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'Factors' Aff~.ctio g"~U~l)ly iJ{CS'PQJlS~ 
illl~'r.()grulnndllg Models 

'll(lS~ Kjngw!~ 11 
ECU[)tlmicMnnttg\mlcm Urimdl 
\Vestcrn Au!;.lraHtHl Dcpartmclltof AgricuIt.ure 
AAf!S 38th Annualrunr;Qr.CllCC~ 8-:1 o Fehruary • 1994,. \Vcll ingtollt New Ze{llund, 



It.actot.$ Affecting SU1>l)Jy 'lteslJOllSe 
rin. 'l)tQgt':nnndog' .tvl'odt!ls 

Although £(mtlon1~ldcnlodulling :is.ortCctl(hcpr~rcrrc.trll)ctbndQlt)gr ;tlldcscdbcfurm 
supply respOlls~,Occa$il1mlllynlutbcmaticol progru,nlming Jllo\lolsa.rc used. This 
pnpcr describes the main .cli;;nnC1C.tlSllcsof progronunll1giIiodt!ls used in suppl~~ 
cstimuli()nlhig.hllghtiJlgtb(dr~ld\~~lnJtlg¢snndd¢ricicneics. The dcfielel).cicsof 
'progrilnlJllhl~ .models in rcproscutiugsupply rcspnusanrt!;cxploted;htp;lrticuhrl' lhe 
inlhlcncc. otsp~clncntioncnots.Acusc study of wllc;H .producfionblu J'c~lonor 
\YcstCl'll AustmUu isus<:tl to JUust.l1l{C the impnrintlCc '()fspecificntion~n:ors in 
tstimatirHl of supply tcsp<)}Jse. Spcciflcnti(}llc . .rt(}(StItc immduccd by luChJdlogor 
excludlngvcldouschanlctcristics ofproducUoJl activitiesandothel fCiitures ()f the 
fuml.lng system. 

111ecxamplcs ofspcclficatioll errors reveal Inrgc CfUU1g,CS in whcut arcn amJoulput 
'clnsticiUcs nrc p.osslblc. Ttlm~Ulycascs the chan~csurc duo. to the slope effect 
(dQldP) domhlUtin& thcshlftcffcCI (PIQ) lnlhcclastleily culcuJuti<)tl, Th~1l1ain 
iuference frOlll results :is that unless the farming SYSIClll f \vlth its arrayofptoductiO.ll 
techhoiogies l r~S()urCcs atuol1tcrpriscaltcrnalivcs) is dcscdbcdin soItlcdctnH, it is 
highly likely that specification errors itl'prQgmmming nlodelswi1l JlOtio:cnbly hias 
estimates of supply response. 

Advances in spreadsheet, database and solving algorithm SOftVlilte. enable fnrmJng 
syst~fllS to be descrIbediu gre-uter detail, and with grcalcrcosc, thanhashiUlcrto 
been possible. Even though thccurse of dimcnsiol1olity sHII i<; :a pl'oblcl1liu 
COIlsttUcting mathcn\atiC'oilt pwgrammiug JliOdds, a hIstory ofcxpcrhncntnl evidence 
from agdcuHut'al scientists plus~.dv.al1ccs In computer hardv,furc! soflwnrealld 
economic theory, increasingly mean models call be; built Hml more uccurut<~ly 
dcscdbe farming systems. Hence) economists ineretlsillgly have fcwer reasons to 
excuse themselves forkIl()wingly building models lInn containmuny speclfiention 
errors .. 



AJdmygllcCOnQJn~tdcnH)d~niflg'i!n)ntln~th~prurctt¢Qnl¢tlH1dnlt)gY;lf.}~lesctib~ 
'llum :~mpplYr~sp')J)sCtOccnslomIUy mntbI.1U)lUJ'Qtllpmstnmrnhlgmndcls ~ltC '\.ISCd(c.g.:Wlcks 
;lml UU1(}J1.· J91B; llnU ... i:t:u;t~tnnd jlyrlfUJ; 198B)1 ,M1!nl~mnti~ll'l'n)gtM}jJniUsmod~lS~lrc 
inc"h.lded ill :11 r~,(\C)1t n.w:ie\\'~(J~st'r 1993)ot me.nprtcIH: sHn,e of::J)lodcJUngQf ngdcuhuraJ 
supply. 

10 revt.t1WillS 6upplyrcspnt}se m ~lbods J ustcomm Cl)tSdl:t l"OUll,ufJhemJ)jo{ 
p.tobl<tm:swiJb 'microeeohomict;mpiricnl ~'\!'()tk 'isspcei:llcntiun:o( ihn v~lflablcs lohc. 
Jnc.ludcd. '\VIHch illputvntinblcsorpdecs nru:l()becons1d~tcd?Uo~t~lJt} input,stu bu. 
~~llesntizcd t! 'Wllalis fha: s~tor Jel}tl~doutputs?!';(p~lS).n(! further ,mJds thnJaoothpf 
pn)hh~JJljs misshi8; dRUt •. He saysj!i\Vhc;o(ft\\n,nru sjmplynn~lYi~nnblc }"()t .som~ priCQS, 
lrlpUlS~Ore(llnpctirtg ou.tputs., ncoJllmonrmtclice ,isshu!,dy toigmlrc them. llo\vnvcft lh~ 
rol.c (jt":missius\~nritlblo:sc,mlchnng.c l.hu fi.ppmpriRte ISpcclrimlUcJn nndlntcrprcf:Jti.nnof 
results." (p.1B) Onot}.f: llis rCt~mlnl(,md~ltjJlnS is fnrf:pdhet'rcsc:m~h lO'undctf)tand. tho 
inllJH~lU(jns .of 'utissing d;th~. on supply rcspuJlSC csl'imntion. 

'1'11i5 ptlpct CChlJCS JUS(ts c()nC,UrllS hyHluslr;.Hing tho jnl,pucl on whc:It supply 
response nf ~l)CCmcU'ti(lnnrrms in pmgnnnming models. The t)t)pcr dosctihas the ,main 
chtt'mCl(l,tisttcs, (If llI'ognuUnling models used in supply eslimaUml~ highUghting thair 
ndv.n.nt{lgcsnnd dcficic·ndQs. SpcdJ1Mllionerrors in progmrllming models 1ire tcprcscnt~d 
by ,including or t1~c)uding vnri.ousehtlrl.lctlltisUcs of prmluctionaclivitics nud OtllC-t f~'ltutcs 
oflhc- turnlings)"sl(I,m .. A case study of wheat production ill n rcgicm nfWCslctn AustrnHa is 
uscdtn illustrate the r.ohldveimpotlnnce ofwltinus spe,cinc~uiml cttm:s in describing whent 
supply t.c:sp(msem n tuprc:scnhlUvc fttrm.".lcvcl, 

.'Rc,ccnt r~YlcwsbyJust (1991.199.3) cxmnhlutbc cutrent stMC of nwdcllingof 
ngticuHllnll supplynndhuild, on an cllrUcr teview ofCoJclllan (1.983). Ilntb .n.Hhotsclnssify 
lhe vndous ulQUmdolt>;gitls found il\ the literaturQ intncither prOl~rilJll111jng or econometric 
tlpproRc}lu5. ~[hey furtber sub·· .. cnH~g()risu mc.thodnlogicswHhin the ceonmmHdc~lprrouch. 
Given that lhis paper fm~u~cs on the programming npproacl1. tho v;tonus econometric 
appmadlcs-wlU he .()Ver-lmlkcdheru. 

Follt1wing Just.( 1 (;)93)l the btl}!iCpro!V'n.mming lllodcllo dcscribelhc supply 
bchaviuurofa region or reproscntmivcntrIllr subject in prices. producUoll nltcmaHvcs lmd 
res(}ut(.o,e uV:lihlhUitYt in the often ;lPl'llicd C.:IM .. ~ 'Of expected. profit nmxJuli1.nUoJ). is.as 
folJnws: 

sUhjectto 
q e f{X!OY~z) 
YC·~Y 
'Ac·l$.x 



w.hcreq = 'f{X,Y~'Zl.is {be pr'()dut~liortfum::tJ(UlwJJhqb~(ijg a;Jn""YCC\{lt ofnutputsij g (sa m 
xrtnuHti,~ {)f:~ U,)ciuit)I1SoF :ny:u:hlblc .t~putsH,Fm '{,raQuation '~dte(lmti'vas~ Y;is am 
t 'k'rmndx()ranm~:ld()ns,orkOXCtlinJl,utstoillproducti(mnltctJiallvQ!; .. UtHt ,t ls~th"" 
~cctott)fp()Il ... ~nOe{.t.nhlel1xc(t fu(:ttlrS,'llndproducct' chnnn:terisHc.!). 
In Ye ~ )\' Y 'is a;k. ... v~,~,fOl",Orrnrnt...:tev¢lilll()c:nHlht¢.rcsoU,fPC$ ,and fixed ,tn,putsand c 
'isa.m .... v~etOtOr nnes. 1:1teinCflunlUy ,~lnnws 11lr s(.iJjjetes()utC:cs JUJlt>tbu ruUy 
utiUsc:d. 
In XClS ~) .. g, .is ~. Jl ... v~ctor()l: furm ... revellnpuJ q\HlnUlics that ~.re tn.t:rchnseuM, 
Thet:i.xpf<:.ssIon;O(ptq}'Wt~.x:~}?/y'~'t,) des(;dbes the belmviouftll 't4,~umptitui5 where p 
is:) vccttlflt)rnvtpul :ptlc;c.~ ;is~o",hHCdwUb ,q~mf wisa vcctOtofv~H:inbJo input 
pdeCS;ilSSO(;hued 'Witll y. 

J\SiSiof(ptt,ruported In intrr>.ducu}(Y·()J)/!!iUions rcscurcbtuxtst tlmst.J}.t()gt'Hnn1ina 
modclsnssum.c pd(~cs~nd prmJuclion .atCl1onst(whastic' ;md thai~roducUoJ~ lnchnulngy 
nssunlcd\rcqu.ir~s fixedpfopnrUonslhrcommndityoulpUJ{Lc.nmljoirltIJeonUcf 
t¢chnolo,gy).Hcnel~\<tlleptoductinurUtlCfRln tl' = J(X:,y'.,zlisofunl(ru~ rornl'whcn~ ()bl}~nnc 
·obsurvaHon dcfincs,ihe:fixed input n~qu.i:rcm~n(s for (:nc1\ unit (If <.ii thrcnchc(nnm.odity f, 

1)tl1gtamm log tn ndclsof lbety pcoultined ~~h()v.e~lrc t)c~~1$lotlul Iy used to describe 
thesupplyhchavluur of a rngJpn or n:ptesenlnrive f~ltm. In theCtl!'1C whcrothc supply of a 
partJet,dur .commodity :fs.bc.hlg extUtiincdt tb~ conlJn()n,appro~ch {sin tccordthe nmdet·s 
()ptimals.()JuU01lS (WCra :t'dn,go nfpriccs nf Ibc.commo(fUy. 'tJic model ~mb~ nHher:l 
regional model flltiUandMcnz, 1985) or it Jepre~en(utiv~ farm (Shm:ples. 1 ~)(W). To 
estimate :;trt ~lweg;IIQ supply ;teS11(lllSe bns¢d on tcgions(Wicks nnd 1)i1l00, \918; IIaU1> 
Frnsct andP,Q.rtiHt 1985)or, rcprcse.rttativc fm:rns (Sbech~ and MeAlexundcr. 19651requh'cs 
.ptoccdurnJstcps t)lllUned hy Sharples. 

Altb{)ugllnlalhemuHcnl prognunming .is rm:clyche preferred methmlo)<>gy tn 
dcscdbefnrm supply rcspmlsc. n docs offer n few aOVil.Jlltlges, j'i11hUy. it dO(JS not .n:~quire 
1(.)og dUl~t series us do ecouometric Hpprmu:ll\~s.h thcrefnre ~lvoitL't th~ pr(lhlcms or 
C(,msistollcyand teJiability in (lme scd~s data sets nnd nvo.ids unltmgling the his(ori<.'ill 
effects nflcchnn)ogy, resource quttHty nnd sCI1Jechnnges upon t~urr~nt.;;upply r~\l.tpnnsc. 

Secmully. HcnabJcs lhe ·CtOh5 eUcct5 of aU inpul t output ~md tcclmolo£y options to 
he simtdtutlcnusly included. ai\~cn. i cOlllm()dill.t~S and) .input.s. thcni x i ~rfcc(s of 
cOlnmmJity prices on nu~pu~s ...... '111 he :cnwddcrcdJac; well ~Isj x j :effects of input .pdccs OIl 
inputsnnd i ~jeffeetsof.cutnmmHty prices on lnl')ut usc. llenee".it allows the oplhn.al level 
ofoutpulS and inrmts iobc identified whUetaking fuUnccnulllofrcsouf,ce R\t:dhlbllily 'tnt! 
the resource requirements nnd rebHivuprofiti:\hiHHcsnf compcUug nnd cnrnplerncnf.nry 
pn)ducthm uHcmalivcs. 

Thirdly. the .pt(lgrnmmifigHpprmtchcm~bIcsnHlUytechnicul fuetms dmt can effect 
supply r~spollsC ttl be rcprcscJltcdtoa degree notcosH~r possible in man.yC'C()nmtlt~tric 
:lppttmches. The ,grrrwfh inpnw.Qf ~md sophjslit~ation tl,rdtltab~ISO, £1tmlpUle!' ~ptendiSltcct and 
~(lmpulcrhanlwnrc lcchnnlogy i.nlhuhlst deC(tdu has~dlo\vcd fnrrtlitlg:;ystl1111S to he 
described in even gtcutcr dtnaU in pmgro.mmingmmlcls than hus hitherto heen possible 
Co.g. Mtm:iscm t!( al.\ 19B();K.ingweJl~\Ild 11:mnclt. H181; Ahudituai..199t;KingwdlfJ(tli., 
1(92), SpJeadsh\.~ct safiw.arc enables vn.rinlJ$ putts, .of f.1tDli.ng systems to be,dcscdhed in 
thnull unum he ttlore easily dlQcked 11ndrevieweu hy telcvunl speCialists, thet~hy lc~sl!ning 



Ih~,ptolll(!nlSuf tlP;)q~Cl).eSS (M:ucJ'h¢fsort iUid,llcnnct',l979). 'tmdsp~(!i.t1~~fiml'l!(J;()t 
(l?tUm~Uct ,ul.~, 199al,e()JUnm~1 :h):muny lnrgeprt)gt;ilhnning J)lt)(tclS~ .~pr~~~d$huCIHt1Rn~c$ 
m!t.ltlmhlthl~hUcgthy ,;rnd;C()l\Si$t~ncy(}rtb~nmdClsnndnlrtbcrt(!~ucethcpmbnbnity ·ot 
intfoduclng sJ>~eifica titlj):ctr()fS. Tht~S~ ndV~II)CCS In,t~f,thtlOl()gy ;CIHlbtemo,(c<conmJctc 
duscdpfinns .()l! tbe 11f()QUC.U()tlOp\ jOI)S,tOt .·~.t·rmlorusd(lu:t turnl 't(lgiOJl. 

4 

1~Udhcr)f1dvaJ1Ccsitt:d~cisinh.UlcnrY1indOpHmitJIH(lJ);n)¢lhotlotos.i¢s'hu~u cn.;,tbl9d 
lcsstestdglivcsPQcUl~Hionsof mnrmg(!thdbchavJ()ux:md ;VroouCJion J¢lJUionsttips. H,ilzcH 
and N()rt.o.l(19St»ttudlbml.ak.ctct 11.1.(1991) revicwtht! cum~ntmt\nnHmulc.aJ 
pt()grJrmning ,oJ)lious [l\i\ t. inCOt})(mltc tHlccrt iliJny.o.~tndr~ltie dskptogJ'amming(Fc(:uud" 
19$6}f·:M9Ti\P';(nnzell,1911;Kclln~dytu}(l J:rnucis(,m" '1974); lifrget.Mo~rAP {t~luctt 
{9g3*'MeOlmlQynodRldb~n~tcint 1987;P(\rtnn 'nnd C.J.lulllllng, 1990),mcnn .... Oini 
(YitZhtikJ1. 1982.~Ok\'uley.~md DHkm~19S8), utnitynulxht):jZ{{llnn·f[..;unhctt.andMcC~tr1f 
19.8S;P;~lttCll·ct ttl. f< 1988), eh;itN~l~C()!tsttt\tncd t)pUrni~uipn {Ch~\rn~s.nndConpcr. :jJJ59; 
\\fi.cks, and GutSC.l 1975)n fid:di~c:tcte s(nchasHeprqgfmmlli.og (C()cks~ 't 9(~B~JQle, :1911; 
Schme,tb~ran:d ;Featherstone, 10(0) Rrc ;dtcX'tm'lpl\!s;()fulcUmdulogicnl ttdin~.m(!nJs llHlli 
hl()tc reaUsUciitly desctibe H1aunco.ttninenvirannt(~luumldsk hch.avioutwHhinftlrming,. 

A practlc~d dirficunyincllnstru~;\ingptugf;nttlJ)ljng models lsducidingupnn Ihe list. 
of m:aivitics h) jncludein tho rep.tosentative oJ,r.egiuonlnu:m. Supply'rcsponscsg.~nerHlcd 
b~' pfOgf;urtnl ing:.ntodels nrc dt~riycd ,through llal'nn\(ltcdsi~~ pdc(!,~. l:;)rm;u:tlvllj~s 
c(lnslderedwHbin the -mmtcls need to ill¢ludcpmductiOfl and tcehool()gy nbi't'nnUves thnI 
tlr~ ;t()nlisUc oplions;u. diffcteUlomput price lc\·.ds. Unless the ·nmdt'flbuHdut is wen .... 
1nftmncdahout th¢Tl:.Uuroof the 'fur:ming system or tegimh and 1 hcprneHculptmtucliul) 
optintts :uvallableto fnr.mCts.lhcn the supply response may be .lnis-specified duc to ·failure 
ttl· represent fcusible(\ptions. 

Bven whellthepmdu~~linn nltcmntlvesnnd .respu.rc:c; nV~lilabiUUcs of the 
tcpre.santati.Y.~ fUrIn tlreC{l(Tc.CUy spceificd'l difncultius .t:dt .aggrcgntJon :bit!srclJmin 
(B.uck.wcJJ Rna. 11azull .. 1912; KcnnedYt 1<)75). Vary sltiilgcl1lh{)tI1ogcncit)l crHctii~mu.st bel: 
~tppUcd to the classificadnJl (If fauns to form r~preserttutivcntnlls wlmse supply functions 
are, then aggregated ,to 'rhrnt~l rcgi<mal.()t aA~rcgnle supply .fun.ctitll1..l!\<tm when lhos~ 
hom.()goneIty t~ritcriu ·arc mct,il£,gtcgiuiop o.r supply funcJlons{sec Shntplt~s for (he 
pmc~dural steps) may hemlslcadingbccause the r:cgi('lm1t modclmuy be bett.cr spccirlud as. 
a ,p.ticc-crtdogcnous .model filthe.rlhan ;. sl1rllnHltion of supply rc~r(m!ic$. from price­
exqgcllQUS m!ldcls l,(representative ftlrJllS., 

':rhe fnrmali()i1 of nggrcgatc or fann-levcl supply functions bast~dnn pmgromnlin,g 
nlml<!is gencrnlly hlCks a sUnisHcnl precision because the nonstnchastie mltUtD of 
cocIficicn\s mnkcstvaJups mcauiuglcs:'5 (llnl1{lnd Mlr.mz,.19.8S) .. However, \he coefficient 
ofdctcnnination (R~) does gi.vCilIl: h,dkutinn of g()()tlm::!ssof fit of the esthllntcd futlcli<'Ul to 
the data, 

Ptogrumming .n1ndels {If fnrm ... l·cvel sUPI~ly response inc1udeexplit'it num~*gednl 
;£,(mls •. h1ns.t .C()ulttlo.uly prom mitximiznHmt (o,g.Fh~n(UtlL" 1988) nfnUlxbttii;Uit)tlof 
expected uHIHytl1artnn, 19H1; Chavasilnd :Holt, 19Qn~Kingw(;!n (in press». Alth(lUWl not 
[)rh,midentificdu5u~llythcse,tnudl~ls alst) include impUcit nnumgcdnl hch:wiuut. 11u"~ 
eonslructttll\ of the model mvol\1cs indudlngcett~in acliv.iHos,cnnstruintl'tnnd cncnlt'icut~ 



thnt 'Orten i.mJilY UJ~ f1trm :Jui.ttmscrhns :(dditi()tml Pttf<!tuncAlstcluttnstcH;ollsc(;vutim), 
,1elS'urc'ntl~t ~.Jli.m~Jlw~Jr:;n:a. 

thcmat~lentC(prisl)s:()f:dH~, :tegronnr.t¢prc.sctltnnY~ fntrJ1 ,ilro,typi~1lJyin~tudcd: .In .~i 
'Jltost;nmnillgtn()U~.l~ ... t\stln~thc;'IldCC$(l~qO~~{'diti¢SluJd·.inft.1rmcdinttlptoUuClS flwduecd 
by 'th(! to gitlll:tlt '~prpsaot;dlv~ farm. ~.1 ost·progra turning Jl)()dcls of 'soj'fply r~spon$a 
,consider th<}ttlllhtt~~hn()J{)gy.(lPli()'l:S'and offonconcQntrnte ·on . the CinHncinlfJnw,s. r~i ther 
:than bi.ologicnldct~n of;tbc farming system:.: 

1~h~ranrusn"·~r:ll.fnctJjrs 0 ~hHl (wcdookedht .l)u:tn""Jcvelprogr:mun ingmodcls. 
Nbtllya<isQmc ~(isk n~uttdli ty( e.~~ M QrdSone.luJ. " . '1<1$"6; l;hdlet ttl .. ~ 19S8l:(tltll~>;tUlun 
cOrlsidcd'n.& 'a,iinlgc ·ofdsk {\UiUJdu spuclt1C~HOtl.s (OhilV{lStmd .Hnlt,. 199U) , ;&1-os1 ine 
stttlteglcm()d~lsiHldl&no(~illiCCOtltribp\i{ulljrt~cU~1 d~elsi(m-...:rlntkjng (Schwe{b~rand 
Peatherstone., lWO; :KingwcUct ·fil., 199.1). 

Often '.f:.ttrtl;oolcvcl.ptogrammingtllodcJstOl,sidctouly 11· few sniJc·lm;s(~s nud 
~ntc(pdsctee~n()l(lgy()pnous •. tnnddlti(m:~c'ornptcmcnlm;y nnd mrv~r.se .int~racU()tls 
bCfWC.cn .. e.hlCrpds(!s are oftCtlOV·CdOORCd or ute consid~rcd.ind; gwss 'v~ty.Hnwcvcr, 
f~~atqrcs sUdhnsc.nle.(prise lntcI'''II'tJ.el)CtlQutlciC:s; nrc 'knownt{}bo iIJ1POtt:.lnt. fcnturcg· ()f 

fatmif1g.sy~tcUls (c.g..PanncH. 1987) ,r~UHhc(.~chnn~~~sin lh~ rchllive Ilmfif.sofcntetpdses 
~lnflucncc thechoicQ. ()[leeu.rmlogy* .andtechn()lo.gi~c;; dtrrer~ler()SS (mtttic)Xl phases mul soU 
ehu~ses rP.aoncHiUldaRthg~lt~) 1991; Ahtldi mal.~. :l99l.),CutviU.ncnt tc.spcmso funcUnns·or 
(!VtU1 Hnnar sogmentedapp.mximath1ns ()f such functions ~lfeUnQn not reptosantetllrtlhese 
UlodclslcndiugJ(lpos.sihlu bhlSor crttlt in selec:;tiQ~fnfueH.ynies or tcchJmlosi~s, 

'thl.! telotive. hnp()rtJlO.c~?' nfSOQ1C' fnCl(lrs oftenc~':ludcd fnUll fartn"",lcYcl 
pmgrurnming. ishw~stjgatcd.u:sing ~l farming syst.cm \Ifi(ldelnutlledMJI)ASO<ingwc:ll, 
·198?a; .. Pannell mnl DuthgM.U, 1~>91}. 

The mod'clnatnl!dM1PAS(AtbdcJl1fnn lnt~grn\cdJ)ry'hlml,llgdcutturuJSystcm) 
is n. mathamatical J)togr;ullJrt.iognloUcL(lf the farming s),s(cnl&ufthc eas.tern whCillbclt of 
Western Austtnlht. I~ndy versl<)J)s ()f M1DAS are dI!5(,~tibcd itl Uct,uil. by Mo(rbmn ctul. 
(1986) arrdKingwcU (l981.a) nnd recent versions nrC dcsc.dh~d hyMnrtison and Young 
(1991) tmd P~tnncn(lnd I1(lfhgatc 09(>1). 

''l11~ mod~lis ,based tm. oxpcclcd values ,null therefore liSSUtn.Cs ccrutinty (if 
knowlcd~eahoutptices.costs and inpul·""'output reloUunsbips.n isn Slcildy ... stn.h.~ nmdc1 
fotUliledon unuxpected wcat.hct",'}'cttt nnd a.ssumes the 'farm Jmtnrtger ,ispmfit""nlnxirniting, 
althous)l other munagerilll gouls;Jml behaviour nrc .im.pliciUy accounted fut in Ute structure 
nfacHvitlcs.F()t.cx(l.n\t·)Jc •. lhclelsur:epfureren,~csuf lllC farmer u.tcl'.~nJltuted by the need In 
finish nl,lrvcstltlg 1.n 'cady J,muul'Y. Also '~(liJcon!Sutvntinnuttitudes ute reflected in. 
testricti(}n~ <10 lhe degree: to which feud eun. h~nlronvcdhy UhJ grnziugtl!r she!'!)) ;thdnnilllill 
w~lf,lre,C(m5ideru nons nte.rentlet~d in not aUowing sheep livcwcightctmdiUon to ndlt{~ it 
level that wou.ld ctluscth~ sbeep to beclusscd us heing in. poor COlldiUou. Ou.tpOl ftom the 
mndcl~ is! 1l set orptOnt-mHxhni~ingenterpdsuqnd XOl:lUoIlnl nc.tivitiestlswcll.us sb.adow 
pticl.)inrormmiml~ibounhe nlurgi.Jlili v1,lue l)f nmn re~mutccsand ttltcttHlljvc cntCI]lriSC; nr 
rotuUOijnl !(lpUons. 10 the J)'l()del furmpfoftt lseukuhltcd nsn IiCl return to cnpitaland 



~1:mngcm~Ju.· ;~·lJi$r~tlltn~qut.l~"J()Tnt){11t!$h~n()\'cr:,rt()mpr.()dQcUOdt~c~iptS'1.n¢r 
dcdu¢tin~1)1l()vc.raliN~:~Osts,~nY~tb~n.4 ens,s, dapt¢~.l~li()oand ,oPpo[tuhlly.C()$lS~Ss()ciMC(' 
wHhlX. rn\asscfs.C~.~~lpsivQof l~md)j 

AS(!Xp)ajllcdby.]~Jngw~nn98'7b)J(h~·:01ml¢1.·hRsbe¢rl,thwt!.tql)cdhl,cQ~Snl.mtlotl;wllh 
:ft~(m¢r$! 'rQscnrch~rSt·a,:tYisc.n~.an~lrtlnll.mijn\~~uro~n,.eonsuHu~ts,;t~d •. it".omphUsiz.(!stl)(l 
inl~raepemlqnclcs, 't'lf p!opandltves(ot;:kcu\ctpnsf,!~ •.... ~rhCtnQdclcomrdscsa'lnn\dxof 
~\rbund~7QcoltlTi1tls{()r llt~ll'lidcs) WnhOlX()und30()t()~f,$(Or<cnnsttajnlC;)., .. tha.Illodel's 
trunle\\1()tk: is!! singJcp!!dop(;quUihdutn Sh:·llcture~.JIl~JusiveorJotcr"'Yt!a( ~rr(!C.t.s. 

jBwatl,ly~.Ul~modcl d~~Strib(!s~ 

tllepr()(hJction~ltt~m.:.Hvus ()JlPp 10'1 S(>Ui1h15S~~9~ .Opto 20rotiUiooOllHnns tlt{} 
descrihed lnc ·e,'lcb soilc,Utss, The cam ()plit)J}$ ,include whCl1t'tQ;IHh b:\r] a}" whHc.h.1 Jlins~ 
ttHkJllc 4)ndflcldpcas.11lc pfodu.cth.)Jl(),l~ovct 25elm.;sesbf' merion slicep ;bnsc4()j) .'U. 

sclf;iOlteplac.illgnoCk,'Utedcpjct.cdtl~dtnlow rot :1 :n1yd;td~)rl1ock, sizcs ~.Ild Situctu(cs. 
The type ~ndqu~Hunynf:WO\)lpro.duccdbyencllsbc~pcl~sSiSTccOtdcclnl(lng w:itlttbC'It 
Jivcweightand:woal saiepticps. :}>;isturepmduclj.on OQCf\cJLsoilcll')ss: and in .ouch 
t()l;tU ()n.phnsc .is :als(l dcs.ctlhcd. ".the nnn .... lhn.)~jt yi~ld.(csprmscs: {)f'(~c.(cnls 1n ~lpplind 
nUt()gcllon c:l.ch soH class ~tn(Jcscdbcd.usltlg the 1!h,lloy,..,Nnt.tou f,l(75),aPI?t.QxhlHHi.ml. 
t'!rtterpr:isil inlq.rdcp~J)dC.1~jC.~" :rhu.cricctS{)ltCl!(c~rl yields Ofptcvi.ousJeguminous 
.pastun~sotJcgum9 en)pS~lrQ dopicted.· ThQ .inctt,tas~d w,c.cdburdunJn:c[opsductf) 
ptc'IiouspnSluresisdoscrihcd lIS is fhe dolcler.i:ouscffc.Cl()fctopplngon subsc.quorn 
pastuft} ptoducUun~ 
Ihev;ldous sourccspff~edrot JivUS.loek;. gf¢cntmd{~r}t paSlUtus.graiu stored oD""ia(fl): 
()r:boQght.ht nlldctop residues Including 'SpUtgrJl.inus well us fucding r.estdcUorls nn 
lUJlinstubble bCC:IUS~ 'of lu,?inostsds'ks.~rbodfect or st.ockfngtnlu,onpas.ture 
ptmlucUonisputJinecl in the :(JlodcJ .. Also tcprCSOtltcuou nmofllblybas.is .ar,cthu .cnm·'14Y 
tequirt.mumts lltld·app~Ull:~ ()f: c;n~h shccpc)nssuml energy S()U(CCS mHi feed (luaJm~s 
wiJhin the: :fm:mlng system. 
current fntmi~g tecbnology. Whe ntndcl rCptCSOIUS the range of: cuttent fnrm 
1l.1iltUlgenlt\nllcchnolpgy Jnsofntu.$ the typef~ of UHngcpra.Clh::cs, ulucldnct)' 
cmnpl.cmCtllSf hefhicide..c; used .j)11tl ,m.tcs ~lppHcd'ftnsks cnntroCtCdlWO cmf) and Hv.~')tock 
optJons considered :uranU cOllsislc.nl wHhlhosc used .()tbolngcanv~lssed hy lcpding 
fntnlcrs uflhe .rngic)U* 1~hc muinlcnancc: uf she model RUowsC:han~e51nt)trndng 
technJ»ugylobo inc()tpnrnlcdin up..,dnteu VC(S.ltlrlS orlhe models, 
cOllst.tnir1ts on:i::mn Opcfut.iol1s. Tbcs:ceonstraintsincludcthcpbyslc,'lJUmHs :itnpo5.od' 
hy [afm sizoand arC{lS ()f dlrrcrcmsnH ch.s$es.~nHlllfilU.ed supply of fnmHyhlhoof tUlU 
\\~.prldng: ~apl1al ,arc depieted tiS is the .HmUed work c;lpuciJy ni.f;mnmuchincry. 

,ForH dctuHcd :c.xposHiotloflh(} rwtlJtQ and structufij or th4! :mndt~lt t~IHlersutQ 
tC'fcrrcd l().Mnrtis(m 01 of. (1986),. King\~'cU( 1987bl ~md l>ill1l1cH nnd.n~.UlgU1C, (199J) 

Tn C:X~lJnjllC the impacI OJl fattll""lcvc) SU})p!Jt re:sp{ltlse of some f:UClntSc}f1t.t1l ov:cr­
Joukud orJl()odJ~ xcprllsc;ntedin progrnmmiJlgmnoclss varjous.1"uctnrswCfl! altered .or 
tQmf)yed ill MJDAS1() SCQhow ftltlrt wheal supply 'WIlS nllcrcQ.\Vhcat sUPJ)ly w:u; $~l4!clcd 
a,1) the subjcctl)f the i.nvustigalfoll.hetmus~ :it is the pdne.ipul(j'op grown In the ~a"tCnl 
~'beillbcJtor Western AuslruU.t,plusMlnAS isc(ms1tuclcd to Tcprcsenl ill some dl,HuH die 
bJolt>gy nndCC()t)(lmics of WllCjltptmluct.itm" 



11lelmo~c.t:tlO,!r~{mwJ'weIWh¢alsup~lyres()()ns~Jot~hn~g¢~Jo,vadous,'frtetorslS 
jlsscssed ,bYPIU1lJtt<:tctlSblg 'JfiQ: ()rt~e~rm wh(!;~*l;pd~ {$:l()'pqrtouoo ,inet~trrcJltsfn, tll~t~i1g~ 
$9Q;U)$1()Opc,l?t()~Q:h 'Solvjn~ inc ~odeJat etteh pde¢:Jncr~mum,~ndfitHJll~ll, q,u;~:dr;atiQ 
(0\\.::; !(PwIP\i'll'cqQtdiOo' Jl."t,heg~ner~le(l'suppl$ t~p()nse;.·. fu(}ch\$lieHyof \S~tpp111s 
~\lcnI111cd ~t:,the,mc~tnWh~a.tprtc.e ;n,».d uco~fti~icnt'(lf' t.h!tctminn\lan (I~2Jjs~deulnted. 

JnletptetJJl,g(.'th.nn;g~s J»(h~ ,pdo~ 'CJnsnci.ty()rs~ppl~ is ~idedi by 'C(mSidcfjn~ lwo 
llu.i¢ts oPpdc,e~l~lSlien)~ .Ciom01onty,. ;pd~ :~ln,sU~~ity (If 'snppl.y /(iJ)ise:xptcss~das; 

Itt~be dcJ~t,mjrintionnf .;IlYepc:ods ,fi.tsltyortthJ!{tlQlcIP). pmtiort ~I;;'hi~h: is tbninversc. 
nfr'the slopc()rrespnn$hn~tle;s,gurs:u~ply !topticeclulogent samplemc:rns, Rnd, s(!(lOndl.Yii 
tJPOfi ~{i)I(}J ~,!·hjch descrcJbes ith~'sfti.ftvnsfUon 'Ofnt¢suJ)pl~tesnon$e .. ~tl1"pdooclttSU~ijy i1£ 
Stlpptyt~an: Jn~t(!nsc (d'!tteas~'h.Y~nhe~an .iml'tcnse(d~.cte~~s(}) jnsk~pe{ll,Q fiUl)lUt'a 
lenw~(;dsi(dghtw{}rds) supply slti.ftN'/Q'u( soinecnJllblrmUnnn.f bnth.bt *Hmtys:es :rC!l)O(f,Q:d 
hlthjsp~tpcflbemC'un Jlrlceotwhcilt 1s IdenJtC~ll so ebangcs,ll1,tdnsticili'Cs nre :dUQ t<) 
ch,mges 'in ;'!,«ttbe tneanpdcu nnd chtUlSJ.'!s inthc: storre il(}llIP~ 

Cl Soil (':ltfSl~l"S 
()n~n ftttm. ... Jevelpw,grnmming ,mod.els cunsider .oOly.u fc'w soilclas.lics"Hpwcvet, 

.farmsQfregiolls uSlmlly comprise scvcr~d s{JUcluss~sorhltldcmmn.ge.mt!ntunits (:tlfntt'kojc 
lQ9Clt Kubicki 't!tf!I'1 H)9Z;\Yells ,nod ,Killg~ 1(89). To in.vcsfignte lhc t,rfUCl orfaUut~ 10 
re,present aU sonclassQ:s~theMIDA.S ,model'wUhUs7 s()Ucl~s~s(St()nC:haml' 1991}w~'s. 
re""spceificd ltlht.vc 'Only :1 soil classes as shown in table 1. 

Tbe seve,O,soilcJztssesworo .amuJgnmal~d tlc.t~ut'djng tOlhc~irmnin structural 
chat,lcled~Ucb(!lngeither a stlud, ;(~tt\}~ m a d:uplcxBoit J:Iencct the sandy soil dasse~ Sltn 
S1lbec:i:mea single S1 soU :ehlsst S4lwas unc'hlln,g~dns:l dllple~ soH «lnd th~ clay snn 
elas.t;cs· 55 to 57 WUre t~ptcsert.tcdb,ythc 56 s(lUdJtS5.\ 1';b~ effect (lfthe 1imRfga:mnUnnon 
\\tht!ut supplyelu$litHy fsshtm?o In tnhJe 2. l~:1aSlitily nf fl!Sp'm~e with tcspecttn wl)car ar!tu 
fl.ndptoductinnnnd slope andshiftf:nemrs ate f,e{}ntt~d., 

"The results in table 2 indr(:;atelh:ff failure tn fuUy tQ}1rcscnt the tu.oge nfsoiJ dfH;S(!~ 
suhsmnl'iuUy reducespoth the 'U.c~l and mJtput clasticilycstImales. The ,l[t'm .ulasUt·lty fidls 
from· 1 :95 toL27 while lhe(lutput cl;'lstlcHy falls frnm 2X)O to 1 A6. The; rcduction of 
elnsti(:ides is almost aU due tna,tcdut:tion in slope «tQldP.). At wheat pdtcslcss UUtil $l:m 
per tonncmnril fu:ea is Sowlltn whctl:t nnd wlmat production .fs g,rentct in the J snHefnss 
~1se* At these luw whOM ptlccs wh:e~t is .on}y grown in r(lt~itinn'MUb Jupin~, 'fbeS2 soU 
Chlssis pa.rticularly suited tn !upm-\vhent rotatiuns. vibcrcas the Sl to pnrticulilt is ,not 
suited to thcsemtnUnns. Hetlcu\ mtlfC (.rea .i1'\ sown. to whont when the 51 s(lild~ISS is 
OVCrl(Rlkcd*HS .occur!;· hl thC' J iinU duss ell:::e. AtwhCtl! p.ti.cesabtw~$140pc.t tonne Jess 
<area l.$ sown to wheat and \\'hcn! .producfjon is less in tbe :3 soil (;'lm~s cnse. Altbese higher 
wheat .price~. WhCllt dnmiuunt wbcut-field .rC:ilfnti1ti()nsnt(~ the prf!fcrrcd .option for soil 
class 57 . Failure to Include this s('lil tlll5S il1lhe '3 soU chIss CU"'iO meun.~ pusfure-\vhcat 
.fotnUo(Js are inltiJ111y selected on the S6 soil class with the whent phases b~il1g J~iiS. domina.nt 

1 Atllncrcase·inthe Cactor.(tlQ:dP)concsponds to a dccrum~f! in lh¢slop~ OrMlppl~curvcs:~lS l,\~unUy 
dtl\Vn. in cconomJcU!xts because dO,ldI> equuls the inverse of lhe slope of tlU.lse supply tun'clt 
C'I'i~dcH~ 1974), 



a 

in thcsct()UHions. The. tlhcrtltiotlin (OHIlI()llSC~iUscs,~ht.}whcalarc{taml whenrpmductiou m 
be less in the; :3 $QUchtS$C~lSO':U WhCJlt.pdccs gtb()ve$lAOpcr tonne. 

Snilclass 

51 (Acid sands) 
52 (Stilldplnin) 
S3 (Orav~IJy 

sands) 
S4 (Duplex) 

S5 (Medium 
heavy) 

S6 (Heavy nnn.­
fdnble) 

S7'{He.;tvy friable) 

YeUmv.loamyot grnvelly SJlllUS, 
Deep. yellmv ... bwwJ11onmy s~mds. 
YeUow..:btowo gtnvellysandsa.nd 
s~utd ygrilvels. 
Grcy,sfindyJonms* lOtn»y stmds} 
sravellysartds. and snnd nverwlli tc 
clay \\-"nh y~!l()W ()rrctlllmulcs. 
Rcd~btowntsnndy Imnu over clny 
su.b-soil. 
Darl~ ted ... btowJ1, sflndycfuy lonnis. 

p(twiOQS S6 soH treated ,:vithgypsum.. 
~r()till 

SoU~re~ (h~~) i.o 
SltHid;ltd SimpJe 
model mod~,l 

450 
SOO 
~1S 

275 

425 

450 

125 
Z50() 

112S 

1000 

25,00 

In shott,tbc tcptcscmatioo uf fower soil classes m~ly give, t\S blthis Cil~(,;, a false 
dcsedptinn of i), farmct~s. responsiveness to clmngcs iutbewheat ptlce. Jncluding :nore soH 
classt)swJdens the tec.hni~11 'Opportunities avaUa:hlc to the f~lrmmantlget to respond tel 
changcs in the whcatpticc, F~lnute tn rcprc$cl1tlhcscoppodunitics nHly. as is th(,C:lsehcrc l 

underestimate the responsiveness of the furtn's whc:lt supply to clmogl;.~A in the wJ,catpricc. 

£:1 Cf(..){J Altct/uUives 
Some farm ... lcyc1. pmgrummlng models consider only m~iinptoduction aJtcrrmtivcs. 

For example. tn a predominantly whcnt"'Cshcep f~lt.fI1ing rcgiont only activitic5 describillg 
wheat and sheep ptnduction rotl)! be included in the furtn model. AlthouWI the cRstctn 
whenthcH rcginn ofWcstc.rn Al,lstraHn is such u rcgi()Ot Ihq. MIDAS model includes several 
crop options such (\S Jupins, fieidpcus t l'mrley. Ot1,ts imd triticale ralher than solely 
considering wheat. Toextlmine the effect of representing onlytt few Crop 0Plions. Jupins 
and then. peas are excluded Hsopti()llSand the suhsequent effect on w.hcat supply re~pnrlse .18 
observed. 

Results :i» T~tble 2 show that it' either lllpins or {lom; ,is ex.cluded ns crop options then 
the gencruled stJpply response f()C \\'heut has it marked increase in its nrtm tUlC,loutput 
elusUcity. The incrcusC in el;lsticHics is due to mRinly in:I sJnpu (dQldl' ) cffec,t. although 
.the shift (PIQ) cffccth;lS some .innucnc~ in the case without ll.lpias. 

When Jupins nrct!>;cluucd l the meaIl tlre~~ .and quantHyof Wh'CHt scloch.-d elver tho 
mnge or ~whcnt prices ts slightly Jcs,<g 1han t1nrt \vhich ()ccHrswhenJuphls aro in<.'ludcd. Tbe 
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(eduction in mcanvalucs is dUcprhtrttdl~r ttlJhcnl(lCh sm~nt!rM~U5phtntc~Lt()whcafWh~m 
cwbentpdcc,l)tlre J()\,'ctUmn& t<mpGf tmrncon..;fann" . Atfh!!$cpdcC!smostwJn~ut isphtntcd 
onUH.t s:trtdict s'lUshir<lt~lfi()nwiUt Juplns."'rho9xcJusf(ul (Jf lupins nec¢ssitntcs·~ ruducli'>rt 
lt1:wltent RtcR n.rJ;somc .oftbcscsoHo,l:lSSC,!S .. At hi~hcrwb¢atpriccs(!ontirtUouswhcnt 
rotndotls~rc$ctct1ed()n.cm~ttly ~)fthcsus(1HclHsscS.wit1l orwJtlt()ut.theopHouoflop.ins. 
HcncecxchtdingJupinsrcsuHs inscJccHnn ofsmtdJ~~rMc\tsI1hlf\t(!d ~o WbC{tl ~Nhcn whcttt 
pdces nrc low :iildthcmafnlcJli(flCC of whc.mttl(cns when wb(u(tprl~s tl(~ lllgh. OVenl It 
these chnnges inete~u;c the slopceffccftmd sUghUyincrC~lscth~ shift effect. 

F()( p<!ns~thc d(')mimmt' ert\!ct on the whcnt. supply clnsHcHies .coroes frtml tlNslope 
effect. Atwhentpd(1es. g(~utcrthan $t1n~et totU1e~ ·ccmlhtuous WhCtltU)t;lti('ns fcpltlCC 
t(lUtHonstbnto{lnTHHly include penst cuusfng no Joeteasc in the arcupJantedto whe;tt. At 
whcatpriccstess thntt $12<lpcrlonne the exciusitmof pMS docs 'oot effect the: selcctiC)fi()f 
whe~Hhe~us(~"!heMJs mainly grow~ ,in towHnJ1wHhJupins af these low vtie~s. t\twhctlt 
pdcesSi20to $UlOpcrt(}one.lcss wilent .1$ sown httCiWSconthe:clny soits(SS toS1J 
rmstute-whl;uH: totat!nusarc selcet(~d rnlherthllnwhcmdominant rOftlti<lns tlmt itlCludc some 
field peas" thesehUtermloHons, not be:ingnptitms. The nvcmH effect of lhescnltaHotml 
chatlges 'is lhatthe avetttge area smvn to wheot is ~mrroximtltely the SUtTle in the with and 
wnhoutp(~S cases, :f{owcvc.l\thc slope of {he whcatsuppfy corve: is mucb greatc( itt tbe; 
~l~ 'where p(~nsare excluded. 

''tAULE2 

Efft)ct· of Model Ch,mgcs on Supply RChpnnsc 

M()dol 
Clulmcfctistio,s 

Onlv 3 .sofl chtsses 

Nn lupins&! em!)' :3 
soiIt.:lussus 

Area 
Ulasticit\f 

lAs 
1.27 
2.43 
3.0t 
:t13 

3.1..5 
1.97 
2.37 

Slope Shift 
Fnctor F:ador 

9.:38 <La 1 
5.89 0.22 
11.6& (l,2I 

13.$·9 0.22 
15.16 O~25 

14.14 O.3:! 
9.06 0.22 
9.75 O.l4 

CJ No Lupiml' tUlticmly J Sail Clt1SSCS 

RZ Output 
:Elastjdty 

0,96 ~too 
O.SS 1.46 
0,98 2.3$ 
(M)6 ·2.96 
0.95 3.56 

0.93 3.22 
0.;<)1 2.05 
(t96 2.41 

Slope Shift 
.Fnctor K'nctot 
1.2.2'1 0.'16 
.~r.ot 0016 
1;3.14 OJ1 
15.68 0.1'9 
16.97 0.21 

1.5.40 fl.21 
12'{)[) 0.17 
12.10 (1.19 

Ofte'n in nmn-lcvcl progulUU:lllngmndcls u cnmhintltion of sin1plificmlcltls nt (}\'('t­
f;i.ght50ccur wltil~h together repre,sent mi~"'~pfcjfituUon of the true furming: $Y;:;''' m.~ The 
C«11',1l of exeluding lupins und considering. only 3 soil class(."s is exami.ned here H:' ,ttl 

illustration, Ij}:rge iner~~lse~ in the \,Vb(.litl .Rtea and uutpu.l supplyplnsticUh1s ntc recorded fut 
tills case. Tho increnscs~u'e due tn sic)pe (dQhIP) nml shift (P((!) cfFectl.,. 

The se,par~lteinclusinn of nnty 3snil c1;lS~US lowers supplyelasH",'Hics while the 
separate cxciusinu nfl.upin~ lncrcn~.(,~s supply cJnslicHh$, Ilnwevcr, their j(lhll erf~ct te";tJH~ 

2 'nieCe arc some CXi:CpUut!s suell 'l!ilZal;fer and Paris (t.lJS~} \vho lIUenlpt .t()rl!pt~scut the 
stuchusUcily of some lcchldcaJcm~Jick~nL'i In 8pw,gramntlflg,modeJ. KiugwcH et at, {H}t}l} UJ"H 
inctllpotalc thocUcct u1 \vcfdhct-ycil)" \MiilHullllUhin apwgtmnming 'ltmdcl 

R2 

0.96 
(h9S 
0.98 
J).9~ 
0.94' 

0.93 
0.91 '--O~97 
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hllurgct Jncr~~\S~s in ,su,pply nlnsficHius lb:m is rceonladfor the.scpnJutcexclLtsionotJuphts. 
AtpticesMorba,lQw$12() p~r:tonnc7nowlleatis s()wn,.lf l~pins wer.cnn<!ptlonthcn 
Wh(~:H \\l()uld .he$ctcc(~d(U'lthes()UchlS!i S2inroutdonwWt JUpins, 'Atpdcestll otabovc 
$t70 vctlOnnc.moro whcutis snwnfluUl occurs in the gtandatdC~S(1.·whereJupblStiftd 7 sOIl 
clusscs rue .(Jv:liltlblQ. fthn ·extra nrcu.smvllwhcal isducinpatt to lhcint({)ducHotiof 
t,'('mHrtuo~s wheat: :tofnUtms··(lt1 the 52. s~)il class~ . This ~\nlclass is a~andY soil p~trtjcldarly 
SUitcdto.lup,in .... whoat :tottllious and cnnJiotItlus whem" In the. 7 soil elMs model lhcre ~TC 3 
sandy soils; Sl to S3. The 51 soil is highLy infcrtllcnrtd w!lcin is only grown on this $(lU 
olnss lltvcrY~igh \vhcntpdccs.Thc B3soH is suited tu lupih .... whcttt. rotationsandJJt\stUt~ 
production. Hcncc.coutinu{lus w'hcm mHHionS~lr(}t}lsQ ouly sclcctcdtmlPissoilclilSS nt 
biPthwhctltpdces. ay excluding the soil classes Sl HIlcl S:l{llltlS(»)clyinc.luding the 82 soH 
classth~~tltetcdm()(lel tlPi)()t'litlrlS ngrcntet urea fot whentpwdttction :uwho~d prices fi.t or 
above S110pertonnn. . 

thechtlng~tn the ,m~anU()ct\tcd to when.lproducHou, across the range of wheat 
pJiccstcsuhsinnn increase.in theslnpe (dQ/lIPJcffcct •. Furth.ct,hecause tho: reduction in 
whent nrcasnt: .prices tlt or below $120 per lonncisgtentur 'Uumthnincrenscs in the whcnt 
anm.al prices aJor nbove $l70 per tonne.} the shift (/'IQ) ~~rfectis also grcatct. 'The 
cOillbinaHt)J1 or the shiftnnd slope effects le~tdw an ine(ea~e irtthc. price c'lnsticlty of \\thcnt 
supply. 

d Nt} YieldlJoost BffN:ts 
Some CaWl-level programmin.g models ft~il to udcquatcly consider the hiology of 

the farming system. Gross nssumptions .ate mndc about the \\luyentcrptiscs hlteract. These 
~ssumptions affect enterprise m Ht'tlvity selcctiotl Hod tesoun::e usc, ~ind mny introduce bias 
t1(etror in activity scll~oUon,. '[he example thcn~ is the htmuficial effect on cereal yields 
prov.idcd hy leguminous pashltcs~HHllupins gmwn in totaliml with the cereals. the 
beneficial effects Mcthc nitrogen fixation of the leguminous ptl5turcs nnd lupins nnd other 
yield-boosting effects (l..accy und McLeod. 1(93), 

These Inttereffccts,\tc duc firstly, to leguminouspnslurcs Hnd tupins being break 
crops that reduce disease incid'nlce in subsequent earenl crops (Ch:!tcl itndRowlllnd* 1(82). 
Secondly! the long tap root of lupins can aetas n hiologictll plough providing opportunities 
fot the ront sY$tcms of subsequent wheat nlunts to have improved 3cCes.'1 to snit \vater 
(Nelson and Delane, 1990). Thirdly. leguminous pl:l5turcs and lurins provide nn opportunity 
to c()ntrol grass weeds thnt could be problems in future ccnml crops. Togc,thet thC5C fncHltS 
cnablcwhcnt yields to he higher, Fuilurc to represent these factors in a fltrming systems 
modeimny result in the incorrectidcntificiJtion of some uctivitfcs as being optimaL The 
effect on wheat supply elnstlcities of failing tn represent these factors is illustrated here. 

TI1C removal of yIeld boost effects (np,nt from nitrogen fixation) CHURcsa marked 
.increase ill wheat supply elasticities, due tno~lly to an increase in the slope (dQMP) cff~ct. 
At prices ttt or ttbovc $160 per tonnt~ more whlmt is sown thnn occurs in the stnndMd cnsc 
where tdl yield hnprovlng effects nrc cou!;idcrcd. The hlcrca~c in \,-11cat (l(C(1 is due to other 
mtHti()J1phascs (ag lupins or paloiturc) not being selected us strongly. The failure of .legume 
phnscs ·of rotations to pwvj(lc yidd inCrctlSc~ to wheat. reduces the profitability of (he 
leg:ume phHSC nflhe rOHltinn and lhcref()(c discourages its selection. 

At prices hcl()w $160 per tonne less wheat is sown than ()ccurs intha standnrd t!t\se 
Whl~tc all yield improving effects nte considered. In this lower range of wheat prices the 
sheep enterprisc is muda relatively more profltnhlethan the wheat Cflt¢tprisc (depending on 
soil tYPe! COl1sidortttinns) hecause Ihe. yieJd boo5tingcffc,c\s of Ic.gumcs nrc Ignnrud. ThIs 



chnl1gein:rchltivcprofiH'hilitfcsJcmi~ torrt.o(ckWdbcing ';dloc;Hcdt()pnsturc·~t1dlegumc 
gtnin JuoducHon thart. occurs 'when legume yt¢ld boost cffectsRtce<m,sidercd. 

11 

The chanf;<.lin the arcR·uHoc({tcd (OWhCilt pn)du(!ti()J1 aCrOSs tuc nlnga of wheal 
prices rcsuHsin~(TlinCfe~lsc i~thu sl()pe(dQIdP}cff4Chrtlfthct,bccanse the rcd~lcUon Jo. 
wheuttlf~asat pdccsbelow$160 pctfOniltl is sHghUy grenter thtHl the increases in the whent 
arcattt priecSaJOf nh<wt;t$J60, pcrt(mne,. the shift, (PIQ)cffcet JS~ilsogteate(" The slope 
effect; with some lesser fnftuC{lCC bythc sbffteffect,lcttdstnan incrC!1Scin.tho price 
o}tlstieityofwhcat supply~ 

CJ Crop If(achille(y 
Fttrm-levclprogrttmming.mod~lsc()n$idct crop mac:hfncr;'either :IS a . fixed 

resource thtlt m~y Hmit>tbe size of cwpplrtg.pt(Jgranlmcs or as(l componcrtt ofcntetpdse 
vtltbtblac(}stsot as ~comhirmHon of: lmth (e.g.l\badi (!t al. I .1991). In M.lDAS rtlnchlt1cry is 
fre~Hcd as a fiscd fesOurcewHh its 0pcrnting cos.tsand dcprechHI(Jl1dcpcnciing on usc, 
tiHagc method,. soil lype mtd emp ... Intwducing smaHct'm~'Ghincry :inMIPAScnus~s sumo 
chauges inthushift and slope cffccts,but the dumges are in npposing directions, c3rtcc.lling 
Oneanomor •. Helice, thero is little change in tho "",hent supply araaand mHput elasticities, 

CJ 1'illage1ftclm.ology 
The technology w;sumptiorls t.httl underpin' many f~tri1l .... icvol programming1ttodals 

often roptCSentngrc3t simplificntion or farmingtechoology.F'or example~ the tHlnge 
methodetnplny.od by farmers C~In differ nc(Oss $oHc.lassesandwithitt rotation phr~ses. 
MH)AS rcptcscnts aU SUGh tHlttgc options (PnnncH and J3athgntc. 1991).Howevcr~ what is 
the effect on supply e.lasticitics of wrongly assuming a single tiHngc method? The C~lSC of 
assuming aU eetenl crops nrc sown using ~. work-sced ti Huge mcthod is examined here. 

This assumptio.nresuHs in incrcuscs in thcwhcutarc{t and output supplych:tstidtics 
mainly dUll to shirt <PIQ) effects. At an wheat prices used Jrtthc nnalysis, the ilrC~J; uUocated 
to wheat if.; the same or ofl.an less than that which occurs in the stand:lrd caSe. Because 
there is HUle vadiHinn In the size of the nrca (cducti.on across t.he nUlgc ()f wheat prices, a 
parallel shifti.n the wheut supply response oc,,'urs. This shift is due to the consequence of 
soJe f(~Jiancc on the work-seed crop sowing tc.ehnoJogy for whent. 

Ort some snits, nnd in somo rotationst whenl cart be more cheaply and quickly sown 
using direct sowing. lIenee, the assumption of the work-seed technology results in .less 
whcat be.ing sown and overall increases the shift effect. Ultintntuly. tho increase in the shift 
effect cnuses urt increase in' tho supply eJnsticitics. 

So far thIs paper has illustrated the impact on fntm .... levcl supply ela~ticitfes of 
dlffctcnt specificution errors. M~my errors lend to supply elasticity cstimt.tcs challging by 
over 40 pet ceht~ and in the worst cases estimates chnngc by over 80 percent. or (~ourSCt 
the stnmhtrd modGI is itself not free of specification error. There Me mnny othcrimportnnt 
influences on supptycinsticHlcs not included in. the standurd model. The model tlssumcs 
r.isk ncut.rnl manngement yet KJngwcU(in prcSR) identifies the importance (If a Eurmerfs 
attitude to risk and the effect of withirl-scason tucticul !ldjustmcot on whC~H supply 
elusficitics. Both factors ara overlooked by. mm.;t progr:lmming models. Pandey at al. 
(1982) also show how the period of daw can Hffcct elasticity estimates, They found shOtf­
run and long-tun c.ltlsticitics of oggrQgutc Hgriculturnl supply in AustmH(l incrcHscd ovcr tJw 
period 1950-1 to 1975 .... 6. Most. progr~lmmjng models U55ltrne il single price, or Ht .Joust u 
nauow nmge of current price forecasts. 



'\YU~n i\dnnlS,n.9g81tc"i~wc(l'fiv~SU,PIH>' s(udlUs(i\dams 1981; Duwbic (!I at. 
1985;,Fislte(~lnd:&h{oJo 1<),83; MC~tlY, lAwrCQee~md VHIsluin 19B3~Wl~kS. apdOUlou 
1978)~ J:jc;cOJllnlcnt~d Jb~u lbcdift~(!rc»cC$lnthC(}lusJi:cH~osthlHltCSWct\}t'jl~clj(!~\t;vc ()f:thc 
Ctl,rr~llt'latk()f~Onsc.lsusconc~rnlns:shorl:~runs.UPplycl~lsti~.itic.~.for;ll1fie.ul,urul 
e()nnn,{)diticsinA\lstt:~nn . ."{p. 3S4), HeconclUdcdUmtlhe differences Were due JOlhc 
,';tdcty :o£:tppttl4lenes;,mddat:l. JJscdl{) Jh¢ studies.. :r 'would ;ndd . tim t lh~st(ucttJr(}of; tho 
Jnodcls$Uldthc lcchnienl ~lsS\1rnt)HOtlsmnde~bout.thc :n.r:min~syst¢ms would J);WC 
t()Qtdblttcdnls() to\hQ;diffcrenc-c.sbl:!twccn, :lhccstlmalcs. 

This papctd(!scdhes thcmninch:lrllctcrisU~s,()fp(()grnnlmihg mooc.lsU$cdin supply 
eslimtHiothhfgJdigl)tiqg .thcir~ltlvmH~\ges~~Jld ·deficiencies •. The 'm~in ,focus ·of the pnpcr, 
bowcvc,() isto illtt5U;Hu lhl1,h:npnct .onwhc~ltSP.p}lly !c~p()nse of $P~cirtc~lU(lnCttots to: 
pfostammhtgnl(ld~ls •. These crtms tlt~·reptt}.i)Qn~edby ;io\'tludlngorcx.cludi:ng!va.dous 
~tuwtetedstips (lrprt)du.cUon~lCliviti~s {tHU femurcs ()ftb~.rn(lllings)'stcm .. A case study ()f 

wllcatpt(ld.QClio.n.fnarcgiouof '\Vcstem Allstrulitt.is used to il1 usuMe· the relative: 
imputtHrtccu.f vurious !$pcolfic.. .. non.crrms in dcsetlbing whenl supply.resp()fisent ~ 
represcntaUv!lflu'i'n~le\H.:~l. 

thee~nnJpJes of sp(~eifi()~Hi()n.crj'o(s tevea.ltha.t 1 urge elulngcsio wheat tl[C(t ~nd 
outputelu.sticiHcsntepossiblu and that in. mnny cases the slope c£Ce.ctCtlQldP) dominat(ls 
the shlft·effect (PIQ'). The 'muiniufcnmcc frorurcsults is thatunlcss the fanning system, 
with itsnrray {)t produc.U()otech.t)ologies, reSOlJfCCS ~nd ~dtctnatlvc1h is dc.scrih.cd Jrt soma 
dctaHt H:isldgbly likely that specific/dion ermtswUlnnHcenhly bins cstin:mtcs of supply 
rusporl~e. 

Advances ill sp.rcndshectl'dtltnbnsc nndsolving algorithm soft.warll (c.:g.Pannell, 
199()}.cn~blc 'farming. systems to bcdescribcdingrclHer det~ln J and wHhgteafCf eusc, thtltl 
hm;hithc·rtobecnposslble. Mu(h(m:mticatp.rogtum.ming prucHHnncrs need t()util i4C these 
technologies :nnd :morefllUy internet wiUulgricuJturul scicnti.stsilncl :fnrmcrs~ ifUu~y ate to 
.rctt'Ucc;lhespeeificnlion CrtOrS in thl~ir fntm ing, system m()d~ls. Even 'though the curse ·of 
dimul1si(maHty sUU teigtls~ n .history ()fexpcdmcrtt;tl eyid~ncc fromngrJcuHural scitmt1sts 
plus ,dcvelopmontsincomputcr. hardware and softwnro1 incrct.lsiuglymcnn this problem :is n 
less cr~dlhlo(lxcuseror ec(morrtislsncglocUng to build models that better nnd more 
(!mnpl~tcJy describo micm""cconnmic supply resp(ln~a. 
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