmmng) of by
udjmun& cach respondent's ratings ot commol intén (Green & Srinfvasun 1978), '
™ Teady ot wl (1995) found slightly Higher resporise rales n the polyeliotomoiis choee CYM format, which
ullows respondests b express umbivalence, thon wos found in the disorete thoiee formul, ‘
* Hawever there may be other pegative effects o response tates, Muckenzit (1993) olso réported thit 6.2% of
respondents provided identical satings, reflecting either confusion or Inziness, nd 2,1% of respondents misteud
the questiog, Ih.m,e no-upeabile responkes are-close lo 10% which is mmiinr lo-what is fcund i C:VM Butvegs.
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Table 9: Evidenee of blas i applications of stated preference technluues

Bins CVM | Contingent | Contingent | Pafred | CM
v L rating | rsoking | compardson |
Embedding effects Yes ] 2(Yes) T(Yes) T (Yes) "1 Allows explicit
; ‘ ' inclusion of
Hypotheticalbias | Yes 49 {9 19— 9
Motichins I No  tYes  INo Ym ot No N
Non-response hus Yes  § Y(Abilityto | ? 1Y -2 (Respondents
: espress ity Lo
o e 4 timbivalence) : _chioices ensier)
Part-whole bias Yes 2 (Teelmques mm‘c wued w cv,mmmg nl\zmgo,s ol 4 minot
, RO L1 . . v ,
Payment velucle biss | Yes 7 (Mulliple | Yes , ] (M ulu,pla - (Multiple
' atiibues dis - altribotes de- | otwributes de-
- empbasises emphasises cimplingises
. lpaymeny 4 payment) 1 paymenty
Startng pointbias | Yes FAEE A 12
Strategic bins | Yes |2 ) R B
| twenk
fotms) SRR
Note: 7 indicntes .xbwnu: of memc,al evidenge; Iformation i brackets i Meoreucal evidence

3.2 Theoretical valldity

The biases referred to in the previous section can affect the results of SP applications
in several ways, One way in which the effect of bias can be assessed is through an
examination of theoretical validity, This involves cxamining whether a prior
theoretical relationships between the dependent variable and certain independent
variables hold (Mitchell & Carson 198%), Theoretical validity indicates that systematic
forms of bias may be limited, as systematic forms of bias are lxkely to confound
theoretical relationships, The independent variables usually included in models are
income, age, education, sex and certain attitudinal variables,

For the CVM it is stundard practice to include socio-economic and attitudinal varlables
in valuation functions, Many CVM studies have shown that a priori theoretical
relationships hold, including Walsh, Loomis & Gillman (1984), Lant & Roberts (1990),
Kaoru (1993) and Kosz (1996). The main variable examined has typically been income
as it was believed that income should have a strong and positive effect on wﬂhngnm
to pay. However, Carson & Flores (1995) have shown Lheorcucally that income
sensitivity should be low, Other socio-economic variables that are often included in
valuation equitions are level of education, age and sex. Yet these variables can affect

estimates in different ways and there is less ce,rmmty about the sign and magnitude of
their coefficients,

Very few environmental applications of SP mchmqueb other than the CVM have
examined theoretical validity, Three exceptions i applications of contingent ranking
are Rae (1983), Smith & Desvousges (1986) and Lareau & Roe (1987), with only the
latter two studies finding significant @ priori relationships. We could only find two
paired mmpaum studies that have examined theoretical validity (Kmpmck &
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Cropper 1992, Desvousges et al 1996), and no ¢ontingent rating or CM studies, Some
non-environmental studies using CM have, however, examined theoreticul validity,
including Louviere, Fox & Moore (1993), Morley (1994) and Hensher (1995). In each
of these studies most or all of the o prior relationships were found to be significant,

3.3 Predictive validity

Another way of assessing the validity of SP results is through their predictive power
(Mitehell & Carson 1989). This i demonstrated when the choices or estimaws
predicted using SP techniques are equal to choices or estimates weveuled in actoal
market situations. Predictive validity also indicates that systematie forims of bins may
be limited, :

Where SP techniques attempt to estimate non-market values, testing predictive validity
is o difficult task because there are usually no equivalent markets. For the CVIM many
rescarchers bave sought to validate estimates by comparing them with estimates
generated using other non-market valuntion techniques, particulurly the hedonic price
and travel cost methods, The results from these compatisons  indicate  sonie
convergence between estimates made using CYM and other nonsmarket techniques,
For example, Carson, Floves, Murtin & Wright (1995) found in an analysis of 83
studies where there were 616 comparisons of CVM and revenled preference (RP)
estimates, the sample mean CVM/RP ratio was (1,89 with a 95% confidence interval of
0.81-0.96. However, o weakness of this validity test is that the travel cost and hedonic
price methods are also prone to substantial variation® and are fimited to the estimation
of values which can be estimated concurrently by the two techniques,

Some researchers have, however, sought to compare estimates from the CVM with
market data, Diamond & Hausman (1994) repott the estimates of five CYM studies
which compared hypothetical and aetual statements of willingness to pay. They
comment that these studies *often find lnrge and significant differences’. Flanemann
(1994) however countered that Dismond & Huusman (1995) only examined five of the
ten studies which mude this compueison and the remaining studies found no significant
difference. Moregver, anemann (1994) contended that in two of the studies Diamond
& Hausman (1994} cite the difference is not statistically significant, while the
remalning three studies did not use *state of the art” CYM techniques. Flanemann's
(1994) observations suggest that diserete choice CYM estimates may aceurately
predict willingness to pay, howevet, it is difficult at this stage to draw fion
conclusions, especially in relation to non-use values, '

* Graves, Murdoch, Thayer & Waldman (19885, in o sudy using hedoniz pricing to catimate the conts of alr
pollution, commnent hat "our findings cost doubt o thi festlts of studdies tinl hovie dtilised - Tedone-bused
marginal prices to svalwile e validity of other nonmarket methods’. Wills Smith, Dosviusges & Pisher (1986),
in weomparison of the QYM anid the trvel enst msthod, found that "the enitingent valuation sstimates dppenr iy
be senzitive 1o e question forimat uged, with U ratio of e Targest wstimated mean for o guestion fype fo the
siwialiest about 3ix to ong, By miore striking, fowever, Is the ranige of éstimared consumer surplus incrétitenty
avross the travel costs nadels, 1t mare tian eiconipasses the cottfagent valiation esiliates..”
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Simple tests of validity for contingent rating studies have been conducted by
comparing predicted and actual market choices, These tests have produced mixed
results. Leigh, MeKay & Summers (1984) compared actual choices with predictions
from an exercise where respondents rated the difference between two different
caleulators. ‘They Found that only 35% of choir  were predieted vorreetly. Bateson,
Reibstein & Boulding (1987) report the ves - . of three other studies by Davidson
(1973), Robinson (1980) and Montgomery &  Vittink (1980). Montgomery & Wittink
(1980) examined job choice at an individual level, and found that contingent rating
predicted 639 of netual choices correetly, The other two studies examined group data
for transportation choice and these studies found a close corvelation between predicted
and actual group shares, Howeve., group data can disguise non-convergense between
predicted and sctual data ot an individual level.

Few tests on the predicive validity of contingent ranking or paired compuiison exist,
Smith & Desvousges (1986) compared the estimates made using contingent ranking
with estimates made using the CVM in the valuation of improved recrentional water
quality, They found & close correspondence between the estimates made using the two
technigues, although it was not tested whether the difference between estimates was
statistically significant, However, as noted above, comparing the results of two non-
market valuation technigues is not a strong test of predictive validity,

Several studies have conducted tesis of the validity of CM, These studies appear
primarily in the marketing and transportation literature and have compared predicied
and actual market choices. Louviere & Woodworth (1983) report on two studies on
pet food and expenditure at shopping censres where the correlation between predicted
and actual murket choices were 0.83 and 096 respectively. Curson, Louviere,
Anderson, Arabie, Bunch, Hensher, Johnson, Kulield, Steinberg, Swait, Timmermuns
& Wiley (1995) report three other CM studies which found a close cotrespondence
between predicted and actual choices, although one study by Hensher & Butielino
(1993) found u divergence beiween predicted utilities wssociated with teaffic
management at one pointin time with netual utilitiés some time later,

While correlations between predictes choices, made using uny SP technique, and
actual market choices may be quite high, there may be differences in seale so that
predicted choices consistently over or under predict actual choices. For example,
Louviere & Woodworih (1983) suppested that the difference between predicted and
actual market shares in the two examples cited above was large enough for the CM
data to be rescaled, In other words, the predicted choiees under CM were sufficiently
different to observed chioiees in renl markets that an adjustment to the CM datu set, 50
that it would match the observed ghoices, was warranted, This difference may arise
because of the higher variance in hypothetical markets which affects parameter
estimates (see Section 2.5). If the difference between predicted and actual choices is
due to differences in the scale purameter, it is possible to adjust the CM data by
amulgamating CM and revealed preference or actual market data sets and rescaling the
CM datd, Rescaling has been underta'ren in fransport applications (eg Ben-Akiva &
Morikawa 1990; Hensher & Bradley 1993; Ben-Akiva, Bradley, Morikawa, Benjunin,
Nowak, Opperl & Rao 1994; Swait, Louviete & Williams 1994) and environmental
applications (Adamowicz ot al 1994; Adamowxc -Swait, Boxall, Louviere & Williams
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1996; Swait & Adamowicz 1996). The capacity 1o re-scale data provides a powerful
test of the validity of CM,

The extent to which the avove findings for market goods transfer o the non-market
environmental valuation context remaing to be seen, and will ultimately depend on any
differences in the incentive structures that respondents face in these contexts,

3.4  Reliability

In addition fo validity, SP researchers often consider the relinbility of their vesults.
Reliability refers to the consistency v reproducibility of results over time. Wheiens
validity measures indicate whether the mean of the observed values is equal to the true
value, refiability indicates whether it is possible to consistently estimate the true valne,
It is therefore an indicator of variance or efficiency. Reliability studies are not generally
capable of deteeting systemntic binses in parameter estimates, therefore they should be
considered of secondary importance when compared to tests of validity,

The primary method of examining, mliabiﬁty has been 1o use test-retests, The similatity
of the results can be examined by testing the significance of the correlation between the
estimates, or the mmxlauty of the functional forms between thc two models, with the
latter test being the most rigorous.

The CYM has generally been shown to be quite reliable. Tests of stability over time
have been conducted by Kealy, Montgomery & Dovidio (1990), Loomis (1990),
Reiling, Boyle, Phillips & Anderson (1990), Stevens, Moore & Glass (1994) and Teis},

Boyle, McCollum & :uailing (1995), Kealy et al (1990) examitied stability with prwate
and public goods over a two week puiod and found no statistical difference in
willingness m pay using a log-likelihood ratio test. Loomis (1990), however, used a
much longer time period of 9 months und found significant differences in willingness to
pay. Loomis (1990) examined willin nc:,ss to pay for two different improvements in
environmental quality at Mono Luke in California using both open-ended and
dichotomous choiee elicitation formats, While the test-retest correlations were
significantly different from zero, indicating a degree of reliability, significant differences
were found using likelihood ratio tests for one of the improvements under each
elicitation format, This difference, however, could be explained by changes in

preferences over this time period, Reiling et al (1990) compared the willingness to pay
of one sets of respondents to control black flies (a type of mosquito) at the peak of the
black fly season with the willingness to pay of a second set of respondents at the ¢nd of
the season (3 months later), Using a pairwise t-test they concluded that there was no
statistically significant. difference between the observed mean values. Stevens et al
(1994) compared respondenis’ willingress to pay to preserve the bald eagle in 1989
and 1992 using both panel data and independent samples from each year, Using

varfous statistical tests including a pairwise t-test and a Chow test, they concluded that
there was no statistical difference between the observed mean values in the two time

permdb. Teisl et al (1995) compared respondents’ willingness to pay for moose hunting

permits in 1989 and 1990 over a five month pbrxod. They conducted a pretest for one
sub-sample, u test-retest for unother sub-sample, and a post-test for a third sub-sample
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For con ungcm rating the tesults from studies of marketed goods have been mixed.

Bateson etal (1987) summarised the results from nine studies which assessed reliability
of mode! coefficients over pertods ranging from one day to two months, Three of the
mote robust studies (McCullough & Best 1979, Caitin & Weinberger 1980, Segal
1982) had quite high correlation coefficients ranging from 0.63-0.88. However the
study by Leigh, McKay & Suramers (1981) found u correlation coefficient of only
0,49, and a later study by the same authors found an adjusted Loruelanon coetficient of
0.48 (Leigh etal 1984).

~ No studies that have tested mhabnluy using tcsmmcsts hive bc.en Mcntmcd for
“contingent ranking, paired comparison or CM,

3.5 Surhmary

The validity and mhabdny of valuatk’m estimates nmde using SP techniques may be
affected by the existence of @ number of types of bias, Empirical evidence suggests that
the CVM is prone to & number of forms of bias, including hypnthetmal part-whole,
- payment vehicle, starting point and strategic bias although it does appear to be 4
reliable technique, The remaining SP techniques may be less prone to certain biases
that affect the CVM, although this is yet to be demonstrated empirically, This does not

mean that all of the other remaining SP techniques are more valid than the CVM, as
~ other biases affect some of these techniques, For example contingent rating and paired

: comparison applications are affected by metric bias, OF the '1]ten1dt1vc<; to CVM,CM

.xppems to be the }edst prone to bias,

4 Practical considerations in the use of stated preference
, techniques tor estimating non-market values

As well as validity and reliability, thue are other criteria that need to be considered
when selecting an SP techniques for a particular environmental valuation application.
These include the wmplexﬂ,y of the environmental issue, the nwsker of valuation
estimates required, umc, cost and the nee;l for bencﬁt transfer™’,

Complexity

Environmental issues have differing levels of complexity. Some Issues require
considerable bnck;,romzd information about many attributes, and betwesss causes and
effects, For some issues it may not be powblc or practical ty define n parsimonious
and representative number of atwibutes, gs is required for CH. For particulaly

B Bcncf’ Ltransfer is the extrpolation of estimates to sites which are different fmm where. &w vnlum oil leimate
v oiginally nide.
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complex valuation exércises the CVM may be the most appropriate valuation
technique, as it is possible to present large amounts ai information to respondents
about a single option,

Number of manageinent options under consideration

In some cases decision makers are interested in aseertaining the values associated with
a single management uptinn In others, they require information on multiple uptions It
multiple vitluation estimates are required, an SP technique other than CVM is likely to
be most appropriate,

Time

The time required to apply each of these techniques parallels costs, Contingent
valuation and contingent rating requite the Jeast time, The other techniques can take
longer because of the iterative nature of the research process, However, depending on
the level of accuracy required and the nature of a given application it may be possible
to find quickly an adequate experimental design,

Cost

Cost is based on several fuetors includipg the complexity of the issue, accuracy
required and the skills necessary to use a4 particular technique. The cost of all
techniques increases as greater aceuracy is required, as this usually involves larger
sample sizes and more thorough development and testing of survey instruments,

The other main costs are in skills related to experimental design and statistical
modelling and interpretation. CVM does not require the use of experimental design
and the statistical techpiques are relatively straigmforwmd Contingent rating, requires
the use of simple experimental designs and straightforward statistical techniques. The
experimental desx;,n and statistical techniques required for contingent mukm;, and
pdlred tompmson are more sophmtxmtcd tlrm CVM ov contmgem; raung, rhese

similar level ,of skills for a)npf:! imental dcsxgn as coutmwnt ratﬂ,,cmg and pc,urctd
comparison, but the statistical analysis is more sophisticated, which means that it is
likely to require the highest skill level of all of the SP techniques.

Benefit Transfer

Contingent valuation is the least suitable of the SP techniques for benefit transter as
only one or two valuation estimates are typically produced and considerable
interpolation is required £ adjust for differences between sites whete studies were
undertaken and sites for which values are to be inferred, The other SP tecfmzqum
produce valuation estimates that can be readily adjusted for differences in key site
characteristics, therefore they are pasticularly suited to benefit trmlsfcr,

CM has an additional advanta;,e for benefit teansfer, By simultaneou.,ly valning several |
substitute goods CM is able to estimate the ‘generic’ value of attributes, These
estimates are likely to be less site specific and more suited to benefit transfer, CM is
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also able to control for brand effects, such as the s;:n,timcnt associated with the
protection of well known environmental arsas such as Kakadu,

5 Conclusion

The mtionale given for this paper centred on criticisms associated with the use of the
contingent valvation method (CVM). The thain reason for this criticism is that the
CVM is believed to be prone to bias, One of the findings of this review is that there is
theoretical and empirical support for continuing the use of the CVM. The dichotomous
choice CVM has a strong behavioural basis and it provides absolute estimates of the
value of environmental g,mds. Many studies exist which have demonstrated the validity
and reliability of the CVM, It is also relatively cheap and quick 1o implement. While it
is prone to various biases these can be minimised by careful survey design, However,
the CYM also can only be used to estimate the value of one or two resource use
options, Therefore where multiple estimates are required or where the resulis are
needed for benefit transfer it is not suitable, Morcover, because of the scepticism that
Australian policy makers attach to the use of the CVM, there is # need to explore the
use of alternative SP rechnigues,

Of the remaining stated preference techniques, only the choice modelling (CM)
alternative appears at this stage to have consistent theoretical and empirical support,
CM has a strong behavioural basis in random utility theory and CM applications may
be Jess prone to some of the biases experienced in applications of the CVM and other
SP techniques. It also has the advantage of being able to include explicitly substitute
goods within valuation exercises, While the experimental design involved in CM
exercises may mean that it is more time consuming and costly than CVM applications,
its validity and suiml;xmy for benefit transfer may mean that it will be the most cost-

effective option in cases where there is little & priori justification for an isolated
valuation ysing the CVM.

The other techniques appear to offer litle improvement over the use of CYM,
Contingent rating has some distinet disadvantages, Jt has a weak theoretical basis as
most contingent rating apphcaumm violate the assumptions of information integration
theory, It suff2rs from estimation bias as OLS produces inefficient and biased estimates
when applicu to discrete data, Metric bias occurs because of problems with combining
mnnw across fndividuals, Morcover, the estimatés of value derived using canun;:cnt

rating are only relative because respondents are not. able to cxprt;s*; ﬂpposxtmn to
paynmient,

Paired comparison shares most of the disadvantages of contingent rating. It can be
used to estimate the value of multiple resource use options and may be less prone to
certain biases experienced by the CVM. However, the behavioural basis of paired

comparison has not clearly been defined and it suffers from metric bias, The estimates

of value are also relative,

c,mmngcm ranking is also problematic, Its behavioural basis is random utility theory, 3
however, in practice, !t violates the theory’s assumptlom. C()nungcm mlkmg
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applications are likely to be prone to binses found in CYM apphcauom such og
payment vehicle bins, Shuilar to contingent ating, the estimates of value are only
relative because respondents are not able t cxpucss opposition to paymeit.

From this review it is apparent that there are many gaps in the received literature about

applying SP tcuhmques, 'ﬂm suggests that the area remaing fruitful for further
research, In p.\mml.xh there is 1 need to further refine the CYM as well as develop the
CM aiternative, CM has the potential to be very usetul for environmental policy, yet
there have been few environmental applications. Tt needs to be rigorously tested for use
in this area, While it has been successfully applied in areas such as marketing and
transport, different pmblems are xpwienvcd in the environmental area so further

testing and development is needed before it can added to the mol kit of the
environmental economist,
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