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1.9 Introduction

Stated preferenece technigues oo now g common meaos of assessing vahies (Morrison, Blaney, Bennett
amd Touviere 1906Y These technliues draw on the use of strvey instruments fo assess preferenges. in
contrast to preferences that ares revegled i the course of market transactions. There is growing interest
i the use of discrete choive models fe assess stated preferences, where respondents are presiumed to
miahe chosces between discrete altormativey that masimise theit wility. Developing from the fields of
marhet researchi, ecopomion and pavehology . these models have been more recenthy applied fo
eovonmental problems Rolfe and Benvett (1996) vuthae 1 cheree modelling (CM) approach that
pronades some estirates of the williagness to pay (OWTPY o Austratians for rainforest conservation

Choee madetling insolves people being asked wa questionisare Lindicate their prefirred chowe fom
fwo o more seenanos. each made up of'a small mimber of attributes that vary to make the weenatios
dfferent Performing a nisnber of chowe expermients proyides data that enable the reseu~ r to
~aumate the contrbiition of different attabotes to the choices made . This then enables proictions to be
smade about choices, and lemce vatue - The OM provess nyoolves the estimation of' a sodet that tries
explam the behavioural process uadertving choive  Use of the technigue s attractive beeatrse it enables
a mue realistis mrodeling of the range of choives tacing indivduals (eompared 16 othier stated
preference fechnignes). amd van provade mdications of hoth relative and absolute value

A potential weahaess of CM s that its cutconses are dependant on the inhierent model specification In
the basic multi-nenmat bogit (VN3 Tormat used to estimate the relationship between the attributes and
chowee probabitity, Hie assumption made s tat the effects of the vanous atiebures are additive in the
undurlving utility Rmchen Howevee choees man alse be influar ved by inteiactions between aftributes,
and by various sovp-ecotomic fctors . Maote avcmate models can offen be built by including these
other sigaaficant factore Recause there iva circalar provess of moded specification, experimental design.
analvsis of results, and then moadel re-specitication: the cstimation progess is nevessarily an terative ong

Muodels can also bie specified acvording 1o a hterarchal decision progess, where choiees are nested under
successive lavers of particular atteibotes. Tor examiple, the first fevel of decrsion for somebedy
contemplating a weekend's recreation may be between various activities . Once the chioice has been
made between fishing, Boating vr snimming, then the nest Javer of choice may be between different
lovations  OF course, the devision process may folfow a dilferent pathway - Perhaps the first chotee is
where to go for the weehend (Jocationy, and then shat to do (activity) - The prosess by which choiee
options are narrowed dowi by comsidenmg only « fimited number of aitributes at a time is called neSting

Nested fogit (NL) models are popular in the analysis of demards in argas such as reereation (Kling and
Herrige 1908), aavel (Hensher 1991) and housing (Weisbrod, Lerman and Ben-Akiva 1980) This is
because the models are able (o allow varying levels of correlation between selection allerngtives. For
example. an atiribute such as mimber of fish caught may ofler a significant explanation of choices
involving fishing, but have no relevance (o boating and swimming options. Different Jevels of cost and
travel time need 1o he used in travel models involving bus, eur and air travel options‘ Nested logit
madels enable the inclusion of eption specific attributes (umber of fish caught under the fishing chojce),
or attributes that vary between certain ranges under a particular branch of 3 nesting strueture (low travel
times in the fly option) As well as reflecting the physical constraints that govem many choics, NI
madels are often popular because they are seen fo reflect consumer decision paths (Kling and Herriges
1995)  For varions reasons, paople do make path dcpendant choices For example, someone may first
choose between driving 1o the beach or staying home and going to the movics for their weekend
refaxation  Having decided on the latter, they then look up the paper to see what movies thcrc are heing
screened to chioose from

Nested logjt models sppear to be highly rele»am 10 stated preferences for environntental goods. This is
partly because environmental issues are complex and pmhﬁc People responding to environmerital
choices ofien use decision trees as efficient ways of narrowing down oplions and making choices. Thus
they may simplify the range of choices according to whether the issue affeets them or their family
personally, affeets tieir heahh appeats to carry high levels of‘nsk And 50 o



As well people often iigke chuices about eovire nental issues front Jow levels of knowledge or
meentive e enn simphily the decision praeess by using a sequence of devisions 1o make choices  They
may restrct thew vhoees (oassues that they ought be interested in. or take their decision cues from what
then nerghbours sand - Sewral conventions and moral guidelives olten refleer definlts for making quick
deastons Perhaps ey respond only 1o issues that they feel some responsibility for, e issues that they
theak omghn afteet ther smplovinent prospects - A nested model can reflect these sequence of decisions,
and thus estimate e refesant chree mode! mote aoopratehy

The researcher though faves b anan difliealties i cloosing a N miodel - The Birst is e specd§ the
carredt strovtare fior nesting - Whide st mas be clear that number of fish cought nests ginder the Tishing
opton 1t 1 not at all obmis whether e weekenders fivsn choice is hetween petivity o loestiers
Recnse there are usith o mamheeof possible pathsavs foa vomples deession firge muabers of
nesting strgetures often need to e vonsidenad

The second diffionlt s o shis thata 81 nadel passides beiter estimates of utilits ssaxinisation than
o e ol specifivations s as MBEY Beogise theresearcher oo tiving to condpnse the very fage
poot of regsons whiy people sake pactsulacBowes nto tvoncise number of atrdiates of the particular
chivice serrcconsmn s hanctenstios of the people maahed and thesarmsus chosee padisays that are
avarlable s wonld be possilde to constiy many dillerent models that explam the sane chowe To
shos the ads stages of S dele o  nsaatlh mpvessiny Ly consider hows sl the sarons merdely
abisiy the stanstical vonsiramts wnderving their applivation

In thas praper these sssaes are esplored sl elaton fo O sl a partanlae apphoation fo an
crvirommental pwue  the gatemateos o vomerator silies Teld by Suataliaes for miensitena)
raforests In thie pest section. tie € M tecbnigue s dyscribed and same ressons advaneed Tor why
preference formation e enanemmental sees nm muolsve posequenue sof chiiar provesses 1o section
three the nested fowit matdel she statibeal process msoboed in the OM technique. s deserihed more
Bl particrtaely et o comie of the avamptons underfy gg the appleanon of the moded In
secton four the development of a nested foa iwdel 1o nundel denvards for tomtinest consgnation is
cuthared Sectn fag concudos e paper

2.0 Choice Modelling aid Prefersnce Fornintion

{ honee smwdefimg deseloped from the sork of T oustene and Flenshier (823§ onviere and Woodworih
VR and ot {1881 ont of @ o genvta febd of masket wesearch techanques aosely referred
1o ax compnt analisis o CA respondents are ashed fomahe o sequence of discrete chotces frong sery
of abternatses Drasg oo candom etibts thears CTharstone 1027 N Tadden 1Y74Y it isassued thay
cach altermatnve chosen wields the Tughest utdus However the outside obserser cannol phserve those
antines diretly. and thes srust psplain e behasiour mionms o somie systemie {explainable) component
and o tandom error compenent  Assuminge that e error terms Sllow an extreme valoe (Guombeld
disterbation imphes that a ogistic vandel s applivable (McEadden 19741 This Torm is preferred for
computanongl reasons ‘

The systematic compuient of'showes s explamed by reforence to the sttabutes within each alternative
selected selative to thise rejected, following Lancaster's (19 work o demand characteristics Each
dhserete chaige then enn by wsplained as o preferred combination of aptributes such as quantity and price,
together with the sandoms ereoy terns Thie UM researcher gllows s cach atmbute o vary aoeoss fwaenar
more levels fo generate dilbrences between scenarios . Responidents chioose s profile in 4 choice
modetling set with the most attractive package of the stidbutes at their diffenng levels  Repeating the
chosee expeniment with shight changes in the profiles o sarious altesnatives can provide etovgh data to
estmate tie contribution of saoous atleibutes Gy spceesstil choiges :

Sefecton « £severat atinbutes for a good and sllowing each 1o vary fcross & number of levels means that

there is @ svry lasge nunber of stightly different ways of deseribing the one good T the first rainforest

example reported below (Aprendis 1), we have one attribute (loeation) saryig across eight fevels, and

a furthes svx attributes varying seross fout levels The combination of possible profiles is given by 8's4®
12 768



A1 experimental design process is usually emploved 1o determine which profiles 1o preseot to

res pondents i their choiee sets Selection of twer or more profiles for the ¢hoice scis rneeds to e made
on some systematic basis - The selection bas to notonly be o sample of the [l set of possible profiles,
bt Bias to consider whieh altermiatives sre included ot each set Ax weil selection needs 1o allow the
resvarcher te test fr possible inferaetions This s doue by ensunng that the varous combinations of
mtgest are orthogonal tndependentd within the design matris

The contnbution of the vareis attributes to suceessfial showes ma CM experiment s sualysed with the
AN madel Theomode! vssentially caleudittes the Togasidm of the adds that o partivular <hojve will Be
made One geterat orm of & discrete ghoice model 15 gven by

log (Prali (Optivn 13} 2 (1-(Prab (Option 1)) = Beml & Beta2 22 o, + DetaxZy (1)

where ‘he 20 s represent the sitnboies of the choice sets (Pindvek and Rubanfeld 1981) The

whosm, son tesealed rom sarang the atidbte fesols within choroe sets nd comrelaving tar with
frequen v nfchoee allisvs the researcher fo estimate the coeflicients for each attnbute The
develop veat of speciahsed software applaanons seer the last decade Tias allosved sesearchers o vary
several - tirthutes sunuftmsecnsly amd disaggvesane bpacts on Ciorce refating o eneh attibote

The coefifcrents tepariedd telate o the odils that o particular chowee il Be snadie vather thato the wiility
conttbuted by el astnbote. Cleardy though there s o stooge selat, aship hetween the fan Theuse
of price as one attribute enables the respaccher to estimate where tespondents are indiffirens beiweers
changes i prive and compensating changes in another attribute S estimate of the dollar salue of the
contnbution swde futilits by esch attabute ca e nide by takany the ratio between e paticular
attribute eneflicients and the price coefTivient  Because M s hased on the Random Utiliss Model, the
behavioural model thist is deaved throngl €M the Togst Format can De used fo compute WTP
measures which wre eonsisient with welfare measures denved from ubility maximsagion (MeConnelt
199%) Thiy twans thar WP estimates detived Trome €M are consistent witls consumer sutplus
Medsares

Case must be takets thougly in extrapolatng results becanse they depve oy the odds penerated within
the specified set of attributes - This eans that any values denved are relative to the scendnos inthe
chosee sets, and henee refleet marginal vatues associared with chanpes from some implicit base ling- Tor
erample the primas outcone of o CM exercise is fis give the WTD for changes m tie level ofan
attnbute (soely as an inerease in the ares of tanforest conserverd from 100 hectares to 1O heetures)
Absolute measures of valne canonly be generated i well defised base canditions are included in the
chosee options :

Several refinements are peeessary o ensuce sceurate results in the C*4 process (L ouviere 1988, Carson
et al 1994% Pirst, the addiion of & constant altermative (ugually a "No C'Boice” option) ensuees a
standard reference point Tor chosce sers and allows them 1o be combined or data analysis As well, the
constant alternative GEwell delined) van enalife absolule meisures of value to be estinmied Second,
the options (o chouse frem may be Jabelled with specific nasies Csuch as Vanbats and Far North
Queensland i the rainforest consaiation profiles)  This implies that the cholces may also depend on
the altermtives given in each choige set tan alternative specific model) rathier than simply on the
attributes of the profiles closer {45 is assessed in o genene model)

Vhird, the accuracy of the underlying utility imetion can be tested by checking for violations of the
assumptions reganding the application of the lopit modet Al Togit models are based on the nssumption
that the error ferms associated with each attribute are independently and identically distributed with
exireme salue istnhution (Cumbel distribution)  These assumptions i turm rést on the Irrelevanes
from Independent Aitributes assumption (HA) of discrete choive rodels, whish holds thas the aftributes
are independent  The probability of clionsing an option is independent of any other alternatives that
gl exist, depending only on the iliematives presenied within s cholee sét ,

There ate two avenues for (exting this assumption “The first is by testing whether choices are influeniced
ty the attribintes of alrernate profiles in the choice sizta Significant cross effects would suggest that the



artributes are sot mdependent The second 1est 1s Lo respecify they model with @ smaller tumber of
chonees ond te check that the rattos of altnbute coefficients remain unchanged (as they should if thelr
refainve contribution o the prabability of choice remaing unchanged)  Vinlations of the A assumptions
mdwate that ether factors are influencing the choice process and mean that the researcher should ook
fin sugmelieant interactions between atmbores, heterogenzous m;tms and nesting wodels 1o improve the
explanatory power ofihe finvtion '

Thes basie explanation of the CM provess presupposes that the geod 1o be valued gan be deseribed
comerseds 1 terans of severat attrbares that can be chosen at varous levels - Rolfe and Bennest (1990}
seport that tropecal tantfereses van be charutensed in fermys of severrattnbutes location, ares, varty,
spevial features elfect onlocal populations. potential 1o sisit, wnd the prce of conservation Profiles.
nved to be easily understood by respondents. as well as bemg n:a!imu and credible Carson e al (1994
sugpest that respondents ay need sonwe oxplnations asd wamrup” choive tshs 1o he able to process
the mtbrmation and make accurate adeolls As well. there are practical linds to the number of
attnbutes levels prefiles withie a vhowe serand the aumber of ehimee sets that ean be presented 1o
respondents Whide it 18 possible to nvicase any one of these fetors abose o peneralised average,
comprensating teductae ur otlter Bk s are ssoally necessare i mantain respondent inierest and
comprebenston

The raeterest consersation wsaes reposted m Rolfe and Beanett (1905 1996 provides some indication
of why 1 medels aim be appheatite m these O exeremes There appeat 1o he fout broad groups of
ressons sty tespondents 1o UM sorvess mav use dectsion pathways fo make chiorces betwecn

alteratn s comples chowes defalt responses. ol istitutional patierns. gud nomeparticipation

The Girss veason dernes frony the complessy of vleives facing mesiduals - Althoogh only seven
artributes have heon wsed o doseribie minforest profiles the hackgroumsd hnowledge and understanding
of respondents mieans those prstiles tigger comples fradeot  Tnoorder ws make choces, ¢ mpund’cnts
mav progressively rank ther decyann exteea. sovhas Amsmhm’mwmw rRreI0N tare. So a5 fo reduce
the complesity of camparsons

A parveular way i wiich respondents to OM sirveys may handle complex decision processes is o
assign “mdicator” siatus toone o more atinbuates  Faous groups and pretesting have revealed that
some people will choose ane partwolae atvibite as the main signal for "value” within cach profile For
example some prople sy focus om rants o the attribuee that best imparts the key environsyental status
of a profile  These respondents then would select only profiles between profiles that had the extremely
rare or perhaps the fairdy ore attribute levels  Some respondents Didicated that prce was an "indicator
antribute”, saving that they only picked between the low cost options  Others laoked for positive effects
on the local people 45 4 key component of profiles

However, one key finding of the focus groups held (reporied in Rolfe and anctt 1999} was that
Austrahians distinguished very strongly between support for cansersafion of Australion rainforests, and
support for conservation of rainforests averseas. There weie & number of ieasons for this - Some
related 1o use valies - the potential to visit, resources for the tour'sm industry. and so on- Sume related
to feelings of ownership and responsibility, and the commonly expressed sentiment that "we should look
after out ows back yard Gest”  Dthier reasons related to the unicertainty abou the possibility of
Austrafians influencing vonservation in other countries. #nd doubt about whether appropriate
institutionnl stryelures existed insome countries

However, it is likely that part of the explanation for the strong distinction between Australianand
overseas focations lies in the second broad proup of reasons why decisions may be nested « the defaull
decisions In this case, decision rules are adopted to avoid complex decision processes Rather than
using a series of decision steps as 4 logieal way of handling complex information, peaple may employ
decision steps as 2 quick way of making choices and avoiding complex tradeofls The use of “mdwamr
attribiztes® may reflect this search for some means of making quick choices

It seenis likely that some of the respondents who focused on Auskmtian rainforests were using thisasa
default mechanism to narrow Lheir choice options Peop ol generally liad much higher levels of

knowledge about Australian rainforests and coiisérvation issues than ones overseas. As w¢il, focts
5 :



group pasticipants suggested that they felt more comfbrtable supporting ssves "close to home* where
they tended 1o have smore knowledge. sontrat and potential fo henefit themselves from improvemenis
fn contrast. respandents wlten seenved moce relugtant w support sore distant fssues where they had
tower fevels of hmvisdodpe mnd understamding :

T genesal tssue of vomprelension becomes particularty important in cases where respondents have
anted knowledge o expenence m despning the relevans preferences and making choices

1 s ronmental ssies provide 4 good example of Ues uncertainty  The fevel ofknowledge and
comprehetnon abont Tl specdic and general ematonmental Bssues varies widely acrss society 1t s
problemate By “super-mfimm’ respondents abiont o particulan issue because Uhis nieans that they sre no
fonger a representaline sample of the poprdation [ Relfe Y996 Trdeed. one of the stain alteactions of
0 s abehity to -“daguse” the paetroular en of iderest within an anay of sunilar goods Rather
thar “super-wifossing” respondonts the resepschier Jias S fisd wavs of deseribing goods tand
structuting prodilesd that ivehe common understandmg among respondents

The fack of experience and snderssandimg may nwan tat sespondents 1o CM sunveys e environmental
satres wall offen defiole te devioon paths and other provesses moonder s mshe choives. People buyving
normal eonsumption goods diaw sooa wealth of prior espenence and market snformation to-help them m
they deveaons  Marbels (ol as o hoasing marhet) also ielp to provide infermaton abiout how other
people have made choes and salued the relesant attnhates e OM survey though, respendents are
often heing ashed femake cies where they bave ltle bachpround kavaledge or privor experience and
almost no mforastan alviug Biow other people have miasde chawes  As well, the tradeoMamounts
tpncesy are geserally small and hopotheteal - The oppartaniny. cnsts for incotreet decisions arg prohably
percenved to be fow These Ewtors suppest thint stated preferences For relatwely unknosse goods are
mote fibely to b fonmed on the basis of wfiwmal devswon rales and default coes thay wonld preferences
for well-understood semmercal items

An example may help a dlustrate this problem. Consumers buving cggs may focus on the attibuies of
wre price. frestness, and prowductionmethod Repeated buying expenence means that they are able tos
eastfy balance the sarving contributims of these fictors to their eventual chavce A CM analysis ol ey
demand would vnable the estimation of the demand function for eges in terms of those attrbutes Ina
case where respomdents are ashed v choose between different rainforest profection profiles though, it
may be very diftivalt to waigh up the influesce of' the various asteibotes simuftaneously  Tn this cases,
respondents mas chouse some foroy of o nested decision process to arrive at their preferred aption For
example. they muy choose between support for an Aastralian or an miemational rainforest - Once that
decisiom has beer made (and the number ol alternatives reduced). the respondent focuses on the other
attnhutes to mahe a final choice  Of comse. they may chonse again o focos on a single atfribute (such
as ranty}. m order to reduce the pool of available choices turther

A third important reason why respendents o CM sutveys on environmental issues may vse a hierarcly
of decision rules to strugture their choives refates w the involventent of 'soft institutional mles,
pasticularly in the fornt of ¢thical and moral influences - Many o' the ehoices that people make are
recurrent Ty order to make these cliofces efficiently, people use & range of Trameworks todndicate the
appropriate decisions  These frameworks include habits, social conventions and norms, moral
constraints and more substantive ethical puidelines

i one way, people making choices reflect the constraints of inited rationality (Simon 1957). Itis
perhaps better o think of them as decision optimisers, who draw on a varieiy of tools, including
background knowledge, patterns of previous decisions, the information at hand, and other cues and
default rules to make the necessary choices Moral and ethical frameworks are often very inportant
reference structures for people, espesylly when faced with new or uzisual choices  The development of
many environimental movements with ethical, philosophical and religious themes reflects this movenient
back to first principlés in order 1o make choices  These developments suggest that preferences are.
ranked inta "higher* and "lower" preferences, and that decisions fllow a general siructure of satisfying
the ethical or "higher" preferences first, and then considering the "lower” preferences.

Respondents in a CM exercise may structure their initial level of choices according to sone ethical or
moral framework - Some of the survey resulis on rainforest conservation (Rolfe and Bernelt 1996)



suggested that when rainforests were not cleatly specified, some participants were using ethical and
moral fremeworks to raik all rainforests as equally important.  However, tesis showed thal when
attributes for rainforest conservation were included, respondents were able to indicate their preferred
choices between options  These resulis indicate that while ethical and moral framewarks can bie a
significant influence, they have largely avoided in the surveys reported below because choices have been
essentially lintited 10 the ane good, rainforest conservation, and that has bu,u adequately described
through the seven attnbutes used

The fourth repson why it may be important to nsodel decision pathways for environimental choices is
non-pasticipation (Morey. Rowe and Watson 1993)  Many peaple may riot be inferested in
enviranmental issues or may only be interested in a particular group ol issues. The decision not 1o
support particular rainforest conservation profiles may have been made at much earlier stages (i e "don't
support enviranmentalissues”, "I not interested in ranforests”), and & siple comparison of a profile
0 & no choe option may aot elfectively model the no choice process

Whale these broad groups of reasons exist win aested deision provesses are Tikely to be involved in
environmentil issugs there s ny mandate for correfation 1t s quite possible that many choices
msohang emvronmental issues gan be made sithiout considenng various attributes n sequence The
anahsis of decrstons abour the emvronment gan not putomatically rest i assimptions about structured
devison processes but shoald at least imolhve a consideration of whether such processes improves:
esplanatory power

3.0 Nested Logit Models

Thetw aee i number of reasins why nested fogis modebs mis P o sutable fancrional fonn for the
arabyam of dierete chone datis The st sormnton of tese refae fo gases where the odds of
ovcureenge vangs Hos different groups of stirbutes and lescd combmations Por example, i a discrete
chonee misded esplonng tras of chosces: g combanation of ai trasel and shost distance bt a Tong

tra elhsng tame ss nos sealistic . Nestng trasel astnbutes umde: as watil choie of wir or car tra vel
provides 2 means of tadonng attnbiate levels to realistic siuations

Vi second misn Bt tion for N1 madels 15 ko represent the decisian process Uit respondents have
used  Thus respondents may step ther ghose ol rnforests socording 1o location and then rarity, and
then other factars. using each step fereduce the group of ehersatives N is also g process that deals
well with gon-participants. choices hetveeen dissimilar goods and acrivibes. and between different
groups of users (Kling and Heroges 1995) The NE structure helps o tepresent these decision paths,
and ihus more closely models choice beliaviosr - N1 models alse helpto present respondents with Jarge
artonints of mfrmation. g5 mformation can b tailstad fo speific versions

The S modet ss o geocralised Term ol entreme valoe error distribution shick allosys altematives o
be grouped mtersally o refleet correlations within {but not betsween) thuse subigroupings (Kling and
Henpes 1995) The odds that alternative 1 will be selected s deaded tnfo fwo components reﬂechng,
the peobatulits that the mode (or nest) to which  las been asscgned will be chosen atid the condutionad
probabiiy that 1 will be chosen given that the correet mudﬁ tias already been selected More formally,
(following Khing and Herriges 199%)

(Pt @y, P

where v denotes e utility associated with aleruative 2 and miy assigns the alternatise 4o a particular
mode o nest The vanable (2, denotes the probability that mude & is selected, and the variable /4y,
represants the conditional probatility that slternative i is selected phven that mode m has already been
chosen Intum

expiv i, )

2y P o=t
- Efnstey
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The parameter @ is the dissmlarty parameter (or imclusive value coeMicient) associated with mode k
(Khng and Herriges 1698) ' .

I a tvpicat amafsis the researcher Jvpathestses o particular nesting structore, chooses varables fof
i lasion i the mode! and estimates the madel (Klng and Thomson 19063 Ttis comman Lo choose
nests aecording fe some physical of Sty const ant, where the researchier must mahe assumptions
abonat the correlanon between diflerent alternatnes For example, a travel analysis may be structured
avcording to mode of trus e ar. e o, sy T other cases. researchiers may ey 1o siraciure nests
aveonding 1o how fhes Bebesg peoply stitise thee decision trees But because there is e defined
pathwan for establishine & nest structar, e basis Ior estabhubing 8 model is at the diseretion of the
renearcher

The d@ieutis m that the liestiate. o gee b sonelaed from the perspectve of the sesearcher. atid the
st Wit et ghoa. g anes B gt e ot resenclier's part vather than fromy ay
accurate modetting of rsposidents decnnn prosesses (hhng and Thonson 19906 Tam Myt adden and
Bor Aboa 1R Aowy mve g flon coe where phaes oot gnts chearly mituen.e the
protahibies atsghed o diflerent groapitigs oty e do iy ponetal TR e fierp degision
o esn iy el B petheanade Ater et prosg sl olieemagiee the e et the
onge Bpaomes s g it stey e Thewan rovor ehialipriees Tl fitst o to show that 3 nesting
ade? B e gl i gt than g e ponns gt MR ot Here the chatleope e o sl that
peopi Bove waed st tae T preter e B B As o tathee thar werphing oy thy vaneas
arehoce maprafly e et TR a0 e e wlich sty sttatgre e
pretorred ey Alivnet we At e d it Biete 1 0 Lavions eshiniation proseduses vin be
paed rargeng Bantevns et con th NP A S LICTERR I A o srmdtaneae (gl foomaton
e b plibuad o FINHE goadengone Thlig and Thorme v 307 These ey @ eaphaedtm the
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3.1 The Independence of Jrrelesant Alfernntiyes Asspinplion

One aterge fise featate oFthe A1 et ss that ot offuss g pastas’ skt to the impact of the
fudepersdein of frecte oo Altete oo IEA e nptiere oo the M%] model This assumiption ¥
neenssats o e MRtk @ corseuence of adoplasg the, mdepndent snd wenticatl distributed
(1 estrere safue et detrbation (Cacvn e gt 1993 [er She e and b 1900 The 11D
aosumiption hiofid  that the distrbutes of the tand vy Lomputars of bl (i erro? feemsy are buth
widepedent fon. gt othes and ol ifesrte, d® dhtnibistarr « Tl mpheation: of thes o that el
elomen 10 @ st uf alternating cho o 1o ndependen [ gt other The 1EA gesampton wmplies that
for i ape afi mmdnidant the rasee of dhoaey pebited ties B e Be aliarntigs st be independent
of athet chones mailable

An example may help tes exphain the 114 gssumpliog et the probatahty of oo particular choices from
o possible set b giver as oy ard Py Gy 1 snider the 1% assomption, the ratio of these
probabititis ¢/ Unp Pry Cipe vs Teld e remint constant ne matter what other alernatisgs exist When
altesnase eo are e d o delred from the ot ¢ st the probatulity of thaices ¢ and 7 change in tandens
and the ratio of those probabilites should reman constant W howeser an alleatie is added shit
oharee ol aeterstis of gither 2 or g ot e unlibely thiat the probabifits of that factor remaing
relavely unichasged The standard example 1s the addivon ol s dilferent caloured bus te a choice of
dranspert optegs o Treating that addston as ar independest altersative The 1 A gasmiptnn is likely
ter bu sioated in this case becase the consumees would simply view red and bhue buses as

e changeable Violation of the 115 assumption indivates thet the T condition: for MXL Base not
heer et and that the applicann of the Joge mndel 1s not valhd




1t 1s unfikely that alternative choices are ever completely independent  Indeed, the issues of most
interest are generally cases where alternatives are substitutabile or complementary to some extent There
are several ways of mimmising the impagt of the A assumption of the application of the Togit model
(Carson et al 1994). One is to respecify the atributes used to minintise the potential for interactions A
second is to use the “nother Jogit” function (MeFadden 1974, Louviere 1988) which can explicitly
capture mteractions betsveen attrbutes. A third 15 to design a heterogeneous model that identifies the
effects of responders ateibutes (such as-age or income) on preference seleetion Another opiion is 1o
use the NE function, which gllaws correlation w occur within (hut not berween) geoups of allernatives

Khng and Thomson (1990) use a reereaton example of three activities (boating, Dishing and picnicking)
at three possible sites to flustrate the Jatter - There are nine options in total, and two ways o nest the
optians The first is to group the three sites tgether for cachoactivity (e choose the getivity first, and
then the site} The THA vondition applies to each sub-group of sites nested umder activities, but does not
apply 1o activties across the three sab-groups. Allernatively, of activitics are nested under sites, the 1A
vonditon applies to eact sub-group of activites, But nof between the subsgroups. The probability of
boating at site T should be independent of the probability of fishing at site . but not necessarily of the
probahshty of buating st site 3. , ' ;

Indations of LA vintatons are asailable theough an analyss of cross-altemmtive effects. These effects
suggest that the chowes made for o particular altetnative have been significantly mfluenced by variations
n the atteabotes of vther alternateves trather than bemg explamed by the variations in the atfnbutes of the
alternative 1 questiony  Thus symificant crossalternative effects may sugpest that the 1A properties
have nut been met, and therefore that thee 1D assumptions do not bold A more formal way of testing
for 1A violations s o calgulate g model, recalentate it wath & smaller mumber of ehuice parameters
imvalved. and compare tabins of choice alictnatives avaifable in both models (MeFadden, Tye and Train
1977 Haustnan and MeFadder 19847 Yarigtions n the ratioy will indicate that the 1A conditions are
sot besy met (McFadden 1974, Housman mnd Mel adden 1984, Ben-Akiva and Leoman 1994 This in
turn ndicates that the T conditions are not beng satisfied, and that the application of the MNL model
1S Ineorrect :

There are a range of other tests (hat van be wsed Lo detect violations Jf the ITA assumption (Mcl?{iddem
Tye and Tran 1977, McFadden $987) One specialised test is the lagrange multiplier test for omitted
vanables which is an approprinte test for 1A violations in 8L models (Mckadden 1987)

3.2 The Advantages of Nested Logit Models

The use of a N1 model helps to avoid probiems with TIA ~iolations This becomes especially important
when a “no chuice™ constant option is added 1o sets of CM profiles It appears thas the addition of this
option does tend 1o influence the respondents’ choices of alternatives, implying that 5 NL model or
other complex choice model is necessary for analysis (Olsen and Swait 1993, cited in Carson ef al 1994)
This means that for many CM requiretnents 2 NL model may be superior to 2 MNL model simply
hecause of its improved ability to meet the 1A requirements

NL models allosy alternatives to be grouped in & manner that allows the choice of alternatives to be
corrclated within., but not between, groups (Kling and Thomson 1996) 'This means that problems of
correlation between particular atiributes can be eircumvented by nesting those attributes inta separate
groups The ITA conditions still apply between groups, but not within them. For example, if the choice
of weekend activitics lics between fishing, swimming and boating at three separate sitgs, there are nine
different options available A ML format would treat those nine options as independent, meaning that
1A conditions tust hold between cach of the aliernatives  1f though the activities are nested under the
location choice, then the 1A conditions would apply between logation choices and to the cholce of
activity at each location, but not 1o the same activity across the different sites. Train, McFadden and
Ben-Akiva (1987) show that when ifie substitution rate among nests (¢ from one Jocation to another)
differs from the substitution rates within nests (i ¢ from one activity to another) then 3 nested model is a
more aceurate specification.



However. no cleur decision rufe exists (o establish preference Tor s NI model over other logit models
tsuch as a “mother logit function) that meet DA requirements - Kling and Thomson (1996) use welfare
measures aid associafed hkeliiood statisties to compare MNL, sequential erjimation and NL modely
While the tog hkeltbood figures show little difference between MNL and NL models in this gase, the
advantage of the NL mydels i more easdy satisfying 1A assumptions possibly provides them with some
advantage ‘ Lo o ‘ '

1 o hikehhomd tanking exereises are gevnerally used as the best avalable “goodness ol fit” statistic to
compare MNE models  Fog Iikelihood ratio tests provide a similar function to chi-squar statistics, and
reflect the ‘goulness of it ol the CM datie to the estunated Jogat tinction Signilieantly larger absolute
values of Tog Ihelibood (unctions mdieate o midel with higher explasaiory power

4.0 The Case Study - Austedlian Vidhwes for Inteenational Rainforest Protection.

Chowe modefling is an steratve process heesuss of tie need 1o make assumptions about 1he functiong)
form m osder to use an experimental design process - Continued esperiments provide more information
abuout the grodness of it and 1A wiolations of the vpothessed Bmetional farm . and s enable the
reseatches o eshniate pore devasistc muodeds

The case study gt hand rolfects thes steratve approgeh The good 1o be salyed, international tainforest
protection, wes deseribeed w rerms of sesen atnbates - These saere Jocation, area. raaty, ability to visit,
effect on local people. special Reatires wod the price of canservalion - F ach attnbute could vary across
several lesels For evample. ares mupht virs actoss thiee levele of 1 1000 and 10000 hectares The
artributes amd fevels were selected thromgh a process of Toces proups and pretesss {Rolfe and Bennett
1as 106y {Choce modeling waschissen as w approprate saluation teehnique beciuse the issue of
mrerest comservatinn ol ranfirestsin Vargaty, could be embedded within g group of pther similar
poods By warong bwatsn goross seseral comntoes Viemat was effecis ey deguised gs the loeation
ol nterest

F xpenmental design sas ysed fo selegt and vombing profiles tho choice sefs from the Targe pool of
possile combsnatiors of atinbates ot sarving Tevels. Thiee sussessive supveys hase heen ran i
Bristane by REARK Researcl - These surveys involved 100, 1ot and 200 respondents respecively
Results from thie syreeys wire coded and anstyaed | Results from analyss using LIMISED are presente
n the appendices k :

i ne first survey used a simple MM form, Dypothesising that the atteiliules were independent and
addine  Although the resulting maded for the groups of attnbutes {Appendix 2) showed strong
goodness of it charictenstics fog bkelibrod - < 1458, tests indreated that the HA assumptions did ot
hold s well the medel dicd not confrnr to expectations becanse the coefficient for price is positive
when it woulkd e epeetod fohe nepatye

More accurate results can alses be generated by estimating the MNL mudel for the specific Jevels of each
astribute { Appendix 3} Tere the copflicients have been estimated for eack particular level used in the
model. and can be used 1o estimate partswerth utilities for particulat profifes The model exhibits a
strong correlation to expected resulls, with the coefficients for Australian locations being positive, the
coeflicients for the subjective attributes generally increasing with amount (apart from visizs), and the
price coefficien being negative funplying that as prive increnses. the vdds of selection fills) However. .
the goodness of fit for tis model is much wwer than for the generic model reported in Appendix 2

"There wore severl reasons why the estimated model may have violated the 1A assumptions The first
opiion explored was that heterogeneaus faclors may have significantly impacted on choiegs  Age, sex,
income, oceupation snd level of education are just some of the fuctors that may have influenced & sub-
groug of respondents to suppork particular optinng - Crosstabulations between socig-econamie S and
the choices made were performed with chi-squure tests to asceriain i the I1A. violations . .isen from
heterogenous factors These tests revealed only small iuveli of cotrelation, indicating that the 1A
violatiens fad occurred because of other reasons o

A
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The possibilities thit iteracuons or o nested decision process may have been responsible for the
wiolat.ony could not be tested o the bass of the esperimental design parsmeters used inthe first survey
It was hypothesised that Incatiog was the most likely sttribote Lo be involved i inferactions and
decmon tree processes. parth keeause loeativn represented o series of Jabels feountry names) in the
experiment  The first survey restigted chawes in each set for respondents 1o onfy lwo countries

For many tespendents, s restiiction i chorce agy Dase influeneed outeomes [y (wo mai redsons
Pl first i thiat i sgspondents sere asiing some decision role process mvolving focation to muhe
chowgen. then the changing pates of comntoes presented w each set o profiles mgy have generped the
ase of varving devmon rales Por esample i respondents were been Lo nest thei choice of rainforest
preservition between Austtghion and averseas focatmns, ths decoson rafe was not available whep only
s ersed Jonations were presented  Phus o Facaton i g hey atabute teither Tor gsting or interaction
ourposes) s preseniataon i s suevey may nob ave encouraged the uywe of vonsistent decision rules

I simsuibar veity the arbirary presentation of pairs of countres may have impacted o the selection uf
the ter o ewin o option. Respondents may e emploscd differens devision rales 1o ke o choree
aption aeee cding e the Tocations presemed  Some wsbication of bas can be ganed from comptison to
ap earbhier result i the same surses - where g Lacee mgootyof respondents indicated that they wonld
prefer to by an envronmental friendly poud Ephosplste tee Tndey detergent) tother than donate
meaney to sseserie sambores ie another vogntey helomon Isfandsy - Yet the samie respondents then
selected many ol the eserseas ramforest presersation choee optons, rather thas nominating e no
Chowe oprion that ther earlies answers would fndivate  This sugpests that ¢ substantial scope effect may
be prosent whet chomoe sebs aae costricted to nisttas Jimis

Phe second sursey addressed some of these problems by mcludimg sis profiles (ome for cach country

i abveds plus @ nochorce option Bestricting pletce 1o six levels. and the other atsributes Lo three levels
enaled & powetfil espermental design to be ponerated - A exatiple of @ choice sel for the second
sanvey tound s presented i Appendis 4 Fliss survey wepsdesipaed 1o test for thi two sther groups of
explasations tor 1A sisfations by vy s Mather Lo experimental design that enabled dnteractons
and nested models te b estunated - Far exanple, potential interastions between location and the uther
attrilutes contldd be estimated by ervnrng: that these interachions were orthuganal (ndepeident} within
the experimental dusig ' ‘

e penults trom this survey wese first used to estimate explicitly 1hic interdenmas bebween logation and
coo 7 atinbutes. Mo highly seefizact mteractons weee found, which suggests that respondents

b g beteeeen relatively ankpewn or unfamiliar goods will use simplhe additive atility funetions 1o
pat-esn thei cliniges '

Festmy for & nested provess was more comples - Appendix § shows the results for the genenie model
which eshibit sery steony yoe dness of it charactenstics tog likefihood -~ ~1378 *This mdicares that

s ang respondents sore chosees in each set improves the consistiney of the chofee prugess and hence
the statmtreal fi6 of the results  These data were then used in alternate nesting structures, and Jog
Iikelihood results used to rank the outcomes  The model that ited best (with a log-likelifiond of «
1359 1) had two stages of choice between not making 8 chioice or supporting 4 rgnforest, and then
under the Yatter, between supporimg the Fae North (heenslabd sphon or an overseas option” . Some
prior indication of this resull can be seen in Appendiz 5. where the coeflicients for the overseas Joeations
are seasonahly shmdur, ansd the coellivient for Far North Dneenskind is yuite different Phis suggested
that respondents might by nesting theit choices between Australian and overseas rainforests  An
evample of a neating avialysis is gven in Appendis 6, where respondents were assumed to make w theee
way first loved chnice batween an Acstralisn rainforest, an overseas ramforest, or no support The
restricted log fikelihood fighee of <1592 3 supgests hat this nesting model provides a better fif than the
MNL muoded reported in Appendix & However, because only one Australian rainforest was included in
ths sutvey, Ui hypothesis needed Gy be tested further with a following survey

Vg e contiicin shosbd-he negativy Py prelile wodies 10F prve S smdvsttently st syt pirhing o o oversil i the
gy ; ,
W repannindetisd 1o 1 Joflie Sevaet from e Tvesiy of Possda for condicting these ets »
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The mode speeificd for the secoid survey-also Tiiled 1o sarisfy JIA tests, sugpesting that some
correiation betyeern alermatives was still preseot - When oneof the chavces available fiar North
Checenslar - was omsted and thie madel recateulated (Appendd 73, some of the changes in ratios of‘
ather chosces wens sipnificant

Phie thd suevey was designed to allow @ better vestig of the nesting process teoceur T sinilar
sunves to the preverdng one: sespodents were ashed 1o choose between six Jocations and . howee
open There were e Australun tocations (Far North Oneensfond, Sowrh East Oneonsanid and New:
Seneetr Wakesy and Varee overseas facatwns {ammtn. Sonth America. and Ideiesia) - An mammc of
chowe set v geesented in Appendis 8. and the results of the general MM model sre pmsvmr:d i
Appendw 9

Results for g three way sested model that allows choices o be grooped hetween Australian ramforests,
o wseas tamforests on a o clonce aption ate presented i Appendie 10t This shows that Far North
Cravemstad is the most preferred Jacaton. followed by South Fast Oneenslond and Northare New
Sowth Warles, amd then the sserseas Jocatons - Thise pested modelis & bejter Bt than the MNE model
trestreted fegeikelibood of -IR43. 4719, and the nested meode! for the second sirvey These results
show that the explaatons pewer of OV data van e snproved by adoption amd development of pested
foun models

As well as vieldmg ligher Jog Thelhood safues, the nested Tt mode! Jor the third suvey meats the
A equaremetts more vlosedy  Appendias 1 and 1 show the results for the MNE model and the
nested madel witle Fear Sortle Oneersland dhopped  The MNT maodel clearly violates the TEA tests - Por
esample. the ati of rerds o proce chamges fome 3 59 e S 08, and the sation of visit b spee ol changes
from | 2610 223 In contrast. the nested model shows much smaller changes for the same ratios. . The
raredy o prce 1atie chianges frons 378 1o 362 and the visee b syiecrad ratic changes from T 7810 1 65
when the Far North Quesnsland cinmfc 1sdeopped Hom the model ~

4.1 tmplications of the Case Stndy Reselts

Ihe case study discussed aliove shows that hoth that explanatory power of i modef and confidence in its
apphication can be improved by usig a nestitig strocire The nesting, strocture used focuses on Jocation
and the s chorce options as first fevel chaces . Although the chaice for these nesting struciures was
based on the outeumes of the Tocs groups and pretests, they shald not be consiidere, as the only
possible nesting structures - For example, altemare decision pathways involving rarmy and effect on
Jocals may also e possible, and these could be tested to ensure that they drd nat offer more significant
explanations

Development of the nestmg process has also helped 10 address a mayor issue for discrete choice models »
the problem of scope. Broadly defined, scope tests are designed to ensure that WTIY measures are
sensitive (o the amoimt of the good heing offered Scope fests ot anly encompasy statistically
aigsificant changes 1o WP that result from changes in qu.muw hint s *plansibly m‘mumwg‘
judgements of the validuy of results (Smith and Osbourme 1996) :

CM is an effective teehnique for addressing may scope jssies This is because the ;mod to be vilued
can effectively be isguised' within an array of alternatives ~ In the rainforest conservafion studies, the
em of interest, rainforest conser alion in Vanuaty, was presented fs one altgrmitive in Aumlmn ard
miernagional rainforest canservation options

Yel there were soe indications from the first survey that issues of scope may have influenced results
As nated above, (e first survey gave only Iwd rainforest aptions t i & e chene wptiond with eacl

Asin xlwwm SV, e hms ixxmmmmh mkxi. lwlmg 1o vl v g wiga ﬂw pser conflicers i il vsalls G i
st et should ol be pepaing
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r.hmu: set This may have artificially restricted the smpe: of'the chnive set bwa\m rcspcmdgnw may
nive focused o the two options prm,med, selting aside other rainforest conservation alternatives and
wiier environmental goods (as well as perhaps a wider mn;u. of substitute goods) that they way have
wistied to support Some evidence for this came fiom the low support registered in the same survey for
international rainforest conservation when the alternative was an environmental friendly consumer good,
as vpposed to the high support for mmﬁwxl conservation ugzstet‘&d inthe CM sets

NI medels provide & means of addressing some of these scnpe issues (Ifovowitz 1993} This has been -
demorstrated in the secord and third survey whese the choice sets have been-effectively widened to
invlude a preater mumber of chofces. and a wider range of Australian rainforest conservation options
This process vould becontinued by intraducing other Tandseapes to be conserved (sueh as wetlands,
rangelands and manne areas), o other environmental issues that could be supported (such as a
reg etiv of pnllmmn) Frabedding the good to be valued within a wider set of alternatives helps (o
capture the diversity of choices that people face, and can allow more accurate choice pathways to be
used {Horowtz 1003)

However. an iterative approdel is necessany o build comples nesting mudels because of the exponential
relationship between the-number of possible nesting Tevels and the number of pathway choices  This
means that it is most effivient to examine partivular stages of a nestng structure in separate esperiments

I the experiments reported above, the successful modelling of a nested relationshipy between the seven
attributes nsed to describe international samfbrest consetvation prmules a base to explore more
conples m‘\lmg structures

The applicatican - the nesting model reported in Appendis 12 van be demonstrated by generating a
WTP amount for ¢ change in the location of & rainforest conservation ared This marginal value eao be
caleulated by taking the difference between the coefficients of twa Tocations and dividing by the price
coeflicient  For example. the ma&gma} sale of moving from a ’\cw South Wales location to a I'ar
North Queensland focation 1 5"
A 400~ -1 386)- 187 $a4l
The marginal value of moving fiom a Vanuaty focation 10 @ Far North Queensland Jocation s given by
[ 400 < <2 672)- 187 ~ 81643

Inthis way. CM canbe used to hwild up pmmce of valum of environmental changes. and thus aid
decision makers in chofees

5.0 Conclusions.

There are four main conctusmm that ean bie drawn from these rcsulw and analysw The first is that
nested logit tmodels may be important ways of modelling choices that people make for environmental
poods. This is because of reasons dealing with the complexity of issues and infiormation, the possible
use of defhult or quick decision rules by people, the possible refiance on'soft institutional rules {such as
moral and ethical guidelings) to make choices. and the beed to madel the various nm\pamcmatmn
aptions that people face

- The second conclusion is that the application of NI models iay impmve the cxplanaimy power of CM
puicomes This has been demonstrated in the rainforest conservation studies with the iterative appmach
16 model bm!dmg and subsequent increase in gmdncss of fit’ statistics

The third conclusion is that the use of nested Togit in modelling environmental choices may help 1o
reduce problems in model application as represented by potential ITA violations Agair. the rainforest

4 “The survevs were ecndicted in Brisbeie, which possibly esplaing why the ngtumi locations rate more highty thar the New Sauth -
Walesones
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conservation siudies dcnmmu ale how sefection of more accurate mstmg ihodels also improve
compliance with the underlying logit model assumptions

The fourth conclusion is that the construction of nesting models provides a pathway for extending the
range of goods and chaices that can be presented o survey respondents . This widening of'the chuice
set enables the reseprcher 1o address problems of scope, and ensure that the item of interest is embedded
within wide array of alternatives and substitutes  The des elopment of nested decision options promises
to mahe CM it very powerful analytical tool for evaluation of cmnplex goods.
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Appendin 1. Sample Chaice Set for First Survey

Q8 I would now like you to make some choices between proposals to protect a number of different
areas of rainforest. A number of different rainforest sites as2und the world have been selected that
will be affected by development within the next two years unless protccﬁnn measures are énacted.

In order to find out where pcoplc think we should start, a series of options have been offered which

are variations of the actual sites.

Please tell me which option you prefer, or if you think that neither ommn is worthwhile. When

mahing your choices, please keep in mind what you would realistically do within your budget, and
treat each pair as an independent event By asking people to make choices between these scenarios,
it can be worked out what type of rainforests people think are more smportant, and where we should

start with protection measures

Ma&uugm

Option 1
2.500 hectares i in Tlxadnnd

[Option 2

2,500 hectares i in Africa

¢ batremely rare

» Soprewhat rare

(o \rsits possible but mvderate access and {m
facilities

o Tasy to visit with full facilities

e Ao local people

¢ Profection of ra.n fore-t means local people |
will be worse off

"o Special Tandscapes as svell as plants and

| o Navspecial features

- $ 10 donation required

amimals

| $30 donation requiréd
(Tick one)

li__y Option 1

: | Option2

Please indicate prefrences

{1 | Lwonld not support either option

R e




Appendix 2. MNL model results for first survey

¢ Iiscrete chotce Grltineval logit) model ®

“ Ierations vompleted L
“Log likeliood funchon. <1558 TS
“Loge for Chowe model 19587048 ¢
SR BLogl Togh® ol fien Resyrd RsgAdg®
2N poelfioents 1848 6hRG6 1 1S58 0 Tigan T
“Canstants only - 1ORY 64 1 UTHS G HDIR P
° Raspronse data ate pvenas Theguenaey ©
< Sumber pfobs - ad skapped 0 had oy #

\anable Coeflicent Standaed Froop o s g PUZwe] Meannl'y

BPLACE it 1 Bt 1) 6wl tobinan
B OARFA 618X BARTOOLLOE R ARR Bl
B RARL e 2m BRI RAR toinnhn
B VISIT s&¥msbadt  errpempua 1 "0 gneke
BLOCALS 620604 [ERE SRS RN i1 U LI T S
B SPEC 013268 TEREN 1. TS L S AV ERR AR 11161 6
B PRICE  eguts at) o 6 2RRI0E A1 P D iy




Appendix 3

Variable

Intercpt

Locations
Vanuatu
Far North Qld
QI/NSW Border
Papua New Guinea
South America
Africa
Thailand
Indonesia

Arca
Logarea

Rarity
Not rare at all
Somewhat rare
Fairly rare
Extremely rare

Visits
Nu visits alloweyd
Visits allowed
Visits possible
Easy to visit

Locals
Locals worse off
Na locals affected
Locals can stay
Locals better off

Special features
No special features
Special landscapes
Special plants and
animals
Special landscapes and

Alternative specific model for first survey

plants and anitnals

Price
Lprice

Statistics
L(ZEROY}:
L{BETA):

60749
“264.15

-AULI0)LABY). 686,68

RHOSQ

6518

Coefficlent
-.1498496401.

= 1619820400
738807400
S58046c400
= 165136¢400
J1B455¢400
~,162219c400

+599584c400

=.326407¢+00
A4T9620400

~ 557608
~ 127219
105086
535415

- 202140
06113105
192025
01124¢

~652196
-0216819
249736
124131

« 38462
=013603)

156569

241655
192630

v

DFE; 22

Sud ervor
2344R5¢400

J980987¢-01
J04018e+00

4 040B5e4+00

1068390+00

J08047e4+00

L102575e+00

J172266400

1059708400
238158e-01

0712662
0653375
684166
0683401

- 0708846

0651942
0702895
0687894

0771546

0642407

0607821
0613945

JER5934
L668037
0676558
0676846

0436730

T
=6.,3906
16512
7,1027
53155
»1.5457

L0963

-1.5615
+5.1148
16213

62328

78243
1 9480
1.5360
82363

28517
=113
27319
A3

-8 4531
~ 4375
41087
46819

56073
= 2030
23142
34967

-4.4155




Appendix 4. Sample Choice Se( for second survey

Option I - Vanuatu -

[Opfion 2~ Far North Queensland

100 hectares

e

< 10,000 hectares

bawly rare

{ o Extreniely rare

Easy to visit with full (uuhms o

« Visits possible but moderale access and few

facilities

S

No focal people

"« Protection of rainforest means local pcople Wil

be better of(

o Special landseapes

"o Special landscapes

$30 DONATION RE QU IR[ D

[$70 DONATION REQUIRED

Option 3 - Pa‘pl;lkh» New Guinca

Opiion 4~ South America

7o T0.000 hectares

s {0000 hectares
¢ Nt rare af all Lo Estremely rare e
e Novisits gllovwed x4 Lﬂ‘} 1oy )sH W “h tU” MG!IIHL‘S L
TR Tocal peaply o Nu [ncal peaple
M&V“Cpuml landseapes ¢ Spmal landscapes
ST DON A TION REQUIRED) STDONATHIS RIQUIRED

Option 5 - Thailand

Option 6 - Indonesin

R

e 160 hectares

{5770,000 hectares

s

Te [atremely rare
L > _ s W
[- Novisits allowed !

Lo Not rare at all

o Novisits allowed

o Prtection of ramforest meitis fowal po ph;vmn i
h‘ betier off

o N Jocal peaple

o Spootal landseapes as well as plants and

 DERE R

o Special fandaeapes

[ ——— -«7

STDONATION RIQUIRT D

S DONATION R IRED

atinnals

Please indicate preference:
{Tick one)

, i;w Option 1

2 Oprion 2

H

3, Option 3

i e pisismi

Ay "«r‘\wﬁtﬁg
_«}: f;('}pr,iou 5 | .L.Jl Option 6

o option 4




Appendix S, 2nd Survey, MNL model

° Discrete choice (multinomal fogit) model *

® Iteratioms completed .00
* Log bkelihood funcoon -~ -1378472 ¢
*Loged for Choice - model - 213784718~ °
TRY toplogh® Logl. foen Resyrd RsqAdj®
“ wg encflicients » 1755 1191 1 21390 ¢ 19207 ©
 Constants only -~ 1491 1203 DOTRTI 05233 °
“ Response data are given as frequencies -~ °
* Npmber of obs 81 skipped . 0bad ohs #

Vanable Coellicient Stndad Looor 2-bise PP*2os] Mean of X
B VANLAT 23938 AP2AVIR O ITRE 00000
B ENQ 64387 (P TITX SRR 11 A 23

B PNG 28330 G22I L1200 anoan

B S4 L2334 GIYIIEY i 4l gonony

B THAL 26104 023106 0 <1033 000000

B INDO  -2an88 (33845 W11 335 GOnnfg

B ARI A 668N ORISR LY R IR noannn
B RARE 164570 iSRRG T OOt QKR
B VISIT 01147 6334701 2107 dnsid
B LOCALS G8]25% RS CUIBRIT I o & S TR T
B OSPEC aad04l.ar 6 IN2AT LTI G070
B PRICE 017904 GARguslarl 1327 G UUUES

Appendix 6. 2iid Survey, Three Way Nest hietween KNG, overseas mid No Choice,
¢ frerations completed aoe

Loy likehhood fimgron. 1378460
° Restricted log hehliood 1892296 °

“ Chi-syuared R0y 7
“ Degrees of freedum 1r
“ Stgnilicance fovel Hanona

*Ry I-Loglibopl* Logl Mo Bosgrd RsqAd;®
° No eoefligients -1502 2901 13 11429 11 1 108G ©

° Copstaets only - «149) 4203 Q075740 03534 °

°© At stari values «1751 3194 0 21200019127 %

® Response datg are given us frequencies

® Hessian was nol P13 Ulsing BHHH medtm ke

° The model has 2 leyels

 Number of obs = 81, skipped G bad obs °

Variable Coeflivient  Standard Ercor 7z bis ¢ PP7%07] Mean of X

Astnibutes in the Utility Funetions ~
B VANUAT 24290 033235 . <7311 000000
B FNG  A0063937 © DIR0NB - <3833 000041
B PNG 25093 033713 0 <7621 00000
B SA 23660 034205 - =6919 000000
B THAI 20506 = 033654 <7876 000000
B INDO 27026 034053 - 7937 100000
B_ARFA 026843 1352337001 5129 000000
B RARE  0.6439) - 058579601 101,992 000000
B VISIT 011457 - 055079801 2080 003751




Appendix 7, Znd Survey, MNL model with ENQ dropped

* Diserete choiee (multinomial fogit) model *

© Masimum Likeliiood Fstimares b
" Dependent variable — Choice °

& Number of abservations )

“ Herations complefed for

* §og fikebhood functsm -~ ]384 878 °

* Log-L for Chuige model- 2138457450
CRY 1-hoghogl* Logk fnen Rosyrd RsyAdj®
* Noeoellicienty 17513191 820041 a.19] 10"
“Constants only - BB L2030 04 0SB

° Response dalit are gisen as frequencies "

* Number of obs < RE skipped - 0 bad obs ®

Vanehle Coellicient Standard Ferar 2 bave PPZ22) Meanol' X

B VANUAT -] 2887 XA SR TR B Hhng
B PNG -1 8060 V1318t P4 orannin

B SA -] O8RY HIZIGE . CPYRRY aoot
BOThiAl . ats SO LRI fonis

B INDO 20188 IR 55 (01 U Ve Y S L SR 610 41}
BOARFA 020083 048608001 4307 fooand
3 RARF 01 85ps7 NARLGOS] ) T EOY oot
B VISIT n&infol.ol 0808972001 1 PSSk g801ds
B HOCALS 042040 tHSKAL 1] B ol A 0000
BOSPEC o400l O80SISE01 ORI Bungu
B PRICE O 45 ASRAIELG] T upl Ty




Appendix 8,

Sample Choice Set for third sirvey

SCENAKIQ.CHQICEJ

g.m..v X D,ptian iE Vanuam}ﬁwﬁé’*’?‘sﬁtﬂ‘

F‘ﬁw Option '2;- Far,Noﬂh Qamai’landg »%,s |

+ 10,000 hectares St

o100 hcctarcs S

¢ Extremely rare

e Not rare at all

o Easy to visit with il facilities

o No visits allowc‘a :

= Protection of rainforest means local pcoyle
will be worse off

e No local people

¢ Special landscapes

;Specia! landscapcs as well a5 | !ants and
animals

$10 DONATiQN RRQUlRED ;’ R

,‘s‘no‘;;)QNATIONREQ‘U}RED T

]

7 Opfion 3+ Norlhern NSW -, 17

‘ 1,060 hectares

. 100 hcctares

Not rare at a}}

"« Not rare al all e

Easy mvxsnmih full facilives

-Eﬁqy 10 vwitmthfnll fauiht es DI

Protection of rainforest means local peopie
will be better off

"« Protection of rainforest means Jocal peoplc ¢
will be worse off |

« Special landscapes

« No special features

$10 DONATION REQUIRED _

510 DONATION REQUIRED _

Opiton § - Soull East Quzensland

" Opion 6 - Indonesia . ..

« 100 hectares

"« 1,000 hectares

o Extremelyrare

e Not rare at all

e No visits allowed

"o Visits possiblc bui moderale access zmd Tow |
facilities

« Protection of rainforest means Jocal people |

« Protection of rmnforest mearis Tocal pwple

will be better off will be better off
e No special fc:aturcs - * Special Jandscapes
$50 DO‘\!A’UON RLQU!RED SIC DONAT!C)’\ RILQUIRIJD

1| Option 1

| s | Opiion 3

(] option's

Pleasc indicate prcrcrcnm. (’f‘;ck one)

e opmmz

U1 | Ewoutd not support any option

4| Optiond

ls | Optioné




Appendin 9, 3 Survey, MNL midel

 Discrete ehowe tmaltinoumad Togits modet ©
¢ Trerations complited R
“Loghikeloud fonchon <1378 472 @
“Lopt for Chowee model 11784718 0
PRI LLogh Topl* Lol fien Resqrd RagaAdy®
“Morcoeilivems -1 SIEI 31000 0 P07 ©
CCanstants anle 1401 4203 GOTSTI RS2 Y
“Numbes of obe - BE skipped 0 had obs ®

Varable Coeflioent Standand Lot 2 bise P '%2] Mean ol X

B VANLAT 2wk HIAE S lu T sOuonn
B NG Dnd187 HOARARY LT a0 nopnka

B NSW R s SATTIE LTI 0 unors

B sA 2 BRAR WY fonnhon
BSEQ  Tiled AR LA (oaonnn
BINDO P enR8 (23848 11358 ooonn

B AREFA 6 26R% CERERSLE GG 8 IR O 0am
B RARE  #ted FARIRALLAL 1] fintr Bt
B VISIT wlld? IR ek S R R T AR TR LT
B IOCALS 1 &§Ds8 LERS T 0 SR TN b 1 {T4TA 110
B SPEC 4y a 81300001 11 Goindn
B PRICE 61172084 OAPRIEE ) 1397 nOnoms

Appendix 10, Third Survey, Thres Wiy Nest

CTIME Nested Mulimomial Eogit Model — »

“ Merabions completed o
“Log kelthoud function 1371968  ©
“ Restricted fog hkelihood — j843 471 ©

" Chiesquared ugyonrg v
* Degrees of freedom S R
¢ Significancy fevel tHen0Gnt - »

"Ry I-LoglAogl* Logl. faen Resqrd RsqAdj ©
"N eoelficients - 1R43 4714 35533 0 71314 °
" Constants only <1491 4203 007042 (k22 e
@ ALstart values -1751 1191 021604 0 192750
© Hessian was not PD. Using BHHH estimator ©
i

““The muodel has 2 levels
“Ngmber of obw - RE shipped - bad obs ©

Varigble Coellicient Standard Error 7 s e P2z) Mean ol X

Attributes in the Unlity Functions

B VARUAT 246710 N33362 <11 435 000000
B FNG 040045 04538 0620 (153493

I3 NSW o] 5804 63329 - 2438 0.M517
BSA 2w D23665 - TE085 000000
B8EGQ 16781 64798 <2 00 000960
BANDO 25840 624600 <11 979 N0UHO0
B AREA  GIOTT1 - 057489861 & 199 600000
B RARE  Ga9923 O 66B5EOT 10459 0.00000
B VISIT 013178 0 S9RISENT 2203 002750
B LOCALS 057240 060933501 - 0.494 (L00000
B SPEC 073916001 (55681501 1328 0 184]}
B PRICE 618749 OA8R90F-01 3184 D005




Appendix 1. Jed Survey, MBI il with FRO dropped

“Phiserete choiee (multmomiad Togit) mndwl N

“lterations completed &
“og Ihelibond fipetion. - <1384 874 °
ol ToF Chiote - moded - -1IREATIR 0
CRE Lol Togl ¥ Logel Tien Resgrd RygAdy©
S AevoeTivicms P78V 0 200) o Iata
“Constantsenly < 349E BI03 5 0T 1o 005G
“hnber ofoby - 81 skipped 0 bad obs ©

Vanabie Coetficient . Standard erar 7 bis e PP2%0r) Mean of X

BV ANLAT o 7887 T Bl USRS B R TR TP
B NSW I 8unt LeRRIA0 4411 Gannnn

1 SA 4 nEsT G120t 1TYARY Danubn
BSIQ T uT TN E1{ T3 &% L 1113101731
BOINDCY  26ERS o PRt GJI4ols i
BOARFA 020883 GARGASE G 3T Lt
B ORARE 1 85057 SIOUSEE 10 B onntn
B OVISIT 98369 61 naagviay o T o88 [ aalin
BLOCALY 12040 i AUSRSE 0] R bl OB
BoSPLC 4R B850 G RAT Ddungs
B PRICE  t fiigde PR3 W 2207 uudy|

Appendin 12, 3vd Burveys iheee wity nest with FNQ dropped,

CTIML Nested Multmonsad Togt Modet— °
“ Ieratons completed = MR
" Log hkebbood fancuon — -1323 218 7
" Restncted Jog ikehfiood - -1R43 471

“ Chi=aepared LU B
 Degrees of Irevdon, 3o
* Sugificance fevel - Granngoon. ©

“Ry loghilogl Log-f. foenr Resqrd RagAdj”
“ Wo caeflicients - 1843 714 028500 4y 234062 "

O Cotstants only S 144N 0TS G ORIGE °

© At start valoes ~T781 4191 G 2189 0 19434 ©

* Hessisn was not P14 fsing BHI mumatm

¢ The model has 2 levels ‘

 Wumbgr ofobs 81, skipped 0 bad obs

Vuriable Cosflicient Standard Frear 2-bise P7%2]) Meavol %

Attributes i the Ltilig Functions

B VANUAT 2 69t 03841 - <11 oo
i3 NSW 19720 UNEUET SRy & C R 31 07

BB SA  .20528 G368 11450 00000

B SEQ 20620 014548 <14180 000000

B INDO 29820 (24084 12385 100000 ‘
B AREA 0 20778 0 86000E01 - 5255 00000
B RARE 009761 HEO3LIE01 10520 000000
B VISIT 0113441 (FARGRALN 2293 G218
B LOCALS b DOMAPALL0F 9433 (00000
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