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JntroducUm1 

'fh~ R•»lc of. 'l'1tcthml l>t~cigimH•tt•kh•g und ltisk A vcr~dol\ hl 
ut'fccU11g lt. Ji'~r.-mcr's t~.~stJOUSt! to t• .. !~c StahiHzatiot• 

Ross KingweH 
Agl'icttlt\lfnl & RcsoUI'Ct~ Hconomics Gmutj 

University of Wc~tcrn Aul'tt~~un & 
Agl'iculture Wustcm AuMtalia 

tn t.'Ottl)ti'l.tcting ~lfl)- mc·.lel of rnrm tHanngemcnt.it '" usually acknowlt!dgcd lhtlt the modct 
cai1not rctm~sent fully the ccHuplcxHy nf funning- (Kennedy e.t a/., 1994). Hvcn representing 
the mnin tcUt\lt'CS or ftm1ling is nn art (Hnrdak~t~ f!t al,, 199 n. Several studies (Schroeder tlrid 
Fcmhc:wst.oncl 1990; Chnv;is and Holt. 1990; t:-"cather~tonc et (~l.t J993t Murouu~Kmtkebcnc et 
al., t996) ~mggcst tlHit it is ueccS!)Ut'~l ftw n fMnl H1udd to include risk nversion when the 
modelling objective i~ tn pt·edkt fnrtt1ct· behaviour. Other studies (e.g. Antle~ 1983; Kingwell 
et al .• 1993; ·rvtm·shaU, 1·996'· identify tttcttcal dccl~ioll .. tllaking olso ns nu inwot-tnnt fcat.ure of 
frt~tri mnt1ilgcmcnt. Antlet fhr exumplt!~ nrg.ues thut hdynamic\ lh;k-nctttrnlmodels moy be 
more usel\tl ttum coJiVClUimwl static. ri~k~~wctsc tn<>dcls lbt· undcrst:tnding the t'<lle 
production dl'k play~ in farm mntmgen1ent.H (p.l <199). 

This I'npcr explore~ the role und relative impmt1.111ce of ri.~tk aversion ClJtcl tuctir;ul dccisioo
iltakhig in n fnrm manngement model designed to examine farmer t-csponscs to t>rice 
stabHizatiou for whent and wool. ··rite model is n discrct~ stochnsUc progratnming lllodel of a 
representative whc~\t .. ~heep fnrm in n. region rf Austrnlin. The mc»dei describes .in sorne dctnit 
the nature of the fatming system; the stochO!!tic muurc of' protluctiott outcon1es as~ocintcd 
with wco.ther .. yeuts. the mniu tnctical d~~cisiot1s tJutt m·lsc sequentially as rt weathcr .. year 
unfolds, the hltcractions between crop and livestock enterprises und the o~•tput prke 
uncertainty racing the f'trtt1er. 

This model is tlscd: to examine the fam\ .. }c\lel \;/feels of price stlibilit.ation for wheat und 
wool. J3e1)ides reporting these erfcct5 this papct focuses on the role oftnctic~\ldecision-
muking and risk aversion in affecth1g u farmel'' s response to price stohitizt\lioil for wtn.~nt and 
woolf The first section of the 1n~pcr desct·ibes how price .stubilJznlimt schemes ibt wh¢at and 
wool can be reptesented in tl discrete st()chustlc progrt1111111ing model. 1'he second sccdon 
desctlbi!S the farming systl~t1l a11d the I'Cprescnlt\tivc rarrn model of that syst.ern. the third 
section presents modeJling results. These results are discussed nnd the J?apcr cone.! tudes t\bout 
lhe role tltld relative impothlttce of risk; uv¢rsion und tnctical dccision .. mnking· itl affecting *l 
futmcr's respcnse to pril.'!e stubilizutiott. 

Modelling J»ricc Effects of the Scttcm~ 

1'hc teserve t?rice st!herne for WO(ll und U1~ tlih1htlutn gum.·~ntee.d price ~cheme ..for wh¢at have 
both beennwdeHed ns a winsorisation t>f normnl distdbU.titlltS of prices (l'iruscl'; 1988• 
Murre Itt 1991; Fntscr, 1993). this modellingttpproach cnll·l;\~ criticized 011 a few main 
groo.nds. 



Firstly, the approach nssuml!s ptiGes subject to winsorisntion t\rc initially nommUy distributed 
yet empiticnl evidence, nt h.~~1st for• woo'!, _pohws t{) prices bchlg positively ~kcwed (Hinchy 
and FishCI\ 1988; Bntdslcy und Olekt\hts, 1996). In gcncr~l, the l)rices of stotnhle 
commodities such ns wool nt·e likely to dibp!ny positive skewness !Willinms nnd Wright, 
1991 ). Furlhl~r, thi! nssUittption of prices b,~ing nonnt\lly distribtHed prices is inconsistent 
with the HOtHlegativity t\1C}llltt.~tncnt for pdcc. ln light of th~se ctiticistnS it ptelerable 
function to describe the l'tices would be the lognormal which lnc(,rpotute~ a positive skew 
und which satisfies the nou .. nc.gat.ivity rcquit·~~mcrlt for prices.' 

The modeling upprnach nt' Frns~t nnd tvfutrell ns UJ1plied to the reserve price $Chcme 11lso cnn 
he criticised f<W its assumption thut this sch~mc wns n symme rico I price band s~heme. In 
practice occasimwlly the Aul)trnrian Wool. Corpornlionts ~tock~Hc (purUculnrly of finer 
wo()ls) was st) stnnll as to hnvc Hufe imp;lct nn ~ontmning upwa; ·lnmvemcnts in Wt)Ol 
prices.~ Admitt~dly the Au~tmlian Wool Corporntiou's poncy <'lf quitting wools front the 
stockpile during pcri~>ds of high prices rcduccJ the probability t)f stuck outs und t.hcrchy 
reduced the pmbability ofvt!ty high pr.ices. Hnwcv<:'r. t.he J)rubnbllity ot v~cy high. prices was 
not reduced to zcto n~ is ~HIMnucd with m1 upper bollnd on pricc:ls. 

In light of tho. cdticisms of the modt'ling ttppro:1ch or Pruscr und Murrellt this puper makes 
the fvilowit~g ussumptious about whent nnd wool price distributions. Both wool ntld whent 
prices in the nb$(!11Ce or the mntketing schemes uri! u~sumed to be lognornmtly distributed, 
The gu:wnntced minimum prkc fie heme is nssumed t() u<.;t ns n lower bound winsotisati(m <>f ·a 
lognormal distdbutiot1 of price us described in nppcndix one. The reserve price scheme is 
assumed ulso to tm.widc u lmver bound on wool prices und tl'> t<!dtice the prob:.bilhy of ver:y 
high wool prices (but. docs not provide. un uppct· bound}. the purticnlnr distribution 
characteristics nrc pre5entcd itt 'rablc l nnd include each woot cl!tss from 20 to 2S micron. 

(Tnblc J) 

The distributions in 'l'ubl.e l con be represented ns discnHe pticc stntcs by n tnct.hod outti11ed 
in appendix two. The method formulates the approxhrHltion of conlinuous disLtiblltions by 
discrete stutcs ns n rton.-flncnr JJtl1grnmming problem atld is ~m cqun!ly llCCUratc ulteruut.iv~ to 
Gaussian qtmdrature (Pteckel und DcVttysl. 1992). 'the discrete price stnles g¢tteratcd by 
this method a(c presented in Tuble 2. Huch dislribution is clmractcrtsed by S price states. 

(\'able 2) 

To cxuminc the furrnl,lcvcl cftccls of the mnrketing schemes rorwhet\t and wool the price 
states in Tnblc 2 are incorporated ht n r¢prc.scaUltive farm model (jf wheat nnd sheep 
production for u regiol1 ()f Australia. B<!forc describing this model the f11rmit1g system 
represented in the model is d<!scribcd bdei1y. 

The region selected us tyJ>iCrJl of whctlt nod wool producillgtcgiorlS within Austtal;a, is the 
Mertcdin region of Wet;tcto Atrstr~tJht (sc~, FJgurc l)f This 1s on inlnnd tl.t'¢l\ of af,pro:dmntoly 
33,500 square kilometres. 1'h~ region contoins nbout J lSO farms ulmost nH of which ttr¢ 

1 Hertzler aud Coud ( I996Jt for extunt,rc, o{kptcd th~ u~;sumpuon thut wheAt t'riCe$ At¢ lognotmnHy 
dir;trihuted nrtd the StHne. nsswnption fs ust!c .n this J;upcr. 
2 For exutnple, in )una I 988 thp Au~trnHtUt WCI(11 Cotp.ortltiOIJ's ¢ntirc stockpHQ wns tmly 9 thoU$,tl1~ 
b!llcs; u U'i0if1g mnuunt comrmrcd to the 4.6tnilficm bttll'!s fl hcJd ~tt the ~nd of J990, 



mixed entcrpnsc busirtcsst.~s mainly pt·<)tluchl£' whcnt, wool nnd sheep for !!X port u." Hve 
animals. Typic~tUy n ftmn in the Mct'rcdin regicm is owttcr;.opt.m\tcd with not more than one 
other permanent lnbourcr. CastHII. <.1r contruct.lubour is hired for only 1t few m()nths (lf the 
year to ussist ill main tasks such ns: sc(!dir.gt harvesting und shcnring. Mo~t rnrm op~rntions 
nrc highly mcclmniscd mul nverttge t'untt sir.c. is ;mnmd 2700 hccttm~s. 

Crops. mainly wheat nmt luph1s, nrc sown from hue Apdl until enrlyJuly, depending on 
scasomtl cmvlitions,. nnd arc harvested rmm lute November until very 1.mrly JiUllH}ry. Weed 
control f\)r cropping ish}' tillugc nnd dtcmic%\l spwying ushlg pre nnd pust .. emergent: 
herbicides. Phosphmic oml nitt()~~~nous fbrtlizcr." an.:t nrplicd t.o nivst ccrcnl crops. these 
crops nre harve~tcd nud the gmin. ~~ tl'itnspurtl.!d by the fnrmt:.!r o1· commctors to t>ff .. fntm 
~to mgt!. A portion of the. h~1rvestcd lupin gram is normally retuincd on .. furm f(>t subsequent 
u~c us n tcl~d gn11n in m.ILU11lll when paddock feed is or poor quality nnd sheer? require 
supplementary rccdmg. 

The mnin ~hecp breed in the region Is tht'! t\.fctino. Thc.!\c nte h.t,•gc frumcd nrlimnls which 
producl' ndult fleeces h1 the range of 20 to 22 micmn Cflcll und Rnlph, 1993). ench fleece 
weighing bct.wcen41.o 6 k.il<,grnms. r.~~Jmbing is in fntc autumn m· winter und shenthlg is in 
11pring and nutumn. All lambs huve their tails rentovcd und male lmnbs urc cnstmtcd. Youns 
wethers are sold for uxpt)tt u.s live animal~:; \Vhile ~we~ urc kept for wnol nnd lmnb pt()t(uet.ion, 
cvcnttmUy being sold lhr mutton. Sheep urc run on mmual pnst\trcs during winter nnd on n 
combinution ofcrop re~lducs and dry anmml N~Hu'Cs in summer: (Ferguson~ 198 J; DcH Ulld 
Rnlph. 1993). Jn mmmm often feed qtHdity ln the paddocks dcteriorntc!-1 lll such U!l extcr•· 
<Be Iotti <'I at. 1993) that ~upplcmentur)1 f~erHug. uftcn w·Hh lupins or ottts, is l"equircd (RtlWc~ 
1992.). The (.}Unlit>· nnd qunnt.Hy of 11adduck fecd,.l,specinlly uutumn feed; uffects. sheep 
livc\vcJght:s <Tomes und Faimic~ J98J; Pur~cr nud Southey, 198~1) nod restricts n furrWs 
carrying cupacity. 

The represcntmiv~ fnrm motrel describing the farmmg system. of the: Mm·rcdin re,giun, tH1tl th~ 
impact of the m~ttkcting scheml!s. is u discn~tc stucfmstic progrm11ming <DSP) model. l)SP 
models arc becoming more common. in the lit~rtuurc cc.g. llrown uud J)rynnnt 198.6; Lnn1bett: 
and McCnrl, 1989; Schweder nud Fcnthcrstonc., }99(}). Advnnces in computiug sp~ed uod 
capacity have fucHitut~;d their t£)flstructicm and usc. l)f<Wilmsl}' the Jcuna~ ol.dimcnsionnlity' 
limited ()SP upplicatkms fPenthctMon~ et a/.1 1993). 

The DSP model of ;tt·cpl'cserUtttive Mer.rcdin l1•rm considers t l wcather;.;yetJr stntcs ttnd S: 
price swtes: forming 55 tNmirtul stutes. 1'he model's objective function is the mnximitation 
of ex,ected utility where utility is defined by a CRRA utility function. 1'he ()bj¢cUv¢ 
function is: 

li 

0.1) Mnx E[U(x)l= LSt((Wo +1t,)H·tt*'/ 0 -Rrl) 
1'~1 

where \V(J is initit•l wrmlth, 
'Itt is ,prafil ttt terfl1lnnl stutc t, 
S,ls, the llrobabiUty of occummc.: of.(!oding nt tcrmint•l stnt"' tt 
g •. is the. tehtUvc: risk •wernion coefficient: ;n1d 
n is du~ numbtr oftcrmjJ1ul sttucs thnJ ''r~ .SS sUites Q€ nuture; ll weather· 
y.t:ur Mtl.tes. by 5 price suues~ 



Rr ts set tt) dcscril'e u rnnse of risk behaviour:~ 0 < R" S 2.5~ Htltitnntes of Rr fo.r Anstrnlinu 
hn:mducrc ftmrwrs tlre t)'picnHy that: 0 < Hr < 1.5 C r3ond and \Vt,nd¢r'; 1980; Btli"dsley und 
Burn!\. 1987·.~1991'), 

A key nssumption nr DSP ·1~ that stm1~ decision~ art,! nulde nftcr tl ~lute of nature is observed 
( l-lttzeH und Norton. J 9fi(Jl, This hnplitts thnt t.he nmn 1nmmger has scope for either avoiding 
hl~t\l~~ in .~nmc cin:mnstunc;es or pmfitm~ from an unfolding C:Yt1Ut us illustrated ltl Figure 2. 

The disc ret~~ even til or htil(C) uf m.lture in Figw·e 2 ore showu r~s diumortd shupes nud .ure 
\\eathet· com.lition~ jn sutmncT nnd nutunm. In thi!) Illustt·ntic.m sutnmr:rs m·c classed ns being 
wet or dry and autumuft cnn be v<!I'Y dry. U\Ual ot wet. The two wemhcr possibilities for 
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... urnrner r<lHmved hy the thrc~ \VCtHher tmssthihties fur autumn mcutl there twe 6 C2x3l 
po\s,ible ~tales (_Jf nmurc. t;nc!np. the~~~ Mule~ of nmura the furmcr rnukes n series of sfu:,ep. nod 
crop management tk~·~~ions thul ~m~ t'CfWCM~nted a~ Mar ~hapcs. Therr nre decisions 'tbout 
~heep flock st.ze nod "'tructur<!. t.he bu;wg, and scllrng nffccd. lhc huy1ng und selling or sheep 
and the uren~ t.o curmmt to crop or paMurc 

The DSP model uf the rcprc!'l~ntative Metred in farm d('~cribcs: {nJ the stochu.st'c nmure of 
producHon outcomes as~ociatcd wtth wealhcr·YCJr~. Cb} the, nmin tactical d~'~i&iorts thM rni5e 
scquentlull)' u~ n weathet·ycar unfolds und C<.:l Hm discrete price stntcs fot whent m1d wool 
price distr•buUon*l in l.he prc~cnce nnd ~\hscm:p of the marketing ~chemes. 

l.ncorpornling Wt.mihct•,.yeur \arintion. wHhin the model wus ru.:cessury bcGuuse this V(iriati('n 
g,rea.tly affects wheut ~;nd pil~turc lHl>dm.:oon nnd enterprise umn;lgemcnf. \Vhettt tttl(f. pastute 
yields nnd the carrying cnpm,·1.t)l of (1 C.mn nrc unectcd by WCilthcr"')lenr v~triution. Ail()thet 
tmportunt feature of the \vhCtlt'·!-thccjl fut•nung t"y'tem represented in the model is the tnctlcuJ 
mu.nagcml!ot of the wh"nt and ~tn:cr t!nterpriscs b~~ fiH'ilicrn. 

rn some dl!ttUJ the tnodcr describes the nature of rnnu resources Hun constrain or urrcctfarm 
nmmtgcment decisions. the biolo~y uf the nrrming sy.\tem n11d the inteructiuus hctween the 
crop~ pasture nnd tsheep enterprises. 'J'he model describe$.lhe muiu r<>Httion opUons on euch 
uf S(!Vtn 5oil c.ht~ses, the f~ed requirements. bveweight: and )>roducdmt puuems foN~uch <>f 
over 20 sheet' t:Jusscs uud thu tm~Ucid dwngcs in crop 1md pusture ur,~ns~ sheep f~ediog, 
ugistmcut uud fertillSCr tUH!S of uppficnHon. A run model deSCI~iption is conhdocd ln 
Kingwell < J 996), The t l finul We'nlfwr-yeur Mates ure Hflted 'in 'ruble 3. 

crubJe 3) 

Data and model sil.C n:sltic!inns mvarlubly c;tuse ~:Jmt:Ht1cu.tiotl ot: th~ representution of the 
decision,. making procttts. and the uncertaituy surrmmdlng outcomes. Several 
recornrm~nd~lUons nte offtred in thl.l fitcruture (Attdcrson rlt t.4l. 1977~ Fentherstone et at .• 
J 990; Hard+tket m (t/ •• 190 J J ttbout p;:cfened metms of simpliOcnt.ion. · S~vernl orthese 
recomrneud~stions were odopted to t¢duce model size thereby uUnwing the. model to comprl$¢ 
2079 activities, l66J rows tmd 60765 matrix elcmt!'tlls Cdet\sHy ur 1*759' percent). 

The model was solved using Al~SOP• .n mm .. Jiueur version orMtNOS .d~wJopc~l for 
micrcwomp~tters by Murt,tgh nrnJ Stjunders {1 983}. MtJthemuticul progr,tmming t~Upp~rt 
softwurc. devr.Jcp~t;l ~Y J.:Juoncn 0 ~88) wtts us~d to test, n:vi'i(} Jlrld Upply tb~ mod~ I~ '!be 
modc.l w.us run on a Pcmiurn ·t 00 Mh~t, micr<>computet with 16 Mil :RAM und th~ ioput. Ole 
wus t.9S6.MU. Qjv~l1 u: t~olmion bust~ the rnod¢1 gentmdly solved in Jess thuo '10 mltn.tt~$. 



t Ising the f{mn mm.lcl (t) cxmninc the fnt'tn~levcl. effects t1f pric~~ stttbilizoUott. thr¢e rnmn 
fimhngs emcr,;c. 'rl1c most unpm1Jtttt of lhcs~ Hndings con<:crmng th~ Jt))O nod tol~ttive 
trnpot'tnncc of risk nvcr~u1n nnd tnctictll d"'cislon-makin~ is discussed last. 1'hc first finding 
t!'l that. when lh!! opttm:•l. snluUous oft he rnrm t~1Nlcl wit It muf wftlwut the pric.c stabilizntion 
\chc-mcs urc cnmf)i\tCd. then the wclfnre t1f nsk J1t!Utrn.t rmd risk nv!!rse ftmllct~s is impt .. wed 
only ~hghtl,1 hy the schcmc:s. A" ,,ht~wtt in Table 4 \the ccrtninty equivulcnt. of termitHtl 
'"''•''th hl.t:renses hy uhmn n 7 percent fnrn l'i\k ncutrrd lilt'.mer wrsus l .0 per cent ftwn.very 
n'k avl"r~c nwmcr d~t e; 2.5J. 

Tht., hnding thtlt lh~ wt.~lfart' nr n~k neutr;ll1md n\k n\'('tse fm·mct~ i~ hnprovcd only sH8<htly 
by t.he mm'kcting ~\:h~mcs l.\ zmdctptnttNI by scvernl n'istUtlfUi<ll\.li. nne or the morG important 
11'\\t.tmpuon!i is the con~crvmavc- miU1!l,R4HllN'Il or the reserve prkc scheme.·. This did tH)t occur 
and it hact ct1\l the wm1l. mdu\t.ry dNttly cMnlcnlm. 1 Q<Ml 'rt1c ~nmll wclfMC t~'tin'i 
a~M)cmtcd WJth sdll!rllCh U\ l(hmtJfie<-l tn tht~ ~o.tudy m rwnchcc \vnuld htwc hccrt eroded 
qutd·dy 0~1 the HCtWil lUCUlllHlU~ tmmap:l.:'tnCill u[' the l'C'\I:'J'VC flt'it:C scheme ttl the lnt<~ t 980n. 

The ~mnll gouts ftol.n stabthl.atrnn. ev~!tl \\lth ~nn~crvmwc mmHtgcrnent; nnd the, huge costs. 
mcun·ed wfum 'iUCb .trliHmgcmc-nt ~~ nnt ndnptcd \Uf!f!C~t thnt lH'Icn Mnbilit.otion scherl\CS mt•y 
not be o~ d~~itublc ns once th!:luAht The fact thai: the \Vmld 1Jm1k is now t·etuctanl to suppl1rt 
ptice stnbiii.zatiml sch(mtC'\ £And~rson nnd lhu.etl* l996) i'~ cvtdcnc~ ()fihe ctms<:Jl~Us th;.t 
'uch schemes oft~n offer minor br.nwfH~; t~cmlJ1MC4l to the imm<?ttsc; tratt'lfcr casts tlttlt cnn 
a.n"ic if price support.s nrc set im.:ommusly. 

A second finding num t·csults Hl tuble~ 5 and 6 i~ Hun fln.i nhility tu: mljust: ct<lp nrcns n1o.rc 
"ubsl.antmlly .tmp.,·ov,~s fmmer wel!ttn' thcmlhe l'f'U\ lsmn oft he mm·kcHng schcm~s. 
Matkctin~ .~<-ht:meli bonst profit hy Jess thnn 1:\ pet~ t:Cf\t 1vitlt or wltlmm Ute inchJston ot 
tachcul ndiustm~nt5 tn crop nnd .P~~'turc m'\'U~ l:lowevt•t~ wflh Ol' wltlwm th\$ rnittkcUng 
s"'hcmes rorm prflfh ~t1(.J'Clls(~s by around 30 per cent due- t'n mclu.~iton oftnclicnl adjustments. 

(fnhlcs 5&6) 

Rc~ults ht 1"';1bl,~ 7 11hnw thnt when fncth:nl ndjustmcnt of cror nnd pnsturc nren~ is excluded, 
optitrml fnl'th j)lafl\-; Me eharach~tiscd by fc.wcr shec11, lens pastUi\'! nrctJ, u, lower stocking. rate. 
more whcut ar~a. m1d usunUy more lupin nrl!n nnd ngt~tmern. Ueing c<mstrtslned to u sn·tuegl~ 
selection or ct()(l nod pnsturc unms meuns the. f;mncr carmot fully cnplt'ulis~ olt the mor~ 
favourable wcuthcr.,ycnrs in which higher pasture: production .support~ lmth s;rontct St(1Cking 
rtttcs nnd nii(>Ws stmi~ pust.nrc nrcwtn b~ used for whcrtt production. A 5trmegic hlcteas~ i~ 
the area of wbcnt ~;tener;stes incrcttscd profit Hi the more .flwournble wcttther.,ycnrs ot cost of 
s(mle combirwlion ~)f Iowetstockingt,ltcs, incrcm~c.d Uf!l~nncnt tmd cxtrnsnj>ph~mcmnry 
r~e~log J;et nnirmd in the-less fuvournbfc wcnlh~t .. ycnts. The o.ptimol farm pluns. und their 
profitubility with :md wtthm# ntcn ndjusuncnts are substnntinUy dH1'¢rcot nnd indicnte thtU 
:hes~ adju~ttncttts Cl\O tldd gtetuty to far.ntcr wctrate.!Jy contrt4st, apHmol J~•r•n plami in th~ 
prescJ1c¢ or the schemes and with or wlllumt crop nr.ca IJdjustmcn~ ure mdy sHshdy mot¢ 
whctlt dominttnt. P<)f exnmplo, givtm risk ncutrnHtyt the expcc~cd Y{hcrll tm~A inen!u~Ies by 9 
hectutc» in the ptc$CK1CC or the schem¢s wh~n urea. ~dju~unent is ~rmittca, Wh~n atcu 
udjusttncnt hH~xcluded the whi$Ul ~mm tncrcti~es'b.y only 4 fn:etu.res. *J'he itnfJott~nt 
contribution to (arm profit fr.om tttctimd decision~ hi~' cmnrnon nnding ht tb~ Utet~h.Jf'¢ (e.g. 
Antle, l98g; 'MjcJde and' CoclH'uti, 1988; Schr(1ed!!r utttf l1f!ntherstun¢, l990; M'~tt,zPf:co, H>9~; 



Kingwetl ~ .. t a/., l993: Mjcldc nndllbmo, 1993; Tuylur~ l993i l)orwnrd, 1994: MnrshnU~ 
1996}. 

6 

The thttd oml Jt1l\JOr findmg is that ri~k m•utrul v~~mus risk ltvCr~e fttrmers lmve opposite 
productitJn t¢sponses t<.l th~ prcsema.~ uftht~ schemes when these fnrmcrs or~ ~tbl~~ to tesp<md 
tacticnlly to unfolding wc:tthcr .. yenr; conditinllS. Riak ncmtn.l f1lrmcrs htcrcnse their wheut' 
urcn while even slightly risk ~tvtUf\C. nmnursdccrcusc their wbtml nnm.:t Por e>;tlmpte, :for n 
risk neutrul nwmer in the: pruscucc of Un.' schemes. }!hr~~ll numb(!rs ore t3 per eent less, 
pasture Men ts 0.3 per ccnl.less while the wheat m·.c;t lfi J .1. {lCr cent gtcntcr. 'tlle gunrilntced· 
nlimmum pl:icc schc•nc n:n· whcut results in the cxpcct~d price J(lr wbcnt: incrensi11g rcluUve to 
the expected J1rice rot wunl. The t'isb neuttnl ftw.mcr responds HHhcsc chnngf:.!~ in the rclnUv~ 
cxpt~ct.cd prk~es fhr wh~nt nnd wool hy bhilllng rcsmtrces iuw whcnt (>roduction. 

By cmJtt·nst. n slightly ri!,k nvcrse timucr cR. t;t. 0.51 in the prt:!sencu of the scll!!lll~:s plums l.J 
per cent less whc~\t und 0.7 per cent more pasture. ~rhc risk uwr~e fnrmer switches rm~:ources 
into woolJlmduction mainly due to thu effectiveness ot' the reserve price sehcmt! ••cHng to 
greatly reduce wooltmr.:e uucertmnty, pnrticulndy m the lower mi~l'(>rl clnsst:s which nlso 
have higher expect~(! priccrl. 1•urtller~ the nnturc of wtml production is such that it provides n 
risk nvcrse pr<)duccr with nmrc oppnrtmuty, relnUve to whent gmwingt· to gen~nHc inc1.1h1e in 
low .. income wcnthor .. ycars und ther~~hy lessen htt:ome vttriu.ttce nctoss weathcr"'yeuts. the: 
end result is n decline; in the nrcn <)fwhcat nud wlwm productlcm while the nrco oflJUStttrc und 
sheep and wool pr<~ducuon increase. 

These rcsu.lts coru.:ernin!t prcdi~ted production responses nre ''PfWSitc in dircctilm Ln those 
ftnmd by Fraser c 1993) nnd the Jcvd orrcslmt\se with respect tu I nod nno~ntlml is nowhere 
near us ttreut as sugg<:!stc.d by Frust~t. Few scheme nnd r>rodu~ticm UhSUltlpticms most ;·clevn.nt 
to those ~!Xnmincd in this. pnper Frllser fmtnd dmt tvtmwing price st~lbihz!ltion ft)rWhe;\t ~tnd 
wool wuufd cAuse n risk nv~~rse pmducer <Rr!:!! 0.7 J of 1 I or 23 micron wo.olto $hift out or 
wheat production itno wool. .. Spu41ificnlly. he f'(mtld tlHtt rc-movul of the schcJnes would lead 
to the aUocntion of Jand in Wileltt falling; f(ml:l 50 per cent to 38.8 und 3 per cent fm: Zlnrtd 23 
micron woof pr()duccrs respectively. 

The difference in results is mJliitfy due m the simplicity of Ft·u~er~s mod~l which overJ(loks 
the tactic~l J1Ututc of fltrtn mnnugemem nnd the biologhml comt>le~ity and resource 
endowmeut. ora typical fr~rm.~; In the fnrm model vrescmetl itt this puper. when 'tdjustment of 
crop uten is excluded, then ut any level of risk aversion the urea of wh~nt in the presence of 
the schemes is nlwnys grcatl!r thnn that in the absence c>f the schemes. Hencet when 
adjustments ~l.l'!! excluded. farmer behaviour is the snme ns pt'edicted by Fraser. 

Results tabled in this paper suggest that if nJarm muougetnctn model cott:ddt!ts th¢ ttnltketio}l 
schemes yet ignores •·h,k uver~ion then model 01ltput will misspecify nroducti(.)Jfm.ttcomes. 
EJabontting, this l'Oint, the risk ueutrul ctt~e iudic~ifes ttmt the mur~dng soltemcs te$~'H lo 
more resources being uHocutcd tt) whc,tt pr()duction. Howev~~rt if risk uvqrsiuots included 
then thQ productiUtJ rcspon~e ls a shift of rtn()\lrc¢s into fihee,p pf<1dU¢tion. Further• ex¢lusi<'ln 
of risk avetsi(>il will J.end to tm J.mdcrcnthrmUon of the vat,,e or the murkedng lidh¢nlc$.. A~ 
shown ln TAble G t.f•e murkctiog schemes getietitle n lurg~r proportionnte incr¢~se in th¢ 
wet fur~ ofdsk uv¢rse furmets compnred t<> risk netttrnl' fnrmr.rs~ 

"' 

1 Kh1gwell (l996) 1?hnwn lhnt th!! switch in dit®tinn at' t~~ponst: ®ctJrti '''r f)ttUi~ts with Rr :> O,l. 
4 ln the M¢.r:r~Qin ·ff!~km mmnw•ml produc~d iii lo th~2t lola mi~ron mttg.;~ . ... . ·.· .. 
~ Huw~v¢r, FrAS~t Wtis awptc or the nhortcomins~ ,,r his nppro®h (s¢t ,~,, 4l,Fr~~s~r £l9!}3))t 



If the mnrkethlg ~chemes form pnrt tlf the. ft'rmel"s decision unvitcmmcnt, y~!t Htc cxclud¢cf, 
from the furtn mn1Htgcmcnt model, then llt'oducUon <mtCC)lllt;!S nrc mi:>SJ.1~cificd tmd furmcr 
welfare ns ln<UHmted hy c~tiuinty cquivulents is underesfinmt~d by IU'thtnd $7()()0. This 
upplics ttl the risk ncutml tmd risk nverse cnst!S. 

More importunt. hmvever. t\tc.! t.he consequences or excluding.ndJustmcnt or crop nrtu. 
Failure to include thcsf.! udjusuncnts rcstths in optitntll fttrm pfuus hch\g misspccH~ied nnd 
funner wei fur~ being further uudcrc5tirmttcd. For cx.tnnple. itl the cnsc whure l~r is LS then 
the ccrtn1nty equi.wttent: diffcnmce i~-t $11300 und $9800 iu the with nnd wlrlmut nmrkcting 
scheme cnscs rtHipCcfivcf}'· 

In concert* thusc hndmgs lllustritle lhc relative impnrtunce of including tueHcs versus ri:;k 
uv1!rsion in n ti.mn model. Although tncucnf decisions. rmwc thnn risk uvorsi()n. tm.~ f()Und to 
substnntinUy intlucnc'~ the Hotnrc n1td vnlue of hmH nHmugeHH!Iit. rcs.tHts show thut unless 
tact.ic3 mul risk aversion ttre lmlh inclmlcd Uwn fm·mer bchnvinut· will be misspcGificd.l'i 

1 

In pmcticc. exacl.ly .how oflcu und by hnw nmch the bencfitff of lnclm.lit•t; both Htcticul 
response opticm~ nn.d n.sk tiV(m;luu in n furm mmlcl Ut~ p,n!ittcr tlmn the b:.}nufi(_s of .including 
either is un cm11iricnl question w be unswcn:d ns further evidence emerges. In genetul. 
inclusion of tucticb incrc.mses the sir.c <lf nmodel nnd the cost und time fur model 
duvelopmutlt relutive w tlmt for rcprescnhng d::~k nversiou. Thus, the bene fils from including 
tactics need to be much gr(mlcr lhan the hcucfith of including risk nvcrsl(lll to wnrrnut the 
inch.tsiun of UtctiC8. Hnwevct·, Uti f.: l1tudy shows dwt correctly predicting the dite(;titm UJid 
n1agnitude '>f respmtM~· to price swbihzalion, und the w~ffarc benefits or price stabiJizntinn. 
rccJtHrcs that tuctics mul risk nvcrslon nm bmh included in the fnrm munngcmcnt m()del. 

Rcfercntes 

Anderson. J .Jt.J>Hion, J.L. and Hnrdukcr, H.( 1977) Agricnlturtd l)cejsion t).nutysis, fown 
University Press; Ames, 344pp. 

Anders()n, J.tt n11d· Hu1.eH, P.a.R <I 996) Ritik considcnVk1ns iu ;lgricultuml policy mukinS· 
EUNJT A Seminar--Risk. Munogc.mlcUt- Strutegies h1 Agriculttlrc: Stttte of tl1e Art ~nd Future 
Perspectives, Jtm7 .. f0, Wttgcniugcn, Nctherlunds~ 

Antle, J.M,( 1.983) lncorpcmtting tisk in prnduction unnJysist Amcricun .Journal. ot AgricUltUral 
Ecorwrnh;s 6S:l099 ... Jl06. 

Bardsley, p. and Harris, M.( J 981) All uptmmch t.o the C(!()J)OJilc(ric esth11Q.tion or tltUtudes to 
risk in Austrnliu. Auswdiun J()utnul of Agricuhurul t:Wonumics 3l:Jl2-f26. 

Bardsley. P. nnd Hnrrb;, M~CJ 99 1} Hejoind~r: An npptOilch to the economelric ~stin1.nU91l of 
attitudes tori~~ in A\ttttrolin. AustnllJun Joutmll of Agricultural Economics 35:319, 

Burdsley1 P. und ()J~kuJns, t·t( 1.996) Wool price vm·iublUty ht the long nm. AusttaUno Joo.mtd 
of Agdcultutnl e~cmomics 40:5 J ... 62.. 

BeU.ltJ, nt1d J~ulph,.J,O .0993) Current sheep m~umgemcnt: Western Austrt•lbt. pp.6(M)6ln 
Proceedings of u. nuhoo~l W(>tkshot' oo"Mttnngemellt for WC>ol tJUuUty in ·Mcdhertnncun 
envitonmctnS11

; Perth, Wcstem Austmll•h NPv4 .. $, J992. 
Belh1tti, 'W.,, Collif1s, W. nnd Muor~. A.( I ~9lJ The Medit~rrun~un .t:nvlrommmt$. ppS0"-59 ln 

Proce¢dings ora JJutiunnl worknhop on ••Munugement for wool ~lUUHW hl.Medite.rrnncun 
environrnentsi'., .Perth, We~ tern A~~tram~·. N()v 4 .. 5. J ~)9Z. 

(J r~xcJudihlt dsk. A veri; ion wmlldcnuse the tJ1atfcl tu tlot f:iV~ due W~i~huo th~ tM~~re<tu<:hig h¢Jlcfi~ of 
divcrsU'it;~Ut)rt1 qfthough d!Yc~·tdfit:tniun ~am fr()m pm:t nf ~· ri~k h~Ytr~l ~tr~t~~y Ulrirtk unU M¢c;!qtJ, 
1978; Ktnsw¢U.t994). 



Bond. o. nod \Vo.,dcr· .• l3.( l 98()) Ri~k ouiwdcs nmongst Australitm fMtncrs, Austr.tditm .rmmlal 
of Agricultutnl Uconomics ~.4:16 .. 34. 

Brink, L. und ~1c;Cnrl. ll.C1978} Th~ trodcoff between ~Xf)ecmdr~lllrh Mid risk Jlt'ntltlg com belt 
fanners, American Journal. nf At.trict!ltumt Bcmmmies 60:259 .. 63. 

nrown. CXL ttnd DryrHm. R <:1 t l98(J) Plntll locution unolysis using dhcrcte stoch~1stic 
programming. 1\ustndian Jounutl of t\!)ricultuml Economics 30:l··~Z, 

8 

Chavns, J .. J'. nnd Hoi I'. M.T.( IC)9(}) Acr~t\tW (!cci~nm~~ und~~r risk: th!.! cnsc nfcolilnttd.snybeons. 
American Journal ol'Agl·ieullurni l~ct1110h11cs 72:529 .. 38. 

Dorward, A.! l994> Furm plttnnmp; \\ith resonrce unccrt1tint.y: ;t ~emi .. scqucnlit~l at1proach. 
European Review of AgriculttiJ'al Jwni10ll1ic:s 21 ;309 .. 324. 

Featherstone. A.M .• Bnkcr, ·r.o. nnd Preckef, P. V .( l99:'\) Mndcling dynmnics oml ri~k ush1g 
di!i>crctc ~t<'tChnstit.: pm~rnmming: n fu.rm cf)l~itul hft'UCLurc applic;HimhChnpter 10 In 
AnPJ!£JUiQns.oJ:J2.Yn!!mwJ~ns.nm1!lliUil!1L~ml£1tU.umLn~u;;iK{tutl?!<.:>!:!!t'Jlm. <Ed, c. l~obett 
Taylor). Boulder.: \Veswicw Press, 

Ferguson, KA.c l9Sl l Nulrition nnd wool l~roduction- ;.tnnntity t~tJd qunfily of feed and 
quantity nnd qunHty uf wool ht S!~qn .. M~I!tlt!mh CEdi): G. ~rnmcs nnd t. Pnitnit!), Curtin 
Umvcrsity !formefly the W~C! \~rn Australian tnstiltdC: orrcchnolugy). Hayrmm RmuJ, 
Bentley. Wc.Metn Au~tralin. 

Fraser. R.\\'.( l9R8l t\ met.hod or l~Wtlu:Umg supply r·cspOJl\C W price undcrwrHmg. Australian 
Journnl of Agricuhurnl Hc:o1 iUnlH'il :-\2~~2<~6. 

r;rnscr, R w.c .J t)9~l \Velfnrc chrcts <lf and ~Uf1ply responses to recent Australian ngl'ic;ulturtd 
policy ch:m~es. Review or Marketing· nnd Agriculum•l Hconomics 6 l :4J .. t 

Hardnkcr. J.l3., 'Pandey. S. ~nd Pilttc:n. L H.r 1991) Fm·m pJnnrting under urtcertahny: A review 
of dtenmtive programming models. Review of M·alketing nnd Agriculturnf lkonomics ,$9;9 .. 
22. 

Hazell. P.n.R. ~nd Nmtm• R.UJ l 986) Mnth~m~liL£!!lltO!ID!llln&im:J~£n.urunls.,Atl!!lyAi.lj in 
AgricufhJtJh MucMWnn. New York. ~mopp. 

Hertzler, Cl. und Coad. A.£ I996J Flnancml n~k management. for AuMrulf,tn whcnt gowers. 
Invited paper prc~ented to the 40th annual cottf~rence of the AuslmUnn Agriculturnt Mld 
I~esm1rcc Bcnnom.ics Sncicty.~ Feb ll .. Hl. Unlvcr!\lty of Melbourru.!~ Mclboume. 

Hinchy. M. nod l:;ishcr, B.CJ 988) Benefit"' fmtnt,rice st;lbHituHon to prmhtecrs nnd lltt1ccssors: 
th~ AustruHan buffcr:..f'\t()ck scheme for wtml. AmcrJcnn Jourunl. of AgricultumllU.:onomics 
70:604-lS. . 

Johnson, N.t~ and t<otz, S.(197C)) C£:UWll!lill!SJJ!ll~ltriotQ.Pi~!tib.lJUPn~:)., Houghtm1 MUnin 
C<.,mr>any. Jlobton, 3CJ0JJP· 

Johnson, N.L. and Kot?.t S.C 1972) l2ih!rib!IJ1Pll5Jll..S!n!iliJl~a;g.rUlu!Jp~Mlli~ 
QlljJ.rili.lltW.JlB,. John Wiley nn.d Sons. New York. 

Kennedy, J.o.s .• Unrdakcr, J.l~. mnl Quiggil1; J.C1994) Jncnrp(mHhlg risk uvcrsion ifno dynamic 
progn\mming models:cmnment.. Amerienn Joumnl ofAgticultu.ml lkmi(>J11ics 76;960·64. 

Kingwell. r~.c f994J Risk ut.mudc nnd drytnnd form mnnagcr»l.'!tlf .• Agricultural Systems 45:191 .. · 
202. 

Kingwetl, It U996J Us;ng tnnth(~malicnl 11mgtatmning to model furmerbchuviour under pdc~ 
and sc;•scmal UllCCrtaloty: an amdysis of stabiJization ~olicies rot whmn !tnd wool~ 
unpublished Phr> thesis. Univ(!tsity of Western Australia. 

KingweU, R.S., i>tUU1cH, OJ. nnd Robinson, S.( 199.3) THctic~r responses'to season~d conditions 
In whole ... farm pl~nning in Western Austrttlh•· Agricultuttd Bconornics 8:2 t J .. ~~6. 

Lrunbert, J)J\:. nnd McCarf. 1l.A.(J989) ScquenliatmudciHn~ofwhitc Whe;n mnrkeUng 
strat.egies, North Ccntml JoumaJ ofAgtlculturaJ 13conomics J bt05·lJ5. .. 

Mafoua~Koukebene, H., Hornbnkert R.Jt ond Sh¢rri~k. B.Jf(1996) JUfccts of·goverom¢nt 
progrnm. J?Aymcnt·s ott farm portfolio diYei'sificuUrm. Review CJ(Agricuttumt lwonomics· 
tS:28t.-29L 

Mn1colm, B.(1994~ Aosttatirut ngrlcultut4Jlll~Hcy since l09Z~newemE;hams. old im~rtUiV¢11~ 
Review of Mntkcting an~ Agdcuttural E<:nnoJrtltJs 62: ·t 43~+ J 65, 



Mursh:11l. O.R.t l996l Risk nttHudc.phmting; ctmditlot•s und the volue of cli.m~re f'orec;J5ts t<> n 
drylnnd whcnt gt()WCr. Unpubli&hcd M.Ec. thesis. University of New Hnghtnd, ArmiduJe, 
Austrnlitl. 

Mazt.occo, M.A., Mjcldc. J.W., S\mkn, s:r., l..,nmb~ f\J. nnd HoHingt~t\ S.B.(l992.) Using 
htemrchicul sy~tc1us nggrcgnHnn m model the vatu~ bf infortmllioo in ngl·icultuml ii:ytct»s; un 
appllcnticm. fM ctin:unc fm't1CUM mforrmttion. AgricuHm·rtl Systems 40:~93 .. 412. 

Mill"r· A. C. nnd R)ce. T.R.t 198.3) Dtscrctt:t nt1Pf\)Xinmtions of pn,bability disu·ihutions. 
Manngcment Scrence l9:j5z ... ,fi2. 

;vt,clde, J.W. nnd Cnchnm. M.J.c 1988) Ohlnimng lowet• nod upper hmHHb em th¢ value or 
kL·asonnl chmnte forf:custh. A\ n function of I% h. prefctCJtces. Wcstcrn.lourunl of Agticultttl'ttl 
Econonucs l3;28fi ... l():i. 

M.tclde. J.\V. and nlxon~ HJ,,.( 199~) Valmng lhc .lend hmc or pcr·wdh:: forecasts hl dymunlc 
productmn !i)lstems. ArM·icuiH!tt•l S)tstcm~ 42:41 .. 55. 

Murrell, A.J.099 t) bm~!) the pr\1ducer benefit fr(trtl rmce Mnhilhmtirm? Au cmptrlcal ttnt-lysis 
of the Austmli~w \Vool Cor1l\.H'nhnn's l*e~etvc prh:e s<:h~me Unpublished PhD thesis. 
Department: (>f Agricultural H~t10~)mlcN, t 1nivcrstty of \V~~stcrtl Austrulia. 

Murtagh. B.A. und Snundc1·h •. M.A.r J9X:\) Mmr•' V Uscrs(ruidc, tre.chnicnl Rcp<>rt SOL 83 .. 20, 
Syst.ernc: Optimization Lnhorntm-y, Dcpnrtmcnt. <:'If Opc,·:t.ttons Rc5curch. Stuoford University. 
Connecticut. 

Pannell. n.J .{ 1988) An illlcgmtcd i)i\Ckugc for hmmr prognunmmg. Rc\ltCW of M~u·ketillg and 
Agricultuml H'-!'nnt1tnics 56·234·4~~" 

Prcckel, P.V. nnd n~~Vttys l, h,e l9t12l Effi~om~nt h~mdlnt.g .of pmbabihty informnti(m for decision 
analysis under d!-!k. Amencnn Journal nf Agt·Jculnmd 'Hcmmmic~o. 74:654 .. 66Z. 

Purser, D n. and Southey, l.t JlJH4> ln ~~.9.9LerD!ht£1HlJ1Ut.~r:~l~~m.Aus1mli1h p.99. rf!ds: s. 
Baker.(}. MnMcJ'~ .aud l. \Villuunsl. Amtrulian Society nf Animal Production tWA. lll'flllch), 
Perth. 

l~qwe. J .( 1992> SUJ1plelttct'ltnt-y f~!eding of 'lh''"P :mel t:ttttla. m We~rcrn Austrnliu: sur~·ey t•esnlts, 
MlscelltUlCOUS pub1icnlinu. Fch l992.l1CJhlrtmcttt nf Agncultnre tW~stenl AustmiHl), nnron .. 
Hay Comt. Smuh Pt~nh. 

Schroeder. r.c. !IHJ PE!Iltherstnnet" A.M~J 1990) Dynmnic rnnrketing nnd retention d(!cisions fo.t 
cow .. cniJ pmduter,~. Amcr1cnn Joumnl of A~J·icultural J:~cormrnlcs 72,: lOtS·l040. 

Taylor, C.Rc .19931 A.nnJJ£U!!QD;.;,cJI~JJ!llnlcrJ!,mgtJun.m!DJI.!Q.J.:\gric!tlturruJl~J;WOO J?rqh!s.tl15, 
\Vcstvicw Pn~ss: Hottldcr·. 

Tomes, (l.J. und Fairnie, l.J. tBdsJ 0981 J Sl!~~iP..t~!Ut!Jlml· Cu"titl University tfbrmerly the 
\Vcstcrn Am.:mlintl Jn&titute of Techn,dogy J; Hnymrm Rond. l3entley, W~st~m Austmlia. 

'NilHams, J.C. and Wtight, f3.t).c J 99t J S!ttt!!$.JUJ!l~m!1JUQd~kgm. Cnmbridge 
University Presfh Cambridge, UK. 



Ttlhlc t. Chnrncrc.ristk~t uj wtwat uud wool pncc distributions udth nml 
willwut (Ull~C J)tabiHt.nHoni{ 

10 

WttL,mt Hlf)l Vnrlpl Cooffof Corre!ntion 
S'-'ht•mes Vurintinn cneffwHh 

............. wJu:mth 
Whcnl 187 H13 15.4 l 
W not 20 tmcron 974 155455 40.5 O.f~ 
\Vool 21 micron 812 764:12. 34.0 o.w 
Wool22 nncron 724 4M·)cJ.l 29.9 0.)0 
Wnnl 2:\ nucron 662 ·~ ~.~ 76 269 0.11 
With Lt•w"~r Cunmhlttvc nrv .. l Vnr[JI,.) Coeffnf C~6rn~luUon 
Scheme~ prtt>(.~ pmhahtllty m the Vntiuticm cocff With 

ccnsnr lnwcr prtc(~ CL~tlsor .. .._...... ... whent 
\Vhetll l68J, .1.7.1 191 575 IZ.6 l 
Wool20 nm:ron sn' .452 CJ46 50868 21.8 0.09 
\.Vool 21 rrucum 694 Al9 789 2514R .20.3 0.07 
Wool 22 m1cron 61'} Jt)2 703 '1644l l8 2 0.(}7 

Wool 23 nm.~run 566 J(l(J (~41 11620 l6J~ OJlH 

11 All pnce~t t1rc .ns<tum,;d ln ht~ lu!!nnmmll~ tflstnhuted tn the uh~cnce nl the Jtlitrk,,Hiug sdii!IH~!t ·nu,!. 
lower censm· pncc lnr wh~a11s hitr,cd ntl CJO pctrtmt ut D[pl wh~r~ H[p[rs .th~ e~p{!ctcd whcilt tlfice h1 
the nhscnce uf the tntlrketmg •tchemc The h!wer celhnt prll'C t<w \\nul i\ hnscd em RH pcrcmtf uf t~'lp} 
f<>r each w~mt type. rt[p,J nnd VtJr/p.J nrc ttm expe(.l¢11 tmt:~ uf the .wiU'iO~'JSed pw:c dtstribuhon. 'l'hl!, 
rest~rvc price r«:hCtti.C IS. fli':l"ilHHCd to llClt OL."t Ui., +l ~ymtnetrWaJ ()fJCC lmnd SCheme. *rite h<!t Cl)Sf, Of the 
'Scheme 1s ussumed .to cnnse H!p.:{ tn he ~H,ghtly Jes~ I halt Elpl !lot exphmntlott see Murrell. 199 l tmd 
Kmgwcn. 1996}. Prtces urc .e~prcssl:!d m cnnst,mt l .. J94~5 duH;u terms .. Wool r~ric(!s me btc~mb p¢r ks 
clean. Whcm pnccs ate m-$ per ttlfltle. trn nbHntl ffu:'m•gtHe prices. d!.'l.1Ucfl011!-t arc t1f!Cesstl.ty fnt tlh' 
farmer's fre•uht. whcm mal wonl r~searc.:h wxe!ll Ulhl agcm, tmndJu'i uud btmnge churg.c!ll. 
b Wheut 1s the .Au1tmJuu1 Rumdutd Whit~ ~rude. Nute the .t:nrrclatmtt coefficHHlts tecntded wh(!n the 
mark~llng schenu~~ .nrc pre~ent arc litntdler than thow rccnrded m lht~ ubsettce of the M:h¢lllr1t. 'rtus 
findtng r~t n ustml mncmne nf wtnsow:;ntnm c~e~ pit~ m Jnbn~tnn nnd Kott~ JQ12h 



\Vnlwui the 
st.~hamus 

Pl'nhuhihty 0.2 
630.4 
554.9 
525 
4(l(t() 

172,7 

2 3 
().2 0.2 

727A 847.3 
013.9 139.2 
554.8 (J7!1.5 
490.~ tJ1R.:\ 
l88,9 2Itl 

4 5 .. 

0.2 0.2 -'J29.2 1735.8 
Rl9 1333 

736.6 I. J28.1 
7:10.(1 950 
I tl!i 195.1 

Wool20 mi(!J'OU 
\Vool 21 micron 
\Vool22 rmcmn 
\\t uol 23 mi~:wn 
Whc~1t 

~~ 

WHh the 
M'hcmcs 
Pr·ohnbilit'?. 
\Vool 20 micron 
·wool 21 micron 
\Vonl2Z mit:t'nn 
\Vonl 2:\ rnict·ou 
\Vhcnt 

0.26 
R:1::\ 
{)94 
619 
)()() 

lML~ 

CL IHS 
s:tl 

742.5 
68Ct2 
5()() 

J 86.2 

0 185 O.JRS 0.185 
tnJ HCll.B 1423.1 
694 134.5 1126.2 

623.9 662.7 970 
5(){). 1 (,78.5 H55 
2:\7.6 177.8 l9b.2. ................. ,~ 

11 Wuul pm·e~ nrc m cenh t,er kp c;l~m" 'ro uhtnm faru1~gntc prict!!ii 
dttducuon~ ur~ nC(tC\~IU)' fur lhc wcm; lri!Jf!lH. woul tfl'Wf). ngcut's t'l!e!:i 
ntitl hundhog ~;l1nrrc~ Wheat pnc~J' ur~ m $ p~t tunnc. Tn ohtmn 
fHrm·gmc pnccs, dcducltuJh nrc uu,C.ii"itlry fur whcm thnght, Whtult 
r~~earch t.flt~~r.J lmtldlmt~ and rtlurupc <:bnr~ws. 



I 

l 

-· cv Amount 'I'Jmc tlf Nttlurc J >ost ... 'iUWiH!~ Hst.iltllltc. cv Bstiinnte Prnb" 
of smviug nnd weuthcJ· ur whcnt b ufwhcnt h ability 

'tUildll(!l' wht!nt dumliun Ctlt1dlliOU'i )lil'ld11 {%) yicld11 on (%) 
nnd nu ~Iny nr 011 cluy stmdy .. 

(IUJ'I~ soiJ MlWing Mlil Jnmu 
autunm oppnrt· 0/hit} ~nil 

min Uftitit>"l O/hn) .............. _ ......... 
much Cut' I}' clcun. .. 2.21 () 2.lR 5 .(J67 

--~----- ..SE!!!lit- -n;w;lirnhlc - ~~loQ!f.;o!f;:'l!'~~ -··l.();i ,_. ~ -:124 little Ctll'ly cleutlt I.H() 22 
"~"'' 

cuuHn'· ... -- -,.nj ~~~: 

little cnrly clcnu. uurovuuruhl~· f4 f.()'\ I ~t .079 
..£Uilll!L. .. ~~~· ·1:mr-- ..... r---~~~~ 

much mid cll•un. ~ JH un 13 .135 --... 
cuntinl 

f--""""' 
... _"':_ 

~ ..... ............-~. 

ltttk"' mid cl~ nt\nunil~'~;-'. IAH 27 IJ,l IB .157 
_ ............... 4~- ~;~~op~o-~~' ~~nntin 'ill;[t;ar;r; ~-cr.:m-- -..-,~ -- ~-'5i" little mid ci-;;ii;rr;- 51 0.7() .CJ67 

cunljn .. ,.. - . ~ .... ~---:-40-~-liUI~ mid clcnutl* 1.36 1.50 38 .067 
disconl 

--~· 
~liof~ -much hue deimt'. ... l.~9 35 1.42 3l .mm 

con tin ..... '"''"''j)9 ...... '44 -li ttl!.! htte t;lcnnt fnvoumbJo -LS2 39 .()56 
_s<mtht_ --- ~~ 

littl¢ late cfC'OJl, Ultfnvnumhlc OJ'\ 87 0.5l 82 .()34 
<.ont in 

~~ 

""·~ 
f' . ~ . , ~ - .I sf' ... little ltttc pm~,-hy, .. CUi I 70 O.R2 ... 54 

cuntin' .. ·~ 

u Whcut yJeld mt Hrst dn¥ uf !)OWIIlg nn cluy suJI. b Cncfficlcnl nf vrttnthm •· MosUy cwthnuuus 
d Mo!itly clctltl 

Note: Mcncdin n.umc:ts descrihl.!d Lhl;! oppnth:utitJI.!s lu <.mttmencc cmtl sowing ns h~ing 'clcmt• ()r 

'pf!tchyt. A •(!Jcm1' Mnrt wns where suffi(,!icut rnhtfttll Jmd l1tlftm lu aJJow ~rnp sowing tu cutmmmce un 
uny soil cluss. A •put.chy• .swn wns wln:m.}sowing nnly on stwdy snits enol cltty suHslwJtS' p~rmi$Hiblt! 
irutlally. A 'cPnlinum.JI!• stttrl wn~ where tnillfllll Wll!:l tiUffich.uU to niJuw cmp suwiug tn ~nmlmte. 
OccasimiulJy irut~equaru. rninfull hurmlu~:eu dis~mllhluiUc!i in sowing OJ)rmt:~unHi~s. 

I ~ t. ''5§do::'·• .... 



T;\ble 4; tt. ·inty t;quivnlcnts of t~nnim~l wealth wi1h nnd with om 
nmtkr~titH~ ~"''tcn\es fnr vurious Rt mid with nnd \J~itlkmt udjustmc.mt 

or cwp or pasture. nrcns usn. wcuthe•· .. year t\11fold~ ($.000) 

13 

~...._,......__.,........._ ,__.._~_,_ ......... _ .... ~.......,._...,..........,. ......... ~----..-----....... ----
Wtth Area Adjustment Witluwt Aren Adjustment 

t~ \Vith Schclllr!<.. Without Schemes With Schcm!!s Without Sct,emes 
--------~--~-~--.~~----~·------------·----~~~~~-().0 ft\1.7 8Zt1,3 820.4 8l6.6 

0.5 828.0 822. t R l6.8 8 t 2.4 
1.5 825.7 818.8 Rl4A 808.9 
2.5 819. t 811.2 807.6 BOLO 

Tnhle .5: Farmtn·ofh c.muponcutof cct·lahlt)' t?quivatcnts ofopthnnl farm phms with 
nnd witlwcu marketing sr:hclllc' f nr vm·iou~ 1{,. nnd plans \Vith mni withmu 

ndjuslttu~nt ()f ct·oJ'l or rwstur~ arcus us it wl!utlwr· .. y~tW unfolds ($'000) 

--~~·~·~------~~--~--~~~------~----------~----With An:m AdjusttHcnt \Vitlmur Areu Adj~tstmcnt 
Ri tlYtlr Schemes Withom Sc.:hcmes lY1th Schemes Without Schemes 

col t col 2 col 3 col4 
·~.....__--... ..... 

0.0 47.8 42.3 3().5 32.7 
0.5 4.:{.1 :~8.1 32.9 28.5 
1.5 4L8 34.8 30.5 25.0 

~2~.5----~·~35~.2~··~·----~~2_7_.2 __ ~~~~~2-3,_6~~~~~171-_---. 

f~:tble 6: Bffr.cts of ndding nrea: ndjnstt11ent and mnrkcting schemes: ~crtaimy equivulents of 
f,u·m pmfit after addition relative to ccrwiuty equivalents oi~ fat·m profit before; ndditioJi; 

for vnrious R/' 

Rr 

0.0 
0.5 
t.S 
2.5 

Effect nf nddlng or~R Effect ofudding murketing 
ndjustmem s~hemes 

Wtth Without With Withnut 
Schemes Scl1emes Adjustment A<.iju~;tment 
{])+ (3) (2) ~ (4 .... ) ~........,(1 ..... ) ~ ..... ·.,_(2....,) ........._....., (3) +: (4) 

1.31 1.29 l.l3 "'"''1.12 
1.34 1.34 Lt 6 l. f5' 
L37 l.39 L20 J .22 
L49 1.59 1.29 1.38_..._ 



Rr 

0.0 

1.5 

I 

Table 7: J~t'Y rf!ntures llr O(itiHllll fntmpinns wt'tlt t\tld witlwm 
mnrkc\illg schen1es. fot· vudous Rr rmd with nud witlmut 

mljusUlllH\t of crop or pnsturc a tens ns a weathct· .. ycat Ultfolds11 

Activity Unit 
·,~.·, 

With Area Adjllstmcnt Without Aren Ad,iusttlleut 
With \VItlumt With Witlww 

s~·hcmcs Sch~.~tn~s Schemes ... Schcmc,L_ ,., 
P~lsturc ha J3i3 l ~~ 17 1242 l242 
\Vheat hn 859 B50 928 924 
Lupin fm :\28 !\33 330 333 
Sheep U'iC 3821 .:~870 ~.518 3469 

Stocking d'lc per 4.91 2.94 2.83 2.79 
rmc lm 

Agistt11Cilt lnl 65 77 64 125 
LUl)tllS fed lntU1C"' 72 18 71 7R 

Po~tu.rc ha 1J6S 1343 1236 1236 
\Vhcut hu 815 823 936 931 
Lupin hn 321 333 329 333 
Sheep dsc 41.00 3924 3459 3417 

Stocking dse per :um 2.92 2.80 2.76 
I'UlC ha 

Agistment hll (12 74 84 l47 
Lupii1s fed tnnne . ., 72 '72 69 76 

a Activity lev~ls 1111he tuhle 11rc cxpcmr:d vntues. "flm stm:king r:llc is dry swck 
cquivulcnts per hcch)J'C uf pnsturc. 

fA 
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AI>J)cndi~A 
\Vinsorisntion of olo.gmu·mnl distribution of price 

l..tm't'l' llmmd \Vin.wri~·"uirm 
Assmu¢ the mndom pt·ice vnrinblc x is lngttm·mnlly distr5butcd nnd whtsorisution involves u 
lower· C:(~l\Sot' of X t\t. poiut kt tc,uiHng in tWO distributions being tbl'i1lCd. 1'he f1rst is U 

discrct~ diso·ibution ut ihl~ single mas~ })t1il\l k. this distrihutimlluts no vnrinm:t! C 0' [;::;. 0) 

and its menu is k ( (' 1 t:l; k l. hs probab\hty weight is /i(kJ, whc1·c FtkJ i!l the. ctmiulutive 
lngnortnal ptohabihty OJ' X{; k 

The scctm.d dhtrihtHimliS for.\. :>· k nml ~~ n lognonnnl distnbuti<m trtlllCHt~d at th~ l<)\Vct• 
bound x:::: f... with merm s:: =: E(~\'fx > klnml vnrhmcc cr i = Vm'C.\'{,r > k). Its prohnbility 
weight is (l .. f~ckH. Hxprcs"mn" fore~ and a; U(C given in cquntlnns A. I nnd i\.2. 

c A.2l cr; =t•f211 '~";\o. -<ll{((lJi(kl· Hll cr} ·- 2<t)) I (1- <I>(ClJl{kJ- ~Oia)l ~ 
e•tt•O~tth. n-Cll(HlJnkl- ~l) I 0') -an l ( l- d'!<Cbt(k)- ~l) .I <1))1 

f(i 

In cquntions A.l and A.;! ~r nnd a nro the mean nnd Mandant dcvintloo of the lognrithmic 
transformation uLt c~c~ «.'hnpter 14, Jolmson nnd Kot·z, 197(}). 'rhesc: two dislrihut.ions form o 
mixture with m~nn Httd nnd vorimwc \lur[J~;/ ns given in cquntinns A.3 nnd A.4 in which .t:A 
rcfcNi to valu~s t1f .~ uftct· cemmrin~ nf pohu k. 

Utxd = tCkJt, +ft- FCk))E;.t nml 

<AA'> \lar[.\!l· I~ r l- PCk))O' ~ + fi'Ckl(e 1 -£): +<l-· 1/(k))(~~~ -i!)3 

Expandin~ equations AJ uud AA by subslit.utinp; ~x.pressitms f~>r.(~.,. e~ nt\d Gi yields E[xkl 
ancJ Vttr{:<tl in equnthms A.5 n11d A.fi. Thc!)c nrc the nnmu rmd variunr::~. of the w.iusorlscd 
lognonmtl distribution. llceuuse the fnlltttlthtnic trunsf()ftnntiOt),. Ln(.t:J, ls r1ornudly 
distributed, the prohtjbility or ;,\~ >· k cnn be rc .. ~xpr~sscd ns .cu:urnulntivc normal rrobubHitY'• 
( f .. ff>Ubt(k)~fJ}!c:r})'t Hence hl ~quotious A.3 nnd A.4 FtkJ Js ci»((lnfk)"~tJ/<r)J nml ( f .. f'YkJJ is (J .. 
d>(( /ll(k)~~Oia}). 

CA.5J lt[xk]:;;; <{)((ln0:)- J.Ol cr ).k-l*,e1'''
0 ~~~.~ ll-<l'({(ln(kJ- fl) lo),....d)) 

{t\.6) 

Vt1 r[;rk l·~ (l ...... cf»((lnck J-ft) l a )Jk(ecltH::tf~ l ~ct...,. 4i(((ltl(k) 110>· f.l) I <1) "'*~a)) I 
(J ..... fJ(.(Itl(k} .... !l) I (jJ) ow(c111Ht~''.(l .... (J>.(({1Jl{k:)~JJ,}/0') .... <1})/ 

lO..,~PC(fn(kJ~ ~> 1 cr)l))+H ~ <J•(CJnCk) ~· fl) la>>~ 
{e'uum~ .{1 .... ~IJ(((hJCk) ~· ~l)/a})...,rl)) l (l-(ll((ln(k)~ ~J/ 0'))) .-. Efx~:.ll\1 

-rtPCOMk) -Jt> Ia)~ <k~ • 2klr[xt l+ t;[xA. 1~·) 



Low(?r mul tlpJU!I'/lmmd Win.wristttirm 
Aljsum~ Ule randmn 1~ncc vnrtuble ,t is .lognortnAlly distributed und winsotisntiOt1 involves u: 
lower censor or x nt rotnt k ~md nn UPllC!' censor lll ·point t th,!tl three distributi<)ns nrc f't>rmcd. 
The first~~ n dif,Cfcle d.lstrtbuuon ut the siugh: Jt\ll)S pumt . .k. ~rtlis rJistribution h~s .no wu.iuucu 
(a~= fl) und us mean l8 k c l~ 1 ;;:; k }. Jts probnblHt.)' wcit;ht is l;*(kJ. wh~rc Flk) is t.hc 
\:umulnUvt! }(>~nornMt f1tnbabihty of.\' z k, 

·rhe second distnbutwn ~~fort>,.\> k und i~ n lugmmnul dist.ributmn truncated l).t the lower 
und UJ1JlCr bmmds .\: = k mul .t ¢;!! t w Uh mean e J = Bt~rlt > .t > k] nnd V~ldttt1ce 
a; == Varttlt > ,t > kJ. lv'i pruh::lhllity we1ght II\ tPltJ·rlkJJ. 'the thlrd distributmn .is u 

di~crctc cbstribuuon. at the ·"-tng;fe nmss point r. This tfiMtihtlllon has no varlunae c ct f:;: 0) und 
tt\ rnc~n j\ t cc l ~ t l. Jts probal'ulHy \HHght: li) c l•NtJ). wh"rc FO) is the cu.rnulntive 
lognm·tmd ~~ruhahi llty uf ,t ~ r 

Exprcl\.sionr, Jbr rJ ;md a.' nnl: grv~m u.i t~quutmn~ A.7 nml :ut 
<A.7J e:e ,,u>~n~~".c~bnrl,.mn-J.tl/d')-<TJ-tl><UtJHk>-Jll/d')-0"))/ 

eel,(( l~nto- J1' I o 1..,. (l>H l.mk> ~ .gl/ cr >l 

<A.8) a 5 :;;e(~J~+Zf1'~ '. {d){({/Jt.(f)- ~l) I dl- 20')- tl>c((Ln(k)- Jl) I 0')""' 2<1}) I 
($({ [Jt(fl•· ~1) I 0'}- ibC£ lJttk }'""' Jl l I 0' ll-

t/u,n'irt'''. ( <l'ffCl,nHJ- JAJ I 01-a}""' d)((( !Jt<k)..,. fl) I en -a)) 
/c<b{( Ln(tl -J.t )/ <1 J- <l>tC LntkJ .... ~tli<1Jl~ 

In equuUml~ A.7 Wtd A,S ~l nnd a nre the mcnn und stand;u·d dttviution nf tlu: k1gurlthmic 
transformutlon of .c. 'rhc three di~JUibuttons nmn n mixture with m~nn Btx* l uud vurhu1ce 
\larf x, I ns gwen hl equat.iuns A,9tll1d A. In in which x, rcf<~ts ttl vufucs of x aner ~eus<)rhtg 
ut points k nnd r. 

(A.9) 1.~1x. 1~ P'Ck}r!.1 + (f:(o- F'!k})£ 2 + f1 ~Pet Hth and 

CA.lO) Vtlr[~rr] ~ (FCO.,. F(kJ>a i + Ft'k)(e• .... tf>t + C T~~(tJ ~ .Jt.Ck))(e 3 .... £>~ 

+O•Ftt))Ce-c -e>3 

where e = B{x, 1 

Expanding equutions AJ> and A.l o by ~ubslituHng.cxtit<!ssions t'or :e.1. ·e,, e.~ nudd'~ yields 
E[x,.Jund V(Jr{xd jn equations A. lf nod A.l z. these nrc the menn and Vflti!lnc~ tJHh~ 
winsortsed lognormal distribution. Uccnuse the logru·ithmic: trtHWfammtlon~ Ln(:xJ• ls 
normaJJy disu·ibuted. the. probnbHity ,,f 1 > .~\': > k can b¢ r~ .. expressed Q,$ n cumulnttve nonrud 
pt()bAbUity. iP({ltt(IJ~~JicrJ .. ,J»l(ln(k}~flJ/dJ, H~ncc Jn equations AlJ nnd A, to (F{f).>Jf(kJJ .is 
(4>((lttlt}•fl)lq)J~4,((1n(kJ~~tJ/aJJ. FlkJ is «J~tUn(kJ .. Jl)IO'Jlttnd POJ is rJj((/n(tJ .. JJ:J/(tJ, 

(A.ll) E(X11 ] # k~<PCU»Ck) .... Ji) I a)+(~I>CH»CI.)·""'·.Jt) la) ~ (J»{(ln(kl~.f.t.)la). 
cp.-rtsa' .Cb(((ln(l} ,. .. ll) /d)·,..d)• <PCCOn(k) -H) Ia) "i''<1 })/ 
{4>{(Jn(rJ~ t.tllo J~(tl>((lnCkJm·j.t) lo)) ~.tj}((ln<tl·~.) lc)~ 
(l- 4,}((1n{IJ~ ~J /<JJ) 



<A 12) Vm·(:.\'( J;: (~tJ{(hHtl,. ... ~t) l a l,.;;; d>((ln(k)- Jl:}/.a)).o i ~r 
tll{(hHkl- ~t.) I a). lk:t - t.ke + t:l) + ((JJ,((h1(t) ~ ~i) J 0')..., (t>c(ln(kl- J.ll/ a')). 

u, - 2tc + e a l 
wh~rc t13 nnd if url'! as dcl1n~d nhovc. 
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Appcudi)l;. n 
Piscrctc Apptox.ilmHinn nf C<mt.irmous 'l)J'itrlbutioma 

According; to Miller nnd Rice rt 983) thr:. criterion fot.tho uccumcy of o discrete 
npproximntion is that U slumld preserve m~ many ntoincnts of the: origimll dist.ribution ns 
possible. Thi~ cntcriun lu1s intuitlvc nppcul tlitd inl'cws th;U n discr~~e ntJpmxJmution should 
have the snme mcutl. varitmec·f skewness und kurtosis ns the orlghHtl continuous disttibufion. 

The muin moments urn cunt)nmms distdlmt.ion c~ut bu ucctmrtoly rct>resemed using; Ouussim1 
qundrutura. In prncticc G:mssinn quut.J,·nturc hn!:! bct.m nppUed rutcl)• in the ugricnltutul 
economics Jitcrmura (see Fcuthcrstonc~ Prcck~.~t nnd Unkcr C l99(}). Prcckclrmd DeVuysl 
< 1992)) tmd tcs~ nccurutc upproximntinn muthmls (e.g. using means oriruervuls) rcm~dn 
preferred upprox.immion methods in mnny tiJlpli~d studi(!s dm:. to their cusc. pfuse. 

Another method for nccurnt~ly npptuxJnmthlg a couUnuous distributilm with discrete stm¢s 
uses non·lmcur l'rogrmnmmg. The npprnximutiott prohlcm t)(tlled usn non~+Hne~tr 
pro~rnntming tWoblem j!, n:, fl>tlows. 

h .n 

Otl) Minimize f.\:"· .f< ~\~ }d.t -!, f>1 ex, ) '* 
(( t·l 

subject to: 
h n 

r\:kf(vr )dx- LP, C\:'1 ){ = 0 
ll /'l 

~ ~ 

Jxk'f(x ldx-I, J1, tx, >k" ~ 0 
IJ Jc1l 

a·.~x, sb 
X1 ·;e XH 

p, .~.() 
II 

LP; =1 
j:;;J 

fork< k* 

fork= k* 

for i ~ l /l. ..... u 
fnr l::::; 2,3~> ... 11 

for .i = 1,2, .... n 

where k* is u high .. ordcr value of k to.g. k*~4J 

In words, equation It l sce.ks to minimize the. (Hft~rcmce between thu ttue vnlue of u high 
moment Ck*) of n~ distrlhution of n c<mJlnuous rtmdom varhtble, x, nnd n ~~~h~ulnted vnrue of 
the rmme order ofmornent thun n discrete ntJptoximuti(m hwotving t1 mnss poinrs (X~tX~, ••• xn) 
o~curring. with prob•tbiHtics {p!l{11,m p,,). thominitnizntio.tl of this difference is subj~et ~o 
other consmdms such us ntJ lower r.>rdcr moments Ck<k*) ht the continuous distdbutloh bcint; 
CCJUI1te!l to those cuh;:uJnted for fhc· discrete U{1lJtQXimntion. VnhJes or X thttt form the set of 
mass points ln thediscre(e nm~roxhtltttion JllUSl Jie. With ill dH~ d0r1111in of.t hl the cortthmous 
di$ttibutionJ Ouch mass pohu should be uniqua und the sum of ptobubUhies o.f occurrence of 
the tnMs points should be unity. 'Jn some circutU5tanccs; ndditiomd: constr;:dnts ctm be 
impo~ed to reflect spccitll chuructarlstics of the JWoblem. such .0.\t requitermmt$ for aymmctry 
or consttnints to rcfl~ ;J putUculnr probability :stutes or mass points, 

Onus$lAtt qundnttur~ Plld this non+Jimmr tjrosrflmmin~ method have the sumc obje¢dvc, 
nnmefy ntu.ihJ~ n pairs of x1 und Pt such that the momen~~ ¢i!Jcul~ted f<>r th~~et of x, nnd i't 
cqume to the. mom<mts of th" continuous distribution, .Doth tn¢tlwds nr~ ch~tJtly ptcfcrtetl 



nvcr the trudihotml n1cthods, pnrtit:11lndy frw ~mud I numbers of (Xt , p1 ) pllirs. 

To fnrmulnto nnd solve tltl approximation problem usn non .. lincnr ptogttUnridng pr<)blem is 
ftnrly stmptc. Most spre.ndshcct pmikngc~ incorpornte noll,fitwnr· prc1gttrmming algorithms 
that cnsily tu:conmlodute smull.probJcms such ns these OJ)P.to.x;.coution problems. 'rhe 
upplicntion of either Gmmsinn ~luudt'~tfure ur tim nOJJ .. lincnr progrmtlming: method both require 
information. regntdlllg the trUe VltiUCS of OlOJll(.'Ufs of .the distri.dUtiotl b~ing Upproxirnot¢d, 
For the more ~ummcml~t npplicd disttihutimts tc.g. tm.mmll. such iutbnntninn is nvaihtble from 
stntisticnl texts nnd for othc.•· distributions vnlues or lnomcnt& cuo b~ gcneruted mmlyticf•fly in 
spreadsheet or nmlhC!mutics libtnry software. 

The Guussiuu quttdnnut<~ und non .. lfnc.nr prop,rnmmlng me!thnds cnn be extended to vurk>us 
univurhue und multlvarinte distributiom~. 

Consider Lhe cxmnplc nf continuou~ 11rice <hstrihution, for wh~m (X) nnd Wl)ol(y) of ~l ccrtnh1 
micron dnss wh~o nvukcung. schurne~ are nbscnt Assume th<:sc crmtinunus price 
distributions or~ to he Hf1proximnled hy five equnlly prohtlblu ptice· stutcs und thnt the 
approximaHm1 i~re!quitcd to be accurate t<J the third mmnenl. ~rhc nnn .. Jineor prog;rnmming 
formult,tit'ltl t)fthls pmhlcm is: 

~"" ~ 

<B.2> Mitiirrtize J .t~~· fL:t)clt- ~.rex: }x~· for k*=3 
~A' l ,:f 

subji!Cl to: 

"" II 

J xk /C :;.;)tlt-~ {Lt, lx.' = 0 for k<.k* 
'~>'' l'l 

<'II t; 

J.v1 JtyJc(v- Lf(\',lr~ ~ () lbr ksA * 
'""" j·:J 

"" ~ 

JyA;*'f(y}dx- Lftv,)}{ ~0 
·• ~i 

... •:1<1 """ . "'i }i .. !\ 

J X);{ (.t. y)dJ·dy- f ~if !x}dx·. J }:/' ( yJdy ~ 2:.J:, J'#l ( ~t,. }', 1-I xtf ext ).r Ytl (Yt) 
... .... ..... r:l tc.l l"-l 

~ 

kfCy,)= 1 
l"'l 

»i 

L,1cx1) = t ., .. , 
/(X1) ~0.01 

f(;~,) ;: l (y~) 

In effect this formulation requires th:,tt ttstur~pfe or .five pohlt.'i be ge~etJlted with each point: 
huving: an eqUttl nrobubllity (>f occummce. Further. the mc.otls .nod .v;~rinnces Jts cutcuJatcd 
from these Ntlrnple poioL" .should cquat4 .to ~he kJWWn m~nns ;tnd vnrhmcesin the contiouou$ 
disttibodous. Also Jh¢; covt\rhmce~ derived from the an•nrlc should C(JUilt¢ to thut known fat 
the bivnriMe contit!l.tPus distribution. 

To dchve price sU\tes forth~ cmuthmous prlce .distribution$ f.ot ,whet~t and· wool ch~sses·in 
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Tubl~ l involved sc(tlJcntinl uso of tho formulmion ns des~ribcd nbove- whh smne udditiotm.l 
constrnints. Ph·st the wheat und 20 micron wmtl price swt~s were scncrntcd. Tht,:n the J'dcc 
states fm· thl.! other wonJ lYfH!S wen~ fmmd {lfiN' constrnhtilltl modl!l sohttiOlls lo include the 
known whcnt rdce ~lutes •. \Vonl pdcu stntcs fnr wools of grcntcr mlctOJl Wet~ ulso 
l!onslrained to h.wcts tesll than Um wool prlc~s of' the 20 micton wool. Tht!se price level 
constraints were itHnnJllc!,!d tn refll'ct. the known histnricul price r~~lntivHics whct·cby 'he 
lowc1· the micr(ln the higher the price •. Th~sc m·icc. relutivitics.fnr oxamtJic. urc reflected in 
the cxpl.!clc(i prices for ench wonl grodc in *J\nhle t. 'J'hc opUnmlsct llf llfice sHltes found by 
the procedurc8 us mtt.Hued nbovc Is giv~n itt Toble 2. 

The mcon1h vm·innccs uod covuriauccs for lh(! di&cr~He t;dccs exu~tly C<JW*~ to ti.ICISc given itl 
Table 1. Hence. the disct·cte distribulinns involving 5 pt·ic'~ stalo!t nrc Vl~ty nccuratc 
apprnxinmtiuns or I he continuous pt'ict! di~tt·ibutions for wheut nud woul. Ftw the 
distributiOtiS ttftcc(Cd by ll1Urkt!ling M.!hl!llll~h the inclUsion of price C<HlSlrHhllS iU lh¢ SY$t(!Jll 
of equulions ~p,•cified nbov~ nllow!!l polnt.s nr tnuv.mtion tn he cxuctly identified nud again the 
nwnn&, vurhtncc~ nnd covnrh.mc<.~s for the di"crct!! pru:c)\ cxm:tly cquute tn those for the 
winsodscd di~tl'ihution., given ill Tnblt~ 1. · 
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