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I n th is art icle we p ro p o se th eo ret ically co nsisten t welfare m easu rem en t o f u se an d n o n u se
valu es fo r an im p ro vem en t in en viro n m en tal qu ality with revealed an d stated p reference d ata.
A n an alyt ical m o d el based o n th e co m p arat ive stat ic an alysis o f th e variat io n fu nct io n th at
d escribes th e relat io nsh ip between recreat io n d em an d an d d ich o to m o u s ch o ice co n t in gen t
valu at io n m o d els is est im ated . O u r resu lts sh o w th at revealed an d stated d ata sh o u ld n o t be
co m bin ed u n d er th e sam e assu m ed p reference st ru ctu re u n less th e two d ecisio ns im p ly th e
sam e ch an ge in beh avio r in d u ced by th e qu ality ch an ge. I n ad d it io n , o u r resu lts in d icate
sco p e effects in willin gn ess to p ay m easu res est im ated with stated p reference d ata. ! 1997

A cad em ic Press

I. IN TR O D U C TIO N

Ž .C o n fid ence in th e u se o f th e co n t in gen t valu at io n m eth o d C V M fo r m easu rin g
th e valu e o f en viro n m en tal go o ds an d services increases su bstan t ially wh en willin g-

Ž .n ess to p ay W T P est im ates fro m stated p reference tech n iqu es, C V M , co n verge
with est im ates fro m revealed p reference tech n iqu es, i.e., th e avert in g beh avio r,

" #h ed o n ic p rice, an d t ravel co st m eth o ds. C arso n et al. 6 , in a m eta-an alysis o f th e
co n vergen t valid ity lit eratu re fo r qu asi-p u blic go o ds, co nclu d ed th at W T P est im ates
fro m th e C V M are o f th e sam e o rd er o f m agn itu d e an d p o sit ively an d sign ifican t ly
co rrelated with th o se fro m revealed p reference tech n iqu es. T h ese resu lts su ggest
th at it is inco nsequ en t ial wh eth er a research er ad o p ts stated o r revealed p refer-
ence tech n iqu es fo r th e m easu rem en t o f u se valu es fo r ch an ges in en viro n m en tal
qu ality.

G iven th ese resu lts, in wh at cases wo u ld th e C V M be th e p referred valu at io n
ap p ro ach ? O n e instance is wh en th e m easu rem en t o f n o n u se valu es is th e fo cu s o f
th e valu at io n stu d y. A n o th er is wh en in d ivid u als d o n o t h ave exp erience with th e
p o licy-relevan t ch an ge in en viro n m en tal qu ality an d revealed p reference d ata are
n o t available. A lso , stated p reference d ata are u sefu l wh en fo recast in g beyo n d th e
available ran ge o f revealed p reference d ata. O n e lim itat io n o f stated p reference
d ata is th at beh avio ral in ten t io ns are revealed , n o t actu al beh avio r, wh en o bserv-
able beh avio r is n eed ed to reveal an d m easu re eco n o m ic valu e. W h en im p lem en t-
in g a beh avio ral in ten t io n , in d ivid u als m ay o ften d isco ver bin d in g eco n o m ic co n -

" #strain ts an d th e in ten t io n is n o t realized . F o r exam p le, N eill et al. 15 fo u n d th at

*A p revio u s versio n o f th is p ap er was p resen ted at th e 1997 A E R E M eet in gs in N ew O rleans, L A .
T h e au th o rs th an k N ich o las F lo res, K erry Sm ith , an d th ree referees fo r o fferin g several h elp fu l
su ggest io ns. T h an ks are also d u e G rego ry B ro wn fo r p ro gram m in g assistance. T h e su rvey inst ru m en t ,
d ata, an d ad d it io n al em p irical resu lts are available u p o n requ est o r fro m th e web sit e
² :h t tp :$$ www1.ecu .ed u $ ! ecwh iteh$ d ata$ d ata.h tm . E -m ail: h u an gj@ m ail.ecu .ed u .
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Ž .h yp o th et ical statem en ts o f W T P are greater th an real p aym en ts revealed o f W T P
" #fo r m arket go o ds, wh ereas L o o m is et al. 12 fo u n d evid ence th at im p ro ved su rvey

d esign m ay increase th e co rrelat io n between stated an d revealed W T P fo r m arket
go o ds. I t is a gen eral co nsensu s th at stated p reference d ata can be th e m o st u sefu l
if th ey are based o n so m e u n d erlyin g beh avio r an d are co nsisten t with th e revealed
p reference d ata.

T h e p u rp o se o f th is p ap er is to d em o nst rate th e co n d it io ns fo r co nsisten t ly
Ž . Ž .co m bin in g revealed t rip d em an ds an d stated co n t in gen t valu at io n d ata fo r an

im p ro vem en t in en viro n m en tal qu ality. A sin gle p reference st ru ctu re can be
assu m ed fo r bo th o n ly wh en th e two d ecisio ns im p ly th e sam e ch an ge in fu tu re
t rips in d u ced by th e qu ality im p ro vem en t . A s a resu lt , in fo rm at io n o n fu tu re
d em an ds u n d er cu rren t an d im p ro ved qu ality is n eed ed fo r co nsisten t jo in t est im a-
t io n . A n an alyt ical m o d el based o n co m p arat ive stat ic an alysis o f th e variat io n

" # " #fu nct io n by W h iteh ead 18 th at exten ds M cC o n n ellÕs 14 m o d el fo r en viro n m en tal
qu ality im p ro vem en t is u sed an d m o d ified to d escribe th e th eo ret ically co nsisten t
d ecisio ns in bo th t rip d em an ds an d W T P. A jo in t est im at io n p ro ced u re, co nsisten t
with th e an alyt ical m o d el, is p ro vid ed . W e rep o rt welfare est im ates fo r im p ro ve-
m en ts in qu ality by co nsid erin g jo in t ly th e in fo rm at io n o f in d ivid u alsÕstated W T P

Ž .fo r th e qu ality im p ro vem en t , actu al an d in ten d ed recreat io n t rips at th e cu rren t
qu ality level, an d in ten d ed recreat io n t rips taken after th e qu ality im p ro vem en t .
T h e co nsistency in co m bin in g th e revealed an d stated d ata is tested .

T wo ad d it io n al issu es are exam in ed in th is stu d y. F o r co m p ariso n , bo th sin gle-
bo u n d an d d o u ble-bo u n d d ich o to m o u s ch o ices are exam in ed an d inco rp o rated in
th e jo in t est im at io n . I t is exp ected th at bo th will p ro vid e sim ilar co nclu sio ns with
th e d o u ble-bo u n d m o d els p ro vid in g efficiency gains relat ive to th e sin gle-bo u n d
m o d els. I n ad d it io n , sco p e effects are tested by co m bin in g d ata th at evalu ate two
go o ds in wh ich o n e is a co m p o n en t o f th e o th er. T h ese est im at io ns an d d ata
t reatm en ts are inclu d ed n o t o n ly to p ro vid e resu lts fo r m ean in gfu l eco n o m ic
in terp retat io ns, bu t also to ensu re th e stability o f jo in t est im at io n . O u r resu lts sh o w
th at revealed an d stated d ata sh o u ld n o t be co m bin ed u n d er th e sam e assu m ed
p reference st ru ctu re u n less th e two d ecisio ns im p ly th e sam e ch an ge in beh avio r
in d u ced by th e qu ality ch an ge. I n ad d it io n , o u r resu lts in d icate sco p e effects in
W T P valu es est im ated with stated p reference d ata.

II. B A C K G R O U N D LIT E RAT UR E

Ž .T h ere are vario u s typ es o f revealed an d stated d ata d iscrete o r co n t in u o u s th at
can be elicited to in d icate th e sam e d ecisio n , eith er real o r h yp o th et ical. T h e
p ro blem s faced by d ata p o o lin g can vary with d ata typ es. C o m bin in g revealed an d
stated d iscrete ch o ices is co m m o n ly seen in th e t ransp o rtat io n an d m arket in g
literatu re. T h ro u gh p ro p er scalin g, revealed an d stated ch o ices o f co m bin at io ns o f

Ž .p ro d u ct at t ribu tes can be p o o led stacked to jo in t ly est im ate th e ben efits o f th e
" #at t ribu tes. T h e m eth o d o lo gy h as been ap p lied to valu e n o n m arket go o ds 1, 2, 13 .

A n im p o rtan t issu e is wh eth er th e two typ es o f d iscrete ch o ices can be p o o led
" #to geth er u n d er a sin gle p reference st ru ctu re. Swait an d L o u viere 17 d evelo p ed a

p ro ced u re to test fo r co m p at ibility o f revealed an d stated ch o ices an d to est im ate
th e relat ive variances in th ese two typ es o f d ata. T h e co m p at ibility o f revealed an d
stated ch o ices is o ften su p p o rted by th ese stu d ies.
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" #C o nsid erin g recreat io n d em an d d ata, L o o m is 10 fo u n d th at stated p references
abo u t in ten d ed t rips u n d er altern at ive qu ality levels are valid an d reliable by
co m p arin g th ese d ata to actu al t rip d ata. I n situ at io ns wh ere th e valid ity o f stated
p reference recreat io n d ata is a co ncern , anch o rin g stated p reference d ata with
revealed p reference d ata allo ws stated p references to co n verge to th e u n d erlyin g
ten ets o f u t ility m axim izat io n an d revealed beh avio r. T h ere are several m eth o ds
available to jo in t ly u t ilize recreat io n d em an d d ata revealed an d stated by in d ivid u-

" #als. C am ero n 5 co m bin ed th e t rip d ecisio n an d th e d ich o to m o u s ch o ices o f a
co rn er so lu t io n fo r an increase in t rip co sts. I n th is case, a p rice ch an ge was
p ro p o sed to m easu re th e m o vem en t alo n g th e t rip d em an d . E n glin an d C am ero n
" # " #7 an d L aym an , B o yce, an d C rid d le 9 co m bin ed stated p references co ncern in g
recreat io n t rips u n d er altern at ive co n d it io ns an d actu al t rips in recreat io n d em an d
m o d els. B o th stu d ies fin d th at th e efficiency o f W T P est im at io n is im p ro ved wh en
revealed an d stated d ata are co m bin ed .

R evealed t rip d em an ds an d stated d ich o to m o u s ch o ices fo r qu ality im p ro ve-
m en ts can also be co m bin ed . I n ad d it io n to p o ten t ial gains in est im at io n efficiency,
co nsisten t ly co m bin in g in fo rm at io n abo u t recreat io n d em an ds an d W T P resp o nses
fo r bet ter qu ality en ables th e d eco m p o sit io n o f th e welfare m easu re in to u se an d

" #n o n u se valu es. N iklitsch ek an d L eo n 16 co m bin ed in ten d ed recreat io n d em an d«
with im p ro ved qu ality an d co n t in gen t valu at io n yes$ n o resp o nses fo r th e sam e
qu ality ch an ge. H o wever, an ap p aren t sh o rtco m in g o f th eir m o d el is th e lack o f
in fo rm at io n o n cu rren t$ p ast t rip d em an d th at resu lts in a p o ten t ial inco nsistency
in th e welfare m easu res. A s a resu lt , th eir u se valu es were calcu lated in d irect ly
based o n an ad h o c d eco m p o sit io n o f th e an alyt ical to tal W T P d erived fro m th e
variat io n fu nct io n . T h is d iscrep ancy m ay exp lain wh y th eir u se valu es are larger

Ž .t h an th e to tal W T P wh ich inclu d es bo th u se an d n o n u se valu es .
" #L o o m is 11 jo in t ly exam in ed th e co rn er so lu t io ns o f th e t rip d em an d an d th e

d ich o to m o u s ch o ices fo r vario u s qu ality ch an ges. I n h is ran d o m effects m o d el, a
sin gle p reference st ru ctu re was u sed to ch aracterize bo th th e m o vem en t alo n g an d
th e sh ift o f th e recreat io n d em an d . T h e assu m p t io n o f equ ality o f p aram eter valu es
assu m ed with o u t test in g th e co m p at ibility o f d ata m ay resu lt in biased welfare
est im ates.

M easu rin g th e welfare effects o f a qu ality ch an ge is m o re co m p lex th an th at o f a
p rice ch an ge becau se a sh ift o f th e recreat io n d em an d m u st be co rrect ly ch aracter -
ized so th e ad d it io n al u se valu es in d u ced by th e h igh er qu ality can be est im ated .
T h erefo re, o btain in g in fo rm at io n o n d em an d sh ifts d u e to a qu ality im p ro vem en t
wh en co m bin in g revealed an d stated p references is essen t ial t o accu rately m easu re
willin gn ess to p ay fo r a qu ality im p ro vem en t . E ven wh en th e in fo rm at io n abo u t a
d em an d sh ift d u e to a qu ality ch an ge is available, u sin g a sin gle p reference
st ru ctu re to d escribe th e ch an ge in recreat io n d em an d an d W T P resp o nses m ay n o t
be p lau sible u n less th e sam e ch an ge in fu tu re t rips is im p lied by bo th d ecisio ns.

Ž .E nsu rin g co m p at ibility o f revealed an d stated d ata co n t in u o u s o r d iscrete is
essen t ial t o d erive m ean in gfu l resu lts fro m jo in t est im at io n .

III. A N ALYTIC AL M O D E L

C o nsid er willin gn ess to p ay fo r an en viro n m en tal qu ality im p ro vem en t , W T P %
Ž . Ž . Ž . Ž .m p, q, u & m p, q* , u , wh ere m " is th e exp en d itu re fu nct io n , W T P " is th e
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Ž .willin gn ess to p ay valu at io n fu nct io n , p is th e p rice m easu red as th e t ravel co st o f
Ž . Ž .a recreat io n t rip x , q is th e cu rren t d egrad ed level o f qu ality, an d q* is th e

Ž . Ž .fu tu re im p ro ved level o f qu ality. I f th e reference level o f u t ility is u % ! p, q* , y ,
Ž . Ž .wh ere y is inco m e an d ! " is th e in d irect u t ility fu nct io n , su bst itu t io n o f ! " in to

" Ž .# Ž .W T P yields s % m p, q, ! p, q* , y & y, wh ere s " is th e H icksian variat io n fu nc-
t io n fo r a ch an ge in qu ality.

U n d er co m m o n assu m p t io ns, th e variat io n fu nct io n can be sh o wn to increase in
inco m e an d d ecrease in th e p rice. A brief d escrip t io n o f co m p arat ive stat ic resu lts

Ž " #.is as fo llo ws see W h iteh ead 18 . I f q is a n o rm al go o d , th e effect o f inco m e o n
th e variat io n fu nct io n is # s$# y % m ! " & 1 % $ & 1 # 0, wh ere $ % m ! " # 1,! y ! y
m is th e m argin al co st o f u t ility evalu ated at q, an d ! " is th e m argin al u t ility o f! y
inco m e evalu ated at q* . T h e m argin al effect o f p rice o n th e variat io n fu nct io n is

" " Ž .# s$# p % m ' m ! $ 0, wh ere ! is th e d erivat ive o f ! " with resp ect to pp ! p p
evalu ated at q* . A p p lyin g Sh ep h ard Õs lem m a an d R o yÕs id en t ity, # s$# p %

hŽ . mŽ . hŽ . mŽ .x p, q, y & $ x p, q* , y , wh ere x " an d x " are H icksian an d M arsh allian
hŽ . mŽ .d em an ds, resp ect ively. Since x ", q % x ", q at th e cu rren t qu ality level q, we

mŽ . mŽ .h ave # s$# p % x ", q & $ x ", q* $ 0. T h e effect o f p rice o n willin gn ess to p ay
is a fu nct io n o f th e t rips taken at d ifferen t qu ality levels an d is n egat ive if $ is

Ž .clo se to 1 as exp ected since m % 1$! .! y
T h ese co m p arat ive stat ic resu lts can be u sed to d erive th e lin k between an

in d ivid u alÕs stated p references fo r an im p ro vem en t o f en viro n m en tal qu ality an d
th e d ecisio n o f recreat io n t rip -takin g. A sim p le lin ear variat io n fu nct io n is u sed to
d em o nst rate th e relat io nsh ip : s % % ' & p ' ' y, wh ere th e qu ality ch an ge is
co nstan t acro ss resp o n d en ts an d is cap tu red by th e co nstan t term , %. T h e co effi-
cien ts in th e variat io n fu nct io n can be sh o wn to relate to th e ad d it io n al t rips taken
by in d ivid u als after a qu ality im p ro vem en t . T h e exact lin k is th e p aram et ric
co nst rain t between th e variat io n fu nct io n an d d em an d fo r recreat io n t rips: # s$# p

mŽ . mŽ . 1% & % x ", q & $ x ", q* an d # s$# y % ' % $ & 1. I f th e m argin al u t ility o f
inco m e is co nstan t , $ is 1 an d th e inco m e variable will d ro p o u t o f th e variat io n
fu nct io n an d th e co efficien t o f p is m erely th e ad d it io n al t rips taken in resp o nse to
th e im p ro vem en t in en viro n m en tal qu ality. T h is will be a testable h yp o th esis in o u r
em p irical m o d el.

IV. E STIMATIO N PR O C E D UR E

I n th is stu d y, th e stated an d revealed p references fo r qu ality im p ro vem en t are
an alyt ically co nsisten t since th e o wn-p rice effects o n W T P are d irect ly related to
th e m easu res o f recreat io n beh avio r ch an ge. A jo in t est im at io n p ro ced u re is
p ro p o sed to est im ate th e variat io n fu nct io n m o d el an d th e ch an ge in recreat io n
d em an d . T wo recreat io n areas fo r wh ich o n e is a co m p o n en t o f th e o th er are

1 " #A lin ear variat io n fu nct io n im p lies a lin ear u t ility fu nct io n 14 . T h is in tu rn im p lies a co nstan t an d
2 Ž .exo gen o u s d em an d fo r t rips. I f s is assu m ed qu ad rat ic in p, s % % ' & p ' ( p ' $ & 1 y, th en th e

t rip ch an ge fu nct io n sh o u ld be # s$# p % & ' 2( p % x & $ x* an d th e likelih o o d fu nct io n m u st be
d erived acco rd in gly. A s p o in ted o u t by a referee, th is fo rm is at t ract ive becau se it is co nsisten t with
eco n o m ic th eo ry o f d em an d fu nct io ns with d ifferen t elast icit ies u n d er each qu ality level. U n fo rtu n ately,
th e qu ad rat ic fu nct io n al fo rm d o es n o t fit th ese d ata well, so we rely o n th e sim p ler lin ear fo rm . O th er
fu nct io n al fo rm s fo r th e variat io n fu nct io n co u ld also be exam in ed ; h o wever, we o n ly co nsid er th e lin ear
fo rm fo r sim p licity.
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exam in ed . T o test fo r sco p e effects, d u m m y variables are inclu d ed in bo th th e
variat io n an d t rip ch an ge fu nct io ns. T h e relat io nsh ip between th e variat io n fu nc-
t io n an d th e ch an ge in d em an d fo r recreat io n t rips fo r resp o n d en t i can be
p resen ted in th e fo llo win g regressio n m o d el:

s % % ' & p ' $ & 1 y ' ) D ' * , 1Ž . Ž .i i i 1 1i

x % & ' $ x" ' ) D ' * , 2Ž . Ž .i i 2 2 i

wh ere * is a ran d o m variable to in d icate th e u n kn o wn variat io n am o n g in d ivid u-1
Ž . Ž .als, x is th e ex-p o st p ast o r ex-an te p lan n ed n u m ber o f t rips taken u n d er th e

Ž .d egrad ed en viro n m en tal qu ality, x* ' * is th e ex-an te p lan n ed n u m ber o f t rips2

stated by a resp o n d en t with a qu ality im p ro vem en t , * is th e m easu rem en t erro r2
Ž .fro m th e m ean p red icted n u m ber o f t rips x* , an d D is a d u m m y variable to

in d icate th e co m p o n en t go o d . T h e n o nzero valu e o f eith er o f th e ) s in d icates th e
p resence o f sco p e effects wh ich are assu m ed n o t to be equ al in th e t rip an d

Ž .variat io n fu nct io ns. T h e variat io n fu nct io n 1 alo n e can be est im ated by th e
d iscrete resp o nses to W T P qu est io ns in th e C V M u sin g sim p le lo git o r p ro bit

" #m o d els 3 . Su p p o se th at resp o n d en ts are asked to answer yes o r n o to a p aym en t
Ž .t fo r a qu ality im p ro vem en t . T h e resp o nse is yes if th e resp o n d en tÕs W T P is

Ž .greater th an t, th e sin gle th resh o ld . L et + " be a cu m u lat ive d ist ribu t io n fu nct io n .
Ž .A ssu m e th at th e d ist ribu t io n is sym m etric e.g., a n o rm al d ist ribu t io n . T h en

Ž . Ž .1 & + a % + & a :

* t & % & & p & $ & 1 y & ) DŽ .1i i i 1P yes % P s # t % P #Ž . Ž .i ž /, ,1 1

t & % & & p & $ & 1 y & ) DŽ .i i 1
% 1 & + ž /,1

& t ' % ' & p ' $ & 1 y ' ) DŽ .i i 1
% + , 3Ž .ž /,1

Ž .wh ere P " is th e p ro bability, t is th e d o llar am o u n t requ ested in exch an ge fo r th e
im p ro vem en t o f en viro n m en tal qu ality, an d , is th e stan d ard d eviat io n o f * . T h e1 1

co efficien t o f t is 1$, ; h ence, th e variance o f * is est im able in th is m o d el.2 T h e1 1
Ž .t rip ch an ge equ at io n 2 can be est im ated by th e u su al o rd in ary least squ ares

p ro vid in g th at th e in fo rm at io n o n x an d x* is available.
I t is reaso n able to assu m e th at * an d * fo llo w a bivariate n o rm al d ist ribu t io n1 2

Ž 2 2 .with a n o nzero co rrelat io n co efficien t , N 0, 0, , , , , - . T h e assu m p t io n o f a jo in t1 2

d ist ribu t io n im p lies th at th e u n o bservable facto rs th at affect th e d ecisio ns o f h o w
to answer th e W T P qu est io n an d wh eth er o r h o w m an y m o re t rips to take given th e
qu ality im p ro vem en t are co rrelated , in ad d it io n to th e co nst rain ts im p o sed in

Ž .p aram eters. T h e d ifferen t scale p aram eters , an d , in d icate th e p o ssible1 2

h etero sced ast ic erro rs between th e two d ecisio ns. T h e jo in t d ist ribu t io n o f s an d x

2A s p o in ted o u t by a referee, th e co efficien t o n t, by co nst ru ct io n o f th e p ro bability m o d el, is
n atu rally rest ricted to u n ity th at en ables th e id en t ificat io n o f , . T h e p aram eter valu e can n o t be1

reco vered if th e p ro bability m o d el is co nst ru cted based o n u t ility d ifferences.
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fo r th e resp o n d en t i can be writ ten as

2, $,% ' & p ' $ & 1 y ' ) DŽ .s 1 12i i 1i ! N , 4Ž ." 2 2x & ' $ x ' $) Dž /i $, $ ,i 2 12 2

Ž .wh ere , % -$ , , . T h e jo in t d ist ribu t io n can be writ ten as th e p ro d u ct o f12 1 2
Ž .t h e d ist ribu t io n o f s co n d it io n al o n x an d th e d ist ribu t io n o f x : f s , x %i i i i i

Ž . Ž .f s ( x f x . T h e co n d it io n al d ist ribu t io n o f s can be sh o wn asi i i i

s ( x ! N % ' & p ' $ & 1 y ' ) DŽ .i i i i 1ž
x & & & $ x" & $) Di i 2 2 2' -, 1 & - , . 5Ž .Ž .1 1ž / /$,2

Ž .T h e jo in t d ist ribu t io n o f th e co n t in u o u s t rips an d th e d iscrete W T P resp o nses can
be writ ten as th e p ro d u ct o f a B ern o u lli d ist ribu t io n co n d it io n al o n th e t rip
d ecisio n an d th e d ensity fu nct io n o f t rips:

I 1& Ii iP yes( x P n o ( x f xŽ .Ž . Ž .i i i

I 1& Ii i% f x P s ) t ( x P x $ t ( xŽ . Ž . Ž .i i i i i i i

x & & & $ x" & $) Di i 2
% ' ž /$,2

I" i& t ' % ' & p ' $ & 1 y ' ) D x & & & $ x & $) DŽ .i i i 1 i i 2
' -

, $,1 2
% + 1$ 221 & -Ž .$ 0$ 0

1& I" i& t ' % ' & p ' $ & 1 y ' ) D x & & & $ x & $) DŽ .i i i 1 i i 2
' -

, $,1 2
% 1 & + , 6Ž .1$ 221 & -Ž .$ 0$ 0

wh ere I is th e 0!1 variable to in d icate yes$ n o answers fo r resp o n d en t i, an d 'i
an d + are th e n o rm al d ensity an d cu m u lat ive d ist ribu t io n fu nct io ns. T h e two

Ž . Ž .equ at io ns in 1 an d 2 can n o w be jo in t ly est im ated u sin g co nst rain ed m axim u m
likelih o o d m eth o ds. T h e lo g-likelih o o d fu nct io n co n tains two co m p o n en ts: a stan -
d ard lo g-likelih o o d fu nct io n fo r est im at in g a co n t in u o u s p red icted t rip ch an ge
fu nct io n an d a p ro bit typ e m o d el fo r lin kin g in d ivid u alsÕd iscrete W T P answers to
th e p reference st ru ctu re, co n d it io n al o n th e ch an ge in t rips d u e to a qu ality
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im p ro vem en t . T h e likelih o o d fu nct io n can be writ ten as

2nn 1 1 &
"2lo g L % & lo g 2., & x & & x & ) D ,Ž . Ý2 i i 2 2ž /ž /2 2 $ $i% 1

& t ' % ' & p ' $ & 1 y ' ) D $,Ž .Ž .i i i i 1
"n ' - 1$$ x & &$$ & x & ) D $,Ž . Ž .Ž .i i 2 2

' I lo g +Ý i 1$ 221 & -i% 1 Ž .$ 0
& t ' % ' & p ' $ & 1 y ' ) D $,Ž .Ž .i i i i 1

"n ' - 1$$ x & &$$ & x & ) D $,Ž . Ž .Ž .i i 2 2
' 1 & I lo g 1 & + .Ž .Ý i 1$ 221 & -i% 1 Ž .$ 0

7Ž .

T h e m o d el can be exten d ed to an alyze d iscrete W T P resp o nses with a fo llo w-u p
Ž . Ž . Ž .d o u ble-bo u n d co n t in gen t valu at io n qu est io n by rep lacin g + t with + t ,i 2 i
Ž . Ž . Ž . Ž . Ž .+ t & + t , + t & + t , an d 1 & + t fo r th e co m bin ed yes$yes, yes$ n o ,1i 2 i 2 i 1i 2 i

n o $yes, an d n o $ n o answers, wh ere t an d t are th e two bids p resen ted to1i 2 i
resp o n d en t i t o bo u n d W T P.3 T h e u n d erlyin g assu m p t io n is th at th e erro r
st ru ctu re is id en t ical in bo th W T P qu est io ns. I t can also be exten d ed to assu m e two
sep arate an d co rrelated erro r term s fo r th e two W T P qu est io ns. T h e likelih o o d
fu nct io n in th at case will be co nst ru cted based o n a t rivariate n o rm al d ist ribu t io n .

Ž .T h is likelih o o d fu nct io n 7 fo r est im at in g th e valu e o f a qu ality ch an ge is a clo se
Ž . " #an alo g to E q. 7 in C am ero n 5 th at is u sed to m easu re th e valu e o f a p rice

ch an ge. H o wever, th e an alyt ical backgro u n d wh ich in d u ces th e sp ecificat io n o f o u r
likelih o o d fu nct io n is d ifferen t an d th e p ro bit m o d el is exten d ed to an alyze
d o u ble-bo u n d co n t in gen t valu at io n qu est io ns. F u rth erm o re, bo th th e variances o f
* an d * will be id en t ifiable in o u r m o d el an d th e h yp o th esis o f co nstan t m argin al1 2

u t ility o f inco m e can be evalu ated by test in g $ % 1. I f co nstan t m argin al u t ility o f
inco m e is im p o sed , th e regressio n m o d el is rewrit ten as

s % % ' & p ' ) D ' * ,i i 1 1i

x & x" % & ' ) D ' * ,i i 2 2 i

wh ere th e exp ected ad d it io n al t rips in d u ced by h igh er en viro n m en tal qu ality are
equ al to th e co nstan t m argin al p rice effect in th e variat io n fu nct io n . T h e est im a-
t io n p ro ced u re will be exact ly th e sam e as d escribed abo ve.

T h e key issu e in th is m o d el is wh eth er th e variat io n an d t rip fu nct io ns co nsis-
ten t ly in d icate th e sam e ch an ge in t rip d em an d fo r th e h igh er qu ality. I f so , th e
p aram eter rest rict io ns acro ss th e two equ at io ns can be im p o sed to in d icate a sin gle
u n d erlyin g p reference st ru ctu re. O n e h yp o th esis is th at resp o n d en ts answer th e
d ich o to m o u s ch o ice W T P qu est io ns wh en th in kin g o f th e d ifference between th e

3T h e likelih o o d fu nct io n th at jo in t ly est im ates th e t rip d em an d an d th e d o u ble-bo u n d ch o ice
resp o nses is available u p o n requ est fro m th e first au th o r.
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Ž .p lan n ed fu tu re ex-an te t rips at th e cu rren t qu ality level an d th e ex-an te t rips at
th e h igh er qu ality; th at is, a resp o n d en tÕs stated W T P fo r th e im p ro vem en t o f
en viro n m en tal qu ality rep resen ts h is$ h er ex-an te ben efit est im ate o f im p ro ved

Ž .qu ality. I f th e h yp o th esis is t ru e, th en u sin g th e revealed ex-p o st t rip d ata as th e
Žp ro xy fo r ex-an te t rips at th e cu rren t qu ality level will be inco rrect assu m in g th ese

.d ata are sign ifican t ly d ifferen t . T o test th is h yp o th esis, two sep arate m o d els/o n e
u sin g ex-p o st t rips at cu rren t qu ality an d th e o th er u sin g ex-an te t rips at cu rren t
qu ality/are est im ated . M o re gen eral m o d els th at relax th e p aram eter rest rict io ns
acro ss th e two fu nct io ns, i.e., allo win g & an d $ t o d iffer in th e two equ at io ns, are
also est im ated to test fo r th e co nsistency o f th e m o d el.

V. D ATA

T h e d ata fo r th is stu d y are fro m a 1995 telep h o n e su rvey co n d u cted by a
u n iversity su rvey research cen ter. T h e su rvey u sed a ran d o m d igit d ialin g sam p lin g
sch em e. T h e sam p le o f eastern N o rth C aro lin a h o u seh o lds was o btain ed fro m a
p ro fessio n al sam p lin g firm an d in terviews were co m p u ter assisted . O f th e h o u se-
h o lds th at were co n tacted , 1077 resp o n d en ts p ro vid ed d ata fo r an o verall resp o nse
rate o f 75% . T h ere are two m ain versio ns o f th e telep h o n e su rvey. V ersio n 1
co n tain ed a co n t in gen t valu at io n m arket fo r a qu ality im p ro vem en t fo r th e Pam lico
So u n d an d versio n 2 co n tain ed a co n t in gen t valu at io n m arket fo r th e A lbem arle
an d Pam lico So u n ds in N o rth C aro lin a. W e u se bo th versio ns in th is art icle to test

Ž .fo r sco p e effects. T h e su rvey co n tains six typ es o f qu est io n fo r each versio n : 1 a
Ž . Ž .qu est io n to d eterm in e kn o wledge abo u t th e So u n d s ; 2 recreat io n qu est io ns to

Ž .d eterm in e recreat io n p art icip at io n an d in tensity; 3 co n t in gen t valu at io n scen ario
qu est io ns to exp lain th e p o llu t io n p ro blem an d th e p o licy th at will be valu ed an d

Ž .also to get resp o n d en ts th in kin g abo u t th eir valu es fo r th e p o licy; 4 co n t in gen t
beh avio r qu est io ns to get resp o n d en ts th in kin g abo u t h o w th eir beh avio r m igh t

Ž .ch an ge with th e p o licy; 5 co n t in gen t valu at io n qu est io ns to gen erate W T P d ata
Ž .with a fo llo w-u p resp o nse; an d 6 d ebriefin g qu est io ns after th e co n t in gen t

valu at io n qu est io ns.
E x-p o st an d ex-an te o u td o o r recreat io n p art icip at io n was elicited with a series o f

Ž .revealed an d co n t in gen t beh avio r qu est io ns T able I . I n th e su rvey, we d escribed

T A B L E I

D ata Su m m ary

Stan d ard
V ariable M ean d eviat io n M in im u m M axim u m

Ž .T ravel co st p 86.76 56.97 6.95 356.06
Ž .E x-p o st t rips q 1.08 3.48 0 25
Ž .E x-an te t rips q 1.59 4.35 0 40
Ž .E x-an te t rips q* 2.38 5.56 0 52

Ž .I nco m e y 31,766 21,414 5000 85,000
Ž .B id 1 t 236.99 114.20 100 4001
Ž .B id 2 t 252.35 207.63 50 8002
Ž .Y es1 I 0.42 0.49 0 11
Ž .Y es2 I 0.28 0.45 0 12

Ž .Pam lico d u m m y D 0.55 0.50 0 1
Sam p le size % 511
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Ž .t h e d egrad at io n o f water qu ality in term s o f th e red u ct io n o f fish catch es 60%
Ž .an d clo su re o f sh ellfish beds 25% in th e So u n ds since 1981. W e also d escribed th e

cau ses o f th e water d egrad at io n an d asked if resp o n d en ts wo u ld p ay fo r to u gh er
laws to resto re th e qu ality back to th e 1981 level. T h ere is a set o f eigh t qu est io ns
to elicit resp o n d en tsÕrecreat io n p art icip at io n an d th ree qu est io ns to exp lain th e
p o llu t io n p ro blem s an d th e p o licy th at will be valu ed befo re th e actu al valu at io n
qu est io ns. D ebriefin g qu est io ns are asked after th e co n t in gen t valu at io n qu est io ns
to id en t ify th e reaso ns fo r p ayin g o r n o t p ayin g fo r th e to u gh er laws. I n a p retest ,
resp o n d en ts sh o wed a clear u n d erstan d in g o f th e go o d bein g valu ed .

W e d iscard ed resp o n d en ts wh o stated th at th ey wo u ld take fewer t rips with
im p ro ved qu ality th an with o u t an d th o se in th e 95th p ercen t ile o f t rip in tensity
Ž .wh o rep o rted an u n u su ally large n u m ber o f t rips . T h e average n u m ber o f ex-p o st
t rips was 1.08 an d th e average n u m ber o f ex-an te t rips with cu rren t qu ality in th e
fo llo win g 12 m o n ths was 1.59. T h is d ifference is stat ist ically sign ifican t at th e 0.01
level u sin g a sign ed -ran k test . T h e average n u m ber o f ex-an te t rips taken with a
qu ality im p ro vem en t was 2.38. T ravel co sts were calcu lated as th e sh o rtest d rivin g
d istance to water access o n th e Pam lico So u n d o r th e Pam lico o r N eu se R ivers
wh ich feed th e So u n d . T im e was valu ed at th e wage rate, th e average d rivin g sp eed
was assu m ed to be 50 m iles p er h o u r, an d average co st p er m ile was $0.20. A series
o f qu est io ns establish ed th e co n t in gen t valu at io n m arket with d o u ble-bo u n d d i-
ch o to m o u s ch o ice qu est io ns an d reaso ns fo r th e C V answers. O u t liers, p ro tests,
an d resp o n d en ts wh o answered ÔÔd o n Õt kn o wÕÕ abo u t th eir yes$ n o answers were
flagged an d d iscard ed fo r th is stu d y. T h e p ercen tage o f ÔÔyesÕÕresp o nses was 42%
Ž . Ž .28% fo r W T P qu est io n 1 2 . H o u seh o ld inco m e was elicited in catego ries. W ith

Žinco m e levels co d ed at th e m id p o in ts o f th e inco m e ran ges th e u p p er ran ge was
.co d ed as $85,000 , th e m ean h o u seh o ld inco m e was $31,766.

VI. E STIMATIO N R E S ULTS

Independently Estimated Models

T h e recreat io n d em an d m o d el is first est im ated to d eterm in e wh eth er o u r
co n t in gen t recreat io n beh avio r d ata are co nsisten t with th eo ret ical exp ectat io ns
Ž .T able I I . W e em p lo y n egat ive bin o m ial m o d els, with o n ly t ravel co sts an d inco m e

" #as d eterm in an ts o f p art icip at io n an d th e n u m ber o f t rips 8 . T h e m o d els fo r
ex-p o st t rips an d ex-an te t rips at th e cu rren t an d im p ro ved qu ality levels beh ave as
exp ected with n egat ive t ravel co st co efficien ts an d p o sit ive inco m e co efficien ts. T h e
co nsu m er su rp lu s p er t rip ran ges between $57 an d 85, with th e largest valu e bein g
fo r t rips with im p ro ved qu ality. A n n u al co nsu m er su rp lu s is calcu lated u sin g
p red icted t rips an d is largest with im p ro ved qu ality.

A d u m m y variable is inclu d ed to in d icate d ifferen t versio ns o f su rvey qu est io n -
n aires an d u sed to test fo r sco p e effects. T h ere is an insign ifican t increase in t rips
wh en th e A lbem arle So u n d is ad d ed to th e Pam lico So u n d as an aggregate site. W e
also tested m o d els wh ich h ad an ad d it io n al variable to test fo r d ifferen t d em an d
slo p es fo r th e two site d efin it io ns. N o d ifferences were fo u n d between th e Pam lico
So u n d an d A lbem arle$ Pam lico So u n ds recreat io n site d efin it io ns.

T h e t rip ch an ge m o d el is est im ated with bo th th e ex-p o st an d ex-an te n u m ber o f
Ž .t rips at th e cu rren t qu ality as th e in d ep en d en t variable T able I I I . T h e two



C O M B I N I N G R E V E A L E D A N D ST A T E D D A T A 249

T A B L E I I
aR ecreat io n D em an d : N egat ive B in o m ial R egressio n

Ž . Ž . Ž .V ariable E x-p o st t rips q E x-an te t rips q E x-an te t rips q*

C o nstan t & 0.055 0.49* 1.07***
Ž . Ž . Ž .& 0.123 1.65 5.74

T ravel co st & 0.018** & 0.014*** & 0.012***
Ž . Ž . Ž .& 2.42 & 2.92 & 4.16

I nco m e 0.000039** 0.000030** 0.000022***
Ž . Ž . Ž .2.10 2.40 2.78

Pam lico d u m m y 0.23 0.11 0.02
Ž . Ž . Ž .0.63 0.40 0.10

% 12.36** 7.44*** 4.29***
Ž . Ž . Ž .6.71 8.65 10.74

20 1462.90 1798.25 2105.60
C o nsu m er su rp lu s $57.11*** $72.05*** $84.78***

Ž . Ž . Ž .p er t rip 2.42 2.92 4.16
Pred icted t rips 1.26 1.71 2.43
A n n u al co nsu m er $71.96 $123.21 $206.02

su rp lu s

at-stat ist ic in p aren th eses.
*Sign ifican t at th e 0.10 level.

* *Sign ifican t at th e 0.05 level.
* **Sign ifican t at th e 0.01 level.

T A B L E I I I
aC o n t in gen t B eh avio r an d V alu at io n : I n d ep en d en t ly E st im ated M o d el

Ž ŽE x-an te t rips E x-an te t rips W T P sin gle W T P d o u ble
Ž . Ž . . .V ariable q* q* bo u n d bo u n d

C o nstan t 1.32*** 0.74*** 132.76** 135.30***
Ž . Ž . Ž . Ž .5.24 3.76 2.03 4.74

Ž .E x-p o st t rips q 1.18***
Ž .24.33

Ž .E x-an te t rips q 1.09***
Ž .36.48

Pam lico d u m m y & 0.37 & 0.16 & 90.77* & 58.92**
Ž . Ž . Ž . Ž .& 1.10 & 0.60 & 1.65 & 2.35

ö& & 1.12*** & 0.68*** & 1.09* & 0.55**
Ž . Ž . Ž . Ž .& 4.96 & 3.66 & 1.69 & 1.97

$ 0.85*** 0.92*** 1.0046** 1.0031***ö
Ž . Ž . Ž . Ž .24.33 36.48 2.43 1325.26

, 3.79 2.93 467.82*** 251.99***ö
Ž . Ž .4.18 19.16

2R 0.54 0.72
20 26.86 24.19

W T P $184.06*** $187.85***
Ž . Ž .4.33 10.05

at-stat ist ic in p aren th eses.
*Sign ifican t at th e 0.10 level.

* *Sign ifican t at th e 0.05 level.
* **Sign ifican t at th e 0.01 level.
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est im ated t rip ch an ge m o d els beh ave as exp ected , with t igh t co rrelat io ns between
t rips at th e cu rren t an d im p ro ved qu ality. T h e variat io n fu nct io n m o d el is est i-
m ated fo r bo th sin gle-bo u n d an d d o u ble-bo u n d d ata. F o r th e variat io n fu nct io n , we

" # " #u se th e p ro bit ap p ro ach o f C am ero n an d Jam es 3 an d C am ero n 4 to co nst ru ct
th e p aram eters o f th e variat io n fu nct io n an d th e W T P est im ate. T h e m o d els
p erfo rm ad equ ately with n egat ive p rice an d p o sit ive inco m e effects, an d th e in verse

Ž .o f th e co efficien t o n th e p rice an d tax variable , bein g sign ifican t ly d ifferen t
fro m zero . T h e W T P est im ates are also sign ifican t ly d ifferen t fro m zero . I n
gen eral, th e p aram eter est im ates in th e d o u ble-bo u n d m o d el are m o re efficien t . I n
p art icu lar, th e co efficien ts o n p rice an d inco m e are o n ly sign ifican t at th e 0.10 level
in th e sin gle-bo u n d m o d el.

T h e est im ates o f & are n o t sign ifican t ly d ifferen t , wh ereas th o se o f $ are
sign ifican t ly d ifferen t acro ss th e t rip ch an ge an d variat io n fu nct io n m o d els. T h is
raises an im p o rtan t issu e co ncern in g wh eth er th e sam e p reference st ru ctu re can be
im p o sed o n bo th t rip d em an d an d ch o ice fu nct io ns wh en ch aracterizin g a d em an d
sh ift d u e to a qu ality ch an ge. O n e m ay assu m e eith er th e first t rip ch an ge m o d el
Ž .ex-p o st t rips as th e in d ep en d en t variable o r th e seco n d t rip ch an ge m o d el
Ž .ex-an te t rips at th e cu rren t qu ality level as th e in d ep en d en t variable in T able I I I
t o anch o r th e stated p reference d ich o to m o u s W T P resp o nse d ata. H ence, jo in t
est im at io n o f d ich o to m o u s W T P resp o nses with eith er o f th e t rip ch an ge m o d els
can be co nsid ered . N o te th at th e m o d el co m bin in g d ich o to m o u s ch o ices an d th e

Žseco n d t rip ch an ge equ at io n will be a jo in t co n t in gen t beh avio r an d valu at io n bo th
.stated p references m o d el.

Use and Nonuse Values

U sin g a co m bin at io n o f resu lts in T ables I I an d I I I we can d eco m p o se to tal W T P
in to p o in t est im ates o f u se an d n o n u se valu es. I n T able I I we fin d th at th e ch an ge

Žin an n u al co nsu m er su rp lu s with th e qu ality im p ro vem en t is $134.06 % 206.02 &
. Ž .71.96 wh en ex-p o st t rips are co nsid ered an d $82.81 % 206.02 & 123.21 wh en

ex-an te t rips are co nsid ered as th e baselin e n u m ber o f t rips. O n e ch eck o n th e
valid ity o f o u r co n t in gen t valu at io n est im ates is fo r th e u se valu es to be lo wer th an
th e to tal W T P valu es. T h e to tal W T P p red icted by th e sin gle-bo u n d m o d el is

Ž . Ž .$184.06 T able I I I . G iven th at th e increase in co nsu m er su rp lu s u se valu e
p red icted by co m p arin g th e ex-p o st t rips an d th e ex-an te t rips at h igh er qu ality is
$134.06 it im p lies a p o sit ive n o n u se valu e o f $50. I f th e p red icted ch an ge in
co nsu m er su rp lu s is calcu lated based o n co m p arin g th e in ten d ed t rips at d ifferen t

Ž . Ž .qu ality levels $82.81 , th e n o n u se valu e acco u n ts fo r 55% $184.06 & 82.81 o f
to tal W T P. I n th e d o u ble-bo u n d m o d el, th e to tal W T P fo r th e h igh er water qu ality

Ž .is d erived to be $187.85 T able I I I . A gain , th e p red icted n o n u se valu es are
p o sit ive.

Jointly Estimated Models

Ž .W e est im ate eigh t jo in t m o d els T ables I V an d V . B o th sin gle-bo u n d an d
d o u ble-bo u n d d ich o to m o u s W T P ch o ices are u sed . I n gen eral, eco n o m et ric effi-
ciency o f th e p aram eter est im ates im p ro ves with th e d o u ble-bo u n d m o d els. I n th e
t rip ch an ge m o d el, bo th ex-p o st an d ex-an te t rips at cu rren t qu ality are u sed as th e
baselin e n u m ber o f t rips. Param eter rest rict io ns o n & an d $ acro ss th e two
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T A B L E I V
aSin gle-B o u n d Jo in t E st im at io n o f R evealed an d Stated Preference D ata

Ž . Ž . Ž .E x-p o st q & ex-an te q* t rips E x-an te q, q* t rips

M o d el U nco nst rain ed C o nst rain ed U nco nst rain ed C o nst rain ed

% 130.86** 136.83* 128.37* 135.19**ö
Ž . Ž . Ž . Ž .1.99 1.87 1.84 1.98

ö Ž .& C V M & 0.90 & 1.39*** & 0.91 & 0.86***
Ž . Ž . Ž . Ž .& 1.42 & 5.68 & 1.40 & 4.61

ö Ž .& t rips & 1.16*** & 0.72***
Ž . Ž .& 5.06 & 3.80

Ž .$ C V M 1.0044*** 1.0053*** 1.0045*** 1.0042***ö
Ž . Ž . Ž . Ž .530.21 617.50 513.42 684.03

Ž .$ t rips 0.87*** 0.94***ö
Ž . Ž .24.20 35.64

ö) & 99.56* & 103.86 & 102.91* & 104.72*1
Ž . Ž . Ž . Ž .& 1.77 & 1.63 & 1.73 & 1.77

ö) 0.36 0.20 0.15 0.122
Ž . Ž . Ž . Ž .1.07 0.60 0.57 0.45

, 484.89*** 537.06*** 500.29*** 504.67***ö1
Ž . Ž . Ž . Ž .4.12 4.11 3.99 4.18

, 3.78*** 3.83*** 2.92*** 2.95***ö2
Ž . Ž . Ž . Ž .31.95 31.96 31.94 31.97

- 0.29*** 0.31*** 0.28*** 0.32***ö
Ž . Ž . Ž . Ž .3.69 4.07 3.08 3.73

L L F & 1730.11 & 1735.92 & 1601.02 & 1603.84
L ikelih o o d rat io 11.62 5.26
W T P $193.92*** $185.77*** $192.38*** $195.03***

Ž . Ž . Ž . Ž .4.54 3.93 4.28 4.42
Ž .Pred icted t rips q* 2.58 2.45 2.46 2.44

at-stat ist ic in p aren th eses.
*Sign ifican t at th e 0.10 level.

* *Sign ifican t at th e 0.05 level.
* **Sign ifican t at th e 0.01 level.

fu nct io ns are tested by est im at in g bo th th e u nco nst rain ed an d co nst rain ed m o d els.
T h e first two co lu m ns o f T able I V are th e u nco nst rain ed an d co nst rain ed jo in t
est im at io n o f th e variat io n an d t rip ch an ge fu nct io ns based o n th e ex-p o st t rips.

Ž 2 " #.T h e p aram eter rest rict io ns are rejected 0 % 11.62 2 d .f. at th e 0.01 level wh ich
in d icates an inco nsisten t m easu re o f th e t rip ch an ge. T h e last two co lu m ns are th e
u nco nst rain ed an d co nst rain ed jo in t est im at io n o f th e variat io n an d t rip ch an ge
equ at io ns based o n th e ex-an te t rips. T h e rest rict io ns can n o t be rejected at th e 0.01

Ž 2 " #.sign ificance level 0 % 5.26 2 d .f. . T h e resu lts are co nsisten t with th e h yp o th esis
th at wh en answerin g th e d ich o to m o u s ch o ice qu est io n , th ese resp o n d en ts co nsid -
ered th e d ifference between th e ex-an te t rips with cu rren t an d im p ro ved qu ality,
n o t th e d ifference between ex-p o st t rips an d th e ex-an te t rips with im p ro ved
qu ality.4 Sim ilar resu lts are seen wh en jo in t ly est im at in g th e d o u ble-bo u n d varia-

4O n e p o ssible reaso n is th at th e exp ected fu tu re inco m e d iffers fro m th e cu rren t inco m e wh ich
resu lts in d ifferen t m argin al u t ility o f inco m e in th e two t im e p erio ds. I m p o sin g a co nstan t m argin al

Ž . Ž .u t ility o f inco m e in co m p arin g ex-p o st p ast t rips an d th e ex-an te fu tu re t rips with th e im p ro ved
qu ality will be inco rrect . D ifferences in th e m argin al u t ility o f inco m e are n o t an issu e if o n ly th e fu tu re
t rips at cu rren t an d im p ro ved qu ality are co nsid ered .
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T A B L E V
aD o u ble-B o u n d Jo in t E st im at io n o f R evealed an d Stated Preference D ata

Ž . Ž . Ž .E x-p o st q & ex-an te q* t rips E x-an te q, q* t rips

M o d el U nco nst rain ed C o nst rain ed U nco nst rain ed C o nst rain ed

% 134.15*** 144.79*** 135.08*** 141.71***ö
Ž . Ž . Ž . Ž .4.71 5.04 4.71 4.99

ö Ž .& C V M & 0.46* & 0.99*** & 0.44 & 0.71***
Ž . Ž . Ž . Ž .& 1.66 & 5.14 & 1.59 & 4.44

ö Ž .& t rips & 1.17*** & 0.73***
Ž . Ž .& 5.05 & 3.83

Ž .$ C V M 1.0030*** 1.0039*** 1.0030*** 1.0035***ö
Ž . Ž . Ž . Ž .1336.18 1462.16 1334.22 1538.48

Ž .$ t rips 0.87*** 0.94***ö
Ž . Ž .23.76 35.53

ö) & 62.50** & 56.63** & 65.07** & 62.42**1
Ž . Ž . Ž . Ž .& 2.48 & 2.19 & 2.55 & 2.44

ö) 0.36 & 0.19 0.15 & 0.032
Ž . Ž . Ž . Ž .1.06 & 0.64 0.57 & 0.14

, 254.14*** 258.59*** 257.21*** 259.76***ö1
Ž . Ž . Ž . Ž .18.99 18.84 18.344 18.24

, 3.78*** 3.84*** 2.92*** 2.95***ö2
Ž . Ž . Ž . Ž .31.95 31.85 31.93 31.94

- 0.20*** 0.21*** 0.25*** 0.28***ö
Ž . Ž . Ž . Ž .3.35 3.68 3.36 3.90

L L F & 2081.23 & 2090.04 & 1949.72 & 1953.13
L ikelih o o d rat io 17.64 6.82
W T P $190.79*** $182.95*** $193.21*** $189.67***

Ž . Ž . Ž . Ž .10.14 9.61 10.13 10.04
Ž .Pred icted t rips q* 2.58 2.06 2.46 2.29

at-stat ist ic in p aren th eses.
*Sign ifican t at th e 0.10 level.

* *Sign ifican t at th e 0.05 level.
* **Sign ifican t at th e 0.01 level.

t io n an d th e t rip ch an ge fu nct io ns in T able V . T h e p aram eter rest rict io ns are
Ž 2rejected wh en co m bin in g ex-p o st t rips an d ex-an te d ich o to m o u s ch o ices 0 %

" #.17.64 2 d .f. at th e 0.01 level, bu t can n o t be rejected at th e 0.01 sign ificance level
Ž 2 " #. 50 % 6.82 2 d .f. wh en ex-an te t rips an d ex-an te ch o ices are co m bin ed . F u rth er,

Ž .t h e h yp o th esis o f co nstan t m argin al u t ility o f inco m e $ % 1 is rejected at th e 0.01
sign ificance level in all sin gle-bo u n d an d d o u ble-bo u n d m o d els.

T h ese resu lts su ggest th at to valu e an ex-an te qu ality ch an ge by jo in t est im at io n ,
th e ch an ge in ex-an te t rips d u e to th e im p ro ved qu ality m u st be u sed , n o t o n ly th e

" #ex-an te t rips with im p ro ved qu ality as im p lied in N iklitsch ek an d L eo n 16 . T h e«
ex-an te t rip ch an ge im p lied by th e d ich o to m o u s W T P ch o ices is co nsisten t with th e

5W h en th e d o u ble-bo u n d ch o ices an d ex-an te t rips at cu rren t qu ality are co m bin ed , th e p aram eter
rest rict io ns can n o t be rejected at th e 0.01 sign ificance level, bu t can be rejected at th e 0.05 sign ificance
level. N o te th at th e resu lts rep o rted in th e art icle are based o n th e d ata th at exclu d e all p ro test bids an d
o u t liers. A d d it io n al m o d els with vario u s criteria to co n t ro l p ro test bids an d o u t liers are co n d u cted to
exam in e th e sensit ivity o f o u r resu lts. A m o n g fo u r sets o f jo in t ly est im ated m o d els, th ree sets su p p o rt
o u r fin d in gs th at co m bin in g revealed an d stated d ata is rejected . O n e m o d el th at inclu d es resp o n d en ts
wh o wo u ld take fewer t rips with im p ro ved qu ality accep ts p aram et ric rest rict io ns in th e sin gle-bo u n d
m o d els bu t rejects th em in th e d o u ble-bo u n d m o d els at th e 0.05 level o f sign ificance.
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d ifference between th e in ten d ed t rips at cu rren t qu ality an d th e in ten d ed t rips at
Ž .h igh er qu ality, since th e sam e p reference st ru ctu re sam e p aram eter valu es can be

assu m ed in bo th equ at io ns. T h e reject io n o f a sin gle p reference st ru ctu re fo r th e
jo in t m o d el co m bin in g ex-p o st t rips an d d ich o to m o u s ch o ices in d icates th at th e
ad d it io n al u se valu e o f im p ro ved reso u rce qu ality p red icted by th e d ifferences in

Žco nsu m er su rp lu s between th e ex-p o st an d ex-an te recreat io n d em an d m o d els in
.T able I I can be biased . I n o u r case, it is o verest im ated .

Scope Effects

T h e ÔÔsco p e effectÕÕ in th is art icle refers to th e p o sit ive relat io nsh ip between
W T P to th e ÔÔsco p eÕÕo f th e p u blic go o d bein g m easu red . T h e bro ad er th e sco p e,
th e larger is th e W T P o r n u m ber o f t rips. T h e qu ality o f th e Pam lico an d
A lbem arle So u n ds is o f bro ad er sco p e th an it is fo r th e Pam lico So u n d o n ly. A n
im p licit assu m p t io n fo r p o o lin g d ata fro m th e two versio ns o f qu est io ns in o u r jo in t
est im at io n is th at t rip ch an ges an d W T P d iffer in th e two versio ns th ro u gh th e
in tercep t term s o n ly. A d u m m y variable is ad d ed to each o f th e t rip ch an ge an d
variat io n fu nct io ns in th e jo in t est im at io n to id en t ify th e two versio ns o f th e
qu est io ns. T h e d u m m y variable in th e variat io n fu nct io n is n egat ive an d sign ifican t
at th e 0.05 level in th e d o u ble-bo u n d m o d els, in d icat in g th at th ere are sign ifican t
sco p e effects. T h e h yp o th esis o f sign ifican t sco p e effects can be rejected at th e 0.05
level fo r th e sin gle-bo u n d m o d el. A cro ss all est im ated m o d els, W T P is $60!100
h igh er in th e Pam lico an d A lbem arle So u n ds versio n co m p ared to th e Pam lico
So u n d o n ly versio n .

VII. S UMMARY A N D C O N C LU DIN G R E MARK S

A t least fo u r ch aracterist ics d ist in gu ish o u r stu d y fro m th e exist in g literatu re o n
jo in t est im at io n to co m bin e revealed an d stated p reference d ata abo u t recreat io n al
t rips an d W T P fo r qu ality im p ro vem en ts. F irst , u se o f th e ex-an te recreat io n
d em an d d ata at th e cu rren t qu ality level en ables u s to co n d u ct jo in t est im at io n o f
t rip ch an ges an d d ich o to m o u s W T P resp o nses u n d er a sin gle p reference st ru ctu re.
Seco n d , o u r m o d el u t ilizes th e in fo rm at io n o n t rip d em an ds by u sers, n o n u sers, an d
p o ten t ial n ew u sers if reso u rce qu ality im p ro ves. B o th co rn er an d n o nco rn er
so lu t io ns o f recreat io n d em an ds are co nsid ered . T h ird , d o u ble-bo u n d d ich o to m o u s
resp o nses to W T P qu est io ns are u sed in th e jo in t est im at io n to im p ro ve est im at io n
efficiency. F o u rth , we test fo r sco p e effects in jo in t ly est im ated m o d els.

O u r resu lts sh o w th at th ere is p o ssibly an inco nsistency in jo in t ly est im at in g
cu rren t recreat io n d em an d an d d ich o to m o u s C V M resp o nses wh en th e u n d erlyin g
p reference st ru ctu re is assu m ed th e sam e. T h is is su p p o rted by th e reject io n o f
p aram eter co nst rain ts acro ss t rip ch an ge an d variat io n fu nct io ns in th e jo in t
est im at io n . A d ecisio n -co nsisten t jo in t est im at io n sh o u ld co nsid er jo in t ly th e d iffer-
ence between in ten d ed ex-an te t rips at cu rren t an d im p ro ved qu ality, an d th e
d ich o to m o u s W T P resp o nses fo r th e sam e qu ality ch an ge. A lso , d o u ble-bo u n d
d ich o to m o u s resp o nses are u sed in th e jo in t m o d els an d th e efficiency o f p aram e-
ter est im at io n is im p ro ved . Sco p e effects are d etected in th e d ich o to m o u s re-
sp o nses to C V qu est io ns.
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T h ere are several p o ten t ial extensio ns to be p u rsu ed based o n o u r resu lts. A
th eo ret ical co nsisten t ran d o m effects p ro bit m o d el th at inco rp o rates th e ex-an te
t rips at cu rren t an d im p ro ved qu ality an d th e d ich o to m o u s resp o nses to th e two
W T P qu est io ns can be est im ated an d co m p ared with th e resu lts in th is art icle.
A lso , in th is art icle th e recreat io n d em an d d ecisio ns are assu m ed p red eterm in ed
an d u sed to d erive th e increase in t rips d u e to th e qu ality im p ro vem en t in th e t rip
ch an ge equ at io ns. T h is assu m p t io n can be relaxed by sp ecifyin g a d em an d m o d el to
inco rp o rate in d ivid u al ch aracterist ics. T h is au gm en ted t rip ch an ge d em an d m o d el
can be jo in t ly est im ated with th e d ich o to m o u s resp o nses an d th e resu lt in g to tal
W T P est im ate can be d eco m p o sed based o n th e u se valu e p red icted by th e d em an d

Ž .m o d el as sh o wn in th e in d ep en d en t ly est im ated m o d els in th is art icle . A t last , a
Ž .m o re co m p lex co variance st ru ctu re i.e., resu lt in g in th e bivariate p ro bit can be

assu m ed wh en co m bin in g th e two d ich o to m o u s-resp o nse W T P qu est io ns. T h ese
extensio ns are beyo n d th e sco p e o f th is art icle an d are left fo r fu tu re research .

I n co nclu sio n , o u r resu lts su ggest th at th e jo in t est im at io n o f revealed an d stated
p reference d ata d esign ed to im p ro ve th e valid ity o f stated p reference d ata an d
im p ro ve th e efficiency o f welfare m easu rem en t m u st p ro ceed with cau t io n . T est in g
fo r th e assu m p t io n o f a sin gle p reference st ru ctu re acro ss revealed an d stated
p references m u st be co n d u cted wh en in d ivid u al resp o nses are n o t clearly based at
th e sam e reference level. Stated W T P fo r qu ality im p ro vem en ts seem s to be
related to ch an ges in ex-an te beh avio r u n d er d ifferen t co n d it io ns, n o t to d iffer-
ences in ex-p o st an d ex-an te beh avio r.
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