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Abstrnct 

lli()g~Qn(Uldc. 1'~lcory 'Il"dthol~cd X\ungurpo; 
. nn ItUthll.lnvcstigutiotl. 

'rhe tllUm1senlentof wildlife l't:souroes, snob nspOl'ulntlonsof theR~d 
~nnsnl'o(,hjs coolpliontcdby the lack or loonl populntioll,dntll, ttnd the 
difl'ctlllS vulue jUdgOl110tltS l)f'interest groupsJ The USQ;of n siolple 
bloeconofllic ft1lunc.wol'k. wns invo~tig~\ted ns nbnsis for doterminin.s a, 
sociuUy ()pthl1nll¢vcl of~ eXl'itlitnUon\vhioh (lcooutltQd for oool1oU'HO t'Ot:UlllS 
to shooters. dml'U\go C()sts tl1 pnstoJ~tdlstsnndpl'esorvntlon bencfltsto 
conservnUonlsts. Au nppUont:ionis prosented using dt\tt,\ftonl the Onsoo~ne 
n1tUlngol11ent zonG, We st:e rn AustrnUtt, (\Ild disoussed in tOt1116 elf the 
tlpl'UotlbUity of 81011>10 bi.oecotlmuio. nlodels i theObset·vod Iltuvest effol't 
unci 111t\nngCl'nent inlpHotttiotls. 

pnplJr ptepLlred fOl' tho 37th Annunl Conference 
Australian A8J'ioulturnll~oOllOfl1I0s S(H)iety; 

University of Sydney, 
9 - 11 l~ebruntiy '1993 



t;.lntro(fudl<ul 

~t'herM\tU\$Qm~ut of wUdnr~t¢~Qyrce$tsuch;as. 'R~ ,K"ngw()Q (Maarl>pt~t ruft~~) 
p(mu.l~ttoosis QtnnnUQut¢gby Ult~ Jnol\,o~intQtlut\tiortl,\bOllttbe' $tt\tu~ofl()¢tn:popul~do"st 
~~a-lh¢dlrf(!rJng, yall,eJ~ggetttent~Qrint~re,$tgrQ"ps~A$w¢l..lA$medireet ooononnO ' .. ' ,.",,' 
benetlt$ tQkiUlllAfOOsHoo(Qrs, tbo:ht\tVe$dijg'Qfk3ngm-9Q$lmp~QJ$, 'np~ma r~nge of $och\l' 
VnhH~$;TheR¢4,Knnsuroo¢nrr~:~'¢SUf(l~l-~$mliqsSQ~Wldobg¢"~'rnte$ <!CQnomlc'benefits 
£orprofcsslofitll sboot.ers.uosthedo ij~n¢.ntstQcQn$qtV(tUonlst$) or ItStlP¢SlWblch ¢fmSes 
damAge cOSfs topnstomJists(OoUins und,;Mer.~ 1.986). 

Frout Q:*\t;c ... ·.o .. non .. , 'i.,.a.:pcrsp.', eC,\,liVQ. mutketam;1,Y.' .• ,'~. A.It.to. oP, ~fiil\lly ~II.®. nte.'.,.re, '.so.',', U.·.f¢. e.' •. s,.", due ... '.' •. '.t. o the 
c, "0. Ultl1., p .. '., np. tPP, crtynll.· mre:,t> .. fk.lID.'. ", gnr,oo. . •.. pop. '.l,JI. At. tQtlS.> Wit. h, Ule. tro".xt. onSi. VC'.home .• '.t, A,ns¢s,' (Tisdelh1972; CoUins{1f1d Mcnz. 1986). AUcmndv¢ .m~thQd$' 'tttelleededto d~tetmlne 
soo,h~ly opUmnllevclsof hnr'lest~nIO¢c()npmig~h~oty,h~i) 'been d¢vclo~¢qJQr(!om.tl1Qn 
proj,crty i1sh¢t'y resout¢\!St bused Ul'OJl the: nnnlY$isot hqrveSlfind effor.t tlt~4,th Th~ 
~issJpntion of ceo nomic rent: WA$,llrstdcSoribedbyOordon (19S4).andA.~tntiQnot'Uu\tly~, 
biQcOlltl(:mllq model: ofrcntmllxhnintnlo,Jl WtlSluoposed bySchnefcf (1957),nnddls¢u$$cd 
(utther byClnt'k: (1976) tHidWttuSh(984).. ' 

1~he obJective 0(' thts study was tlrstly fonPt~lYA simi' l1ebtMcOnonlic modcltQ hnW¢$t(\mf 
erfort dtun collected for Hed Klmgnroos. t\tld second,yto incorporme wIder soolnlvnlues 
huo the fmlllysis. 

2. 'r."ldiUounl blt)(lCUIHnnic ulod.:l 

1';hc. trndltiollnl bioecon"rnlomodel, «S t)toposed by Schnefer(l9S7). cnn be developed,us 
follows: 

t~conomic tcnt.n. is dcOn¢d by 

Tt ;: '["R ~ TC 
=pH .. CB 

~ lotnl revonuen-otll htttvesdfls,knngu.foos 
I#; towl hfl.tvustil1S cost 
~ price l)¢t unlthnrve8ted 
~. cost per u.nit eft'ort = hnt'Vost 
~ hnrvest>cffort 

(n 

In uny given yenr. hnrvest 'is dctc:.tmlntd by shooting effo.rt ttnt! t,opnlndonlevols us 
foUow~: 

where X 
A 

~ populnHol1 = cntchnblUty c(X}ffiQhmt 

(Z) 



,~,~p,'~,l(~,dOtl #Yfi,~rnl¢$ ,rQrkAtlg4mQ$ ut¢ ~p~$¢medbyth'fflr~lt. d¢dvJ\nY~ Orthe;logistip 
~rroWthrmlQUQnJ 

q;(ldt, '~,'rX{:l .. ''X/lt) 

wh~fe ,f ~'hltrlnsip .rmeoflnQtetltle: 
~~~utrYing, cnpncitl 
{~drtle 

'rhe'ccortomio ptQductipn.fuf1cdon(2)nSNUm¢$:onl~twof,\o'Qr$' of,production. ,',', 
pOfmltnlafif'X», nndbnrv~sf effort, 'lltnn decrnuslntlt¢tUfrtstP¢frQdt'Orpop~dt\Uon¢ffcct$; 
tnnnltu~lusUoity ofdenll\nd,fgTllr9ductsAnd$upplyoflnpllt$t ,und,tho cost',p<)tunltQffottis 
tquul to, the qpponunftycQst IJfeffort/fhc,bfologianl;nr04UQUQh r~mcdi;ln (3,. fis~\lmQ~: 
,PO,,", "t,lu,lr,',ltlO, U,",'"n"Jl, c,~nmUOJ1,~,'" ,,',In:C,' hh,C, t,' i,t1S,lsnlfiC,' ,t1t,lt,or,CLlo, ce,J,:;',O,':,'~,J,. Qyof dmclnml ,J)QpultHlonslzC' is ludcllc.mch\l1t of on\!lrOnmcfUnl cluUlGes mld ugesU'uut\ltC¥ 

J£&pressic)fl (4) specifies lllCi~ondhJou$l()r ~lsf¢{\d~~8uuewhtchptPvld~M t1 bnsls fot Jut 
expression Ol~ slIsminnblepopulnUOtl, tl'hls i$tl "u$¢fql n\)s(tnction COt P()U¢YP\\tpo.SQ~h 

dX/dt: .= H {4} 

'{'ho traditlol\«l bt()Qccmottlio J))()(lel CtUllh~it.lil) exprnsscdtls tho t11{\ximlsutlonof·ecotlomtc 
rem subJect to tllis s(cnd3/i~HmQUSSumptkmt 'fhisllsHumes:tlo ¢xt~mud VnhtCSlnnd; n sOQlnl 
discQnnt rUle of z~rOi 

r~CHt'ri\ngtns tadescdbe sURtninnblellOl)ultnIortin tcrmstJrhnrvel;t effott(S)tuxpresslons 
.rorthe s'tlstnimthle Imrvest ((i). nod susttdnnbl(t r~nt.(7)ctmthen be d~rlvea~.l:rum, thlsl,oint 
nil eXllres~imu~ ot'cconomic l'cnt. hmVCSl ~ffort.lmrYCSI undt1()I1\tlt.uiotl will re,for to these. 
8ustntunbJe 11nrmnCle(S~ , 

x 

H 

.t;. (r \> Atl)l</r 

= sustninnblo pppnlnUon 
~ susu\int\bl~ efl.ott 

where H 

In prh19',plc, th~bloe,con(}ltllQm'Klel con b¢us~, for tWOPUff)(lS(lSt 

(5) 

(6) 

(') 

• ttl csmnnt~ thfJ level ofJ.uU'VCSf.itlU ,,(}tully d(~rQ~uh\l~ s(ttuufotl l 

• to ps~imntethc opthrud levcJof:hnrv~stt Imd tb{inssociut~d knnsnrQO popuJnUoll, 

't(lestimn(cthe levcfofhtltvcstln ntomUydcr~Slllnted sifm\tto~ tlHm only th~ ~conotnicor 
r~s(mrcer~nl Q()nsisdngof rC.wrns to .shmuurs Is 'f;onsldctcdt Jf there nr~ ()r>~ll UQC,QS$ 
condllirms,thcrl.fcnt !"UlbC UllnUy dlsstputed. 'thc open nccess .1evQlof cf f(}rt (8), harvest 
(O). tUldpop.ufntlOn nO) nfe as {(,UOWS, 



wh~r~no~: ,toUdlydissipu.tedeCQt\omfiltCot 

:rlt)~'U~t\K '* C)I(l~A~Klt) 

where ia{)t;\1J)en'\~CeN$lev¢l QCSustuhHtbloerrQrf: 

Un riIi (AK.)Uo·~ (A~Rlt)ttQ2: 

whore'Ho =ollan'\(:(i~S$lev,>larS\lSUXril"bl¢bu.rvgSl 

Xo t#; Cr ,;, l\l!n)K/r 

wherl) Xo '~()pen llceess' l¢v~lor sustt\hmblQPOl)(Jl(ltion 

(to) 

Ittltl):soch\1 obJecUivQl~lh~mnxtmlsolion ofc¢O;tlomlot'cnh'UHmlhis \vtl\'OOC,\lf, Wh~i' 
MR '~MC.i'\}t~ln!dlln Ou fnleo\"ltlnmllovcl prtCOnolui~~ntU1.) I \12:); hnrv~st 
<131, nndth~ sltb~ct1\lentln)l)utnton (14) ~~mlb~;' Uen.VQdmllbUows. 

tfw @ U'AK, 11; C)Un '* n~A~l\/r)Un~ ell} 

where rt1;: ji#011tinmllevel (If susmim\bl~ ¢coll()mlorcm 

117t: r;J (rllA)· (Cr/~PA2K) 

"yhere Un=Olltbm\llcveJ ()t' suslnhmblo. ct'tort 

Hn ~ CAR)l!t; ~ (A~K/r)artt (13) 

whercHrt = opUmnl level of~ sustnbmble In\west 

Xn ,,~ (fll! AUrt)Rlr (14) 

wheroXn t; optimnllcycl ()f susmirmbloJ)l)l,ulntJon 

3. i'I'hclnehtslon ()f oxt~rmd bct1~nts nnd c'()sts 

As WIlU us tho,nrlvmQ t~vemlennd costs whichnccrue ttl theknn~tlroQ shoo.to.',thu vnhte or 
the dumnse b),knngnrQ()s u)l:\rnzlnl~ ent~njrisest ml~ thgprcscrv{uft)Jl vnluoto 
ctmservmkmist ncud R'bec()ll$idq~dl Th~ difflcuhyin v"lningth,~~ensl'oQtshns nut b~cn. 
t'estllvcdtn this smdYflnst¢tnlshtlllHtled'nmotJonnl ronuslmv~been nssulllcd und 
qn¢sUmntQs ofl,ummetcr vnlm~s uNe<ltoQbtnlnlUustrnliv4rO$ults. 

n wt\snasumed thllt b()ththQ; dnmng¢nndtlrcsQNnUot\vnl\lesl.\re, cOf\sumtsr'ltQuch 
indlvlduol knnSJlroo,S\l tQlnldntnnL~t.}nndpres¢tvl\tiun vnlues J\t'c) nfuncU()f)ofvnluepQl' 
indivldunl nndth~ palmh\tionJ~w¢l. 'nH). net! s®inl ynl UO. from htu'V¢sUng cnlltheub~ 
des(,wtbcd Mncombimuion tlrthuso two vuluos{IS}, 



NSV. (D, ~Q){t( .. ~.~) 

~(D ItQ)(A'Klt)~ 

wb~t¢· p ·;;·dnmtla~y"lUen¢rR.utlStlroo 
R "~'I)ll)Scrvntiollvnlue f\~~ ,k""U~ 
N SV .';t. ·n¢lsochd'· Vtlhle,ofhntV¢$linJ,t 

'rtn,l:SUSlninnbl~soch~tl'~tnJn't etU\th(;tl:b¢d.e~~rtbt:ld"s tlb Sml\otth~ ~¢Qm.ltl11~, nmtund 
the, mu:sociol.: V(dU~tC8pr~s$~d fn J~nl1$Qr ¢ffQff n (»'. 

1t ~ (t>AK ~·(JU~ .. '(PA~K/r)a2 (1) 

n ~·.1C$NSV' 

..• ,'h.A fir·" . . ', (n: ,.n\( A.:V J,\lD2(nA~l<tl\'r.2; =J"fU);' ~ ~ * w ~ '<I (lOlfJ: l;f "'. J,,:(',,(r,Q 

whurel1 ~snslnhmbl" sOQJnlr~m 

tt'his>¢xJ)r~Sii(m.cm' then bt)solved .for nh:wel ofcfrort whichmmdmlsessocinl tent eX?). 

whci'eBn .r.; S()clnlly ()l)thllnlJevul()rsusmhlnl)I~: ertan, 
frlle C()trosptmdtns hurvest nnd.pormlndQulcv~ls C(lIlbe: d¢tived b~S\lbstlt\lthlg thi$l~ve't)(! 
error~ btlCK into exl·'n:s$;o.· .. us to) emU (5) lO ... I,mvide c.~pn~sslons IbrUlesociolly ptnimnl 
l\lvcls. tlt' hnrvcst;(S) nndpollulnU(Ul (9). 

lIn = AKUn ~(A~t\b~lUn~ US) 

whIJre lIn = socially opUmnlleyt)l()t~susmrnnb.l~hnrvcst 

Xn = (r .~ AErll/Klr (lU) 

4~1~$UmuUng. n'CS~rUlr'Ollct(trs 

Thcmgh th~slcndyljlslnto nssnmpUt1fl(4)tmn (t\CiUmtcmmli[mlmiotl. und;.l\ltly be vulid rur 
100)St.run. mJUcyunnlyshh the nssum,nUQnl~ .lcs.s vnUd wlum npl)li~dt(); lh~disttUnulonof 
dtnqtls~lrt1r llannnu.tf,ll'CslimmI(ln •. AClunl.ktuluuooapDlmtml.ons llr~ subJ~ptt'1s(OQhnsdo 
envlrumnenU\lcoudhlcms, und the system is not normnUy In lon~!!rutleq\nnbrmm. 
A uwtlmd ()t~ esUmnUQu hosbeun pNs~lued, llY Uhler (980) f()r ,n dlscrcte: farm\,lntiQllOl' 
the' dq.IQrmlni~tieSQhnofcrmodQlus rouows.rrhlsr~lnxestho, stcndy;,shuc; nSStUl}Jut(Hl (n 
cXl~rQssi()J\ (2.0)t 



iKtfi . ~X'(,., 'FC"): ~. J~l 
.,rXI(t',·if(X"gU· ~ HI 

wh~tQ: . ,,"dis¢tetothnepeood 
llr :. AB,X', 

(~(» 

,p~n:ni"s,upro&YVAril\ble.tJ't(~:l:l*then,,]Ut~$dhlt\tfn~:«l"nUrmQl\ttbe detNed(22)t~ln~\t 
~g~sSlon:~4U) th~nb~:",sed ,to ~l$dm~tQ UJQCQQftl¢tetl~$. When \t$in~Qtdt"t\rylQ"s.tSQ\ll\rc$; 
t l\isestimntloustUlsuff¢.t.'S (rotu, tn ter(J¢p¢ndnneQo( Ul.e~rtQt 't¢nllJlnd, ,J)l~' 

lJ,·tlItH,m ," ( "'<Il~f (21) 

tt1'+l 'w! lJ01U(9't: :~, (t/A~)U{~"At;( 

'$. All nJ,pncnn(),n'I'h~(lu$coyn~r nl~nng~Jij~l1ttoU~fWtA~ 

~ .. ,.·.·.1.:.'Q ........ tJt.l.~t.yt., ... l.nry,~s.'.tJ\ .. r.·,1.d.,.¢ . .f.·~ ... o.rt."t.·.!;.\.C.O.~.,.9~te¢.,p.td .....• ed .•... ·.' .. '.·~.~.r.:'.:I.J.}e,O.".i.S ... ~.~Q .. y.j)~.·.,.,.m.Jmtlg.','.¢n.'.1 ... ,e.~nt ..• ';.,Z.().Jl.,.C.b .. ,'~.,'., .... n .. l .• ~.,. iO~Jlnrtment:ot~C~)I)Setvt,~tl()J' tUnj; .L1md,Mnllug4tneru,W tA •• fronl1972 to 19a7w¢tq\Js~d~ 
Th(1dmnftomU)?2untll J9791svr~$ent¢tlh\.J~rht~Q;Uf)84),JrQmlQ8n~lldtl987J.·OJY\ 
~tin(\nHmbl. tJt\ln)fMls~l,nttd~m\.O¢C\l.red fOrS'ffi(ltllhs hlHJS5und,tmonth hl 1984 so 
thi)' .nm.wos SQulcd. on the: UIlSis: oemontmy dntArOr-tt\¢h6rthos~ y~tlfSt 
AnuJJlm~~nUon at"-Uhlcrs· esUnultlon m~thod.: yieJd¢dth(!, (tiU()wlngcP¢nlciQt1t~h 

"'ifhlit 1'. Ustinmtits. (j ~.lUl~1I1f'/CIfIS lieriJ'id/Jy 'V'''iliiil .. er~}r~ .... mMl!·e~lh~o~,' ......... ~~~~~ ...... ,... . 
• CtlCUlcienr ' .......... J ()" . ~lll .. :.'!., ..... 'U~' , 

Th~\ptcdlcl¢~l"eQC:rncietustmv~n~Ott¢Qt·s.ignibm.ontyaOIssi.gnUlcullt1,{P<().CUlt nnd U1Q: 
ovcr:dtth of thc'modclls:poort~{2 .t;;(}.lh ·rhls ."~n~~ten~ystm~csthnntiQn dCn,,¢S n 
r.¥al·lolls~ to ....... ".1 Ie. v, .. ·· ~1, or.ef(!.tl.ftb.'.'.O .. t.wc.e.'n.' , ... con .. s.~~m.i .. v. '.~J). qh .... ".s.'~ In ..•. U .. J.ll.,t:Jl.J,".·.t.J.\.or.' ,thnr.l ..•........ '.t\.n ..•. ,.,,\g.'.gl ... j¢U.'.:~.t.i .. (.). tl 
()f. Jl.slnnmneoUSriJs.tl(mS~sin nSfeltuy"stnt¢ fonu.ulnUon, This couldm~'kuUhler'sJn~\hod 
moroscnsidv~,m stoclmsUo in nmmc~$,rronl. th~~~ c~rn91~nt:¢sthmm~s.lhehnrln~ic.rme 
orincr~.nst)tr·f meuRrtyin~ cn'i)'H~nYiK~ nod; thg:QutolmbnHyc®fflQi~nh A.QUtl boderivcd 
nsfollows: 



n.".'.',",'.l. Q.ll$lijjml~.ili. n.*n. ',.n$i:~rn. "J~or.il)j.'.'~~~.',.Qf.M~ .•. · •..•• ·'~. ,{)mPdtc .•. ~.·.fI. A.V9."riibtY'WI!hll. 'te.$dm,\.]~ 
bJ\sedut:m~bQ~yweJ~hfb~C~"QhlcY~tld'\Kte~$(t983):,of O.4.nn~thQ,mltl!f"'Jl!le, pf 
esUttl;u~S ortlla.xihl~nlr"!CQr Ju.c",~b)f,Prlddel (t~n7J orO!4~'thec:~tltllutcm¢~ttyh~1 
JJAPt'Qityaf51~44Uku"g~tOO$Jn'ly,~c~tl$Onnb.I~·(PJJJ)e,O~t~iCQmm'~lJhQ,unhblUh~r'lhl\" 
thQ esUm(lt~ of 120 009m"~e i~ J983, 1~y'shptttt,al.(19a3)~.CArt:flng'nm"9itYl n~ 4l$t(';udy 
~m\cconctt)t.'f;nnt',Qt t.!n$lly,~,·~lnteqJothQdy.rn\miOVl~ubiUtyo~;tuin{(dliVcg~md(m. ' 
tCSpoI1SQ •. mut:subs~(lUontntl~:Or.inQlVU$OOr~~ng~p,QP");nlQn$~, ~rh~¢atQhAtiill\}' 
QoQrt1¢lcnt,ten~Qt~,'Ul~,J'(!$pons~ihvthchnNest,lovcl$tolhclt)vel$'Qf¢ffo,J'i;nndpopnhnlQJl 
mldtmw ynry tin :response tu v,ltit\ble~ condhlQnSI 

,lIt)~\'tj(ul~WJa~Wumlltlmf~' 

1"~ Illt\tket;.pn¢~'"s~:tl ot $S.82,nor,k~ngI!mo "\VA$b"$¢ilQn(\prlc~~t,idUUhechnl~rot 
,$(),S1rl,kg 'CUUery :}'l~rs)~Jotmnt)j ttl1g"n~v~rJtg~;c'\rc"~ewcishtor 18~2kg$ (PrirlcCt 
'\n1t1ub.dnU\}, AcOstl)l!!rtnuutng ]lonrof$13*SOWl\Sbnseddll '\h4' CQst l)ctklm~~ro(}or 
$~~tW: ,es\bmU~dbyCoUlnsn"dty1en~(l98..~)t~ndlh~$QJlled,tQtJ~I,h"~~~t·J\n~,~ffoJtdn't~OC 
41:t 436 knngnrOQ$,frt:un '78 716lmntht": hQurs, 

A nesdn)nt"oC tht.'faU\lJ OSS:t9~griQult or;' 1 llro<hlcUottduo'to kJ\uStlroos ,fm~ becllcmtlud 
O\.lt.l)Y·Otbson Utul Y<n.,t n.lt (1987h which In. Ql.Jnl.CQ:nn .. ·.· Q$.~\hunt~. rOt-the. Qt~SCQY. nCt"~iOtl'~t\n 
l}Ull,irlu.nt .U)odul wns .used taesthnmOme:lQtulecQoomic 1()~sot'$J~60 2S0J' Thtir .... ' , 
P.).')llUlnn(m~stt.mMe,or 3.74 •. 195 .. kntlgt~t®$ :.PtO.Yhl~~nU QstUnMedd,urms¢;"nJm~or $ai311''-W 
~ongntoo. Nl1esUmnlion Ol~l)te~urvnll(mvt\lucs: forknugtlfOoS wns flUlndlnth,,; 
luerutm'J,hS() n bns~} Ct\sc~)f$'LOOw"sns~di' 

Prlvlll~l mu/l"(1cl(~IIY(}IJtlnm' ItJv(!I~\' of~:O(>rt 

fntltllJnrQgulnted,opennccesssystemi IfJUl.~~COnQtn'Q'.lm~entlvQ: C)xi~\s '9Jmtiv~stth¢; 
resource UnmcompetHlotl fbrth~ ros()nrc~wlU lcnUlo nhhl0rcil.S~,ltlthoJe\lulOrl}fro.lnm.l.l: 
the,toU\lrcv~nue Jusleqmdstoml postsnnd,e~Rmoml~~rcntt~ di~~ipnted;I'fldS' lSihel.'ml~11 
limn 10 'tmimml'.l)dvntc exp\uimtlotl ftQmlh~:J,ct~llectlveQrtht>p'dvntfJ.knt1g~\rpp~llooUna 
industrY, Ir no ~xterlmUtlesoocur! lh¢,n. th~ soeinlotiJe<uive 'is Ul~mt18Jmlsntlonof' privmc 
e~tltlomfQ 'r~mt\,co.ruingto lh~k{mgnr<.ID'shoo'¢r. . 

!flaMe ,3. ;1) mmitl. I.nie/raml tJ/Jser~edilatIL. 
. Mnxt;M"X\ open Q't~JY~r 

So~H\I.Ptlljntc A¢c~~1) 
l~vc'S/yC{W t~¢t'~ 11, }tCllt;1t minimum i\v¢ml~O mn~.hmlm 



,(.i~St.\$'U vnyt\Q~df(d$ 

t)~~e, lon~~~rtnltU~~oncer.flld~lh~,~~~~~ttsoYtdue$, us¢d-ltl$lmtlQttfi~ttOl~~t,hgWS~J1SinV~ 
,the'sohltlons, fiN HlQhnnACsln, th~s¢ Vl\I"cs,\ ~t1,e: fQUowi.oa seeUO" ·PRl$QmS ,$~n$hlvh~ ""~' 
nnnlYS¢,9Qftht:; nu~o~ee()n(mliQntm\lnotcrslO UhlStnuc<tbo ,s~rts.hivuyorlhemQdQlNsttns,~ 

I!rlcfJpcr,nnftl1"fW)Nf 

1'h~ 'Ptic~per'unlt' hnrveSl ~e.tsdJ~~dtd~ artf1($',f¢ve~m,d~dvedbytho ,ShOQler.ASt?OV"le 
,vnlup,;ln~J~nses~comlu~rcdIO IhQjdmlmgC),VI\lU~t;:lt.b~,Qrnc~$polnllY(mJbmlJUlmnhUnll1 
h"\,fa,',,Q,',r,'.", ,1R)}l,J,t, tntl, ,0,", J,l$, nnd, h,I,I,rY, OS',' Q~, ',",Je,',', ~'n,l,nllb,",',~, ts,: ;~J,',$O,',',th",~,",fin,Vntelm4',<Xlin,",lQPntt,1,it, COt, w, ~fg¢\ lrtt tuntketinttddvo ~curredrott"uummQoustUrl,P 'tton:me,',ttth~filJ\rke'<1)ttQ()n1(\~rl$~' . 
slgni l1c,nlU,Jy nbQvc.lh~;$S~8.~ ns~d: lnJhts smdy.(Tnbl() 4), ',' 

ClAr/per flftu<tllon 
frill) ~~ustllerunlt <>n~()rt.C, withUlclmrveslrevemlold(etCtlidtle~th~vtlvot~ctono(l\lQ,~lnt, 
'rile: so.luH<msm'e not.pm'tJcutnrl)'senstttv~Rlthe'cost 11er 'UtHtcrrQfhnnd incurred costs, cnn 
b~CXpl:tafd 10 sIawlY'fhit\ nbovc the $ l3.80flQthour us~d'hcre('fnble 6)1 

f)l¥llmJ1(~ rUlti{u'l!servmlon wHue.\' 

'l'h\\tnn.ucuc~of: dnnlugl> NducUon undnrcscNullon vnhleswUlde.p"fUlUPQnthe,rcloll.yq, 
dl(rct'Cm:~'he.t'\veenthe,se lwn vnlnes" n.nU. the COlli,pntmi vQ,mngnhoUe orth~s('\ vnl\ll:sns 
ngnmsllhcpd'Vnt~ ~o(jnanllt! ,t~mrm(f 'I'he SQluUQ.rt Ishi~ld~~~tl~Hfv¢mUl~sc v"luC~lth\l 
ncrcelvl!ddntnouC), vnlue: n:m)lb~morosh(>snccinc ml~mnyrnn ow\h~\Jnlt1o used of 
$9.Sc).Pr~$UNm lonvnluQsnruon exnnl1~,l.e ()rlh~pr(),blcmarthg, .. ~u~ridt:.." l'rob,h;m~Jwh~tc: 
the RCU()J1 of: one Indlvldlmlln ettj'lyedbymherslnnd Stftt1tttkctH fnJltat¢flcctlhose vuluos. 
NooMlnunc~of l)fes~rvml(lfl vnlues rorKnn~l\roo:ioou'd b~fo\lndso on nrblU1u'Y bns~gns~. 
ol~$l.{)O wns us~d rl~nbleGJ~ 

$lO.SO 

'~ .. !1(}( 
. ",;,,~/OOl 

303 ()On 
2b)0) 
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7t nls~ussinn 

1ihis pnJ.)~\.rShaW. s hnw. biouContm)i.c.themY,C~.l.f.) 1.'0 nt'.'>.' Ut:<l 1(1 tho n.lnm\g.t~n.10J .. \,.t.· .•. QrWH.d .. Hfq 
,'QS.OLU'COS suoh ns knnsnmQ ptlP\11nUons. 1'ho foUtlWing dlsoussiotl wUIC(werthl) 
Ulllllicublfhy n~d ~xtQlls.iQn t)f lhl~ type ofmadoh ncompnrlSOtJ whh observed dnU\l mRI the 
mnnngonlcut lnlllliontions. 

IJlmu;wwmlcmmittls 

frhls nl)pn(,mtl~ln is l\I\ cxmnplQ tll~,' Slnll)le.mo('el which om\ b~ul)JlUedto t\vnUnbh}i dntn. 
Mnn~ tllorcso·nhlstiotncd !1I1pl'on(!h~scouldbQ dllvi,scd. inclmUngtClnrk ntld,Mnnro's 
(lV'S) cnplW} theQry model; the l~plncem()ntort)lclosis.UunmOu(m wl.ttrt\nhlt~mut!v~ 
serios.ofrulnfnll, vegemtiun blnmnss llno nopulmiQn rJ\t~ of lnOrCl\SC (Mnyc/(il1916; 
Cn\lghl~y 1987)t non~Um~tW f\mc\ll'ms nlHj lh,'¢sholds (Tisd~U 1984); l)fcoh()ftnnotysls nod 
dynum.Jc t)t)()lm(ldols(ChtHnud 1977)1 Throu~hQntthedevelopm~nt of this vnrlfJtY or 
t.l1lpl,()nCl.1CS.,'.·J .. lh.U. Jt~ed f<lf l'Ob.mn Up .. '.'. PHOUUQ.n.s .. W. '.deh ope.tn. to WithS. t ... )lnJ.lnnm.l).m~." Of." 
hH~1nnI\ti(m hus b~~ll t\'H~db>! lleVUf\ot\ nmIHoh(lU51) nt\dMny m (~l (1978). 'I'(\()ugh 
Cnnt~hlo,y (to?7) (JOHstdQtcd Ule nnnl~sts ()tiht\lvc~\ lmdeftol1 dnm \U\suHnblef\w the 
unnl>,si~,orp()pulmlQns pt' nmmmnls.. due ttl W() bUlt9rlns nbUHy whhin n~o Qlusses. lh~ 
Illfot'mntipn needs of dynnmtullool mod~lst. whlQh tnk~ nccouM (1f n~e suilOmt'jJ·) Ims 
I'fe.cluded thf:ir wtct~~SfU(Qndotl11U~mti~)tl (Onthmd 1977.). 

llarvcst qlfan (Uul (!c:OIlomfc) I1wemlwM' 

'fhe obsorved levol(>fofftwt fronl t 9i2~19g7 utOc much lower Hmn the tcV()180rfJn~)lt which 
would nU\xhnls~ »tivmercnt. or thunmxlulmll pt'ivntc CcrQrt which would cllssl.J1nt¢pdvmp 
reJurrnbte 3), trills ~\}SQ.OSlSllU\t elthcrthl) eCQUOmitlfncontivo Is It)w C01\!JUU'\!d ttl 
1,nQt~nUv¢ nCllvhlo:h l .• Q, nhlgh PPllOrnmHy COSh orthnJ thQQm'tontr~~uhu.oI'Y Is rosHltcHng 
Q.ffot'tt 



Jt).A~.tQs.]IQjj~.·l~. 4h.··.OO .. t.· ~,n,~,~.(mSlde.r. ililv~~lnp811Q~.Qfln.·.coi1. ]¢ .l\$lrn.~.po .. rtftln. (Y.'. p~.»~. n.Jld. PO.ltorc~ 
~ ;!!QU)' sotho J~lev¢l~ nr~hQQU"gl\ot\vHy:wlUy~.$~'l$lnv~\Q· thoonpQruml,tYCQ$totthQl~ 
lumtltljl \)ffQfl, This m'\~imJl~tU~ Un\tlflh~ nl~tk~tptiQow~r~ '~:lnQr9M~Jid\l~ {PlUt· ,': .'" 
imJ>fQv¢ddQmnnd f9t Knn~m'Q~ product~~tbct1 Ul~J~X~l' 9:rcffort'tnt\~ .1"Qtens~.~u b,sU\tlUnJ ly 
(\8 Q"rr~nU~ .th~~11QQq8hQ()tqrs £Qeu~ lh()irh\.btlutonklmSllfOlJ $hbQtinn~Aa th9to Is ntl 
mnr~otttHitIQcUOg~iltadtffl~nJt:J() d\}tonuhl¢Jh~d¢mtmQ far¢)(trl\" Ucenc~.~ (\~\d, wheth~l~ 
mOll) n~Qnocd:shoat~rs would ndtts'snlfiQmnl~ tQthe;obs(lrved.lovolsQf effort:, 

1.n .•. thQ ... bns.t' c.'.J\s~.mI1l1Y .. $'. ~\.; W.'.IIOlioSO.lllltl tl~lI.mt\Sj'QMC,J.IhR"t. h~.:, ttl. mdmu. '.' ltPrhm. tueffQr. ,.\, n hurvost ~i$tQm: bll8eu:pnro.lytln th~ Inccntlveof~dvmeNtUhlN.'ClHl nol nQhl~vQ, t\sooltlJJy 
optlmn 1,I¢v~lQr Qfforh IlfirV~$tl(mdnopult\tl(lni!,11)epdVtm~ {\nd,~~lnlol)thll(~~()Uld . ~", 
~ODnVf;!r~~¢Jr thfJ mnrk~lpticc wCfo:urhlQt\!JlSQ: nmllho,pctCel~ed dnmil~~ 'yolucwel~tQ'fnU~ 

A lllnQ~. \.J\Se .• iumnrkotJnice .. nu\y ... ted\JCillh~ s.··.(X;. :!,191.WO.lltItllI\1IQv. 'p.l. ,:Q. r. ~e.,r .• ~.j) .. rt.J.n.$th~,n1ml .. ".It .. '''. de 
orl'rlvm~I'QturnN ttl shoat~r$ h\(Jr¢nsescOmtlm'edloth~ VulW~~)rd"'nt\go mhlilulot\i'rhlS '. 
m~nns dmt, tho l)J'lvnt(,\. nml sOQinlQIHhlU\mnY'.QPt1VCr~~h .thls will nl.~Q OOQ\l~ if th~peN¢.lved 
dnmage vnlue .wete ttl dOtttOllSO.trttis almng(tint)CN~iul.(nlb~ l)(lS\QrnUst$·¢Qutcloccuriu . 
cottlntl.cUQtl with mllncr~nsD lJlmm:k¢tvnlu~lr'll,\stot(\ltstSWef'¢ nblctol®k tQhnry~s.tins 
kl\Ugnt·oo~ n~ (lt1(mU8UQ HltertmUV~emQt'I)rls~f . 

1.1 tmtlgouwnl' bnpllclllim~~ 

'l'ho trndeoffs b¢twCQJ1Jnt¢r~Sf grtlu.pshns bccndlsQuss~g bytnst~~U 0979) In tQI'1nsal! n 
'KOJdorjfl'.II~kS' trildcorrb,ctw~cn c.on."s .. 9tvll.n.<ltll .. stS ..•.. ·. n. Ud.~. "'tr,n.1Ul;S,.,' nu\x./SJ'.,bSlt.Jyn.mnol.wtl t(l 
U.',lO t.tnd~.ons. b. ut.,.wuen 'In\cr~Sl gr()1I.1.lSIH\SbeQ.l\mnd~ .~. yc ... ;OUiosnndMen .. ~ (108.().)i.nntlnJl 
exerctsehlt~t'm8 of pest com 1'01 by YOUtH! (1984)1 Jlountfes hnve bC¢tldlsousse{ 'by . 
trtS.dQU (\ f)7~},frh.~r¢,.·IS 1h~H1UQstt.onov wHo ony. 81 nnd.' UUI.Q Qvldenc(} ()flh() (), }lQl'UU(>l1.ot 
nllysucc~ssfullmunw syst.cms. (Whtt~hmts~I.U8(1)lS(llnU(ms bnsedonH\x; sysn~ms ute 
g~I\~rnlly hlOoxlble, nnd ptlHUonllysct\sBivutWnugh H)B4), . 

frhQ QU\ermnin opdouto n g()VUl'mnCnt mnnd(\tedt1nnHulullnconU.voJs tlmtofvQ~Hng 

t)rop'~tty dghts in n sole ownur·t 'nlU ,basic fnUonn)c for ImUmpUmJ lohlH~l'nnU5Q ¥RllOlcOSIs 
s.' .... ~o there .. Is un hl\~entlvt) I'm' mnungplnOmhl thO:hU. oro. 8.'18 ()f'saOierY(Oo.tdO.Jll 0 ... 54 .. . ,' 'rtsdol.l 
1-972), rl~mhQnm;)I'afpdvntlsnlltltl dOi>R ntl( ensut<~C()UR~rvntlon~ ns this win. d~11~nduJ)cm 
the prIce tccelve4pcl~ knnnnl'()ot'Clntiv~tQ the vt\luot)r the f(u'Qijono stock ttrtsteU 1~l3), 
Oua mnjorproblcmflltl tnt)bUo wlhtHreis thetln~~ti{.)norsQl\I~. J'he I\t)ljt'Oprint~ sonlcJor 
sole ownul'S llUWbo nl thQtllinHluemcntztmo ~QnlO:tl),Uthn~s whht'csp(~nsluUhy vestedtn 
locnlbadiQs shullnr to c«tohmem nnd hmdcnfouroUllsi 






