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EVALD~~l'lONOlfLltlsUnE TIME FOR NATURAL 
RIUSOUR,CP 1~\t.;COtJNT1NG 

by 

A pnpcr conlributocll'tl the 37th Anllqnl Conferenoe of the AnsttnUnn .ASt'icuh.urnl 
I~Ct;U()nlics St)ciety t~)..ll Febnml'Y 1993. 



etHics of the CUfl'¢ln SYSIOtll tlfnudotltllnc¢Olul.\SI whioh¢xt(mtls (iross·'))omestlQ 
Product nCCtlunting, b~lh~ve; dlotthe system hM to be tevtsedorchtmgedbect\ttst} of-its 
t'ailUt'c to uecomn few tho depl~tton or dogrndnUolloI: envirommmfnl t:~sourc~s nmlfor 
luis",,,,. Cotullmnti()J)s ()' Orllss DomesdePtodu~t rmdmost indices tomensnre ~¢(Hu1mlo 
welrnre. mnit l¢i:mre time. 

tn A(~cmmIS Ovardue (l992)! the 1~r{)picnl Science Center in CosHt l~iau nne! 
\Vntld Rcscurch tmnitutc. collnb()rmed to nnnlyse the ehnn(dug stelte ()f thQ eounu7y's 
fl1J'eStS, s()f(s and fishel'les fr\.)Jll 1970 to 1~89. i\lH~thcr \Vorld Ras¢t\l'ch fnstiluto 
publicnthll\ entitled lVastfn,q As,wus: Niwwal Rt:wow'ccs tu fhl! NmJanallncmn() AC'coullts 
demt)nstmtcs that nannal rosollrces ann be trentcd sbnUnl'1y t.o cnpltnlln nntkmol 
ncct"lUnts. 1'0 address these issues. this study wns c(mducted to dp.vclop n thuorClicnl 
mudel to incorpt.wnte loisllru oud other cnvlr"nmontlllg4)odsnnd services huo the 
COll1putnticHls. 'rhe llroposod mmlcl i~ then coml'nred to Nordhnus nnd Tt)bfn's (1980) 
measure of leisure nml follows the lwerngo wnge method. 

The proposed method implements tcchni.q\lcs of dccist<m theory; nnd nppUcnth.ms 
HJ two subjects ut'e reptwtcd here. ttor these resplmdems. thu true nuu'ginnl wnge 
uss()ciuted with leisure wns highet' thnnthc ~\Vct'uBe wnge r(lr JeisUt'c\ 

• t AJ)l mou\ 81!\1~rul to my liIII'~I'VillotA~NtK'lnJQ ptOrU$II\)t IMk A. Sin.dcll r~'r tlitl ho.lpful cuomWI\l$ nlHll:iUDUQlllioI\8, 
I\Ild 10 .h~ ~nnthlui!lS helt' of \)r.P(rl/ll.:isltl. 



A cOUlllfy's~~OfiQJl1h)petfommnc¢' iJsn9tmUllymcn8u~db)' lt$,Or()~sDQm¢s.d(~ 
Ptoduot(OpP).Ob P Is um~~\sur~ QCnllflmltgopdsptodu.ced'inlhe:~.QQuomyft)r A 

glvcnperiodOfUfl1c" trh~ lnlcrmniomll snunlnnt fot -mulomt,lnceQuJld"~ Is th~tJnhed 
Nntions· HS~s'tetJl of Nndo.nnl A¢t:bunt$U(SNA)r' ifmuedln 1968, TheSNA lnils 
modem fotm~volvcd ftom th~pybnQutlan,'otKeyn~sIOenctnl rheot)'ofl3nlpJQyp~tlh 
hUClt1st und M()hey and the:itH¢t¢st: bygOv.ertHlle.nts dudngWQdd\VntUuftdfhc eurly 
post",wnr pedod in the ptoduetlml i~nd nllQCutiollofresuufces,to¢!)mpeting uSc$,The 
current system of Jmtl()m~tnCtomns (SNA)t lsdl¢'bn~isfjruUONPctlt11mmni()ns\ 
Critics, Qt~ SNAbcUovcthtH it hus to .. ~ revised or ¢,'um!~ed bet:ttus~ of Its ("Huret" 
tl.ccomn I'm' CnVlfOl1mentnlservicmh lclsut'o. Hnet houst}wivesserviccs etc, Notot1fy 
ONI>:. but most mcusurcs or economic weHitre nud cost of livitlgthttt nrC;. bused on 
ccmsumcr c>;.pcndHurcs em go()ds und servicestomit leisure timc,nndetlVh'otH1i¢t1ud 
StWViCCIi, trite omission is purdy explained by the {ttot dlut tmHk~ COflsumc,' gl)udsund 
services. lell\ure is put(:ht~sed cxpUcidy by nOf;w()tkfng. 

Rmpfrlcul mmtyses to. estimntc weHltte indices n1()stIy relied upon nggregmetimo 
series duJU (Kokoski HJ87). 1'huse dntn r,fovidc informtUfQIl t)n nnt10nnl (~vet'nse 
chunges in wag\: t'ntcs, but do not cnpture chungcs in hours worked nt th~ household 
level due to inct'cased hlbm.lf nnltk¢t pnnicilHuionJ \VhUe the cnh'y of mnny pnrt .. time 
wot'kers into the fuboUt' mnrkct mny d~crcnse the nntionat uvernge of hOUl'S worked pet 
week, the.re mny be Hn ussociuted dccrcnsc ill leisure for rnnny hO\ls(.!h(\lds~ 

The hmbUiry (If Ute CUt1'cnt income accounting system to cupnu'e the del~leti()n 
tttld degl'udnUon of nnmrnl rCS()Ut'CCS, ltud OCC()unt for loisnre. nrc I'cnsons ,justJt'ying. tho 
need r()r resource uccountins OJ' tho need U)cOt'l'ect SNA, The SNA is currently 
ulldcr~going nn intensive revision in the 1i~ht of the e.xpcdcnce of Individunl coullU'ies 
nnd intcrnntiomd ngenoies (AllS t 990). 

As ut'csponsoto the vt\riou~ ,idticisms nsgoclnted wIth SNA. methods of 
NututulRcstHu'ce Accounting (NRA) hnve t,x~er\ developed. NRA deNf..l'ibQs vnd~ty of' 
methodologies which USc Recounting ftomewotkR to pl'~seJltinr(wmuti()n on thtt 



¢fivfronrnentnnd lh¢tr use (On~rt 'mlU It\me~ :l9901~TnQdJfrcre)lt NRA apptQtt¢hcs 
t¢vetdth~tmuch.ar the NRA IlcUvlty hus facnsed()bC()tt¢ctlnaOPP-d¢:n¢iem~~soron 
c$tnhUshtoScompl~m~nmry frumuwork wit}" ,th~nfrn of guidJfl~ ·ccon()ttn~t 'plAnning 
towutdsU btoadcl'pc.rsp¢cdv¢. t~uneXmftple8nror"rC t~J1d fliost oetbe work. dOne ls 
th~NUeulh\Jmtnl'Qf 

IttAcc(}lmlsOvtnJflpn99~)tthe TropioAl CCfltm of Co RUt :RiCll ltudth~World 
l~csentCh lnstltute (\VRO coUnborotedtn un~tYieth(.l ctmogingsuHc of :OostaR.iofl's 
ron~sts. soUs (uuifishcdes from 1970 (01989. Anoth",r WIUpubUPAtIon endU¢d 
~Wastlllg AS~'tJts: N(lillral Res()wice~~ il1llu~ Natll1ll(JI lnc{Jt1lc Acc()Uln~t demoftsttuccn 
thMrHlfUNll f¢S()UfCeS curt be (tcnted, shllUnr1y t() onpitulinmulonnl uCCl~nmSI nndlt 
«llgues earwingoingly thAl the nc(.mUOlS should be revjsed~ 1i> nddl'ess Ulo"issneH 
identified. the present study wusconducte'dfO develop (ltheoretical u10del 10 
tncorpornte leisnre nnd other ctlVirOtlnlCnul\ goods and sCl'Vices intotheODl) 
computatIons. 'rile results or the Pf;oposed tuoocl 18 uJso computed totb(l Nordhnus 
and Tobin (l972,)'simtovntlvc w()rk and memmreof: Jetsure lime which is, b~scdortthe 
uvernse \Vuses t 

1~hc rClrUl1l1dcr()f the pnpetl is llrganl1.ed ns f()UOWSt In SetHian 2. the th~o,.etlcnl 
foutldtuh:ms u( the pl'Oposed method discussed nnd tHHtlyzcd. In section at thO m~thod 
is doscdbc.d\ And fn sectIon 4. tho dmu nnd cmpif7icnl results uro dl~ouss(!d tUld unulyzcd. 
A summtu1 and conclusions f\)}Jow in section 51110flS with somcrcc()ll1l11cndmions fm~ 
f'unu'c rcscnrchr 

1~he theoreU~~al fnunework~ to unnlyse the conniOll)¢twceu the objcotives or 
mmdnlisntion of: incmne ul1d mnxJmlsntJml of JclSUJ'O of the c()nsumer. cot1RlstS(lf two 
components, numely: 

en) d)~ prodUCllanpf)sslbUity fr()t)li(w CPP) und 
(b) theitldlffcretlCeClHVC etC). 



l1te))fi)du¢tio"'pOsslbiUt~rt{>ntler deftn~slloW tlll»e~ltt'be¢rf1~l¢nllYtmQctn¢d. 
be\Wee5lthQtwf)abj~Uv¢s, Thehtdlffer¢o¢<,outvQ>defJ'll¢$,hQwUl¢ consumer 

empltl9tUly q¢dved. ,tht()"~h: rmnhemntic"lproSl'"mOllnllnl~del ,orb~' uSkl».tttha 
r~sp()ndet1t:tQ detln~(esthllllt~) thQPfQdycUQtt l)()~$lbUUl~$ OfO.A(lh nbJ~clivc'rb~ 1.0 
cnn be ¢$thnut~f thrbugh mnhiQbJ¢~tlveJ1"ut)'sls.Tb~mulUohJecUye ntUJty nnn'ysh~ 
and the derlvu(ion ()rth~, Qpnm~l solution' wUl' be, discussed hllh~ spccecdln~scctlon$~ 

The theory Qf muiti"obJc(1Uvu mudyslsis ptesented ,in detAil by,l\~eney nud 
l~nifru o 97t» und inClnmktlng nud Haines (1983), tfhe thc()tf wlUbe prescmedheJ'e 
hlconsldcrnbly less detnU lHld wlHbc bUNcdrmZ¢leny clul. (l983). ,Pur n'ustftUiY~ 
purp()ses, IW4l or thlU)bjccUves specificd in the8tudY'mml¢I,~X~ «,QnsulUmc~ lncom~) 
nndX4 (leisure lhm~l wUl be used in the dIscusston. '1110: (()tmCt is mcnsurcd hlt(!tttl8 

or dollors cnmcdpcr ycarwherens the }rmerismcusurcdby mmtb¢rof hours pel' ycnr. 

The consumer is fuced with scvetn(. tdtet'JUuJves of nHocHUng tlmo l~twccn 
warkin!! for consulmncy money nnd Jehmrc. trhe; sltmuiofl is pl'csetltt:dhl rrigm'c 1. 
Commldnsfncolne I.S}ll'CSCIHCd in donars per year' on the vetUcnlnxis fmd win be the 
nut11crulre. The 'i1rwtzonmJ uK(smensurcs the hout's ()( tcisuro SP¢IU}llll' yeur, llu~hllohlt 
lin Plsuret ~prc8cnts nn nttclllJttive nvuUnbfe to the (n;')11Sntllct\ 'J:hecurv~~ h\bcUed 1'1' is, 
the llt'oduod(m possibfUty ourve m.ldreprcsent.'; the bonndtuy ()frctl~lble altcmnnves, A 
point inside the 1'l1 (between the o.r'ight nnd Pll) is w<lrs¢th~\n at lc(lSt, (Hlc:'point o.u th!~ 
boundnt'¥- flo,' exumpJe\ point Ais iQusible butts wOt'S~ thunpuhn [) becuuselcisut'c 
houts cun be Increased by movhlg r .. om A toO without decrcuslng fncmll(;t, SimHntlYt 
point a is ~uertlHm .point Ally the sut11e UJ'gument, 

rl'hcprcrcncc~ of the Cpnsmll~W nrc tePl\~sentcd by the Indi.ffercnce cUl'ves 

(lCls).~rhe iJ)dlrrer~nceourve inPig\u1e 1 ,is n~omJ'fumnyofc~H'VCS thnt Sl'ntl frt)m th~ 
teglon \x,utlQcdbyconsulUolt tncotlle;undleiuure, "XU:;. 'rcchniqucs from flluH.i*nttrUlut¢ 
u'md~81$ wUlbe us~d tt~ dctetmiflCJheittdiffcrencocm'Ve~ 



ACCl1('ding 10 tmdttionnl theory, <mnsumers tmUdlllis~ U utility fnncti()tl or the 
fonn 

~ 

(ZltPt>'t ¢ 1 ~ W + V 

t;f.l 

where Y t, m'egoods put'chused in the morkCl't 'Pt ure th(!ll~ prices, lis .mouey income. \V 

-Is cUffiings (utd Vis (>therincOJt1()~· ·rhc point of depu..rture here is· thc.inclusiutl of 
lehmil(} tlm¢ In the unnlyshh 



Vlttl!3111 jill ·!h~~d)t I~\lllut .~rI!I~ilr#!ldill!dem~lldlllctl\llI~4SSl!me'lfilit{b~ 
vAl"~()fa"\ lndivldun'Jls, time In4nncUVUr 'ls,{n m,gXhnUID equal 'to "dsat h~t'w.u~~rAt¢ 
,If working tun .. Jim~J8()m~fta9tl't1tt()t wAg¢r,(U~ . U~w(ltkins"P~rt~ti.l1¢:,(jr utmhtimutft* 
~ctoi.f'notwQrkblS atuU (MqCqmum U>75).;rh¢, t\$$tunptiol.ttfintdnle, 1ft f¢14tcd ,to., 
WAS(;8: Wl.S mu4cbc¢nus~Hmd¢opthrtizlltiOff: lmpUesthttt thettuttgitullr.ut~o't 
,6yb8titutiQn(MRS)~tw¢¢n, ,tAbuutnnd: Jt)i~ute: J$ ,eq\ul1 Jo th~'wt~gett1tet 'rhls 
telntioushi,pwus 4etlved,trQntm¢C()ijVe"tion41$«pplym()~e'ff wh~ro uUliW(tJ)1$ .~ 
funcdon of ¢Otl6tHtlptitmgoods(C)alud 'tQIHUf~ (L),UtUityis,.,ulnKimlz¢U subJ~(mth~ 
¢Qnstf"bu: tor income fY'l ~nd~xpendjtur¢8 ,(In, nnd'u se,pnrUle: eoosfr,ahnfotJb(} 
m~x.fmum"mount <>rtim~avnHubre dutfugsome givcnp¢rJQdt 

11te tfiOtJeJ¢fUt ·~pf¢scnt¢d. vll,tthefngruogftm <£, 

(3) £ ~U re,!;;) ~ u(wH+V "Pee) 
+~(rr'"HIi'L) 

whetew refet'sto th~ llllwkct wn~e,Hts the number of hours WQtkcdt VIs the totAl 
ul1.ea,'ned jncOlm.~. Pc is the price of compos.itecof)sumptjon goods. and I'r is fh~} tOful 
t.hnc uvnllabfe durh,s the same period, 

i'he solution of the lngrnngJuI11n C{Juutlon (3) yleJds thcrcsuh: 

(5) W= Alu 

where ~. is the shndowpric.c of Umound u i.s tho shndowpt'i(!~ of JncQme# Although 
ttlosteconomists rcct)gnlz¢ dun C(lluufofJ (,5) JmpU~s dun thei vnlUc of leisure dm~ tor the 
JndlvJduul Is his or her rtmrket wncc. onlyu f~w seem to ctllJ}hus;ze thnt fhec(IUUfWn 
ulst) hnpUcsfbaul hiSh m;u14inul utility .or .ncomc • other things beingequnl. dellotes (1 

low v.a)ueof leisure time;n SOtn¢ lt~dylty. 'fhis tsane nrgumcm cited by Shttw {If)921. 
loexplain whyhebcU~vesthutthe vulUQ br~m .'udivfdtmf'sthne sp¢tU on leisure Is not 
c~JlUdt4 hisar het wng,~tutc! 



10'Ul.~On· .(t9661.·mQdJfi'~d.theb"$IQ .. labQUr •. SU~p.1Y :tt\odelt.Q.stl0w •• tbnt\.·lf.tll~ nJn~ 
$J)eJlf ,on work is' ttUQw~d.to ~f)t.~ttbe\UinlY' fl.m~:tiQndlt¢clly tb~·b~sitlte$uUcJmi)se$ 
ntl(J:¢q~"dQn.(5)bc~Qmes 

so thnltb~~pPQtlU)lIW cost ~)t'nme mn$t~ JtdJUgl~ditnrlhCc bt~remcfitOrde¢tcmc»l to 
utUtfy {itllnOneUlrynnhs)·rtolU tJmnrsimllhfCt¢use lnw()rkU'tn~, 

lJlordet 10 lUusfNue·asUmntonpctUunln~tQmot~.tlum two UQdvltl¢ti, work ~md 
lcis"rellh~ Ju)usch<)}d production nl0deJ d~vetopedby 'nr,ck4:f (l~(i5}wHl be used~ 
The )muscholdprtlductiofJ nlodel JlSSUmesUuu imnyid'mlsns~* lime, (TlJ(n v';QtQtlnnd 
g~,od8. '>:iltoproduc~ nconunodhJcs'" (Zj)k rhe indJvldunJ:tI$ udUty b th~m n f'uu(;tiQn 
or Zj ruther dumthe!t()()dsthemsplve!hSUch mn 

where the In commodities ltt'cgenernllyproduced bythtt houscftoJds us 

Solution lothu muxJmiznHon of CC1\HlUon (7) subJect: to equntion (8l oml u 
money nnd thlle constmhu wUi yield first, order caudjtj()tls cutHill! for lu) e<luuUt,ntloul>r 
Hmnratnnf utUity pmducts ., which nrcmngencfes between em indifference snJ'n\ce u.ml 
prrlduction tHlssfhiUUes fl'()nth~, (llccker 19(15t ~hlilh. l)et)v()uges tJnd Mo CHvncy 
H)83). 

1'his study npplies It theory of" ct)i1SUmCl' behaviour. designed (.0 hnudle 
vUrUuliml or leisure Hmel OV~I~ the ycurs there hns bc.(:t) n numbct' ol~Aucmllst()qnumify 
the vuluc or lctRurebut lhose studies weremorc concerc;med wHh spt;cifi<.; ptobtems 
$ucb tV; thu dechdon to work more. 01' rewet~ hours CUruct) 19(i4J. the effect ()t! fQrgone 
euttllugs'upon consumer choice CUet)J(e,t'l.l)(iS), und the vnluntf(ll,lOr trnv~l time 



(~()hJl$().n t9G6 .•.. i1Qd O:Qtt: 19(9).ln,1972. Nordht\usuUdTtlbt,l "U~mpJedtobllD:ut~tbe 
VBhH~ lel'sure ,fot~ the; U n'h~Stllt~,$,lb"sed <mthe J1.Ssutt1ptlon. ,dmt:lelsut¢ l$"(;QltUnodU~ 
Ukebrend 'Und¢h~~s~1 Qneot .their Imputatt()ns'w~tsbu$edottUl(rn$symJ>dol) thnith~ 
.productivity pet hQurQt'.h~i~nrQ 'Incrc"~srrQm,one y¢ar to lh~(iUlerJh :ptoPt11ji()J)IQth~; 
Inctetl~~ in tent W"BCf 'In tbls.study* nndtlobJectlv~\nmty unAlyRl~ will ·b{}'usedtu 
d¢tcrmln¢tllcunUtf \funcdollspecln~d hl~l\Unt~h .\$' .. 1'he th~orynt'm,IUJobJc~Uv~ 
nmdysis Wlt.S l>rose.tHed.lrt the jl.tevious~(tUQn~1·tudiUQn"Uy,ec()uomiQ; stmU~$lmvc 
\.s¢d,u,sit1g1eobJect{vc for cQon()J11iQ mmlyslssuchn$.tmxlfi1J~"dtHlur l»oo,m(h; 
How{~v¢r!tho devt,Hotunont or tc¢htlJ'lm~s afs;YSI¢nt nmd~sl8.Atld It $ystcn1ntlc llppttlAch 
10 n\uld()lul:!ctiv~.JlrobJem~lh"vel)¢cQtt1~Jwuilnbt¢/' 

the lllUlI utility runoUon winbt,~d~teNnlncdt lUldlmU(tct'¢n~Qurves wHr tb<mlm 
(h!rived from· it.lly fur the UltlSt c.ouuut)nly uBedQ,)nsmncrwmJ~~ortis the. ludlrrcnmc¢ 
npprotlPlh It: lspnrtlculutly useful. t~nus~lldl\lidcs the s~tor nil uttdbme vUlJiCR hHOn!) 
those hl(Uffctcnttolh.: refcr~n~e f)olmf (b)thost)'prcfcrred Ulthe t¢I'¢r~nr:e. poitHtumt 
(C) those to which Ih~rercncet)oJmlspretel1edi 'fhcscthfce d.lsUncUorls AreheJprulin 
determining optit}ilulpoiuts. 

When the bldlffet',mc(~. CUl'yes Imve .lx:<m specified •. the nexfsfcp is to .specify (hu 
p.toductiorl possibHlty ft'omfer. 'rhe production p(}ssibUitycurvewfHb~ dfs{:uss,~d In 
section 4t~. Pimtfly, the lust step curls fur the d,:rivntion ofthu opthnalsoJuti()J1. 

'rho collection f>F dmu nnd t1n~ )'csufts rrmtl the mnJtf*t)bJ~Ofivo mmlysln will be 
discussed first. ("Howod b¥ u description or the eUchntlotl of lh~ production possibility 
frotnier. "Chen the opthntll solmlons will then be derlved. 

Th~c(msumer's iudffri,weuce cm'VQ enn bo elicited through thu u,ppUr.mlhltl ot tho 
gUl11c thcl1retic models, us flkhld ()( nHlHl,obj~cnve unulysfs, r:mu~ .relevant objectives 



w¢res.p~(dnW'~lthlJle;$ubJeQt~The'fltStQbJ¢,Ctlv¢.'Jsdl~mq~h"lsnUufiOrlt1cotnc:ftom 
theJlllltnemplQy~r (&1:>' thl~ lsm¢nsuted hidoUur$,pery~nf;.Th¢ S¢Qond (lbJectlYe,is 
theml\~imtS"flotl>atco"sultlJli lrtcom~ (~z) •. ' nnd lhbag,"'n 'ls'meu$urcdlbdol1Uf$P¢f 
yent..Tho dlird. obJ¢cJivei$ldendfl'oons ~bne.spcnt l't1.pAl?~t mid'frdcl~ wtidus(X'a>nnOi 
thl~ lsm~u$ured!ndnyspel·y¢u ... ,thelnst:obJecUve Is dJ~ lJ1,lxJmlsutionc,! 'l~l$nreUmc 
{~4} t mCUSUfCg,m d"ys,per~I' v, 

The .rcspondenthnsidenHfted thrr:c ~)bjecUYes wtdeb COfirjJC.t,(X~J }(3; "4) 
Oecnu.se. nn lnc.r~t}s~hltim~ s,pc.n in .one would lcJHitoAleH8c.r lime 6pen~on WU)lh¢t~ 
The, npl,ropodnte obJccUY~ function J8 tbe,¢XpeQlCdutUhy VllhHlof the i'ollr obJecUVQ8 
specifledf 

(n) t}sscssing the unlvui'int.e utllity functions. 
(b) detct'mfning the (t1depcnd~nce reJnHott.shfps (uuang the cliffe.'ent 

nm'ibufcS! tttld funcUomd form ()f the utility {,medon. nJ1d 
(c) ((ssesslng the seuling fnctor5 (weights) of eucllofthe attributes itl 

tho ovct*uH utility function, 

The univarJnte utility functJon f{)J' euch objective WAS nsscMscd by UHJf11! the 
Cf!l'tnhHY Ckiuivnlcut )ll'occdtu'() wHh t1fty .. tlfty tottcties. The smmmwy ()f the t1ve,.point 
UHUtY futlctlot1 is repoued in Appendix 1\/ Th~ vnhlQ6 of Xi nnd Xi in APl,cndix A lu'e 
not neces:mtily the WOt'st lind the trost possible vnlues ()f XJ. trhe vnJuus represent 

~~stJmntQ!i ()( the eXU'cme outc()mcs, ftigures 2n to 2d shows thnt there exists (t positive 
Uncur relationship between cuell or th~ obJectlvcs and lUi fevel of mUity. l!tJUntiolls ff)r 
the utility functions ute specH1ed us roHows: 

(lOu) 

(JOb) 

U lex J) ~ Nio,38Z9+, Ot000098 X, 
06t37)**lf! 

Uz(Xz) r.:: 'IO,6?S' + OIO()0061 X2 
(31,OO)**1k 



(IOd) 

U3("3) ~O.OOOO+ 0;0096'15 X3 ' 
rt,OB+ZOyl!l!flk 

U4(8'4) ~,O~()()t.Z + l),()06St~, ~4 
(35,8Z)*!/llh 

n,'" ~ ¢II '1 '0,0"0',0', !" ' ,f, "" 

The minimum nnd f'I1ilKlmun11evcls~lf the fonr obJecdvesfthose QUeUedlfl the 
intctvlew tUld those co.mputed ftOtnthe utility f IUlcUon.llrC1'Cptwtcd itl App¢t1dfx, Bt 
Since the femdbfHly i'tU\gcs of X I. X2,X3 t nnd ~:~t do tlot differ' ,muoh tothfj~stimutcd 
ones, there was no n~ed to udJust the od£innl ~uUHy nHlcUons. Uthecstlmntcd vnluc 
differs from, tho eHeited vnlucs ; the ,wiglnnl \HUity funutfollR wouldhnve to be 
l:ecnlcul(ued t() cnpture the dfstwtpnncy. In some onses t lhe difference in vnlue ml~ht b~ 
due It) failure It') include some oqjcctlvcs j~cJcvmH to n cetWfnscctor OtJ misspcoit1cuti~}n 
of utility fUI'lCtil1tl. 'the lit10ur funotioflR (cquntlons tOn to lOd) show tlltn th<;t 
respondent ex.hlbit l'isk ne\lu'nlhy wlrh reguI'ds to the ft)ur lHU'iblHCS ~pcciOcdt 

Tho tht'C~ tests or on tho fOl'fn of the utility fUllction WCl'e lllldcl1nken,pt'cfcrcntX, inl 

indepcndcfl(.!c, miHty independenco nnd nddidvo indopcndence. n,~.sed Oil the intel'view 
with tho fosporldont. it wns found thm Iln {u/(/ilflttl utility functiun is the npIlJ'op,t'lntc 
f(')rnl to tcpJ'esent the pt'~ret)cc. stJ'uctul'C of the retipondelH, The pt'occdure uscd 
(Appendix C) wus to check first for pl'(.!fcl'cnHnl independence between X~X.i nnd Xii. 

wh,~rci = 1;3. nnd 4 und '>(21 nrc n1l the QoupleN nnt contnlnfng X~ 01' Xl, A set or 
ntt.'lbutos (Xj t xJ) is suid to be pt'cfbrcnUnUy indoponderu of ItH (.~(}mpJcmCtH xIJ it'tlw 
conditionnf preference oi'dcr for tho c()nsequcnt~es with vurlntloJlsin the levels of' the 
mtribm~s (xi. ~p does not depend on the levels of other ntu\Jbut~u xiJ which JU'e hold 
fixed. In otheJ~ wot'ds, it WtlS t'e)und that trndc-off tuUos ull10ng rh~ dirf~crent v«fues (If 

the objectives cnn be usscsscd iml~pendol1t1y of 011 the oth(H' nudbure levelN. In this 
studYt it WUH found thut, thetA) exist prcf(mmUnl hldcpcndcncc between X2X, nnd X3X~1 
;X2X3 ulld X,X'4; nne} XZX4 unci X,X3. 
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independenoe was PQrt~oljtlu~dt We suythp,tX2 Is Utl11ty indcpondoXll of Xl whct} 
cQudltiollnl pt¢f¢rences for lott.¢llios,on Xl slvenXz do\ not depcud em the :purti<mJnr 
level oi "2t It round tlmt XZlsUUliW itldcp<mdctlt ofX:l ."3 (Utd X4, tfllsnlso: 
meufisthMthe:four objectives Xl * X2,X3UlldX4 ;lf41UUhl(\Uy mllhy Ihdepcmdcnt, 

Th~ tnst ch~Qk wIJh t'es~\rd 'to the £unotlom\lform of the: mll1ty function wns for 
nddltivcilldeJ~¢lld¢nc~.lt wus found thnt, ndditlve .jnd¢pctldenc¢ held forthere~pondent~ 
tltat is respondel1t would pt'ef~r to be Sllcocsst\llfn one ob,jeotlve tmd 10 n\u ill nnothet 
rnthct' thnn t~nU tnb()th, 

Now thnt nil th)'~ekjnds ()f indQPcnden.ce lmd b~(meSfUbllshed, the scnllns 
t~!lnstntlts cmtldbe cnl¢nltHcd~ f1rom the, fiv¢ point tttiUw (unotion tn Appendix A nod 
the sentling COflStllnt pl'O'CdUl'~ In Appendix D. we get Kl = 0.29356k2 = O.4o.00(), 
k3t;O.l~l7(' Ltnd k4 t;;O.18636. Since the sum of the SCHUn!! cantonts is hOl

l 
the 

uddWvc utility function ot\ the following form is Justified 

(}1) 

4 

lJ (Xi> #;! Z Ni Ul (Xl) 
h;:d 

where kit i~I.2t3 und 4 nrc sculHug constnnts nnd ni (Xn UI~e tho functions Spt~cificd in 
equations (lOn) to OOd). tfhus the function of equntion (11) is written ns 

(J 2) U (X!,X2,X3.X4) = f 10129356 u 1 (X I) J + ( OAOOO() l\~, (X2}) + 
r (), 13276 U3 (X3r1 ... r n. t 8636 U4 (X4) I I 



1'he SCAUJlll·~Qnstants'"re.lflfi\¢t~w¢tglltsb¢tWtenobjectives* llli5CdOtl the 
Qonu:mtedconstmns.weCntlsnydu\t:,ithe l'cSpOtldentrul¢s, Qbj~QUve 2 (cQllsultlog 
hlCQtn¢)thehishe~t:und<>bJect\ve3 (p~per hodiUllclo. WrlthlS) the, teARt, 

ThGhldi(r~l'¢nteQm'Veswete· det9rolfned using U1Q. \llUity (ullcdQJ1 or eqmnJotl 
(1). To d¢fcfmtn~ th~ frudef10ff be(wccn¢Q'Os\ltUJ\ghl~()me nud lef~\u'<},Xl wns set 
cqunl lethe bnse level (1t $6$,O()() pet >,cll\\ nnd X3 W(tR s~u e~,\mrton givelllevclofS~ 

dnysp¢t yel.\r'. trhet\!sponderu rech.wcs $(jS,{lOO from the \miv(wsIWttnd on lhcuvetnSQ; 
spends S~ dnys p¢t ycnfwrit.ing l,npel'S nnd ~fllut'nnl urUQlcs, llystlbstitudng $6S~()OO 
"nd 5~ in eqllluion (12}, We SCI 

(13u) tJ (X t. X2l X 3. X4) = .( ~(M)Q294) * (~().26()24,*·(),O(JO()~68X~)+' 
(O.O6(38) + (O.OO()22 + (to()l21X4) 

flxprrssing ~quution (13u) in terms of X~ wes~t 

03b) Xa ~ 9900J){) + 31.313.43 tJ ~ 45.15 X4 

l~i~ur~1a~ A I~J_mny of Cmnln.l<:d' lJtdiffcr~JlCCCln'YCS 
<Munl,,(,bJc(!U \Ie AtHIl),sls) 



13 

Tb~indirfetencef;\irvesdrt\wn (tom thi$r~mcUon ,[sglvcn htVlsnr¢'3~l~ 1i he 
points ()ntheindlff~tetlce enl:vgs.w¢t·Q.th~fl¢~leckedvls'mUy"gt\ihst. thev4lh'~$cUQUed 
rr(nn. \be intervIew widt lh(; 't¢$l1ol\~ctn*stfite;ittle;m\tur¢; Qfthelnd.lffcreucc QUNe$. i" 
l~tS,uro $,\: Is the ~JUUe, Jl$ dlfu()rFI~m'e 3b,theconlpmc~l hldlrferctl¢¢~urve;uiv¢nin 

cqmnlon (lab) will ~ us¢u inrlndin~the; opthllnl solmlonl 

(14"' 

Figure 3b wns ()umined. by ti)\ingone tHtrlbme nt "time foU()w.ingthCl dhtn1tlnd 
ptncedure for tlbttthtlngfmUrrcr,nce rI1Ut'VC~h 1'thepurpose (,f'mgUl'u3b is t() check the 
consistency of the respondents Uflswcrs. l..tkewisc. c<lundonC 14ltJ CUll be e.xpt'esscd ns 



'rlloourve denne~bow thne en» l~ efficiently inllocnt¢d between .consulting 
income nndlelsut'¢r 'fhe~m"e. (111lPJ wnsdedved by nskin!thc:resPQndc.nt. to d~fltte· 
((lresUtntUc ) th~produ~ti()npo~gibUlHe8ror X~ngnlnst .Kilt 

.~3~()OOl '. 
~.%SO(}O ·~~.ill~~ ... +I"'~' .. · .. ·."""· ~~ I~~~~' 
,d ~ 2-0(UHl . ' .. ' ~""'" .... ; ................. .... "!~", 

g i 15:01) is. 
:s~,HLOO .,!~,~~. 

g snoo·*"""'"~~l'\~~Ioi!~ .. ~I,~'"I~~· 
o () .~~ .......... ~~~~~~ ........... 

~.eo=====f:. 
R'1\C:'J QQ'=Ni!!1i

~ ~ ~ ~ 

It(}ism~(l 11'nlc Cdtlys/ycur) 

Figure 4 is the produot.iotl poss.1bilHy t~m~vo (PPC) of the respondent. 'rho PPC 
of the respondent Is specffictf tUn 

Uti) )(2 ~ 24898 +13!514X4 iii 1.Il84X4 
053.(6) (31m)) (40,94l R2 ;t;().S6 

tiquutlon (l6) wiH btl used in solving the opUmul solution. VurlnbleX, is the 
d~pendent vnrinble hI the ubove C~llmtl()n becuusenccordlllgm the respondent X2 cnn 
beeho~cn, it vndcs t~ccordlllgto whnt the tespondent.wlmts. 



FigUt~ $ J$n~f~Jphi~nl n;pf¢Sct)fAdQnof:th~mum*ob.Jecdve nnulYHis/fhe optlmnl 
sulution is rQPfe$eJ\t~dby poln.t At whet¢. the:lndirf¢t~nQ(tcUtvcismns~mttQ the ¢\Jrvt:l 

The Qpthut\l ~'ohnlQn W4S derlvcdfntl\hcmntictdly bye~llUltrngthu.JllQrglrmlr,u(}()f 
substitution (MRS) to lPMgifij,llf~ltQOr tmnsformntion (MRrr), MRS 1.$ thQ-Qhnng(}in 
cOrlsl::~8i.ncQtne (ACt) du¢; ton one hQur~bnosetnlclsnre(AL). whUeMRTis 
defll: .~~ as An increase hlconsuldnglncQJUe. (ACt) 

when leisure hours h; dcctct}:;cd by onehmu' CAL)! 'rheMJ~Sis mcusurcd by lh~ 
movem~m nlong the sume Ie whUe MIl'r is Jncusurednlong the sume trndc .. pfr 
funclion."lc· comput:ltlous nrc AS followst 

"'10 MRS vutuc or .. 4S',lS mcuns thnt:f()rev~.t)' Olle hOUl' decrtmselnluisurct $ 
4S~ I tJ: ofconsulthlg. inCOtl1emust be'gctincd fO\111~ftl«tituhesumc J~v¢l ofuUUw 



*nlU~rmQ~lpthlU~l$()'JutlQO; WO$:d~lel1nltlcdJQb~~~~~$Qrnd~ld()md: ,febmrehQ\u'$ und: 
$~4'f471.$1t)r'eot1SUnhlg lntom¢~ 

, 

4~ A,CCOtJNT1NGPOR :LE1StlRE 

POt mostPQ()pf~ n~c:rm(nntnQuJuot"Jelsure is desirttbletWhtnp.cuple t"k¢ 
tlltUU oInt, r~ss working dUll) is dQyot~dtopt.()dnQing .gO(lds"od sef'Yic~s. tfhiN tmmns 
<Jl'PwUlbc:stl1aUer dmn itotherwlso might be, IJ()Wevef. 'htsinCfC~lse J"leisur.e must' 
udd top~,mpfQfs scns(; or weHbcing mote thuneJmu~h to orrsc.t: the forgoueoutpul,ar 
Qtse pc()pie WQufdtltt, htwechos~n ro (uk\} h,~hcl'crorc it wouJdbceomplelcly 
tntstendhlQ tOilltcr}}rCl the redUction in (lOPtlnnr~suhs from im~teus.cd leisure UfJ it 

redlJct,fc}tl in tmciety's well befug. i~ot· eXlunple,thclcngth uf the U.veruge workweek 
hns be4n .fouShl>' em intQh~\U'{>vet the hun ¢.~jltm'y (Wnud 1990). Work¢fs hnve 
chosen fomke mote leisure und t\s u 1'¢sllItO[)t~ Is u(llasltltgc, nsit wouldbc itt wotkej'~ 
ptlt In ns mnuy work hQurs ;ts they typicnUy did '~~hundred yem's ng(l.llow¢v¢r~ft., 
Wl)llJd ~ ct.1'()tlCQUS l()conctnde thnt society Is worse orr becnuse Ol)Pis uot:uslarse 
us It.couJd l)Q1-Wht1:UeC{lUse nn>lt leisuN has ~ct\ choSetlinprcfcl'Cllceto nddldortul 
()utt)Uf* Inclusion of the cotrcct v~due of lclsurc:Ume intl~ the OPI~ C0t11pumtious will 
sh()w Unn in fuotOl}l) hnsbecntncl'eflsing eve't when ~hel¢ngth of ~wetnge workweek 
has beendcct'cnsinu. 

nUJcdon mgm'e 6 we note dun the curt'c.H ONP COllllulHtti()US will v'~luc the 
rcnspondelu'(; income to, be 

FolJowinn Nordhuus nnd ~roblJ1 (1972). Nmut'ul R~surcc Acctuunilllj; wUl YUhl¢ the 
respondcutlsc()flldbutioJ) to loud ()UlPUUQ. be· ~qnnlu) l$24,417t57 '~h~ cnmpumdons 



NRA l¢ ONP+(AVtUtAOll WAO.B) (1,,) 

#$24.411 A7 ir ($22~HS) (~6~25) 
;-; $24,477.47 + 599lBl 
t# $ ~Sf071;~» 

In the exu..nlUcd, mod~Jpr,)poscd in this swdy. Ic,isure should be vuJued us the 
mnrslnal JOS$ in consulting HlCtunof fl11e compuuulonsuscd nr~ ns (oUows: 



nx,'aN1'a")'NRA~~JlNe+(MAR01NALWAanl(tt), 
.~·$~4,411·.57+ ·($45~lS)(~SiZ6.) 
'~$~4t'41'l5'1+ 1140t49 
F:$ZStli18~O' 

11.1S' leUH,US lbnoho marstnnl w4~omethpd. $hQuJdoou$cQ in lmplnlnL~: fOftbe 
Y~d\u~ or lelsnr~J Th~~Ycruge W4S~ m~thQdwUlpAtdynl:coutn tortb¢: vahn:ofleJsuf~ 
bUJth~) nl¢lhodwnl\lndcrs~ueUn~tto~ vnhH> ofJe;rsur~f,Tho r¢$ull$.~un ~fHummad5c<l 
nsfoUow$! 

1~hcf procedurc, used to detcrmhlC fhc vufue~ of:th(! thr~em~thods rOt'p'crsQu2 is the 
stttrte as that of llerson 1 f Apl)cmUx a showsthf) detuU~d cornpumUons for pUrStlll~. 
~rhe results forperSt1rl 2 show tfmt the It'tle nutrghml wngc: ttss\1ciutcd withJclstwcfs 
higher thittl f,he nvcf'ngc wage r(W tchmre. 

'fhe results show thtu the flU\rginnl vnhmtion of C\ll hout' of~leis\lte wns double 
the flV(H't\ge WUl~~pcr hou,' fOl\ rcsl~ondent 1 UMI. '3. thU~t usinS the uvt· .. nge nlc:lll()dt~) 
volu~ leisure will tcud to th(~ under~sttnmtion of the true vnlue ornddhh:mulleisute hours 
to sociew* Th.c snnlU mcthodcnn tdso be used for cnvfronmentnl goods und 1\~liviccs~ 
Howf,wer, it should b() rIoted HUH thel'c Me dIfficulties htthe speciricut}on or the 
Jl"t)duclton ponsibitlw ftmulcl' tHtd pJ'obtcmsnssocitttcd with the ng>~regmfon r(W the 
htdirf~ten(;e C\u·\tcs(ll~ mlUlY ,'uspt)ndCnUhN't)twWlSlundins itsllmnmlons. the 
prop.()scd methadcnn n~(mmodntc c:tWirOfHlleolul und nututi\lresource issuesi n its 
.frumework. 
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Zl,OO() 26.()()O 

78 104 

t 1 () 156 



Y~bleiName 

~l 

i~fItmtlru!in 
,~ttinSl}'e3[} 

Xz 
lconsu1ting:iDcomem 

SQ'e3r). 

X3,' 

~3!idCh-tide\\-rlttng 
~t!a}'Sper:leail 

X4, 

'{JeiSuJ:e1imeindays:per 
1't'3} 

~mU~'lUl\fi 

Elicited: ib: lnteniew 

'S65J)Ot) 

SlO.()oo; 

Oda}'S 

;6da}"S 

Appmdix :8; 

Estimated:andActnaI1\tinimum3Ild~-nimum 
w-e1Sof:the Four Attn"bn:esof tfieObj.:~:ti\'"e Functiou 

VALUE ~-Ul\lUl\1 

Calculated Elidted in Interview 

564..:591 S75JJOE) 

59.984 $25j)OO. 

Oual'S If>>daJs 

.:Q2tb]s J56da~'S 

~l 

VALUE 

calculated' 

S74~111 

5.2:;;.;'816 

IMda).1S 

153Amys; 



Xl ~ $6S,O()() 
}{2 ~ $lOtOOO 
X3 ~ J ()4 dtlys 
X4 ~ .. '156 duys 

Answor:k~ 

Q. Which would you pt'crer, Sa or 84'J 

X 1= $75.00 
X2= $lOllO 
X3= 52 dnys 
X4= 156 dnys 

Xl;; $75.000 
X2~ $25.0()() 

S4;:; X3 til 52, duys 
X4~ 52 days 

Xl ;:;·$6S t()OO 
'X2 = $~Stm)() 
'X3 ~ 104 cloys 
X4 ~ S~d,\ys 

O. How did the levels ()f Xl nnd X3 nffocl your preference'? 

'11e whole exercise wus repented sovernl t.imes to test o~her comblnntkms of vm'lnbloti. 
The fOHUltS show thAt: 

OJ X;Zx 1 PI of X3X4 
OOX2xaPl or XtX4 



..... ~.. ..•. ...... . ..•... $65.0()O $25.000 104 dnys5ldnys 
[;(2 ~" 

., $75,{)OO $25.000 104 days S2 dnys 

82 = Xl n $25.~OO(l )04 du~s l)2 duys 

Answer: $(i9,()()O 

Qf nnw would the different levels of <XZ • X3 nndXA) uffcct. the level of X. 1 
decided? 

Answer: Not.pn~purcd to gumlblu. tfho lev(~ls of X2.X3 Qnd X4 did Itm nffc.ct 
th~ level of Xl. 



A "'pclullv ,It: ... P .................. ~ 

QltWhIUsh()nldXa'\:k}'snch.'htn;C$1S~Oo() X21 l04d,lys l~Gday$)~ 
($G5';OOO:$~5~()()()104 d(lYS: {56 (lays)? 

Qa. WbUl Sl.U1UldXall l1C suchthnt ($65.000 X2,1t 104 dnysl56 dnys) .~ 
($65.000 $2S,(}(}O Odnys lS6dn)'sl '1 



From the fivc"P{litu UtuHY fUIlctlon of X~ <equnU()tll Ob). we .knowtiHu tJ2($17,(}{)()J ¢t 

0.50. lly substUutinsX2=$15,OOO lntothc eonthl\toUS uiilhy fUnction ofX2"we sut 
U~($15\OO()) ~ OA659. thus w(!, set kl ~O.29356.k2 = O.400()[)O.~t3 =: O~1327(jnndl;4~ 

0.1.8636. 



trhe multtobjecttv~\ (ltuuysis Wt\.$~gnbtu.Pl)U~tltu dot~fin.ifteth~tllt1rsirml v;\llJ¢: gfhdsu.rt\~ 
~J'he(lv¢l?aintlulHty, V~\hH~$ Were d¢Jetminedfor Xl (lt1~Qnj¢) tm(l:X:'Z (l~lsnr~ tbnQ}.FJsure 1 
shows (hut thetesl)Qndem slishtl>' exhtblt nd.skmketlmtmdo:{(,wutd$Xt* 'the utiUty fUhetioll 
s11ecU1c:d fot .Xllhow~vor, is linlJnr~ 111gure2 .unth~oth~f: hcmdshowsthtU' .th¢· tCS1)omlant hus n 
.risk nverse nttJtlldetownrds X2' titUS t\ q\lndrnHU'equntiml wns specIfied totXZI 

'"rhe ol'flmnl solution wns dctennJfled it1 ba 102.83 hours oft¢isure l)cr yentmul 
$29.740.38 tli lncomellcr yonr~ t('he results nlso shmv that tho tnl~, mnrttimtl w(JgenssCiclmed 
withluisure is higher tlmn the nvemgc wnge for leisure.. 

UdHty YnlUf#S 

Vnrh.')I.~ Nmm~ Q,()() 0.25 (),SO 0.7S L(IO 

Xl 
0 125()() 22000 26500 30000 (sttl~try in $ put 

y¢nt) 

x'Z 
(iAlsur~ tim~itl 0 '4GO 650 1120 1800 
houts per year) 
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'~nnl\n 
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Ilt 
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lfU10n 

I) 'lUI ~'I,H.m 

* • """"",._"" •• ",,,,,",,;/ii,,,,""');C',,,,,",""""I1' __ A1~· 

rlUIJ"~ 

,1'~' ~"I; A.e 



.~Hd«(ldln 
Itdorvtcw 

o 

ammo 

1,800 

31194 

190(} 



U l(Xl) ~ 0 02G95 +O.OOO()OOOOJ0054 Xl 
(17.031) ... 

t1G<lXa) ~ O.70(UtXl) 4· O.3CtI2Xa' 

lJ(X 1 X2) ~ {0.70 ({).{J269S + OtOOC100(){)()J0054 "'1) . 'f' . 2 
.. O.~O «()~014495 ~~ ().mJ08646X1 .. O,OOOO()Ol8 X2') } 

w {0.01,8865..ft O.OOOOOOOQ{J70378 >;1 ... ().004:44SS ~~ 
OlJ0025938 X2 .. ,,()OO(){)0054 X2~ I 

= {C)'{)23l135 '*' O.OC¥)()OO(}0070318 XI ~,f),00025t)38 'X'2 + 
(l.OOOOO{)()S48:2 } . . 

o.ooooomm070378X 1 = ("n.O'3~J 3S ~l~ U(X J X2) - n.OOOaSf)38 =<2 .. 
O.fJO()(}(J()OS4 XZ} . ,'.. ., 

Xl t3{ .. 331102tb~3 +1~4281571.429 tJG<'lX'~)· 
370,543 X~ .. 77X2J 

Xl =1~5758.65t/+ (j(~g,72 Xl/~ 'f, 8,78 X2 ,t-
, 377QG lJ(X, Xt~) } 



N~A= OMll + (AVl~HAOnWAOa){t,) 
~ $ 29;740,38 + ($ Hl,38)(H)2.B3) 
~ $ 2.9.740.38 11 1.OG7,3S 
= $30.801.7(5 

U~tcnded 
NRA m 'iN}' + (MAROINAt. .. \VAeJU)(l<t) 

=$ Z9,7dO.28 1~ ($ r7.l'i)(102.B3) 
t~ $ 2(),740,38 ·t~ 1.160.45 
~ $ 31,500.83 




