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lherei~ little published work on the economic detenninants o/.Au.stratian 'crllileoi/'and 
contleflSate suppJy~ This iS$urprlsing, since .such knowledgecis'likelyto btan importQntinput 
inlorecDSting crude oil ondcoluJefrsate .supply llnd'ihano/ysis .tJ/ptJliCie$ajf~ctingtf.e.Mtrolttll'n 
industry. In this paper, initial ,-·strelt design~d 10 construct 4 muJti-ptriodpr(jgrtt:rnntJng,model 

olAustralianpetroleumcrzwe .oC tlndcondensatesllPply;. based on a motlelolnatlltaJ gll$ 
s(lpplY in ,Canlzd«, is presented~ 'Time pathsloroperat/ngcosfS.tdlscoveriesahdt/teWfJrJd·ct'lIde 
oil price are exogenoil$ly speciJied.T~properties fJjthem()(/.e/arecxamined by'simulatiltg the 
tdfects olalternativeinput and Outpl,/priee paths on crude oil and conde~f.lte,supply .respoltSt, 
DirectkmsforJUrther research are suggested. 





I ntroductiotl 

B()tb :industryandgovenunentpteptte .fo~ o(Austnillan,crude oil and ~.stJPply, 
usingmooels ofvaryfuggeolosicalan4ecol1omicc:pmpl~xity,TbepQJPOse 'in this paper.isto 
Qudine. anappr()acbtornodeUing .. 1\U$tl1JlancmdeQU .ndcondensatesllpply .Je5pODSCwbich 
take$mto ·8CCQUJit,. Jlumbet'ol the ~onomic faeto(SinfltlencingJUPplYIesponscin.tbe.\lSCofa 
non-renewablC' resouree~ApfC)gnunrrUng'modelis~bedwbi¢1tlsdesipe4tQ :beusetuIfot 
fQteeaStmg ptuposc.Theernphl1$isisQl1the ~nomic.chqice$involved Ut .t1te. sppply J'CSpOIlSC 

fotcrudeoiland congensate. 

1110 irlitia1tesearch effonsreportedinthi$paper~. design¢d t()permit ~ysis of·the ecollOndC 
c:ontent.()fg~ological1Y ,~ fQrecasts~. TbeoveraJl.objective of tht researcb is to ·provide. 
mod~lliQg sys~m wbichcanassist ,withthege,ncJ1,tion (If ~e oil a.ndcoruienS!Uc supply 
:forecasts.1besefoteca$lSneed t4l~eint(Hl~cunt.inaniptegt;Ucdway.world cruileoilpri~ 
~d the.input costs involved in exploration, developmentandeltuaction. ,Pore"zunple,a ~t()f 
geologically ·~·forecasts obtained from. ifidustrybecorneex.ogenous\c::oD$traiP~(upperor 
low~rbotlnds)intbeprognunrrUng~l. 1be.~lcan~.be. u$Cd't() detenni.neWbetherilie 
forecasts ,w\"reBSQnable in an ·economiQconte}tt 'Thus. the pl'OgrantJJli.Qg model is design~ .. to 
gcncratesupply forecasiS which are consistent widtan~nomic we1f~optimumgiv<m •. ~ 
.exogenous inputandoutputptices. 

Amulti-periodandrnulti-region optimisanop,tnodelofc.rude ,oil '.~ C()Jld~nsatcsupply 
response :In Australia isoudined:. AntUlti~period 'perspert!veis usedbecausetbere :is:P 
opportunity CQ$t.tothe depletion ofcOJdeoil andcondensateres;:rves.Arnulti .. regjon 
framework isrequltedt() capture Sptltial differen~s.in~urceendowments and.prpduction 
,technologies. Thernedium 'run model of Australian Cl"'udeoiland condenmtwaupplyoutlinedJn, 
tbepaperisadapted. from the nonlinear :progranuningm(ldetdeveloped.by,Row~ (t988)to 
aIlalySCDaturalgas supply in British Columbia. 

It may be noted that taXation policyand.teennologicaI change 't1fe. likely to ·.~.importAnt 
detemtinants of crude oil anti condensalesupply.response. Such@ther complex possible 
refinements to the model are not addressedintbis .initialJe'pottRather, the ·focus in this paper is 
QQ documenting the AuStralian version of the Rowsc model and, tbrough :sbnulatic)Q.presenting 
acrincalappraisalof itscuttent structure. 

The paper is organised as foJlows.Inthe next secuon, ashonreviewofsome of the 
background .literature is given. Theprogrartmting.model is outlined intbe foUowingsection. 
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.Nextparametersettingsaredescribed. .~. simulatiop Je$ults ate. thcndisc~.P~ollSf()t 

·future·~searchare identifi~jn.tb~firud· sec:tion. 

Literature Backgrouna 

The inu..-rnationaixesearoh li~ PQcrude QU.$\lPPlyis eOI1Sideta'ble~A. ~tical~l~wofthis 
litennure is provided in Kautinan (1987)~MethodologiesvaryWidel, ;llStotheir emphasis on 
fOtCf;asting ·and :policyp~scripli()tl.Modelsal$Odiffer lnth.,itemphllsis :on.geolOgipal·tutd 
economic link:ilg~sinCfUdeonsupplYI'e~nse. 

Re$eJ;VCS of.n()n~renewable resoJU'CCS .~. depleted by~xtl1lC~QJ1'lP1djn~ by (lisCovc:ry.llJl(i 

:intellsified rec()very¢ffortR~SQ~production deci.siQDS .rnqst.:take tldspro(:e$S lnto$CCOunt. 
An #SsessmentQf the tusetcost~()fcunei1tprOO~C)n. :is()J)Ckey 'ingredj.C[lt in thept'Qd\lCtion 
decisiotl.nisasstssrnent includesth,,·follnut.non, .ofexpecledfutu.r¢ :pri¢¢s,~$t.collditions 
and(tis(;overypattenls.Geological.an4econ()Ouc~tytherefore·.atoo·tnf1uencepro4uction 

decisions. 

Crude ·(lUand condensate supplyre~PQnsemodels ;.may ~classifiedinto ~catesories; 
.~nornetric models~ discovery .p~ssmodels .and PlPgJ$nt1lingmpdels.EcClnometricmodCls 
ofcftldeoU tlndcondensatesupp}yrespon$ttettd.to ~plll'ate,.thedi$covery .process from the 
extraction process.1batis, ,rttodelsofreservedist;Qvery .~. $eparatc:ty~sti.rm\ted'from mode.lsof 
pro(iuction.Thistechnique is usede~plicitlYQr implicitly ,by Eppl" (191S),Pakrav8U (1984) 
Md.LiventoisandRyan (989). 

EcoQ()metricmooelsofsupply 'response for .goQ·tenewapl~ :~s()utcestend.t() "lav~pOQ'" 
fO~flSting :reconiS(KaufOOlUl· 1987). This may 'reflcctsuchfactQJ'S ,assb'llcturaI. change in 
markets,gcological and capacity constraints on productiQu.profiles and expectatioIlS .Qf flltlU:e 

price .8ndco$tc()nditionswl1icb ·differsubsttuJtilU1y fromp}lstex;~rience,~y contrast, 
discovelY .process .model$ .alWwhielYllsedto forecastupd,isc()"en=dr"servesand,pr«!uctioD' 
from. theseJ't~rvesatadisaggrega~ level •. I)iscovery :p~s models arede$ign¢d;tQ model 
thepft)Cess ,of,perro1eum discovery.and ~pletionln .lJ.~~oleumb%iSin,Reserv()it .discQveryis 
'typiCaJ1ymodelledqsingJls~ivesampungprocedure~ 

QIltoftbe most 'sopbisticateddiscovel)'prClCcss :models 'is ~SBAPUPt developed at the 
AgstraliaitlJUIl'au()f 'MineralReso14--cesbyForll'l1lQ~dHittde (1985, 1986).nu~SaAPup 
m()(i~l'isbllseci Qn :the work ofa~uchandKaufman (1977),Inparricul~, lti~14esign~to 
ptovid~:ptobabilistic fotecasts ()f~ndiscovCNd AUstrQliatl~~rvesofcrucleon ,and c~>nclen~t~ 
and Qfthecorrespon4ingprQdllctionflows~ Ec:onQrriicfactorsare largely eXQgertoustQth¢ 
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mod.¢l "and·, :,entef 'tntf.it«:tly lJ'¢Qusb ~hQCk vttriabl~s',sgQbMe"ptomtorydrlllins effQJtand 
nUnim\Jltt!cconormc fi~ldsiz¢. ''fhe·UlQdcl~WQrkdtaws'heavUtoQ:tI1e ,co~c~t,tba.tlarg~ 
'nelds ~ likely ,tf.},'bediscoveJ;C(i, rust ,-- ,mat 'iSttbe'cr¢~geffect~~ Thefol'ecasting 
petf~ oflhismodel ba.sn()t~ntig9f()uslyassessea 

ProgramtningmethQds~: W¢U $tIi~tQ',~$timatitl~C~()U,~~nden~~$upplyrespO~~ 

In,encmtJ,prognutllniJlg ~~lsbaveUteQ.dvan~~e :ofallQwIDS !or.cOl'isi@rableflexibiUty m 
incorpQtad.nJr~w()r1dcomplexitie$ in .$upplYl'cspoilse b¢bavio\Jtwbile remAining 
computation@.llytracUlbl~. :Res~atchbyRowse (1986,1987, 1988)ltas: .higbli~bt«l,di.¢se 
advanUlges. flleQ;fe~()urce recovery profiles, transitions .lQ'baclc$top' ',$()J,u.ccs"thc;pos~ibility 
ofnon"produQtil)D,deIiverabiijty constraint$tming unit capital cQstfunCtions andregion81 
·differencesinptoductiontechnologie$may,beinco~intQ ,~~ls~.':a~lt$toP~~' 
in sucb,~lsareassurne4.tohilve infmi~ly ehistic ~supplycwves. 

ProjecuQnf . ·fl'()Jl), discQveryp~ess models can .~·used Jl$e~Q~~Jlou$,cons~ts ina 
pr()~j.ngJIlodel.de$ignr4~()p~e theseproj~onresQ1ts wltlUntheconte)ttsof ¢fianging 
cost and price conditions and ·01 the opportunity .Cost ,9f'fQfiQneC0J1SUmpUOn,UsmgsJJcba. 
model, fONQastscOmiistent with an ~c()nQrnic w~1.fPte ',maxhnum ~ti 'b~ @tetmintXi,'given 
exogenouspatbsf()t :.",l~vaIlt inputarldoutputpric~s~Forthesefeason$t.tbe :pr()~g 
method was cItQsenintbis.sm(iy. 

AProgrammingMQael 

Key ,assumptions 

The model Qfcrudeoil and condensate supply .Qutlined ,1)eIQwis81hlptedfro,m the.Rowse .model 
ofnatunll'gassupply inBdtishC()lunlbia(ll.ow~e 1988). The.fQnowing 'assumptions ',~ 
e<>rfimon tobothrnodels~ 

(1) There e~istsa ;penect .substitute fQr d()Qtesnc ',Ptodu(;~ • .In the Austrlllj~ll1oPel mis 
'back&t9ptcompd~s~ndogen()u~ly dete11.1)ined, foreign imponsat an exogenouslyspecifiec:l 
price. 

(2) Production from existing reserves is distblguishedfromnewreserves'di~()veredwithin the 
fQrecastborizf,ln.PrOdtJ~tiQnprofiles.fornew~serv~s :at1d fortbe ,rc·openingofe~isting 
re~rvef whfchhave~nshQt·in .(thatisttaken ontofpsef()ra.t:bne), ,~given. 



(3), Tberear~ ,e~ogenous unh, extra,cuoncosts lind deliverabUity ~onstrl1int$ondOlllestic 
$uppli~s,~ 

(4) There '~rnultipleso~s of dcrllCZiticsupply~ 

(Q)Tbe sumpf ~xpl()n1tit:m and develQP~J1teffort$, or·(~geffort·tiste~sefited.~xpliciUy 
in the Australian tmQ<iel. wbereas lt~'$ubsumed ina'~~tve ,comrmtntentt',Yariable httbe 
R()ws.~ J1lQd~l(~ ;'Newdiscoveries' b~lQw). 

The operatiQg ellvlrorunent andre~()ircharacteri$tics .• ~~lcey det~nnin~tsQf:the~bn()logy 
used ,to~:rploitaQ oil. tie1c:l.,Por ,~arnple.drllling cost$tamajor:co~nellt Qf,set"ltp"C()StS,',~. 
funcpon,pf d~pthandlQcatipn~ Three domestic 'supply ,regiQns.disdngmshc:dby ,ptod\1CUOQ 
tecim()lpgy tarC incorpPJ1lted in the Ausp:a}i~ 'model~ n* compri~: region l '~;of(sbore, 
production from fixed ptodqctiQn pblti'OnfiS; ,regioll2 ~()ffshoteproducti()n ,frQrnfloatiJlg 
pr9d~tionplatfQI'ffi$: an.d",~on3""""olJshQs:epfQducUoll~. 

There are If. numbcrQffact~rs~~tinicostdifference$ '~tossthe tl¢ee $upplYJ'egions.Capitfd 
costs for flpJlting facilities Jlre·significant1y~lowt.bpse fotnxcd,.offshoreplatfQIlllS. Typictd1y, 
f~e4'PUttf()rrns are ·.~sed..f()rlJU'ge.field$ witbslowproduc~h)Jl decay whi1~.floatlngsystems Al'e 

used forsmallfi~lds wititrapjdproduc~h)ndC9aYt In g~n¢ta1.per~metr~e~pl()fllti(utand 
development drilling cQststeno .JQ.'~ larger fQtoffshort Y~ntures than foronshomventures. 
Howev~rtin .llS~ssing :the drilUngc()stcQl1)ponentofM\)ilptojec~dtefinding$pCcessra~ 
(re$elVcs !adcie(lpetadditionaImetredd11ed)is~o,.irnporUm~lf (;Osts.perJuetre ~ low but the 
'finding $uccessrate is .also low 'then Jirilllpgctlstsmay :~ass~ss~: ~JlS,JUgh.In Austrlllia, 
historiclllOOding sug;essr~tesf~vour·flff$hore\1entpres.The development()thOri~ntaldri11ifi~ 
~chniqlle$h~s abo teducedtl1~ gapbetweenonsh()rc~J;ld offsbo~ s.upplycosts~ Afurtb~r 
reaSOll ;(or .diffe~nccsm operatingc()sts'actVss~gioPsliesin me.costofttansp<lrtinginputs 
J\ndQ\ltpu~. 
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Jntbis'p~~r, ~oet imPQrtS .ofpe~Qleumprodlt¢t$' #f~J$ .lOtbe .difte~Q~' ,betw"It'dome$t1c 
d~tmUl4 .fQtpetNl¢lUnpN4ucts,~,d,tbe ,sumg! dQm¢$tiQ~si()nal:supplie$Qf '~'9U'~ 
:con~a~. nUJS, 'itiSa$Su~Ulat rest'!of~wodd.,apcldo,m¢stic :,~l1lde()llan4c'Qnden~e;lU1d 

·tenn~~trOl~unlprQ4t1~t$ .. ~ JlU. ~de¢isgbstit\l~+ ;R~Si<mAA andprodP9tdisa$p'pd,9n .Q£ 
dert11ll}l'l@d tbeiJlclU~iQll 'Qf ,intper(~tsub$titUf;ioll~f:W"nprodPCts w9uld·{»'·i.mP0J1aJ1t1¢tlJ 
worldmodificatiQns:lt) ~ PlQQ¢L 

In dteRowsem()delthe wllQlesuppJYFQCeS$, .frnmexplW'aUoDtQ ClttntcUop, lS. tel~wo~ iA~ 
:~n~w ,res¢rvesbQokedorcQJllIllittedfQ~'sUpply,t ,and, an ~sQCi~.~supplypl'()file. 'Tlt~' 
prQ<:lt1~(mprortle fQrth~ supplYPt9Ces$ c9mpd~_giye.n,~ .l3sbe~w~n¢)tplomtiQn:~ 
,4evclopment,plus$.,prQductiQnpwfilefo ... ~x.tit¢tioll~ Tbefull su'pply ,profil~ is then tt,pplledtQ 
dte,knQwnJese.rve<»tnJIUunentv~blet() detcrm.ineprotiucPQn;. 

.A :risingunit 'capitaJ.'cost function i$aJ$Qs~ifieain the Rowse ,model. Thi$h~the .fe~~ 
,tbatcQ~tsrisc !e~pon<;ntiallyascumulaUvenew commitments ~PPfOAcbultimatete$eJ'Ves 
availllble. ThQt\!ncuon U$~ by :R,pwse (1988) 'l$'silllPly :m,PQ$ed !J~lh¢l'm3tlba.$~on 
~rtometrlctilly esti~p~tefS. lIt ~Austra11an·mod~l.<lJrsintiltttri~h1gunit ·capilal! :~st, 
curve isinlpli~d, for new JC~rv~s bysep~~lymodeUinge~pIQmtiQllJ>l\i$~vol()pment d:dIling 
effoJl8,llQ di$~veries!Pri1linaf}ffQl'ttmcJdi~oYe,l'ypas:Allle~rs ·.~mt Jl1enbeepol1ometticaUy 
estimated 

DriIliJJgACtivityis. .~ :majQl' c()mponelltofset-up~sts,in c1tplomu9n ~d develQpment.!nthe 
AustTtilltulmQ<lel, drlllingeffQl1is as$u~tQ be. afqpcuQil ()fth~real WQd4 ~pm:e ofctudeQil 
.artd~t;.ppc()s~perU11it()\ltptlt.P()l1owing Reinsch~4 O'.ReiU)' (l990)"Ctmlultdiveclrilling' 
:effottl~s itonewfllscovro¢sor ~sen'e .. adQitionStlCCQt~gto A logisticgrowm:ptQces!i~ Uls' 
~s\lm~Jhatnew~servesdiscove~areknownwitb~rWnty; thlls;g~ologicalunc:ertainty 1s 
not mc}ude4ln the IDQ(iel.HQwevet» itcol1ldbe ,incotpomt~ fhrough$to;~~~pc$imulation 
'p~sorStochasticPtQgrammiJlgm~thQds. 

'ModeleguatiORs 

The AusttalilluptQgta,mtl)mg mQQ~l wa$sQlved inaprimaI-1Jua} form. Wh~rea~ :R,()ws~ 
elllplQ)'~Anetsocilll. w~lfltfC ()~J~tiv~ fqnctiQn,. :.in .the Australian m04ela nets9Cial~velll1e 
fQnn,.enatog()usto,~rtet$QCialwelfa,re ,QbjectiveiUl1cijon$of l'11by~andJud$e (1971). is 
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used. An·adv~ntage. Qf th~ ,p~-4qalfQffil ()fm()Cf~ :j$trou' nprQvl~~'fQrtb~po$tJibility~f ' , 
jncbJ(jinscons~ts '()llbothpri~and ;,qtUtlltitY variAbl~$l ,~d,tbJl~for.tb~· ,m911l$ioJlPfa 
nnm~rofthe.mp~cQmpl~XPQlicy~gemen~.Fo,.eUlllplet·.taX.:W~~¢$ JlUlybointrQdu~ 
into :the~pitl11gecpnclitipns.FQrtb~primat~uf4 'fonn: .lUloP~ '$Qluthmm"styield ~. 
()bJ~tivQt!mQtiQn v31~e()fWQtsmce tltep~$olutiop,rnp~teql1al Jh~dual',$Qluth)n 'AttJt~· 

optirnum~This is.a usetuitecbnical ch~kon~cq.IlsfI\lcth:m,()f ,.tbeJtl~l, 'In.~tiQllt·thed~ 
:equ@oJJS~preSentl'riC(; ~13tiQllshipll.,tlttpUp ·~·'wmcb,provide,m~jlP1~intome~yilibdlun. 

soluUQn.Fotexposith)nfl1ea~ 'belQw,dJ~priJJlM y~rsiQJ1()ttJle PlQ(l~li$ p(c~n~ :~t 
f9llQwed by itbe d\lalcQn~U1lillts aIld·therevl$ed9bj~tive fuIlcgQJt {pr .~. prhnal~\l~form, 

Not_tiOQ 

Quantitiesaretepresented bY\1P~t~ele~i'S (~T~b,lel) ~49Q~Q@iflgpri~$mlowet 
case, G~1c Jettersdenoternodel.pmwneter$!Sub$Yript .I refer$ itt). tbe :ptQduct.iQn~$ton 
{i:::l,ofl} and sp1)script tdeno~s yeJllt.( t=l,."T) t A$~ vari~bl~indicAtes UtA~ .~evari~bl~ 
pertmnstonewlyQi$C()yet~'reserves, wheJ'¢thisdis~tjQill$ nec~sary. Variabl~$~fix.~by 

the le~rC,indicatefuectunulativevalueofa ~givenvarutbl~o A .Mllist<>fm()Clel ~atiabl~$ ,is 
provided in Appendix: A. 

TABLEt 
S"ltJ"'P1'1 t!IV4rlg"" N4M'~ 

C::: curnlllative vAble 
O=J1)altimuro dom~n.csupply 
E :::c"PlorntotY811ddevelopmentor,fPltiinge{fon 
M :::1~troleUtninlpons 

:Q :::domesUc ,~nw.nd. 
r :::in~st~ 

'U :::·maxirnwn new domesuc Qi$ov~rie$ 
V :::;··SCl11P value 
X :::dQme$tic$~ppJy&Qmp~-e:dstiQg ,re~.rve$ 

XS :::domestic ~servessbut-in 
xs* ::: .newlydi$COve~dQme$t.icco~~i~r~!'Ves 
y ·:::~wlydiscQvered.doIllesticcoromercial plpSn~n~mm~ reserv~$ 
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.{2, 

(1) t i FatC.Q,) .d(),1(1 +r)l ~ tf:11 Xitl(l+r'jf ... ~t X$i* X$fl*'(ltr)' 

ABC 

~,I" .. ·I eitEft 1(1+r)' ~Em, M, 1(1 +r)t + V . t .." .' t . 

D B 

A11~~. 111(1) are<lisc(lunWdtQ~riod4) values U$inginterest.m~, r~ AAdtbe ~u,~ti.OI1S 
~pp.1yto .~fWll'lU1~~of v~pesfQt tlterel<WaIlt v~bl~.Te1'lrlAindteobj~p.vefunctj9n l$. tb~ 

sum oftll~int(.fW!l$ oftbeinvef$cdcillaJ).4IlPlcp.PJ\$.QQis ·~4()Jlle$tic d¢mAA4 :fc)J'.~tr()leum 
p".od.~Pt$ in ,~riod. OamJ.is ~"()g~nous. TheiIlve~edemandfuJlcUQll·fotDila.rt<l CC)JJ4en$a~m 
A.us~(regic:)Jl(l)fQr pmO<:i tis: 

T~nnSden()~$c.Q$l$ ·ofex,,,action fr()mpr~e,qst,in~ .J'C$ervC$J·TermC ~pre~nt$ :e"~tiQn 
costs f'Orn~wlyclj$covered~$erves.wbere XS*'t i$~e,·$~~ of new ;re~rve$fQUI1din~gion I 
andperi<XJJftvrnwlticb pro<l\1cti()nflowsaC¢()rdinl.l·~a1-~riodprQfne It \.;:: (0, ""ttQ+T~l; 

p.=f} 1 * t •••• ,p r'; 0 '~.~,* S. l;tP,* ,::;: I} .Extr~ctiQtlCO$tsf6r tlle· '$~QCk .pfnewly 

c()nuni~ ~sefVesjn region iQ.I1d perl04t 1s lbeprPrlle!"weigb~ $um()f~nitexlt'a9t::ion ~Q$~ 
per·.dme.~Q<I 

(3) ~$i'lf =- x;,,~,PIt· 1(1 +r) 
t 

Teim·1) ~~n$t()fjndin~ and @y~t~pm~l)tcost$for~$erves djscOy~te4 witiJm tb~T-periO(i 
foJeCastbQJitAln. A.smRQW$~(l988),$llch.C()sts forgre-exj$tin~ ,J'C$e.,vcs .~ r¢g~llS s~nk 
anqsowe~omitw4fi()nt(l). Term E ~fer$ w lhe.(;osiof'b@~«>piJnp()rts,and V lsUtQscrap' 
Ya1~()f:\1nu~~~~s at the end Qf'lhee~tlllctiQnperlod 
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(4) V ""t(lIIt" <r/) ;XSft ~~I t+k"l(t+r):fcf"t 

+m1'1~X$Ii* tP/*t+k-l1(l+r)f+k,t 

SuppJies at -~ ,.bQriT.Qn'm-(!valued4tdt~, w()dc1jmponpri~ fQr,QU l~sstb~ f;QSt ()f:extroPtion.,hl .... ' ' " ". 

p{U'ticU.~.in~Wltion,(4)pr¢"~1~~~ r~$¢we~-wbi¢h aro- :sJtyt~minpe1i04 to -~fm()nIf .~ 
recQve~ ~QrgiQglQ a\tR~94pfOfd~,(t:;; 10+1, .. ,lo+T: -·~--:;'fJl,~.,~Tt()~P,~ l;~fJr:;: 
I} wh¢re 'PI isthemctiQll ~Qv~~in_agjV~Q~Q(J.Theh-¥aI~e 'It-UJ~ f~$t.h(td;r;PJJlsn¢t 

of operildngcosts,Tb~$tullebQlds fetr 'n~wly-di$c()vered~serv~_$.nQtprod.qcfX1 ,by~riQd '1:. 
M' " '. " " 

Also notedtut in (4) tb~las~su~ticm-nln$fi:'()nl k:;:ltotf()re"istingr~~rve~ Yibil~f()rJl.eW 
,re~rv~s. it,.rqn$Uorn~2 to t, 

Th~ primalCOQstr$ts weOlltline<i ne,,~ anti' wbere;relevMt ,tb~co~pond,ing4q31 v@ri~l~$ 
are~kete.dat tbe~ll.d Qfeach.oftlt~eqtmtions, 

Flrst,gomestic.qemp.n4fQr~trolepmpW4pcl$c&ml()t ~nc~ dQ)'J1e.sQ.9$u'ppliesofcrndeDil 
and. c~m@nsa~ at)il,impoIt$Qf.petrol~llmpl·Q4uc~: 

SecQnd,tltere aredeliveT(~bllity constraints Qnpr()duc~Qn !tom newly .di~ove~Q.Ilde~sOOg 
JeSecves (sbut~i1l)~specpv~ly: 

(6) tlll·,,~tl .X§Jk'" - p/,. ~ 0 (.411*) 

and: 

m X/I + XSjt 'f~fI¥t XStk - PI, ~O{'411) 

wberedt~sllOll1l~d.()n isfrorn k:;l tQt In(6)anc;lk;:;iw 1 .. 11Q (7). Notetbat in eqg~tiQn (7) 
what ,i$prOducedph!$ wb~tis sbqt·in.caJJ[lQte"c~tb~ Ueliv.~raQUity limlt, cl~terminedby 
.P~pin~,capacitytJ>lU$.~~rves available from prevlQusshut-mres()UJ'¢es. 



n~~jt j.$asSll.hle4U1~ttb~ di&CPv~r~c()mm~rci~res~rv~~cannQ~ C~~ ,~·tal,:re$,"JV~$ 

di~V~; 

Now, larBely fQllowin~lReiJl~1l andQ·R~ll1y(1990)ttotlllcumutDtlve .. e~~$di$COve~4'".~, 
detennin~frQm cllmubltiv~findinseffQrit while fmdjJl,~effQrt 4~peJJ(JSQllOJltpptpri<:~an4 
jnputcos~conditiQ»s.lllparti~ular; a logisuCifPwth curve is· ~p.~iijecJforcJ1mlJl~tiv~ 
discpveries!. 

wbe~: 

Cumulativefindlll8ef!ort 

,and the sumtJUltic:ms .Are from k=l ,to,t. No~thatthelJseQfthe :lQgisti(;cutVerneafistlJllt 
cPmul~tive JlewdiscQveries(CYII) must~way$ ,~.lesstltiIDthe uUima~ppte»tilll diwoveries 
(Ul ).CYi() J'epre~l}tscumul~tiY¢ gJSCQYcriesin ~riQd,O, wffi.cb ~ e~9genoQsl)' s~med, 

In acld.ition, (mdjngeffon is ~ssl1med t() ·,be. J1 JQ~'"linelU" l1UlctiQn .QfthoJ'eMw9r1d import ipfi~ 
fQrcn.,tc:lc()U. mt,·~d per~Jll1it~g costs. eit; 

(13) ~/l=801 mt 8J1 I s#,QlJ 
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A 'f~wc()mment$,JU'e in ,Qrder ~gardh1,g th¢Qtillins@d di$CQyeri~$ ,~ua.tj.()n.$'(9) ~ (l~~, ./t.$ 
~ll~findiJlg effQrt. de~Ilds ,QPlyc;m y~apl¢$~Xq~ellQll$tQ ,.,~. re~; ()f tlte'JllQdel, .$JJ~ ·thee 
~am~al~9hQld$f()rJ;~t,lmu.l~tiv~ di~coveri~s, Thjs .~$ th~t ~nnp,m ~b~ pritml. ,Qbj~!Ctive 
fPllctiop j$ti~e4e~ogenousJy ~d'i$thus pred~terroin~ b1.t.bemQQ.~l.Hen~e,~rm t)' .Cap.~ 
4rqp~frQm tI1.~prinwl,()bj~ijve fppCU9nan4 ~g~ti(m~ (9)tQ\(13),$Qlv~for You~idotbe 
mamermttj.c~ .QPdmi$ationrQqpn~. Iien~~. In whatf()UC)w$.~q~~on$(9) ·tbrollp (13)a,re, 
s\lbsmnediQ (8),~f(ectivelymakipgth.e di~~oyeti~s deletrt'linecl' by wpd4 ,pri.ce,s~ 1Jti$ ls .1\, 

~stticdQn ontbe modeHhatwiU '.~ reJaxedinfp~wptlG 

The dlUll CC)I)stlClints ~,deriv~ by formingmeL~gr.m&hUl ftmction for ,tbe'primalpmblemAA4 
pfJ.rtiaU)'diffe~nti~tbiS' tblsfUllcUQJl whb~spectto :,tbe prinml v~bJescrakayam.a~d lyd~e 
1971 ,pp. l~ 17), Tbe resulting du,al~u~tion~:e~nti~J)'repre~ntaroi~e condJtJQn$f Np~ 
tbat tlte cQJTesp()ndillgprimalvariabl~SMebn\(;ketedat .• th~en4 .of~b Qf the~uaijons. 
FUl1ber,no~ thattbe drilling and discoveries ~ualions ~~xclude4 from tills derivaQ(m:. 

First, tbesupply .pri~ .Qt oij for A\1stt'alla asa wbol~ (regiQn4)c;ann()t~x~ lhe~JJum4prlce 
of oil; 

(14) Pat (Q,) I (l+r)1 S q, (a, J 

SecQnd,the ·effective sup plyprlceofth~ cllrrentand future· stream of new reserves cannot 
exceedtbe .c()rrespond',ngf~ff~tivein-grQund price plus scarcitypremilllnS an4exU'actioncost$ 
lessdtesalvage valllc \;! 1 Jew reserves .notprod~ctXi. New re$Crves win.()nly .~committed for 
supply blthe current~riodttt if theretum from this acrioncovef$ tlte oppommi~ .CQst Qf 1 lot 

supplying them in the current~()d;otberwjse theywiUremainin thegrpund: 

(15) 

wberethesurnmationmnge$fromk=l to T+l-I. 

SimiJarly,dleeffective in"'lP'()und price of fUt\»'e eltcistingreservesshut-in less their scrap vallie 
c~nnot exceed the current ingrQund price of $hut·inreserves. AsbJJ~ ... inQfreserves will ,only 
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OCC1lr ;io.thecpnent~n(Xtiftbev"uoortberesf)ureel$ .• tlel$t::Q/larse ilS ,~.Y"UC~ved 
fronl future .Shut~in~SQurce$: 

Third, :th~dem@d price:rot()itc~notel(t;e¢d ·thc·CuttetiJ ina;roundprice ·Gf· cmstiJ1I'"*"C$ 
shut-in plusmeiJ:' ·~"tractionco$l.ProductionfJ'Orrt·exiStl.tJJJl'$CrvespccurswheQ .tbc···~ 
prlcecov~rs tbe$topport~i.ycost$! 

,Last. 'thc.rm.tderoandpricetorOil.c&ntlotCXcted the:woridill'lpOftprice for.()il1lnJport$·/lri~ 
when'the.prlccs.'areeqtWed: 

(1.8) ,q, ;~mt l(l+rV(M, } 

1he.p~.-dualform()f·tbe objectivcfuneUouisderive4b,YIJ1b1ra¢Ung,from(l) .thefollowins 
clCprc$sion : 

wberctbcr1Mlerrn~sents c}(pJoration ~sts ·and.develf)pment~ts(llS$ttmed ~~ 
lntbiic~),the;secQnd 'and 'third ·.tetmSteferto deliverabUiay·tosts .Pd .. tbe II$t ~lm.$Ctl" 
thc~ityCQst$ "{fleW discoved~ 

To convert,:theRow$C model, .ba#d "nlsocialw¢lfare.obje¢tiye·fUbCU<n1 •. to:.mod~lll$i"g. 
n¢t$OCiJil~ven~'otijective funeti()ni",~t,$U"l.bf 'lheintepttl, of ·.the inY¢fSecJenut.nd61nctions 
are rep~ by .smss·~enue.thati$,ten1\ A 1(\ equation (1) bc<;omel: 

(20). ; P.<QUQ",t(l+r)l 
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Model ,Parameters 

Thcmodelp~ ·.used,in'the$imulad()p~~ist aregivCh in Tab", '2. ·'l1lCP-.mcICtS'.-c· . ' 

separated :intof"txed .zmiI·'varlabte cateB~rieSt ,Fixedpannne~b.v~ .e()mmonv"ll¢$~mssJ1l 
'thesitntiladons. ,Sbtsimulatlons,descritedJntbt;:next section"wereperi'Onne(lW antlySC$OnlO 
'ofth~mQde."$PtQ~~s. 

The d~UVerttbiUtyconsttmnts, or ,production limitstOn~xistipgrcserve$ ·.~merely ".of' 
illliStnt,tivepro~tiQns ofproduction't1om e}tisthlg~t.t·The·valUC$ ·~.broadly~()I'lJJsteQt 
withth~$Upplyptoj¢Ctions in ABARE .(l989)~ "Tbese'prOjectionscolrespGQdto 'the }lfOjection$ 
of tbeBurcau of :Milleral Resourcesllt the SOpercentpl'Obabiiityhwel. ·1bededvatioo()f·dle 
ptoducth>nprQfiles is explained in AppendlxB:. Notetbat .proQJlCti()n from .new·C9Q1m:reial 
reservesi$assqrnedto. lagdJs(:overyby4yearsforflJed olfsbore platfotms, 2Yeat$(~r 
offshotetlOltingplatfonnsand one yeatforollSbQ~ facjUtiC$.Tl1eproductirm :tlUislollg~lot 
offslioJ'C' fIXed. 'phltfOrtnS and sltofWsttot offshoro 'fiOitingpb~tf'orntS,R~ov~profil~ .for 
existing JCSCrvessl1ut~inarevery$imilat, exceptth21t:reservesshut;j.n ,in ,period tcan.pptentiltlly 
recommence .s ... pplyingUterraadCetas early as~(J(l ,1+1 :(see'Tablc2). 

As explained in AppenmXcB, ,tlt~panuneters£or ~ demand equatioP,'were f!Conc>rnetrically 
estimated. A scale :tenr'!wasse~t()cati~dleacl;llal demand()utc()~.to I!)89~90 data.R~ 
growth rates in gross dOltle$hCproductperpersonwerebased ona~t of assumptionsabout.dte 
fu~()ftheAustraliantconomy~11te ~ono~:rnetbQds 'ami calibmtionp~Ul'\'$l1seclto 
detemUne the .fi~edpa.~ters in ,the drillinganddisc(lvenes eqlllUionsarcalsoe~pJaineclln 
Ap~ndb<B~ 

Scenario parame.ters 

A nutgeofscenari()SWllSllSed~ to .antUyse tne ptoperticsof ··Ute·mtldelnuher tluul toprQdpce 
forecast outcomes. Unless otherwisenoted,rea1operatingcostsareas$urned.toave~ge 
$3/barrcl.(appnlltiJllate1989-90 vll.Jues)anda~atinterestl1l~ofS~r~tlta,~ W8S8S$umed 

lorihesirnulations.Thesetwo values represent the mid and lower liJnilS,tes~tivelYt()r the 
corresponding values considered in Hogan and Thorpe.(l990). Inaddition,sinceprOOU¢tion 
was assllllledto'l~g discovery, deliverabilitycQnstraintslJnne\Vte~rves would tend.to .. ~ 
limite<ito.conditi()nsofsevere domestic, supply disruption, . and· '.sowercn~t included 'intbe 
analysis. 
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~~~~~--~~~----~~~~~~~~~~~~~~~~ 
;,Il" :p.ram,(e.rs 

• J)e1iYerabilit.ycon~tsOll exi$tingreserves(rnilllonsof llttiTetsperYear)(D); 

- ,<>ff$hQrenxedplatforrns 
It=l, ••• lO;, 119,103,89,,80,71,72, 72, (i6,i$!h '53} 

- offShoneiloating,platforntS: 
{t=d,.,;10:S1, 44,38, 34, 31,~1. :Sl,28,,2S,:23J 

.- ~n$hore: 
{~1,.!,1();22.18, IS, 13. '11,9,$, 7,1, ;()) 

-Production 'prOfiles for~w~es;fracdonof!reserves~uppliedperyear <l\*); 

'-offsbm'e fbtedi't!latforms: 
{.t= 1,~,,~;Ot\ 0, 0; . .0,0.0526, . 0.1 OS3.,O~1 053,0.10.53,0.1053,,0.0957.0.0861, 
O.0766,O,67~~O.OS7 4.0.0478.0.0383, ,Q,OZ87, 0.0 19l,0~0096,0} 

- offsboreflQatmgplatfon1lS: 
{t:=l'H,20: Ot 0, 0.3333, 0.3333. O.2222,O,1111,0 ••. ,O} 

- onshore: 
{t=1.~.t20: .0, 0.10, O.20tO.20t0.1667"O~l333,O.1,0~0667i O.0333.0.~,O} 

• Recovery profiles for existing reserves sh\lt~in; :fractionofreservessuppli~ ·peryear<p): 

.- offsborefixedplatforms:. '. . . . " . .' ,'. . 
(t==1.H,20:0.0526. 0.1053,0,1 053,0.1 OS3tOJOS3..0.09S7,O.0861,O~0766. 
0.670, 0.0574, 0.0478,0.0383, O.0287,0~Q191,O.0096, .0, .. ,0) 

- offshote floating 'platfOnns! 
{t= 1, .. ,20:0.3333.0~3333,O.2222,O.lt 11,O, .• ,O} 

- onshore: 
lI=1, .. ~Q:0.I0,O.20tO.2t 0.1667,0 .. 13333,0.1,0.0667, O.0333,O,ot,O} 

• .~ equation (equation 2) 

- $Cale .term 

~t=ClJ.l.t '«4. whel'(:« = 3.9820 and the prordeforreal per 'person gross dO!1l~stic 
pnxtuct ,is: 
P-t= 1 ift= 0 and 
J.1r::J1t .. l (1 +8t) otherwise, 
wheregt= O.Olift=l or 

= O~OlSotherwise. 
-shC)l'trunpriceelasticity 

(X2 =0.0311 
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TABLB 2 (continued) 

- Short run~1"capita O[)P.~11lsti«;ity 
«4=O~1907 

.- .exponent on~ggecl demand 
q.3 =0.7692 

- a¢tual d~m,Ultnn 1989;90 (iageddependentvariable$tarting\vlllU¢) 
Qo=234.18mbbl 

• DrUliJlgequation (equation 13) 

.... sc~etenn <8(1) 
(i=1.~.,3;61!4439. 19.4.141, 143.108ZJ 

- e"ponent.onpricc(8u) 
{i:::l, .. ,3: 0.5, O.6.0~4} 

-.expon~ntQn~r';'\UlitdrillirtgCQ$ts (8;2/) 
{l:::1 , •• ,3;1.4, 1.8,O.6} 

• Diwoverieseqwt.tton(eq1UiPon 9) 

- ul~ re~~ (millions of banels) (Ui> 
U=1, ... ,3: 229.0,62.4, ,223.0} 

- cunn.dative drilHng!startingpoint (thousaru:lmettes)(CEiO> 
{i=t, ... 3:· llOO,7()79, 733.8053. ·15S7.1467} . 

-cumulative discoverlesstartiDgpoint (tnillionsQf,banels) 
(CYiQ) in 1989 .. 90 ". . .' . '. . 
{i:::l, ... ,3: .230,0 •. lll.S.62.S} 

,-multip1icativ~discoveryfa~(mi) 
{i=1""t3:9.0378, 9.0378, :lO~~369} 

'"' ~nenthll discoveryfact.Qr ("11i) 
.{i::l, •. ,3; '0,002, ·O.003tO~OO15l 
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Scenario .p,.ranlete.-. 

.Baseline (lSsumptions (1) 

Fmdingco$JS (drillins ~sts),are COnstant :eit ;=1; 
R~opm:ating'c()sts ~ ~oll$fJUlt:xsl=:;tt=$3/b:A1el (1989-90valucs); 
COnstant 'fCI1l'(li~unt rate: r =S perttnt a year; 

No delivet'Abilityconstraint$'()nn~wtesente$;,D~it';:r:'CIO 

\VQrldcnJdeoil.price increasesat2.S .p¢r~tannuauyillc.;jfi.umt(1989·90) US$;(iiVl$iQIlllY 
(",-chan.gel1ltes8iv~s foUowing\1aI~esin·C()J1Stant A~l(m,): ' 

{t=l, •• ,20:. 21.07, ~1,89, 22.74,23.96,24.90, ,25.89,26:54.27.20,27.88, 
28.58, 29.29,30.02,30.77t31~S4t32.33, .33.14, .33.91,34,32,35.69,36~S8] 

World priccscenarios 

(2) As in baseline except for atemporarypnce 'spike m 199().;91ofml =lJ.7!76 

4.0 percentJUlnual groWihm worla tnldo .()~pricemeastJredirtCOI1stapt'USS 
(1989--90) :frorn~e.same .~ as .in(2): div:ision by exclla.nge.Jllte$ gives, in 
con$UUltA$lbarrel(lIU'): ' 

{t=l,.!,20; 2.7.76, ,29.26,30.84,32.96,34.77, .36.67, 38.14,39.67,,41.2,. 
42~90, 44.62, 46,40, 48.2(j,SO.19,.S2.2Q, 54.~9, .56.46158.72,61.06. ·63~Sll 

1>rillirtgCQst$Cenario 

(4)3~ ~nt Mnua1m~in rClll drillingCQ!i~~ 

(lit = 1.03 eit~H i==-l,.hlO, /;::1, •• ,3 

.~tiJtgcost scemuio 

(5) Real ope11ltingcosts of$4Jbar,rel (1989-90 values) for e>dsting reserves: 

XSj ;:4; ,;::::1, .. ,,3 

ln~stratc$Ceruuio 

(6) r;:::8pcrcent·~·year 
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For.tbebase simulation AsteadUy rising woddcmdeoUprice was ftSS\ll11ed, ilJcreasin$fJvm 
$.2·1/b~1 in 1990 .. 91 ·to$29/bartelm 1999~ZOOO (198g..9{) '\1abt¢s)~The~ffectQfm~ l@qi 
:mv8$iolJof KgwlPtin ,A~sust 1990 was not included lndtis silulllati()n; ·tllus,thesimlllati.9n 
serve~;as ~.~nchlflAt'k {or analysis .()f .supply .respOnse ·w c..udcQil price ch3il~es oinme 
·p1'()gramn)ingmQdel. 'For simuIatioll.2a ~mPQraryprl~:$pike was,8$S~ .to· .qcC\Il"inl990-
91 .as '~~$ult()f the Middle aastsupply ,dis.ruPti~n ~d adj\lstment.bac!ctQtlJebQc-case 
~llllibrb.lJliJ>rice path!lnsimulatiQn a a sustained 4~rcentannuaIjnc~in ,wQddCl1ldepll 
priceSW8SIlSSW1.le(l, meMure4 ittret1llJS$:~t'D,l.S,fromthe 1990-91priceofsimulatiQl1 2~. 

Ch~gesin ,the drilliltJ cQ.stanq ()P¢ratin$cQstrehttive,to$hn\1lation 1 :fo~,~lJ1ati()1lS 4 '.an4 
5 .• de$igne(i t9 .p1'QvidcaffleasllfC ()fjJlte~p .. 0. W :attc:l in~gioil,l$l1p.plY'r¢sp()n$Cst()cost 

. ' .. 

cbllllges. 'Tll~eff~tsofa chAllse inth~i11tetest ~teon .supply 'tesPQnse lin ·Ute 'mfX!elwas 
jnvest.iga~ in simulation6~ 

SimulatiQnResults 

Simulation 1 

l\llthe result$tefer~9 the 'f()f~~linterva11990 .. 91t() 'l999"2000.S11ut~in resources ,~e 
itrtpllci.Uy ~pvered,thr9ugb th~sct~p values, m We fen,.yearperl04 after ~1999~2Q(J().S~lecte4 
~gionaJ.~g~Bate ,sUllplap9nresults .~pre~ntediATables.StQ7p 'Them~l 'was aolv~ using 
then()ntinearp!'Q~gpackageMINOSbyMUl'ta8h aod'$,atm4et$ (t98~). 

The results fQrllie base simulation (1) .arelPv~n inTabl~3, The paniculprp~ter~ttiJlg$ 
cb()seng~nerlltellet imports in eacbpedod., ·Hence,.the. real domestic priCe of Clllde 'oU 
c,on;e$ponds.cQcUy .tQth~ e~o~en()l1s1yset "~'Plth forwpdd.9ntde oil price. ThbfeatuJei$ 
cvidentin .allthe simuladC)nse"apU.~ Jnd~ itw.oul~f.be.necessary ;todJ:astical1yin~the 
4eliv~bility limil$ (determinedbye.ustingreserv~availabl~lUldpumpipg .capacity) :toacl)i.eve.~ 

zero net' import ol1tcomein any :JX'ritld.Tili$.mealls, in gCttcml. that the ,spppl.,si(l¢ ·ofthe model 
is eff(X;uvely Inde~pdentofthedell1an.dside,~dthat the suppl)' $ideeffcctively pmOlUlt$ tQ .~. 

lin~pto~tdng subproblem. 1'he del11andf9X' petrolCf~mproduct$i$inf1uented o1llybythe 
real ~vorldui1pric.e,~r(.i~pita ,Bl'oss domesticprodUCl.perpeI'$Qnandlagsed. demand. Net 
imports .~detennined~~idual1yasexc~s~ dema.ndfof })eU'QlelllJ1 prodllCts~ ltisthe level ()fnet 
irnp9rtSUtati$ibe focus .of.in~re$t,aJ.Qng witbtbrr l~elofcollS\lITlption~, 

In the b~silllu1~Qn·fhe. dQ~.stic deQ11Uld.for~troJeQmprod"ctsrise~ s~)'from Z41mbbl 
in 1990-91tQ 257mbl>1 in 1993 .. 94 and teachesZ16rnbbi 1n ·1999~200() •. The .cOm$pollding 
ABARa (1989) prQject.i(ms we~ 234 mbbl~ bll990!'91,255mbblin 1993~,94PJld289 mbblin 
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...... 
"'-l 

Year 

199().Sl 
1991-92 
1992.;93: 
1993.;94 
1994-:95 
1995-96 
1996-91 
1997":98 
1998-99 
1999-20 

TABLB3 

Selected ·Simu14tW1I ResUlts' fo,.:Stlle R"II(a) 

. Piicefot . 'Domestic Domestic ImpOrts :Production . PrtduCtionProdutnon 
:00 'demandsllpply in region t ;ht~giQn2in tegioll.3 

(1989)90 
;prices) 
.qQ. . ~ .. '.Q-M .. ~~M_ ~__._r~! ___ ,~ ___ ~rS2 ___ ~. T~~~~~ 

$Albl rnbblinbbl :Inbbl .mbbl. _ lnbbl .. Iribbl : 
21.1 241.2 '192~O 49.Z119~O· Sl~O 22.0 
21~9 247.:2: 167.2 :80.0 l03.~O 44J) :20.2 
22.7252.3 :tSS~o '97.3 :89.0 ,45.0 21.1 
24.U .256.6 149.6 107~OgO~O 47~6 ,2L9 
24~9260~4 143!Q 116;8 14.3 48.3 20~9 
25.9 263.8 i49~O 114:88L6 48.9 Itt6 
26.5: 267l) 149.4 117;;5 86.7 46.4 16.4 
27~2 270.0' 138.1 131:.4 84.4 40.5 l3~7 
,21.9 212.9 126.:4 i46~5 79.834~i ." 11.8 
28~6 _27S~8 113.8 t62~O 14.7 .. 30~2 ,:8.9 

(a). The :to~>SUPPtyvariablesrsi. values OfXit+ f ,Pi-t.:J:+lJ(.Sjfc· front .~~. '(5) •. 



Im~2000 •• 1n·.dl~m<>d~1.dt~wta}'4oJlW$tic~upplYQf ·crui!eoUan(JcQn4en.te ·iSc9aIC.wa~.·tQ 
faUftQm 19~ In1i.l>li1l ;199()~9t 'W 114 mt,bl htl~~2000.:progp~tion 'faus.·~~PdilYto·l44mbbl 
m J99~,9S,butJbe~ls ·.~~mPQ1W}'plclc~llp;in. $Jll'Plyw 149 im1.lbl. 'in199S~96Ma 1996~97, 
ABAAB(19S9)proje;cijol}t,;:f:r;pnlUle 5P~1' ~ntpl'Q1>~bilit)'PJ:()j~tit)QSQf,th~Btij'C8Uqf'M~¢ml 
ae$o~$ inQicateds~pplydl'oppm~ 'fwrn19711lbplln 199(b91. to 122.Jnbblm 1999~2000~ 
witll.ate1l1PPrary plateag .. Qf .t42mbblJI}Ut~~od 199~94tQl996-97.&~tfQt 1995.;96, tbe· 
:IJloq~ll'~9ts a .falrly$~yjn~~*,;hlm~tim.port$,frQm,4:9 ml>bl i.ll990~91·to162mb"1.in 
1999~2000.AB.Al$ (1989)prQJection$ ·1lad.im~i1s rimOI'from 31mbbl:in ·199()-9l,to :161 
mbbliIi 1999 ... ~00Q. A very~~ent 'set QfpI'9jectionsPfQvid.~by the· '8iltea\lQf Mhleral 
Re$01l,f~s(ABA@ 1991).gives a Jlll~ch more ,optimistic $lIpplypl~~.aow~ver,.tb¢~li"w 
p~J~ti()nsareun1Uc:¢lytQ ¢blUlg~th~ ~(mclQ~iQnsQfJ.h~stt1dy m rel~U()n.tc>tbep¢dorP'UUlceQf 
,th~ ~l.$in~ ·thesilnulllgons ·~evalp,atedrel$iv~·tQ .il·~~Q. 

lIisirnulatiQil 1,allJhedeUvera\lUityconstlClblts ,Qn~~lsgn~ reserv~ .prove:lO ~.bindingan4 
~~re ·~nQsItPt~in~serve~.J3xistillg~servescomprisetlte ·nuUn.ptU1ofdo~$tic$Uppjy pv~r 

,th~ fQ~~~~riQd. ()ff$b.o.r~prodpcqon (ro.m ,fb~e4'pl~tfoffi1$istlt~llU~~$t SQur¢cof ~,u$Un~ 
s~pply. ·lJ~.· QIl thep~t.ers of,tbe'l()~$ttQ ,~owthcqrV~,wta.l cC)~ialai.$COveries oVeJ' 
thefe.\"e9ast periodarnollnt to '229mbblfor .~gt. • on 1, 11~ rml>blfor~gl. ·Qn.,2lm<l6~·m"\)1·fortbQ· 

. "-
Qn$bQI\,~gi()n. Alltbc C()ll$~nts .ollcom.metcia1.dl~ov~ri~$ pl'Ove ,1;lin4b.l,. :flen.~, t.he~$plts 
(Qt c()~"Cial rcseJ."Vc:additions.C9rrcspond.to .the cJWbrated inputstOl' co~rcial.,8P.dnQn­
comntel'CialdiscQveric;s,Po.texlll1lple, driUinJ in :1990~91~v~s 4i$CQvenes \wlticb1lltimately 
~$lJPply63mbbl,2.1 mbbl'and' 22 mbbl inresions 1 tQ3 ;l'¢sp~tiyelYfThe~~suJt$are, 
.hC)wever, ()m)' m11.strnijve.,TIlerr:is.cQn~id~rable 'geQlogicalpncel'tllinty .sum>tiJldiJ)g fQIeCt\$l$Qf 

reserve$.StocbltStiosimplati()n.~Quld ~u$edtC)Produ~probabin$tiQfo~l$of 1e~rve$and, 

ofprQ(luctiogfromthese ·t.es~ryes~F()r eXflmpletffQQltlle~OIl()nt~1lic~sults,p(pbabi1i~y 
distribUtif).nsfQr4~overie$ ,couldbegeflelllt~mtdrandCJmlysampled~ 

In thentO<lel,tbesupply Qutcom~sfornewrese.rves ~e det¢nnbled Jromtlle ·comme.r¢jQ1 
dlscoveriesfifP1resand the eX9genO\ls,prQ(i\lctjQnp.rQfile$~Theminilllumti.1ll¢1~gbetw~ell 
di~veJ'Y amJpr9duction lsoneyear, wmcbapplies .to,()nsbQil'·discc~lVeri~s~ProductiQnm 1990 .. 
91Js$Qle1y frQmexisting 're$Cl'Ves. Opsboreproduction Is tbeonIy so~ Qfnew$upplies,in 

\,.' . _.' ',,"-

1991~n.from 1992,.93 tQ 1996~97offsbore J)ro<iuCtiollfn>m ,flolloog ,platlol'lUs 1s the main 
sQ\trCCof[lewsupply, !Pld fQl'the ,remainder '(lithe ,(o~~tin~fYalprP4pcti<mfr()m. ~offsb()re 
fix¢dpl~~Qr:ms tttkcsover. 

·If thecrudeoUpricene~of operlltbts.co$tsis~J:WllysPQsitive(as, in t.eplhYt. itPSu~y is) •. it 
fono\Vstltp.tth~ deliverabUit)' Jimi,t$on exisQ.Qgreseryes will alw"y$be.bk~dinS'f1nd b~n~tltat 
dU~~81Plty valu~s :Qfdt~sQJeServ~s .~strict1Yp9sitive.W.itbthe delivel11l)i1ity constraillts 
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"~diIlS for· ~.;h~~QPJ.~~~t-pedodQutpu~~uals ·suppIle$ ·frQntibe; preViPll$sbut--jp 
~pqrce$pl\l$ cU11'(mt~xpge~Q\l$PtQ4u~d(mlimhs. ~Jlt"pc:riQ(iprmJpCfjPilPo~~tial.wmnQt 

·.~.shut .. i~ lftbe$PQlci~f value ,of currentp)'Qduc~iQn~~$ .·Ut~·.w~jghte4 ;$llm of i~,fUU¢~, 
scarci~ Va11leS incl~i~e Qfthe~p value (tbeweish~\beiJlB~en fnlmtherecQveryptofile.fQr 
sb~lt\"inreserv~s),Thescrap value~rNspon4stQ ,the n~tprl~Qf wbatRrmUgS $hllt-in'D~m~ 
fo~t, bQri~()n, 

GlvcmUie :a$sumed vahle$.fQr ,U\~. ,tUQdel ParaIDeteJ"$, no <,1Ustin~~rves ,lge ~~·Shut-IDJn ,me 
b~$jmQl~tjc:mt ThllS. hltbls simulJltiondeliverabiUo/90Jr;.~ts ,*Y'C'. ,fuJlfrnet b),Qune:nt 
;pwductiQ~There i$ alwaysprcxtucUon frQm~"istjl1s~~rves :in,e~b~siC)n~@d $in~ 
~~t11ting ·PO$~·Were ~$umed,1Obe COlllmon it .f()UC)wstbAttb~S¢~tyV~U~Sflf e~i$oog 
~serv~s··are.·a1waysequal ,~,rossaJlreBions,~t i$tm~rempri~ ~ap,mlUldi$.countcxl198~9(). 
"~lles,between mewQrldpnce !ID4th~scAI'Chy v~tJ~fln~~i~tU1S~$efV~ CO~$P9Qd,stotJle 
cQn~qmto~tiJlg CQslS. 

There :ar~<Uff~rences in tbe SCJlfClty v~ues for Qewrese1'Y~s.,botba~J'Qs$regj.ol1s~49v~timejo, 
N~wc()mmero,ial discQv~es -.. ·tila.t .18, J:ieW' :~servesfor wbich ;producnon js. 'Ix>Q,,~pr 
,CQJnnUtte4 for SQPply -..... cOtr~pcmatQ ac~~cliS9overiesif th~ m~~mPQrm tltl>itt:~~~ontiitiQn 
.i$ ,sAtis.fie4.JnpaI1ic;:~, ·.~.cQns~llin~ lspindingif.tbec~Pt $¢~cityvalueof:uew~~tV~ 

~JJ~th" pn>rlle~w¢igbted ~umoffyt.prewQrJdcm4eQUp,ri~e$t.ov¢fdtefQm:Mt.bQmon,plU$ 

~: scrap v~tJe pfdtesem~w re~rveS~ 

ftQtn ,.th~ .el(.ogeP9tl$ ImnepaUt$ forcrud~· oil pri.~~doperE.lting c;Q.$~, i~fonQwsttmtme9UlJ'ent 
sc~ityv~uesforn.ew m$erves .~~·t1lways$trictly ;PQsiijvc,sQ tbp.t the cQns~ts· .QI) new 
~~JV¢s .~. bindin~. The scl.ll'city values .. ~smallestillr¢~(>n lsjn~.wbile$(;I1lpV~ll~ ~nQ' 
to·~ lar$cs.t inregiQn l~a.Qseofthe,JQngpJ'c<lpcqontaUs, tb~. i$mc:>~ 'tnan ,off~t mtne l>@e 
simmlltion 'bytbe lQng.l~~mnes.Mc;llQw PfOOUCQQn ,r~~$· 'Pl tld$'",~PlJ~ F1oat;ing.pl~tfQnm 
have tbe bjgbe~tsctl.tcity valpes~ly intbe fQr~Mt.pMO(i .~!C.~Q$CQftb~irhetlvy ·weigbijng on 
f~.t ex.tra~tion. 

Ex.cep~tbivpgbtb~~xogeno\1s1y de~rmined :wC)rldQjlpriC~, t1t~ ~tmU1d.sldeC)f the model.j$ 
inde~gdent'of me supply side of themode1.A& .sbown in Table 4, me tempC)raJ.'Ypri~risein 
199()..9ll~s.tQ a snglttcle<;.~ in4emand fot~troleumproc;l\1ctsremtive tosimuladon 1, The 
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Year 

199()..91 
1991.;92 
1992.:93 
1993-94 
1994-95 
1995-96 
199&:97 
1991..:98 
1998 .. 99 
1~2000 

'TABLE '4 

SelecledSirnJilatW"llesults for SimulatioB 2: 
Price ,spikei" J990.91(a.) 

"Pricefor Domestic I)omestic lmPPrts 'Prod~tion Production 'Production 
'Oil demand supply ml'egion 1 In'tegion,2 iraTegion,3 

(1989190 
prices) 

!L_' " , _~'Q~~~Q:M M ' TSITS2 'TS3 
:$AJtiI 'mWI mbbl 'nitibl 'rtibbl tnbbl 

27·.8 239~2 192~O 47.2 119.0.' , Sl~O 
21~9 :245:6 167)" 7,8.{2103~O 44~O 
22.7 251~0. 156.6 ;94.489J) 46.2 
14:0. 255:6 150 .. 9 104;1 80.:048.7 
24:9 ,259.6 144.6 115~O 14.8 48.8 
.25~9 :263.2 149.7 113.'.582.448.8 
20.5 :266:5 149.4 117.1 '87.3 45.8 
27.2 l69.6 138.4 131.3 84:8 40.0. 
27~9 272~6 126:0 146~6 30..134.3 
:28.6275.6 113.~162.·3 '74:8 :29Jt 

mbbl 
, :22.0. 

20..:4 
21:5 
22.'2 
21.0 
'18.5 
16~3 
i3~6 
11~7 
8;1 

:(a) See Table 3. 

.., 



dem~dc()J)q;a~tjQA .itl· 1~91 ,i~. 2 mbbl;r~aC9tmgl*l~~q1;t.AJltit)"~jg$~nt,d~mtmd 
~ym()v~s 1l!lCkJ9 ~¢P~ ,Qf$jmmation l~ 

AsmQd~U~,Ute tcmp9ta!'1$pikc mlbe ~l'Jld~oilpri~~ mcreM~$ ~ncPl#nt 4rUllPS ~ffQrtm 
1~91.CQmmeJ'Q.jalf~~es·in J990~9.1ri~ '~y9 mb1}J.,4mbbl~42mbbl m~~9n$'1,2 
i1ld3, ~~tiv~ly,.~l~nvc .'tQ. $imUl~p.()n.ltaQw~Y~r,lh.eJ)jsher:~ 9f .tb~·loji$Q.9.mS9()v~ri~$ 
CU1V~re$ult$jn .eltl'lierQjmirdsbillg"~prnstQ c;binmg·~.ffQrtthmtin$imJIlatiQn 1.8~n.c¢,frQm 

year2(1$)91~92) onWaI'atJte;~ .aremar~~lreducnQ"s ·in m~ tmcUn~$~~$$ '.~ (~$erv~ 
eA.ded relativ~tQe~~drilling~tJon) CQmpared withtb.~b$C~~~.~.bnuWion. A.se~~~ me: 
$c.~itY; va.IUC$ ;fQroewre$e~eS.~ll1Jc'b~ge.4tfc.)m the·b~ .~~, ,8$. tb~y ~pen<l9npJi~e.s 

fr<>m Yem'Z OIlWllJ'g .. Retl~tiJlgcban$e~in msc,Qveri~$, .~B~~$~ '$QJlPJy .ff(nn neW~.~~~$J$ 
$lightlY'bigbefi tnarlintbe b~Ca$e~tw~n ,t 991 ~9Z' 'a,n4: 1995~~tbuts1iBhU.y l¢ss ()V" ··Ut~· 
rem$cJ~r.9f.d.le fOJeCa5tintel'v31, 

Supplie~ fromexisPltgre~es .. 1lf~unatfectedbyUl~~mpor~ .price\$b~"!TJti$i$ ~~use ' 
tbe~ i$ oJllya sIl1Alljn~~asem ·dJ~ SCat'cj~valu~QfeXistipgNserve$, whil;hjs cQnrJJl~ .~ 
1990 .. 91, J{nQwledgeQf :fptureprice$ ftW4smu> ·Ul~·~ntP YaJP~$, wbicbfe~ b~k tQ·~~1ie~ 
sctU'Cityva!ue$,lntbjs $iJnulapun prices bey'md·1990~91~l1JWrumg~ from the ~C~t 

Ovel1lU,rtetirnports dcwJbl~ 'slightly :reJatiV~fQ simplapon 1 te~cePtittdte last~ .'1'. e3PofUte . '. ' 

forecA$t~riod wheretb~)' .~. vmually,uncbcmSf:Ci. Netimpomareamp.Jl4Zmbbl.JQwerin 'the 
tit'$ttlveYe~Qf the fQ~3St~~ 

Results f9rs'implaqon 3 JU'e shown jn T~ble5, Abi.ghetsrowmpatbi.n dJe~al wgddQUpri~~ 
luls· dnmtltticeff~cts()n prQductionfrQm e}tisti.ng resme$,Jlgm~~ denum48J1Qn~~ lmpor1$, 
andmoremoderaw.effec~Qn cornmercialdisCoven~$Md ,prQ<ipcqQn.uQm n~w re~rve$~ Tb~ 
$JliIdngr,fe11ture oftbissUnJllaij()1l istbattbehighQqtpu~ pricepatb C~gse$ 31l eJistmg()ffsbore 
prodgctic:m pn ti"e4platfomt$tob~ .$hut~intbJ:Qqgbo~t tbeten~yeAr fo~~t in~rv~l, "J"()\v~v~r 
~e~, ~~ rlPsb\Jt~bl ,fC.$~rve$ 'in~$ioJls Zmtd ~. 

~ge jn.Cfe8$e$ in the ~arcityva1ue$Qf ;e~i$ting res.;rve.s .~' ~enera~Th~~ff~\$ .~(:·mou 
markedfQr th~ re~ry.e$ in~gic:lU l~rlt~()pPQrtPlJity pos~of ~~n~depleijQn in resionlbt 
1990~9l.i$arouQd$71bEm'elbigberth~tb~scat~jt:y valu~ in'regiQl}s 2 MA3 .(iJl1989~90 
c:1ol1m-s). PrQAuctiollpro.files for~$erv(!s sb~t.-ln '1lJ:'~ lom~estintegion ,l,amlsbl~pticeri~s are 
largest toward the e,ndofthe for~as~hQri~n, ~crllP Va1u'~s :~~~s~forpJ'Qd"ction from 
Qffsb9re. tix~platforms+ From tllelU'bitrage. .CQIlditic)tls, l'!f~e ~pvalQ~sa~ tbenori.ZQo·~ 
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N 
N 

TABLES 

SelecteilSimula!Wn Results for SimultitWn. .3: 

Year 

1990-91 
1990-92 
1992 .. 93 
1993-94 
1994-95 
1995-96 
1996:97 
1997-98 
1998-99 
1999--;2000 

Price for 
oil 

{1989190 
Ericesl 

!l. 
$Albl 

27.8 
29.3 
30.8 
33.0 
34.8 
36.7 
38.1 
39.7 
41.3 
42.9 

(a) See Table 3. 

Domestic 
·demand 

'Q 
mbbl 
239~2 
243.4 
246.9 
249.9 
252.5 
254.9 
257.1 
259.2 
261.3 
263.3 

Sustained price rise (a) 

Domestic Imports 
supply 

~-M M 
mbbl 'mbbl 

73.0 166.2 
:64.4 179 .. 0 
67~8 179.1 
72.4 177~5 
75;9 176~6 
80.2 174~6 
79~6 177.5 
73.6 185 .. 7 
67~2 194.1 
S9~8 203.5 

;Production 'ProductiQnProduction 
in region 1 in ~gion 2 in region 3 

TSI 1'52 TS3 
'mbbl 'mbbl . ,mbbl 

·O~O 51.0 22.0 
O~O i44~O 2()~4 
00.0 46.2 ,21 .. 6 
O~O ·49:9 22:5 
3.8 50.'8 21,.3 

10~8 ,50~8 18~7 
16.2 47~2 16:3 
19.8 40.3 13:5 
,2L9 3l.;8 11 .. 5 
'22.4 28:9 .. 8.5 



reflecte4'*k ·to· ·tbe·wty~i~value$. pardculatly' ,affet:tingtbe ,,*,UC$t ;yeat'$.Shut~in 
.~es·~·tbeter()tC $lgnaU«l in .tbemodel~ 

~. 'Jbutdn,";iQafre$()4rce$'inregion 1 t'~·· :not~lsewbe~. impli¢S·.~.~cs mregioO$ ~. 
and 1 are used·t'ir$t :beCausedleirprodQCtion,ptofil~ .~·;.borter·and exttaetiOll.ra~.Jrebj~ 
thllQ,hl~gion 't"HoweY¢.thereis'apricc ~old'beyond',wbkhth~~n'es~ld,al$o~, 
$hpt~ln. 

Thc.Je$ult$forexistingre$CrvC$ i~ driven 1>ytbe cbo.iceofob~tive fpn~tiQn; ,.n(I .. (b¢ 

assutnptionofpetf'&m:ro~sigbt n~e$$Ome$CD$Ct()sbut .. tn~W~OJ_ wait tC)tltisfter 
priC¢$~.8Qwevet. :tliecffe.ets ,jenctated lrC:$OllfgcJS ,Q:betalber imPlJUJibl¢.PQt .·lbQ~lt$ 
objectivc'lQll¢don tOWlve teilltshltitwould havetc) bc.",med tbat·tftc; ,g~~ide$to 
buy~ltbore$CtVe$sbllt .. ln.Com~nie$$1mply .could :Jl()t. d'otdw\mtout ,tepyem~f()te 
receivin, .nycl$hflow~In addition. there ;is~~1c ~nt)'~nJfu~,ptl~ 
.1t1d.cO$ts~ 'tbc ,pric:c,Jtendo($m~l.uon 3 woukl.~:.lyto·.l»·~:'wifh .hip~btntJle· 
()b~vcJ'unctiop~notreflectUli$ pr<»bfem, It.·woutd~ trnlt.I~V" .'te ... ·.dte~l 
$b~utd ,Mve.apenalt)'·term ,forri$k_$Ctb1t¢d with $but':lM. $lnct·tho'~uJl ~.tlof.sh~_·jn 
te$o\U'ceJ$houkl'be ~ns.ideted, ·and. ,that ;stoChutic.simutatiQnbrcqulr«( 'to~temUQCit)OJe 
pla~ibleef(ects. 

Intt4dition.·the ,notion tmttttml$!tave .$UCb.lonS··teQnviewl i.'&U'C,usumed,h¢re •• ·and .. opMU$O 
over long u"",hodzonJ, .~ynot.l» teIli$tic. Inste14 UCOJ1kl'~ ~ thltoptimisation.'~ 
lntwQste,t$:dlat rumsnl'$t .~decisiC)nswttb. sbonterrnvk;w :(say,.five'~) 'wbkbmay 
etcher bcrea1isedor n()t.lJld:dt~n.revi$O :thcuplanrevel)' ()n~to-~ ,ye.-.,with:a,tolti.tt, 
planning boriZ()n.'ni$$Ortof opdmtdlion.$1.rategycouJ4.fJ.elMUU'into thCpfJ)~.tnQdeJ, 
,N1d' Ylould be,1ikel, CO moderato tbe.$hut"inbeb,aviOl#$hown·~ 

Asmiirnulation2,coffirllerclill dl~()vm~lnl99().91'1IfC. iBCreatedby 9,lllbbJ,. 4:mbbl"IJKI,:2 
Illbbl in :dle :dtree· 'regtons.J'elative,to ·simulation 1" 'H()Wevet.~u$e the price inc~ 1. 
$lt$~t~elldditlons t~mo,~rapitllyin ·tbeeJJiy.~bdOrermdlnl,' .... dec1ine. 
,tban..in tbe'ba$e~f 1be te$ulfjt"orprtJductiQJ\ ,from'DCwreserve$ tct'le<:t·:tbc ~btJlt$·in new' 
di.wv~dC$.ProductiQn ,jnregion :1 lsunifQtJTlly.b.l~dltQtlgbout ,thefo~~pc:dO<t :F« 
.n;pOQZproductiol\ls~*dltn.insimulation 'J,fOr·thc.rmt$tVen·~of.~r~.pcri~ 

and :$lighUytowerinlbChl$t ·th~yeatS~fot fe,ion ,3 •. tbt$wil¢hpointwhen.proQucdmt 
'~lower tb#tl',insimuiation J OCCUf$in year'!. Ovtt.tl,,'tOtIl.;pPJductlon ,fn,m new'~ 
l$.blsfterln simulationS tJm)·upout.tMfQ~'pcdod exctp(in 1998~99 and.l999·2000~ 
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'Com~wltb 'tile ·bQe·~~t~4is 2,mbbllC)*u:iQ.l~'91,pd,tbt. I."·.~ 
steadily:to 12robbl by lm..2000~A$3n~'Jirnu1a&.1n$ above~ net~rise ,~_the" 
fo~ped~rn.199Q..9limpotts.~·111·mI>bl·11i8bcr·lhan.in .tbe··~·.~ .&ut. ·.me dift~ 
tatl$$~lyt(j41.tr1bbl·b11999~2000. 

'\Vb·en dolt.1tStie~e oUprices u.ede~$)klyby 'World prl~,suppUes{f()mexisdn. 
:JeSCrVeJ areutU'elatcdtQ$\lpplie$tromnew~es.CQnsequcnd1t ·.tb¢·.tesUltl·.Ji9m·a3pcr CCIl* 
Pf! ...•.. ' J' Yt4U' i~in.rcaldrilling COSt$, .asSbO'WD :In, 1.blo 6" .• hard1y :surpri.. .sh1g ..• The mdy 

. -

qWUltitiC$'wb«:hc~~.~lativct«)simtllmion ,l·~~tat discoveri~;pd~uctkm.frpm. 

tb~new~l'V~·1n 'regioD 1, .resetVea ,atelower·t.baQ .. inthe.'ba$e· .~'ot tbc~r()JJtfe"· 
and bigbetfQt the lut $ixyears"Buic~lIy,dlm.bd'hingJUUms impliafby,dle ~i9siif.icClUVe '$# 

inmorQ$lowlywbCn ·.there is.1CS$drUUng elfottln l~giQn2.·the.~ ;pattern~s cmcept 
tbat dtC .. swhchpointi$.in yearS. ,By 1999-2000. ,grnbbll~.~rudeoil·'....aCQndensate .~ 
di$CQv.::f«lln re.lie>" 1.and6mbbllc$.S lip re8101\2, ·.thaA·llltbc ·~SO·c*. 'T1le ,eff~t"cn 
eom.mercial :~esdiscovetedonsbOJe 'widtinthef~tborii()n lS negUgiblc .. ''lbis Jeallt. 
reflectstberelativc;lyJowprice elasticity .ofdrillingdernaDd. 

Thernodel'$$t{U~t11rC,and the .parameter.(:bQif:edoQot;aUow~ityv"ues·of:~w ~lVe$.to 
~hange iasdriWngpriecm .cb.qge~ :ltCQ~lg .Ute,cballgC$ "in newtese.rveJ, pfQ(iuction 'fnKn.:Jdi: 
offshore ,facilities. declines in aU yea.t'SrtlQ.t.iveto ~ ~Cl$Ct blltth4tttomollshorefl(;ilitics' 
bllnilycbangesat =ill. :Becauscofreduc¢d .,~pte domestic supply, ,ntti~ lU'e.ldgberdlan 
in Ithcbasec~ 

:Bff~tsof'an increasc in. the operating costs. ofproduetion 'from existingmserves, from$3/bal'rel 
to $4~lin 1989-90 values. ,ate. s!lowu in Table, 7,. ···The.rnctdcl's$uucmre dicfate$dtatwben 
netimport$ arc strictlypositive,tbe change in o~nmng costs ·ba$no effcctsonllew,discoveries 
or on prQductipnfrom :tbc$C discoveries. The:$Carcityval~Qfproductionfrc>m:regi()n 1 rises 
mlativeto regionsZ ,and 3. BtlSicaUy ,the,inctel1SC; iilCOStstesults lraatendencyto$uspend 
'produc:tiQnuntll the· ,more~vUy dis<;ountedflttJ.lfe.njs~ndency .i$reaUsedbltegion lbeCa~ 
ofthelon$lead ,tirnes8RdlongprQductionpilsassoc:iate4 'with: the .technology lnr:, In· 1 .. 
;H()wev~.whi1esomeprodllctiQn :irtJ'eglon lisshut-in,p{OdUcdc:mp.tbs fgrexi~g~SCJ'V~in 
regions '2 'tmd.3 ,an;uncbangedCrom·tlle,base case~Ret1~unBintertentporalarbingetaround 
119mbbl. :t09mbbl aIld l01mbblof C11kf~.oiland <:Qnden~te arc.sbgt·in in ~gi()n l·overtbe 
fif$tthJCcYc:at$.ndanotner 'S8mbbl in '199~.2000. These$hut·ins facilitate 'grealcrbuJput in 



~ 

Year 

1990-91 
1991-92 
1992-93 
1993 .. 94 
1994-95 
1995.Df 
1996 ;i 
1997-98 
1998~99 

1999-2000 

TABl£6 

Selected SiM"httiO"R~sults Jor SimilllllUin4: 
Real drilU"g costs riSe( a) 

Price lor Domestic Domestic· ·Irilports PrOOucdonPtoducdon ProduCtion 
Oil demand supply in ;region 1 in region 2 inrtgion 3 

(1989190 
prices) 

g~ Qc,~.~.~Q-M~~cc= -'4~c~ .. ~ .. 1:S1~.~. TS2 
SA/bl mbbl mbblmbbl .mbbl .. mbbl 

21.1241.2 192.0 49.2' 119.0 51.0 
21.9247.2 167.180.0 103.0 M.(), 
22.1 252.3 154.697.7 89.044.6 
24.0 256.6 148.4 108.2 80.0 46.1 
24.9 260.4 141.1118.1 14.2 :46.8 
2S~9 263.8 146.6 117.2 81.1 47~O 
26.5 267~O 146.9 120.1. 85.9 4C1.6 
27.2270.0 1365 133.683.'5 39.2 
27.9 271.:9 124~8 148~178.9 34.0 
28.6 . 27S~g 112~9 162.9 73.9 .30J 

TS3 
mbbI· ... · 

22.0 
20.1 
21.0 
21~8 
20.8 
18.5 
16.3 
13.8 
11~9 
9 .. 0 

(8) See Tab-Ie 3. 



N 
0\ 

Year 

TABt.B7 

fJel.ttedSilftultttioli ResilUs: lor Sim"lI.Jt;o"s: 
Retdoperatill, eostsrire(a) 

Prictfor Domestic 'Domestic 
oil demand' supply 

(1989J9() 
priceS) 

Imports Production PtcxluctionPrOOucUon 
inregiC)!} 1 in region 2 in region 3 

qu ~n~~ __ uQ ~(b!t{ .. MTS1 TS2 TS3 
~~~~'~;~_'_'~~_'nmN __ ' ~~~~"~ __ ~~~'~'~~mb~' _~~.~~mNi_· '~'~"~~~ 
.,.... .-

199()..91 21.1 241.2 73.0 168.2 0.0 51.0 22.0 
1991-92 2t9 247.264.2 183.0 O~O #.0 20.2 
1992 .. 93 22.'7252.3 66.0 186.3 0.0 45.0 21.1 
1993-:94 24.0 256.6 179.277.4 1()9:? 46.721~9 
1994-95 24 .. 9 260.4 118:9 111.5 109.648.32().9 
1995-962S~9 263.8 184.3 19.5 116.9 48.9 18~6 
1996-97 26.5 '267~0 183.6 83.4 120.9 46.4 16.4 
1991.;98 27/2270.0 110.199.4 1'16.440.513.7 
1998..;99 27.9212.9 67.4 205.520.8 '34.7 ,11.8 

.. 1999-2000 2ft6 ..115.8 144~O 13t.81(J4~9~30.2 :8J) 

ta) SeeTahIe 3. 



YcatJ 4--8'lIld' year 10 "'lativetothe,~ cll$¢. ,~~nd1"w~,Ae.t'~,,,",··~t;rthan 
in lite t.seCMe,in.yctn'$1-3,Qnd<ye$" 9they~'Srf1alletill.~ 4-8,anct)'~l()~ 

.Anin~iPtb" ·~·interestrs.teof3~Q~Sc poitl~ leaves,till.guaQijti~UlWbans~ front. 
theirbase~vQbles.·~scAICityval~ of~ting~es(Ul'W1discQu~1989-;.90cloHats) 

fall tela.tive .t(I·tlte~.The seatcjtyvtUucsf~~~tR~servesm 199();.91 ~'1~2000 
:~aroun4$61ba.~l~l()w··dl~·~ '~"a1pes;·dto.$Cfor~ai()n$Z,·an4.3 ·8fe··· .. $Ored~but 
~y lcs$. With lowetscarcl~v"ue$.produc:tionin· .. ~~·,~iet)'C:LU'S wC)tl1dbeenco~se4jf',th~ 
·d,elivera:tnlity CQrlSttaint$W~nota1~ybigding~ 

Directions !orFurther Research 

11t~ iat'C :Anamberof8l"easwhererefinemen,tof the·ntQCiel·is w~teCt '.E"~~ in ,tlte'CJJn'eDt 

mOOclthee,u$tence.of netiroPQrtsitlcach ,period (which .init$Cltbrrea1istic)means,tbat,~ 
dQ~$tic:priceQf cl1KleoilJn4cont1ensatettlW.y$.eqqalsd'te,~~()g;ell()ustysetworld'priC»t 

Hencc,dotllCstiQ.dcrna.Qd for~tr()leumproducts'and dQmesticsupplyof crudc()il .llOd 

cQnden_·;ue·independent, with.nethl1P9rtsfonowmg~sid~y~'With~stspJso e,,()gelJou~ly 
~t; 'suppliesfrom '~x:isdn~ 'resefV~SatldSlJPpli~sfromllewlydisepve~.resetVe$arc3ls() 
inde~dent AmQdificationWhicb would au()wmore·(!ftheactua1pri~ linkagcs.(feedhacb)tQ 
be·representcxl.illtbentodel WOlllabe ,tQ~ggrega~d~:intQpriJ1larY8Jl(l~fb1cdp1'Qduct 
and to roOdcl the ,~~(m 'and di$trib\rtion cltain toen<l usc. witb dol11CSPC.tUJd fqreignpnxtuct 
as .itnptrlectSllb$titutes~ 

SC(fQnd,tltemodCUing()fprQC!uctiQnfromexistins~serves I~d()f .thea~iated ShuWng-jg of 
1'C$O~$'Sf!CIll$ sQ~what lUU'C8listi~.WbiJeit~spo$$ibleUtatinpra,cti~somere~~may.be 

shUt~inttlti$ teJ1den~y .isfaI' tQOsttongin tbemQ(fel~InUtesimul~tlontes"lts, 'when 
treliverabUity'constraitlt$. arebjnding~d :therealcru4e Qilpricc is .shlf'ted·to,abigher PalJt .(of 
wbichprQduce .. s.ltllve fore .. knowle<!ge) mere is,·~ $ignUicantteQdencyto.sbl1t-iJ1e~isting 
offshore 'resexves.ltclUl ~1b¢sho\Vnthateven .for e~trem~lylatge 'Values for d()Jn~tic 
produc~ontsucbtbatnetimpQrts .(fissppea.r JlJldpncebecolDCs endogenouStthe :modelpredictB 
~h1Jt"ID .. J.;'esQ1Jrces ,and, switching ·()f'ptoduction ·,fO·A :solefCgi()na).$Otil'ceof st.1pplyf()ran 
ex~n4ecl.periodoftinte.In'fact.UleSCope for:this Jcind :of :~tiononth~p~ Qf 'privat~ rums 
w()utc:l ~m·.tP·b~limited :FQrgoY~rnmept,dtis $()rtof~tQCkpUing beJmviourcoul4beoptitnal, 
bpt ~w<'nthen.tbete would ~.CQn~idelllble risk ot~()n()mic, loss lfpredicponsregaJ'CUng.tbc oll 
;pnce :ProV~ to~ wn>ng. 
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on~ way "tQ'modify Ibis stoCkpiling feature ·of.~·mod~l would .. ,~.~ ipylu4~ ;atistpenaIty 
COQlPQpept.inth~Q1?jectivefunction wmcbwomd (tiSC()nrng~~~ceS$lve 'st(JCkpilipg~h~viQut. 
Anoth~ 'w~Y is.a .(1l~Ow$pu~-m t~sonree$ IlItQgetber an4lrtclude '. prQd~cti()nprQr!l~for 
eXisting reserve~mucbUk~thatJor newJ'e$CO'cs.lt wopldstillbellS$\iJ'I'lCdtiUJ.t tI1~ $OU1'CCS of 
supply\Ve~ pertect$ubstitJJtes, Thi$ ?/()ultl fQtc~ell4QBenQgsJirdcs l>etweeppewlU'JciQl~ 
·~urces 'ofsuppl)' whic1i8J'C uC)t.lncludedm .thearbittag~ conditio1l$Of ~ .Austra&nvemon of 
·theRowsenuxJe1.,.Ri$mg ~gionalQ~~g:co$tscb¢dlll~ or~gioJla1~e$limit$wo~d 
1llS()ha.Y~ ,.tQ.be,$pecUied. 

Moreovq,thenotion thatQilfirmspurs~n\tller Illo", l11yopic~ptitnislUionstt1~gi~sn~s'f() ,be 
cQn$i~, :Forex~pl",itc()ultl'bc~edthat firms :baSe.~iC)ps .oIlSboJ1toxnc;di1.ltntetln: 
eipectatiollsofthe pallisof inPUt :and Qutput :prices, .lUld·r¢visetlieirplanst;Vetyonc-to-lt\tee 
yeats. The inclusion .ir.tmetnodel,Qfdtis ,·typeofbebavjf)Uft rHiththepoJ;sibilllyoftP1llil1 
plannmshori~llsfcoUldadtircalism aQ4would be likelytf/modetate,theextretne '.sblit~in 
,bebaviotlrcJ,U'l'enUYPl'C$ent, 

Third, {the fact IDlltQrillit;JgeffQrt·fmdCPPlulative ~mnv;tcOO~C)veri~~ 'haveQJl1yeJ(()$eUO~$ 
ipfluenceSQnth.cm<ldelis.of ne ·concern. Thislimitf~tionm\~btbea.d~~by $Qbstii~tt...q 
the domestic price for ,the world (;rud~ Qil pri~iQthe IJrilIing ~ffQ" «!U1ltloJl,'WithJCsp¢Ct.w 'the 
,nonliJle~QPtbnisation :roudne 'JJSCd"this()ptioY,iWOuld~uircincQrpc)mt.iQn ,ofdtepriiUm 
equationsfor~sanddisc:()veri~s~cl ~rrespol'ldittg cbatl~estothe dqaI COlls~ts.Wffilc; 

theprima1'v~$ion oftbis rnQdelCO.Uld ·~·solvedwit.h :CrtdQgenQ\l$ \dtiJlj.ngand.discoverie$ 
vlP'iabl~, theprimal~ual 'vel'$ioncoQ-Jd ,not 'be~~ayS()lved 'inthesen~of:produciIlgl\ll 
.Qbjectivefunctionof~~ :Fl111het Work isreq~ iQ'de~e;~JlPP1'Oprialte mQde:lfonn in 
this.area.. 

lf4ernanddisl1ggr~gaPQr"as' JndicatedabQv~t were ,used 'then tfJ1 .. epdoieno\lsprice litlk 
cOnnectiQg production :fromneWl'esctves.wiili:productlonfTom .Qldt~$CJ:VescQuldbe included, 
b1.1t this .igfluen~l$n()t.likelyto'bepat1iCUlarl)' .~trong. 1ltl1tjs,014resetvesWilIalwa.y~be used. 
lJefoteprQdpcti()nfr()mnewte$~rvesfMol'e iJnpol"Umt isdte .f~t.hattherc iscollsiderable 
gcologicalunceI1aioty :reganijngnew discovenes.AtUJeveryleas4 'a ,probabi.U$tic~prQ~b i$ 

fCqtlkc:d to addres$tlles~ :lJn<;ertainties~ProbabiIitydistrlb\JU()n$ (:()ttlf1' b~ u$Cd.to·pr.ojeQt 
cOJ1fid¢ncebl~rv"l~fQtdiscoverie$, a.n(IMoll~ CaJ;IQmodelsUntthltiOl1could.be '~rfotntec:t 
Al~ad,vefwtctioI1al.foJ1TlStothe·logi$uQ~owtbcurv~cQuld~Qbe QonSidered.Inad<fition, 
:~ drillingequationseould'ile disag~gafedintQ ~plQration agd~vel()p~lltcomponellts~d 
diff~ntJagg~pr1~rcsponSQsinvC$ti~ 
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1'hi$ap~n~<:pntaUt$ali$tQfthe,variab~suS<:dintb~~l,alpnswithth~ ddiPitipll$for 
mQ$t.of~~No~tIUltcapitalleUCr$~nt quantidC$alJal()werctl$el~~. 
~. $ynlbQls "a(e'll$edfpf :~~'$. 

0:,..::: d(m:~Slic~onsutnp~()npf'pettc>lcum .Prodllct·l,n, year t 
'I, ~ CQtl$ulUCrpri~C)f()iHJlyeat t 
XII .domesti~ ,$t1Pplypfoil from¢xi$tingtc~~mJ'eBiQn I andy~t 
,XSit=exisdn.g·~.~ $1lut~inin ~gion ;.anc.fyear t 

:XSU* ;:;;new~$Crves:cQtnInittetJf()., sPpply PoJllJegjoll:i in YetU"t 
M,,::;~pol1$ofpe1r01eUDlpnxlucttrom at;lW£din y~t 
ait::;' &b~ow,'alue ()n.~)(ist,ittg~$¢rY.esJbut-Jn ilttegipl1tandy~ar t 
dit* ;:$b~QWvalu~pnQeW~$CJV~slet\ln~.~m~giot1 iandy~, 
lit :::$C~ity value oQnewdiwov~e~illrcgion.1 ~dyeart 

.f=;: tbein~st·~~ .. 
XI;:: tmite:x.tmcQ.PJl ~ost {or·existing ;~~~ in. regiC)ni 
"bj+=,umt extr@tionc;Qst$ for new re~rvcsinre$iQn i 
~J* ·;::;discQunt¢d Wtit cxtrA~tiC)n,~ost fornewr~ervesin 1l'gioni' 
.ellfi;::lUli~~~t of.rmdiqg effortill~sion 'i in y~ f 
mt;:: wod4 impon.pricc 'fotoilin y~t 
1)1t;:: d¢liverabUiW~Qt)$f;Q1int onprQ4uct.l(mtromemtingll'$t.rves.m ,:egiQIJ 1~~4year t 
Pli· ::; deliverabilitYcOnl>tnUntonprc4uctioIlfrornnewres(:l'Ves mregion /andycart 
fit =commen:ia!plusnon.-cQ~ial~serv~mregif)nl asofyc;ar t 
cY# ::; cwn~llatiV~~IlUl1e(Cia1plusllon~o~rcUtl ~~rvesiJlresionl.as of yea;.t 
Elf .;::::~xplomti.(m and ~velopmellt~ffonin .. esi()n I and year t 
CElt ::cumullltivefindirls effort'jll;regi()nl~4y~t 



an;:; .sl1ift:p~~t.pn·,Jb~· invetse domestic d~.fimcP,Qninyeatt 
Q2';:: ~9nJUnpri(,:ee,Utsticity ofdorpe$tic qelllAmiforpcttol~mn ptqduct$ 
(X3 .:::~~~Qity¢tlCfficient,Qn Jltel~g«ldome$tio .~.tnaJld 

<X4 :::: e.lliSij~l~c~ffiQientpn ·~.per capitaSfOss@me~ti¢ptQ<l\1(;t 
.f3iI=-~iiQfl QfJlu1t~in9U .. ~v~m~m~)Jl/Md. y~{ltt 
PIt* .. ~ ftacti()Q9fn~wly dis,cQvete(lQi! p,~uc~m:f~gicm illnd. .yeat f 
Ut;::;~~P9tential tota1cUscov~esmregiQn.l 
I)tv. ::~frQm Jpgisw;curnutmiv.e diSCQveries cQtvc:i.q ,reBlQfl/and)'~t 
1u== ~from: It)giSQC cumqlativ¢di.~overie$clQ'Y~ jn~gi()Ji/JIPdyeaJ:·t 

fui,':::;' ,shifter fotd()~stict'inc:UIlgeffoJ1curve irl~gion i.3JJdy. ePX t 
, . ,-' 

ali =OllJpPt.price~lll8,~Cio/ Qfd~~ticfindingeffOttinre$ion i 
ful. ;::input'Pri~ ~lasticityofdomesQc fllldlngefiort ill ~giolli 



Datafor thePr(Jgramm,ing Model 

In UUsappen4bc tbe :pfO(iuctiQnprofile$ 'used iJ)tbemQd~llUld tne eq.p~tions~smnat~fQ;r 
~Qmesg(; .~~l~, drilUugefjot:tllndcllllJulative discov~ries ,ArC ~i.ibed~ 

1b~ ~sUIlle4,~d~QU CUld .col)d~ns~s~pplyprotlleshvmn~wmwoveties ~e very'similar'to 
Ute recoverypr.ofil..,$ forpJl''-e,p$tin~ .~~I'Vt:S$llt~t-iQ. 'Prodpcponii"C)m newly fouIJ4 ,#s¢rV~$ 
laSs discov~ries inall~e~\1Qtion 'Jegion$, If~discov~ isnmde in ye~ l.pr~pcti~m 
~Qmmences'tl ye8,l'&l~teJ:',Fotoffsbore f~ed,pl11t(orms tl~,fQroffsboJJ}floatingpWfoJmS 

11 ==Zand for onshorefj¢kI$tl;:; 1 •. For .sb~t-in.QU 'jtwpasSQmrA. th~tt1 ;::tfor. ·1l1l.pTQ(lpcpon 
~1mologies. 'This isth~9n~ ~setl,ti~,<Uffe~nf;Q~tw~lllbe.sllpply profiles tQrn~wre~rve.s 
3fl.4 t.he;~Qvet:y',prorJlesf.()r sbut .. m·reserves, 

TbeproQ\1ctionprofilesf9f n~w~4pre~existin~djs,cQv.erie~.~ llMeQ (mllQ8tm $I1d Tho~ 
(1990). "For.onshorefiel4sandoffsbore fields with r~ec1pl~~()nn$th~ pr04ucd()~pro[tlQ iSJis 
givcn inPj~ 1. There .i$ a shan risinS Ihlear $gm~nJ'fQll()wedbyaplA~ap level of 
proQycthmand then a linear ,tail, ·Ulzcro qutpgtIn the c~~Qfoff$hQre;fJ.()atblg platfOrID& 
prQduct.ion commences at tneplateau l~vel. 

PrOpPniOll 
of reserves 

t3 
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Time 



The ~~~.frpm OOlm«JpeP()J) "JltilplateaU'P1W~(:ri(m j$l2~tl~ f'o.-bQtb offs.Jt~ ~ 
p41tf9~~d C)n~ho~ fields tz .. tl~l#l~Pl~teauptoQu,cti(mw~assurJ'lfXl to :lllSt'G~I2: Y~i.For 

qffsiJQrefi)(r4 pl~tform$p~~Ju pmdys:tionis asspm¢d ,to l&$l4 y~, ,tmcJ',fQf tbetwQ .Qtb~ 
t¢CMQloBies2 y~~~.Thepr04i1CftiQn ,~'Jas~ t4~I3)'e~~ ,J1ot (>ffsbQ~ ,geld$'witb fixed 
.pro,ductionplatf9mtS l'r94uctiop C~~.S 'in y~ 2.0, 'fQrfl()a~nspmtfQrrnsin Y¢J(7 .~4'(Qr 
9nsbp~r~1~.jQ y~ lOt 

(1.J, l)p=OfQrt ~,l ;tQ '/1 
;;~(t .. tl)/(I2~tl) (9rt =/1 +1 ,f.Q ,12 fa 1 
::; p~ ,jQrt =i2·lO '13· 
::;~(t~t4)/(t3-t4)fQr /;::',1+1«> 14 fO 1 

wltereP is m~PtQP9rijQO gf I'¢servespfQdqc~AJmllNly PJl4Pm.Em is. dl~ ~s~ of1Cse.rve~ 
prO(bl~ TbevAlqe fQr '.I3ma)t i$de~tmln¢4 su<:h tll~ 'tllesPm of thep v.i:ll~ lS .unity -' ,thllf 

is,,4Ul~S~,(fa,,~ el<b~qs~.lhe vmues d.eriv¢d fi"Qm Ut~~protu~are~v~nm T~l>1~2ofm~ 
mainte~t 

SbQ¢ and lc:m8rUJlprice@d,~per~per$On incomeel8$ticitie$ of AustraUmt ng~gate~mtUJg 
lQt ~trol~umprodUQts ar~bllSi¢inpu~ iIl'dte .PfQgt1lJllJtl,in,m04~1.A, 'l()s~linCBrp~als.u.w}( 
a4ju$~¢nt m94¢l Wa,$ used tQe"plllina$g;::~~atedoro~sric d~lIUlnd fQr~trQleJlmprQducts.A 
JQg-lincmrfofm wllScbQ~n~ap~ c()mpllt;4,~lasticl~~$M~tb~n consttIDt~iQVflri~*W ,Ut~ 
qt)i~,Qfm~~\lTement.A.parPm~JuslmertJfQrm Wlil,s'CQo$enM it impli~s '.tbi'r~si;> .. u~blq} 
$$sgt'QPUQn ·Ulat,d.emaJ:d 'CMnQ~~jU$t ,bnmeaiatelyto :iiSdesir«lvaI1Je,mt4bec!lu$e jt~l.'lnlt$ 
joint ~.stimati(m()f both $hort $dlQJlIl nm~l~sijciti~$, 

Th~ :~pcmd~n~v~llble,llggr~$~~delJllIDcI.. for :P¢U'o.eJlmprod\lcts"w~4etln~ ,~.' domestic 
proo,llctiQIl of'crpdeQit :And ·cC:)Jl4en$Q.tepb1S nethl1PQrJS Qf~U'()lellm 'prodl.lct$ less petroleum 
refmlt~8tueluseMc;llQsses.1lU$ re~$sancJ~p~$eilt$petr()leumpt04uc~ AvlUlableincluding 
all en.d-use sectQrSllnd·non·~flllery ~onvel'$iQn ~ct()rst Tlds v~~bl~' WMcbpsen. 'foJ" 
cQn~is~Jlcy wim thepJ"QBI"~g model ,.mtdbnpU~$ ,~MSQJl1ptionmatdte J·est~of~wgrJd. mtd 
dQm~$~c'(:01de()illIDg~9Jld~;1$llte P .. 94ucP9n ,~ml~f1fl~ ~Jr91~"mpr04~cts J)l'e~U~nect 
$ubstinltes, 



Th~.e~plMaWJ1 v~blc3in¢lg4~iutb¢ J)lQgel'w* .. ~·iA4eXQ"'iqQ~$U9~4;OU ,pri~$ 
~i.~ijye ·tg·.tbePQn$q~pri~m~":,,;JW.:~r~pcnPnlP'0s~dom~~tic ;pnlduc~#Jl4 :lbe ;la!.~e4·' 
.d~perid.elltvArl~ble~ Th~cOP$P~tpric¢in4c;xw~$ iu~.itlUte :rel~tivepti#«' te.rm~~,~\t$~ 

mmsp:pn, U~ jstb~ ',main. '$(Ul.ve ofdQIDestlc ,~tt.Q~Uttt'd~nmnd,Privt!~l@4~Qmm~~i~ .\1~Qf 
~~le\lPlprP4qc~ w~r~ A$$P~ t~);DllU .. 'lJyl'efl~~ ·4errmnd for~QQsmmrg09d$'an.d~lVWe,$~ 
R~Bf9$scl()~SUC pmrJuctper p;rwIl W~ P~wPtQ~y~'m~~ ,~"~Qn. 

Til¢ wnPl~petiQ(l fQr,t,h~U=~$siQn.w~ 196~"'~ tQ 1988~B9,All~ varntble$ ~';m: 198+85' 
vml1~,s.Thern~l W8~~gmAt¢u$mB ~e:PATAmr~~si'>n'pa¢~¢~'Th~dam '$¢~Md 
SQmve$· fgr me lea$t,sqg~~s r.eFs$iQJl·DI'~·givel1 inT~bl~»,l,Md;thems~t$fQJ:p~~r 
e$~ ,LPld diagtlQstic ~sts,Qn we :t»Qd~1,~ ~PQ~ In T~bl~,D.g, 

Fr<>m Pmbhl':; h~~lan,d .·jlY~fJ~ mQltipli~t ~~t, th~ ,a$sqmpP'()Q9f \»on"@Q~oml~~ 
eJTorsWtl$ not ... cj~tedt front ,lWnsey'sRaSJ3Ttest dlet¢ Js.np~vmem:~ of ·rqn.ctj(ma.lfQmt 
rniGS~jficllti.on; In ,Ul~Jarqtle~:ael'll testpnonnaJity Qf~~~si()n ~idPlUs \Vl.mnQtr~j~~, 
1bebomo~~tichy .a$sumption ~$O w(.lSnot.,~j~tedbYll~a~~~ mulupli~r~f}t.FrQ~·Q·~ 
<;gStlPl pf $<lt1,ltl'e$,plQ~ tb~J.'ewas no~vldence of st:nJctwalillstabUity,1~ mQdelp~se4ChQwts 

. '" . '. 

p~ctivef~lmc~stQv~ m~blstf()ur:perl94$.in ~ d~t. 

Froillthe p~ter estimates, ~hesbprtmnpric;~ c!~tici~YQfd¢111Jm4for~t.rQle\lffipr«1pct$ 
WJl$f;stirrnt~\dtp '.b¢ i!Q,Q3,artd tbeb>n~l1ln~l~ti~ifY~.13, ·b9Ulsi~flific~Uy.4iti4;~ntU()m. 
~m ~tthe 5 ~rcellt levli:lQf signific~nce~Th(;~tesglQbfPadJy .conf9rmwith~l1l'li~rstudjes 
SPl'VcyeP· bythel)cpanmentof N~polll1l~v~lopmen~. fIDel ,lmergy09tU).Theet{l$tici~whb 

"'" " . . ,-,. 

resp"'.&tto.~ per~~r$Qn1P"0Ss .4omesdcproc:luct WA$~Pntllte4~beO,19 in. the.sb()J1 ram, Md, 

in the l(ms run O.a3. 

To ~~ ·the variQPsesUmllte4funcqons onastlitAble .smnmgp()mttl1~l)' 1989-90, vpriOQs 

Jldjustmen~ w~~ ~totb~.mnctioll$ .. ThisprPC~ss wnl·~~f~m4tQ·1lS 'cMf)nlti(JJl~ 

Th~log ... lme~~man4 .equ@<»l WM implermm~intb~pro~SmoQelin .Em·.iJlve~fQml 
(¢qyath:m .(Z»; 
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v.t== 1 if.1 ;:;:0 and 
fJ:t=="f'!'l (l +$/) els~whcr~t 

'The4ellUPld~quati()n WMcallbr~~. ~oth~most~nt~ctqal·QPtcQme f()ta~nmndm :1989190,. 
lnp1lJ.1icql~, ~ wa~~t gt; 

(B.4) «::: (JO(JO~21(J'f'1q.3 
wher.' 

C1'!'1 == 226,26 mbbl in 1983/89 
aO ==234~18 mbblin 19~9190 
QO=$21,9-'lbeltTel in 1989/90 
Ct; = the COIl'e$POJldin.g ~onometric estimate fromw.bl~ B.3;i= 2, 3. 

This procedure gave «=3,9820. 

Drilling effort 

E~onol11~tric ~sthnat~s 

Elasticities for drilling effort were reqpited for developinBthe ~sourceavail~bUi,ties illtbe 
pr()~nuningmQdet DriUiJlg activity is a majorcomponent()f~~·up c'osts ~that is, (If the 
costs pffindingand developing oUreservcs P1ld establishmg production. Decisi()IlSto Wlliertaf{e 

e](ploration and develpprnent drilling are .potentially scnsitivet()$e real pri~()f~deQil and 
~.jnput costs. n was QIs()hypothesisedthat drillingeffortis.influencet1 by ate success tate of 
productiQn. $ep1U'llte eq\1~tions were estimated for-onshore JindoffsilQrefi3.cilities. Da.ta 
llmitationsprevente(fseparateestimation forftxe4 andf1oatingoff$ho~ facilities. 

A log-linear functional form was used to descnvedrlllingbehaviollr. Thedependentv{lria.bl~, 
drilling effort, was measured in metres drilled in finding and develQping crpdeQU and 
condensate reserves~ 1be~xplanatory variables used were fU1 index of real domestic crude oil 
prices, real a.vetageset-qp cos~per metre drUled(~present1ng input prices) and the production 
($uccess) rate per .nettedtilled.~ Nominal oil prices were deflated by the consumer price inrle". 
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whUC':ptr unit Jet~u:p~t$:wCte:d4nated bY~JrOS$dOn1e$tiOprico:delWor.1be:~¢$:ba'c" 
.'·bQ¢·of'l984-1()O. 

Tbo,ctudeoU.pri~¢,:wg·in¢I~ tQ··rdteet·.~·firnlfsu.ltin_.f~Y'Ct·Tbc.priod:$ip 

Qtl::thb 'lcrm"WIJ ppmtlvCt :Per .. unit ,Je, .... p ,t;O$l$ 'W¢i'Cp$ed to:prQ"1,tbe~fne~ota11 
inputs:~uited ,tQt:$~1)U$bproducUon,liid ;were·~~.t() bc,nepti@ly :'~lIledto~1 
drine<tn'wue~~ lb.t Q ,the· production $U.~.q~roseitho:·n«d.··fIO.drill:~iQ~laee, 
~Jet¢d~$CI'Ws "WQ UkeJy todifillntabfJ ;Produ<:tion .,per';MCQ 'was .~·.t:~.~PI.O 
·~·lhan . .ne,tegionllkWelof$~plYf 

Tbe~lc;pcriodfor.l1ddUil1.enortrep$iOfl$ ~.1912;w,198$~" ~ . .a~ 
'.(QrJU "~iOM, .~Jiven in Tlble:B,2~: ~ ddlU~J tq~$ wen;~m.ted, ,usm,.~ 
.DATARt :~Ite$Si .... n patb,e~ ·~pterentd.l¢Mt '*l~$ i~~tgforon~ ··~of'f$bort· 

" .. '. ", .. ' 
regi(kl$·,~·,~port¢dinTabr~:8.3~ 

'The :r~ult$ :fQfonsborc dri1ling. ctfurl hav~ .. tIlt· :cometJpdQdJi,PJ,flrllUGldtOd: 'WI$: 

positively :Rl.t~lto~: 'o .. tpUt ipd¢c;....,.~*.tiv¢lyret.~ ·to ··tbC.VC!rJStllCt·bp~gPd 
:prod\l~donpe.r~U'e. '1lC,ddlUna :$upply; ;1'C$pOn_tQ ogtput Md:mputptk¢sb, .. howev~. 
're!alive1, intla$UcJi' 11te.pri¢:e.~~ityi$in·tbe· (re.IiQlt oto.s.na tbcclistiCityofddll~Jcl'tOlt, 
witb~ttome.prodij(!tJon.lUC:ceJI·tllCilapprodmatc11 .. 0.:'Whi)C·ibe.~W~;~ 
wl.$indttmmtuatojtbc; L'~SQmtilti~ter' ·,tm .• ~~ ~tinde~AUDth« 
~.(lblpo$dc$;··y.~.~bk;and •. tbtte_no·I;V~,ot.·~fRJ.kln.:eQ$'" 

of$qtllre$ 'pl~ 

For~()fi~ddUi_'~f(O:ftPRnmllUU1 a. .• IlY$b.i"lc~.po$1ible:~bfQkm,tbQ·: 
·ectllltion:ltOun<i 1981.1'bi$t$lxo~ly'~_twit.hllJJ$C4~to~.~ Qil~ 
~k'in the·la~ 191~ t~~dYf'4ummyvariabk·\\<~in~~"ifh:.v.r.*fOf 
1972.:10 .and. '.·v"~ #tQ··<:l~wh¢rc*, ,An ·.uXU~'rc~OD witb.dUmmY':'~. rottl*, 
,pdm~pJ:~Nn~Van~witbiJlsf:sntrAAt:t·mdo$·~~,d~.lO~.·~ 

~mr:d cqtlJti<m, On. this 'bNis ·lMproduction ;'~'.rlie-·WI$~.rtQm'~tep.ion. 
·The.:~ndWdi .. ~'rtOmthi' t:qu'dQi\'were~bk~OfCih«cdriUinldtort'~ 
tobo$t$d$~~$i#.ivc to 'inpu'iMd;ou~';~J",lMpo$t.l980pm«L ;In·~,··Wet 
pedod··,~·'n.PUl J)tkc. ellitidtywq.clo$e.1(t ·'.1 .• 5 while ·lbe.·~"pdc»:tl.~!"'WQ~.~f 'JO 

:0.'* 

3' 



~NGtctIQtproducdonper'~: lSi~t.ftorn(l.;$)~ 11t~.; ·Jlr«Iucd., .~·;mor.te 'WIS'· 

.$ipifklnt··btft~OQ~t i(·WM·.~tbIl;:itWOtl14·"··$ta~~po.utlhc;~. 
~ft~ 
Ir~'" 

'Tho drillin,eqtWiOO$'wcrcCJ1il'rad toaetull·~.a#4.~.;·~ diUk4 :ml"J90*i 
;sue4. onesdJm\lt$()t·tbc·;Al!StraUan 'Petto~1kp1ondoa .. A~on(l.m)~ in '19$9/90 
.so~403000m ,ud.484 .4()Om ·~·drilffXl.,ft .... OfO, '~'. tm.~t :~dv~ly •. n ... 
~ttlriIYQ$umeath.t70 'l*ccnt;ot lhof)fC,horD :f¢;$UUpenai.a, to." 1" :H~(i. 
t()()(Jnl), .in. 1989/906, ,.,'282.'1,.£2 '.1lO.9J.ladKa.·484~4~ :Itw ••• umedtbat$n .• O~j 
&12 '·O~6 and 513 i .. O~4,,'Wilb 'm4 .. ,~.()$t$. permetre;n~R.d'c) ·unity.c-Ubra,tloQ JeqtUft!d . 
. $dlvipg.(B.5).(orliol, U$in,* v.tllefot:tbt:·impon ~ of mo'. ,2l'~t:dllitcsUl~ iDvaU~ 
of lkt.- 61114, ·802·.19.4 and.' "8ol., i.J43,., 

Reitl$¢handOTteUly(990) .'U$¢d' .• Jl\Odifi~"ubblrdrItC~(.effortBlQdel·lt;)nnt,discovma 

withc:tdllin.scffort. 'FoUowin& ;theit~ppro~b •• 'l'pglJticSfilWthcorvc 'wJlQsedin .dJe; 
:ptogntn'Uningmodeltodescnbe cumul .. tivcdbcovmtlUllfuncdotlof ~umutadVc drillinS 
drOIt l1dseq,uation 'was~pmlltClyestinrAtedrorOCl$hQre and .. offsw,rcn:IiOll$ •. il'bo:t~ 
()Rnofthel()gisdc.c:urve]s {equation (9»: 

wben:; ,th~. 'Yil'S .. dVl·~· parametetstobee$tim.ted, Note: :tbat VI 'is an ",ij,Q181e Qf 'the 
potential~~ptei$SCOY~$:in ~sioni~ 

A$R~m~hand O'Reilly (1990)notct thisfonni$consistentWitban,initial,JearningperiOdin 
,tbcdi~overy :process, dudnlWhiebdltdiscovery ,rate :mayri$C, foUowedbya,pmodof 
depletioninwhicbtbc .cumulati~disctwerycffOrtrjl(;C$dimini$hmg'tetWns and' .lben.llPJdual 
.)111.ptotictail udiscovqic$ IpJlll*btot.alPQterltQdreserv¢$. 

Dataandsowces 'tot tM,t\Vol<>BlsUc curves ·arcgiven tnTthle B,~. }JQt!l:equaUOJ;l$WefC; 

estiml~bY'.n<m~lIDear leQt $QlIJUtS'l$i.ngmeTRO~LecoJl()~triQ modeninJ~y~ •. ltesuJts 



are·:JePl!'led lnTI~ '.3. 'TheY :JIt. $Iti$t5ctory, a1tbopJhthe~WlQOn*~'~Ut 
tho~t¢resioo. An:~h1pUtinto lbe,modd:l$·the·estltJlMes4)f~~~ 

In·d)C:l7-yeatp¢JiQd,wtlmlteonsbo",di~eritf~\off$1\Ore~overies,ate ~~to 

apf.ml~tc :12Srnbbland 685 mbbI,~vetY'i 

Intbe '~()fsepJn4te data:for resions 1 and:2~it \VQ·.$U~;dla~gl~ dlseoveriCsin 
Jegion lwete46()mb\)l. 'Wbm'dli$auumptiOQJ$cPmtHned witb: ,~~()t1lCtric.taJt$f it, 
foUow.$dmtllJ'.460,U~f·22'andlJ3~. t2S,~ J~~pteck:not¢f.SWtinB'vatQe 
al$~scribed'bel()w'.On ... ~.b3sisoftbeec~triQ :rtsUl«s.it wP .• ~tbat: 1t1-1f)2 ~ 

(9.0 ana 'lbl= :10,3. 'Tboterms1U ,.O,~.nd'Yll ,-·O.O(JlSwetethe~vo~met;ric 
,estirna~Jt. wu,J'bitrantyuswnedlhat112,.O.OOl. 

The .foUowing'proce4~ w.as :u$C(l.to cI~VI. the\lltimatereserveJdl~~bl,,:ftom 
, .,' "-

1990-9tto 19!J9~2000inteJionl,FU'Stt lt~u~ dlat,m~J1'reai~n.tbcmaxbnumtotal 
furthcr·re~rve$d'~C)v~t .. ble ,frornt~91 ',\0 1999~2000wen; 'balf'tl1e.eC()l'lometriclllly 
e~tcd ·uI~~es'sivcn~e:.tbat.ls 

S«oQ(i, tbepatb fOfre$elVC$ was·m;tde ~nsi ... t \Vlth drillil1l~ff()ngenerated\llld¢ABAAE 
'f()~asts 'of tbe ,P#dlfcr:~c:rudc,oUpriCC$'prior tQthelraqiinvasion.ofKuwait ($eCTabl¢Zof 
the main :text). 'Third. it wasassu~that.tbe :ppintof innexiQnW8$~ched on ·atJl·lf)gistic 
curves fin 1989--90,sotbat thestartiug'vlllueforcumultitivc4ril1ingeffllrt WIS, 

(B~8) CEIO':::;tn(1\ll)/yu. 

The vl.llllCS ,ofUi were obtained bysolvillg$OthatU,satisfies(B.(i) .to(ll.8).11testaning 
value$w~ thcU;t:estimates .. 

,For~gions 1 andS thercwas :no'netdto :modifytheUtc$timates.utbe Ut'forecasts.letito 
cllmulativeadditions·Qf .229;Oand62A mbbl~vely. :FQrregion :2, Ui was mQdified ,'to 

.223ntbbJ.whichte$Ulted incumulativcadditioll$of 112,4mbbl. 

Tbe,sWtingvaluesfor cumulative discoveries (mbbl)andeum\ltativedrillmg effort ('000rn) 

Ilsedinthepro8ramming model we~therefofCr;fl()=230.CY20= 111.S~C.Y30 =62.5; 
CEIO =110.7, CE20. 733~8 and C~3o.1SS7.1. 
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Dl#. JD:r P,rlroleR'" Mo.'D,,,,",,d-,;., .R",N$rit!'" lotC,.de Oilalitl, 

1964-6S 
1965 .. 66 
1~67 
1967 .. 68 
1968.;69 
:1969-10 
1970-71 
1971-72 
1972~73 
1973~74 
:1974-75 
1975-76 
} 976-77 
1977~78 
1978.:79 
1979 .. 80 
1980-81 
1981~82 
1982~83 
1983-84 
:1984-8S 
1985 .. 86 
:1986-87 
1987-88 
1988-89 

.' Co"de".ate 

·Demand Gross Population 
qptJ.Qtity{a) domestic '(Q) 

prOdu~t(b) 
q> GDP pop 
PI $millit'D "000' 

,649,80 102S10~OO ~1341.00 
708.SO 10S331,()O 11$99.00 
764.SO ,1 1 1867;()Q 1.1799.00 
837~70 116970.00' 12009.00 
9~8.S0 1 26200.()O 12263.00 
999~gO 131301.00 125,07,00 

1034.10 1,409$1.00 13061.00 
1084.30 146652.00 13304.00 
1112.0() 153112,00 13505.00 
121S.SO .160286.00 13723.00 
1215.60 162197.00 13893.00 
'1221.30 165937.OQ 14033.00 
1286.60, 170594.00 14192.00 
13.10.70 172351.00 143S9~OO 
1325.70 181374.00 14516.00 
1308~20 ,1S5977.00 14695.00 
126t80 192176~OO 14923~OO 
:1246.80 195671.00 15184.00 
1175.10 192932.00 15394.00' 
1215.20 20314.9.00 15579.00 
1217~OO 214288.00 15788.00 
122.1AO 223426.00 16018~OO 
1227.90 229S8S~OO 16263~OO 
1.269 .. 70 239588.00 '1653.8.00 
1331.00 247849.00 16801.00 

~ CoU$utner 
·cntdeoil pdce~, 
price~lt(d) (e) 
OlLP CPI 

6~81 21~79 
3~O3 22.59 
S~43 :23.18 
8,69 23~98 
8.69 24.58 
8~'15 :25.36 
".79 26.59 
,5~S3' 28.39 
5;53 '30.10 
.5.53 34.00 
S.'Sl ,39.70 

10.57 44;83 
'11.62 51.06 
16~84 :55.92 
32.46 ,60.'50 
57.06 ,66.62 
76~81 72.90 
(84~27 80A8 
97.68 89.14 
95.65 95.88 

:100,00 too.OO 
99~O6 108.38 
67.96 118~S.1 
61.3() lZ7~17 
52.17 136.52 

1(8) Qualltity ()f·petroJeumIJrQd~ts ava.imble rorcQn$UlJl~byelld-use$eCtors .. ~ Jl()Il .. teftnery~versiQll 
sectQfS;ABARB(l989)~(b) .Real ,gro~ domesticproduct.in .c~taIlt1934~85 ,pri~;AustralianB~()i 
Sta.tis~cs, ,rimtstrlesIQPttCat.ng~13U.OfQt .~e$NGDPZ.··Carl~ (~) A~ ·,s_u .QfS~t 
AU,s,r4I1alll),mqgraphlc $,alistlcs" Cat. :110. 31()tOtCan~(d)Pri~ ~of~c cmde c)il;A~ 
Bureau.ofSfatistics, NIP .. lQ .Iflpe, ··Cai~·J1t). 1313.0 fo:seriesl'OCO,Qlnberm.(e)Cormmter pri~index'. (at 
eiBhtsttite ,capital ¢iuefJ. aruJ· (Qt .siXsmte ~.pital.~ltie$prior to 198();.81; AustQlianB~uofStaUstics, 
Timtstrles taP~t Cat no. :13 U,O ·fOf seri~PC8 nndPC~C~t.erra. 
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f.I,) 
'0 

TABLBB.2 

Dala U$etl .IorPetroku". Mo4eISupPly-si,de Regression, 

Year 
-lJffSfiore--'OUShoree' ~tic' 'C;,Onsumer Gross" OriShore . OffSfiore CUrililliltivc cumiiliiive 'cruaeon' 

metres, .... metres Crudeollprlreindex rdornestice~tureexpcnditute . onshore , ... offshore' . 'and, 
drllled(a)drilled(a)price . .pri~ Cd) (d)xeserves(e)teseJ:ves(e) ~ndenSate 

index(b) deflatOr(c)prod1tcdon 

arM ONM OlLPCPI 'GDPDB INVON INVOF CtJONRBS cuoFRES PR<&o 
(J()(Jril----~ lJOOnl . S-mnIion ~ million . -ijiIj6l-' -. .. :mti61 rilbbr 

1912 141~07 154.37 5.89 29.90 28.55 50.80 111.30 14.19 77.74 119 .. 5(} 
1973 90.26 61.65 5.'89· 32.72 32.18 30.10 100.;90 14.31 114.44 142'.30 
1914 81~O8 52.74 5.89 37,.68 38.12 27_90 92.70 15.87 120.39 140.90 
1975 35.66 22.93 8.01 43.35 44.37 27.50 t07.S3 15.87 159.32 150.60 
1976 15.12 57.26 12.37 49.21 50.64 45.60 97.20 15 .. 94 164~29 155.90 
1977 43.25 68.18 '14.40 55~28 55.20 56.20 139~~0 19.28' 161.29 160.60 
1918 9.9.39 109.04 24.89 59.66 58.08 112.50 '214.90 22.07 170;89 168.00 
1979 112.74 103.15 45.44 65.07 65.29 '99.80 358~90 22.88 :231.56 175.50 
1980 89.15 178.63 73.'59 71.70 71.71 197.70 450 .• 30 ~3.20 237.56 145 .. 10 
1981 79.60 3S4~86 86.68 78~60 79,,52 359.2Q 1043.60 64.50 254 .. 04 150.90 
1982 156.59 478.32 96~O6 81-.38 89:02 733.90 1476J90 69.56- 286~9S, 142.90 
1983 223.84 35S.59 105.87 96~20 92.31 690.10 10SS~70 82.68 448.87 159,,20, 
1984 251.13 550.62. 100.00 l00~OO l00.no ;584~90 '889.60 98.84 Si4.IS 190.80 
1885 165;26 532.16 117.70 106.74 106~93 127.70 1110.70 115.97 S75.S0 221.70 
1986 127.30 232~O3 75.18 116.44 113 • .51 34550 1014 .. 10 122!O23 584.77' '206~20 
1987 93.12 466.56 80.31 126~3Z 122.10 301~20 2112~70 125.04 589.95 201.10 
1988 137.98 454.96: 55.98 135.46 133.43 539~OO 1344.20 , 125.54 589.95 189.10 '. 

(a) Drilled m'CXp1Omiionmd cievelopmeilt; ,AUSU'alian Petroleum Exploration ~~imited.E.wloratUm and PA'elopmentSttllistics,'(varlous~), Sydney .. 
(b) AustmtiatlBureauofStatistics, NIF.,lOlapt, au. '110.1313.0 serlesJor PQC(j,CanbttTa. (c)~ved 1'rottrvaIue~~t pice serieSNGD~andNGPPZ; 
AUStralian Bureau ofStatistics, Tl11Jeseries lOpe. Cal liO •. 1311.Q.eanbemt (d)Spent.on expl~:devclOJ)Qu~t~prodUctioil;.sQUrceas (a) •. (e) Qimw.ive 
commetCialandlKB1 .. commetcial~byyearOf~mimeop'apbnotesfrQmtb:BureauofMi(leral~GeblogyandG«>pbysics~(t)Somce.(a). 



'TABmB~3 

EC(JlJometric Iles"'t$ 

'De.~nd'o ... petroleulll.~PfodJlct$ 

(B~9)bl"QD= l~ 1458 ~ O.03111rl(OILP/CPI), +0 .. 1907 ,In (GDP/POP) 
(S~7~)(--3.50l (2.22) 

+'O.769Z lnQP.l 
(15.19) 

R2.-= O.984R2 ·:;;Q.982;I);.H::::~.6S3 

'Serim~~latipmx2(O::::().56Z·Funcqo~fonn:.x~(1);; 0.817 
N()11l1ality;X2(~) == O.8S8aetefO~ticity X2(t) ';:; O.0Q6.: 
~ctiv~f~~:,,2(4l; 1!859 . 

J)riUillg. ~tfo .. t()n$"ore 

(8,10) ;blONM= '3.2042 + O.4401.ln(OILP/CPl) 
'. (8.61) (4.03) . 

....().627 1 In .(INVON'/(ONM,GPPDa» 
(-3.51) . 

~.7Wln. (PROD/(QNM+ QrM) 
(~.59) 

R2 =.O.9Q4;jf.Z .::::0.9.55; OW.;;1.207 

Serial 'correlation:x2(1).:::: 2.101FunctionalJorm:x~(l):::: 1,'329 
No~itY:X~(2)==O.33S He~~c.it':X2(1).==O.299 
~ictive failme; X2(4) ~7 .285 

Drillingeffortoffsllor" '(0:; lif 1972 to 1980) 

(Q'.11)J.p OEM ~ 4.639() +'0.5471 In. (9lLP/Cl'I) 
(16.05) (6.48) 

-O.2009D:ln(OIJ.,P/CPJ) ...:1.4379 ,In(INVOPI(QfM.GDl>PE) 
( ~'}.~7C)( ... 12~24) 

+0.862SDJn.(INVOF/(OrM.GDP.PS» 
(S.~78) .' . 

R.2::, O.9(il;R2:,;O~948;fJW -;::2.172 

Senal correlation:x2(1) :: O~493functb)nal<fQtm:'X2(l)::O~OO? 
NQnnallty!X2(2) ;::: 1,577 :}Jete1'()sceQa$ticity:x2(1)::: 0.102 



CU.llh,lUveODd.10r,ereservf!S(CU"~n()tc$c~tJ1at;iY~mi~s.) 

(B.'12)CJJONRBS ·~121.0S40/O + 10,3369¢~(-O.OC)l5CUONM» 
(271135) (7:.0')' 00.38) 

R2 == (),9.9,s;it2 ;::f),994;I)W'=2.404 

CQlJ)ulatlve ,off,hote rese""(c.tJ deg,()~$¢qillulativc $eries)' 

OJ.l~) ,CUOf,RE,S .:::683~3S2()/(1 +9.0378':exp:(.~.OO+l' CUOFM», 
.(20.08)(9.13)(11.28) . 

a2 ;:O~996;R2 .:::·O~996;DW·=1.479 
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