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Detcl'luirting optilnnl t'artn input levels using stoch~lstic 
experitncllhllrespollse dnta 

NS\V AgricuUm'c 

Agt1cuUtu'nl nesclU'ch nud Advlsm-y SWUm. 

I),'ivtltc l\'lnH flag 

G.'utton NS\V 2460 

Tht! interpretation or response until from hiolngl\!al cXI'~rimCnls and lho resulting provision of 

Nconulll.H1utltions fbr Input usugu tu farm decision mukers is nn Important pnrt of the resunrch and 

development process. tn this paper nn utllllysis of n set ()f uXllcrlmuntnl rasults is undertaken. Particuhu' 

attention Is focused on the vtlfhthility of Ut\Hie fOSl.Ilts over the period of exp~rlm~ntntion and on dealing 

with the fuet that the datu arc r~lntivl!ly scan!o. Two methods of nnulysls UN umlertnken to imJi~\UlU til!! 

impact of dift¢ront manlpulntions of t.he l'lIW dutn to spec!t1\,)ully allow fbr tho sparseness of the dutu. 

Rec()nlln~nded levels of input wmge are det~rmtncd fhl' n productlon .. maxltnlsing, n prot1t .. maximlsing 

tmeJ n utillty .. mnxirnislng decision mnker. 
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'110 iht~~rprctatl()n l)f rcsJ)oJlSe <h1Ul from bl()toghml ~x.l'etim¢nts and th~ provision of fecomml)ndutlons 
fnr input \lsngo h) farmers based on that intQtprot(\tion is t\illmporttmt pnrtof thl) l'¢seatoh and 
develupment (l~ & I)) proc¢ss. 1~hc proper fm'nlulutinn Orr~conlm(lndatt\)ns frmll analyses of) 
oXl,erimental dntn is vital in uvotdlng \H1rCnliSlic advice whicll'mny cans!.! fnUufC by t'ttrmcrs to nCC01)t u 
no,\\' t~~chnology nnd emtmrrnssnt!!ht fM the adviser. 

In this paper nn analysis of u s~t of cxperhlletltul results is undcrUt'kcnl l'nrticulnr Mtention is fOCUSQd 

ml UH.~ vuriuhllity of lhus~ results lWeI' the pcl'iod or cxporhmmtntlon nod in dotdlng with thl) n\ct that the 

ulltn are Nlalively 'seuNe', '~he recommended level or input USi\ga is ildjUsted for the vnriatlon in 

expcrimentnl output uno tNCO\HltS for It typically risk twerse farmUf, A cOl111mrison Is mnde of 
re\!tlnlttlundnUons with two aJtcrnntiv~ methods of drlta nmdysis. 

The In~tnhi1lt~ of th~ h:gum~ \!tllllpOntmt has b~cl1 t\ maJur prohlum of pastufu duvl!lopment In the 

MltHropl\!nl reglnn of' tHH'th~nstern NSW. AlIstr~din. 1\wnpcmlc legumes, such 11S white clover, will 

persist. whon tht! growth t)f associated wnrm climme gfn:'llcs is controlled by high grazing (ll'~SSUl'e. 

However. Undi,!f farm conditions It is not always possihle to COIltrol srnss gmwtlt in summer nvar lnrgQ 
nret!s with the result that white clover fulls to pIJt'sist. 

Kenya white clover (Trllbllum .wmll~111()sum) ls pursistel1l in nsso~latlon with kikuyu grtl~s becnusc of Its 

tlhittty to pruduce vurth.mJ st~ms from run"~rs. l'ot~st t11,wsistonc:o tim! prmhl~tivlty, gt'uting Mens of' 
two cultlvars of Kenya white clover uml two culUvars of white clover wet'O sown. 1'h~ experiment 

fuport.ed here WIlS COtlJuch~d in i1 reglnn of high "oinfall on n red snll phHel\\! mmr \VollongblU' In tho 
North Coust region ot' NSW. It ~(HlsiRted of a coule grazing trial where Hel'ct(wd wenner steet'S were 

gruted for 12 tnnnlhs un pnstures uf l\lkuyu and till.) lugume rrllMlum scmlpllo.mm (Kcnyn clowr, CV. 

Snfari). '-1,ccx.pcrlmcnt lnvestlgotodstcuf liwwclght guln (l,i/WCi) fmm l,usturcs tr"~tt~d with thut 

hwels of superphns(>hnte (P) stocked at Ilow' Ilnd I high I stockh18 nnos (Sf{) over' 8 yours and thu results 

of lho trial Me prcseme!1ln Tahle 1. 



SR dlff~red tbr oa¢h level ()f P. ~o It WitS not included in nhY f~\ct()ti.ut or frnctlonnl ftlctorhd 
~xpethnenttH design. lnTnbl~ Ithtj tiBuros Ott Lwanr~pres¢hted (mn p~thend(/hd) Bud a PQr 

hc¢tttte (Ibn) basis. 'rhel .. WO/ht\ tigur~51HlVf: been d~rlved U~ l"WO/hd hlUltlpH¢d by SR(st~¢ts/bl1), 

This exporlmctU wns conducted nftet Ilil iniUul thrl~~ .. y~mrpn(}t study in whlch·U1Q ptl5turCtl Wetf) 

estnbllshod. rher~f()fe thl!"gures iIl1'nbh~ 1 nrc stendY"Htntc ut}ulUhtluaftcr a l'A3ture dcvQI(lpment 
lllm~L'. 'nle nnnlysis In til is puper lsessontlatly a ¢omrmdsoJ) of theso cqull Ibriu rAthor than nn 
nssossmcnt of t!ush flt1W rmtterns In moving townrds th~seeClUmhrial 

'fberc is cunsideruhlu V{u'imitHi hll.~WO Over thu eight yents uf' tho trinl. 'fills is du~ tel cUmatl~ putt\!ttts 

hut \vill alsCl have b\'~n n result nr agronomic or tntUl:Ulofllcut tl\~t(')tR. 'fh", eff~ct of these fuatmswlll be 

ret'crre\t (0 Int~r, nlt.hnugh nu Ut1UIYKis coul.u hu nhdortuken til n multi*dlsclplhmry cotttext. It Isth~ 
variaUnn in L\Va over tim", that is of Jwhnnry itUpottulll!1J in turms of uu~king recommundntintls to 

rllrmur~ frum thcs" ditta. 

From'ruhle I an ln~reusu In Sl~ redu~lJs. Illoun t\VCllhd nt each levul of ('t whl,!reus menn t.~WO/hn 

incrouM~s with SR {br ua~h Itlvel of r excupt the highest. In ,nuking rccommulldutlohS tu f'urtl1lJfS fur' 

whom 1hl: land r~M1UNiJ j~ (lrohnhl~ mOM limiting nnd who must d!!~lue on Sf{ (I.e. cattle UlHnh~rs Ilrc n 

rtliU'mgumunt to(1). un nnal~'sis nn n !hll husts is prnhahJ}' the mO!tt worthwhile if c1ll!hkHogrnm nf live 

hte~r wuight " \'(du~d tlt th!) StUU\! llrhJl!. Huw~ver. H~ meat quality Is importunt (In det\1l'mlnlng r)rh:o 

r(J~cl¥ud) and it dlffcf!\ nccnrdlng ttl slol!r \Vuight UHm tWO/hn may not he tho: most Itnpnrtnm ntctM. 
'J11U upproil\!h fullowed in thi!i pupur is to Il~sum\l no pricu chung~s fiJf dimmmt stue!' weights und 10 

conl.!l.!t1ttatu on t \\,CUhu 

~rhe nvcrugc fCl\pnnS\! nnd distrlhutlon of LWO/hu to tnct~nseu. f> is shown ill Figures I nnd 2\ whure 

tWCi/htl i!-i plotted uguinst P fhr Ilow' Hnt! ihi!~hf SIt (Jcnurully there Is a LW(lIha fl.lSpOnSu to 

ir\creuNing ll!vcls of P hut this Is not lurg~ ~omrnn:d to somo other sull typu"l (l)r I'.T. Mears. purtmnul 

cortulluniculhln). 'rhe puruculur soli typo, In this uxpcritmHlt hns n relatively high cupuclty to hold oxtru 

P and only rcJcu!i(l It stnwly to plants. Tho h,wuls of t. W(J/hu Ilt l.uro Pure rolntlvuly lurge COm(HlNd to 

thusu nt higher P. inns hus hnpl1~~atlnns rmt tho optimum input h,wuls derived in t.his nnllfysls. 



~l'h~ d~ure~ of vuriuti(lilln LWO/hn uv~rtloHl entl b~' ~etltl it1111lblo I (ft()i'"th~~tl~rt1cl~nt ()f~ varlntinfi) 

nod VIuures 1 nnd ~ (fr<Hn Jnst1Q\!U(lJt). tthi:i vur:huhmuerturnUy incr~ns!!swlthhJgber levels ()f~J) nud 
hlu1mr SR. within fevelsot' I>. POt fntrttuts wlm are tYIllcnlly riskt\Vurso: Ru~hh~hnvilHltCm~tdbc 
imlmrtunt in: cotlstdQttn~ ~J,provrinte I~vels or II)PUls:,Th~ tl~~t $~cUon ()r th~ pnper autUnea the 
dH~\lr~ti;:nl hasis (orincnqmrnUng this VJ,ri~tionlntt)r~C()mmcfld.ltions fhr t'lsk .{\ytlt:m' fnrmers. I\odu 

intur suc.tion contnhlsr",:mlts()f two diffurol\t tlj11)t{'llchtt&tn esthnntins thu eftus;t of such vnrintlun tmttle 

u~Umnllevel nf ,Input for rtsk~.\VlJrsUn\rtllurs. 

In ,unsidering the infhrnmtion IU'Ustmted tn TlthJ~1 t the first step undcfmken wll~t()br'iQfly inv~sttgute 
the hlotugh:al resllons~ uf L.\ya to ~hnng~~ in P alld Sft Junes and Snndlnnd (1974) csnmin~d th~ 
fl)hUhmship hetwe~n .mimaf gnin ami stucking fnt\l frum the results nf) n .numhl.tf of llruzin~trluls:. Thuy 

fmmd tlmt u simple Utl~at mo\,hd hest fulutfJU saht pur unhmll nnd stu..:king rule. lJsiJlg their 

nntnun~lnturt~ gum per nninlid (Y.> wus ruhltl:d to stnt:kiult rute (S) b). 

V.. ux .. h l 

'l1t~s~ t'lPU~ u1' {lUtetiumll t()rmzs wcr~test~d in this nmdy:sis Ul\ n f1rsl :ibm in BuininG un underlilnndiug uf 

Ihl! hlulogicnl ft.!SpUt\scs ~fhafl uconmnic C()tlt:upt~ wero intrudw.:cd. 

"hc bl1Jiic uppru;H,'h uscd b~ economists in deolins with the C)uulition of 'how nmt:h' ut un inpUt to US\! in 

11 pmUUI.:tinn prucebs hlW)Jves ussessing thu cxtm ur murginal fewmu,m (MR) from imm.nmmth in the 

input and ~mnllUrio1t them wi{h the. murgimll costs (MC\) of the incrumont As lon~ us th~ MI~ lIS ~nmt~r 

thu,n the Mel the Input levul should flu raised hy thut nmuunt. If there un: uecru.(tsh1lf feJt\,rnS to 5cul~ 

Uum MR ~vl.mt~Hdly ul,tclmes with incrcuMing itljlUt. uill! whefl t,he point i!§ ,',ulched Whl:fO Mk Mt'th;.' 

h~v~1 ofiullUt is or)Uruul. ff1llJ YSU of' mnrghml nnnlysi5 of clHmgcfi in discrettJ Input levullt bus h~lJn 



(luUinedinCIM~fY1)n98S)~111 tho nppr()a¢hr()lIl)W~dhcro u respun$~ 5(lfl~l~eRDprm~¢h i$ us~d\Yh~r~~ 

tbeli;)v~l ur.Ml{ fS:hIJust~d to nc~()unt:t1wvtltluhmtyln mnput l\)t n fntm¢t whnlsnvOtN~ t(> rls~. 

rrt1aCcnunt 'r()rt~VQ.tmQS nndt:ostsnpfoflt 'funtllml is 8t~pm~d uft4).t AndutsnJl., DtUtUlnnd Hnrdu.ker 
(ltJ171 (AIUU s\lchthntptol1t: .'It' Js nfimcUnn ·(If LJW(1 uyor 12 months vnlu~Y."t .~ij (f)ri~Qorh~of)t Il.u;~ 
flPIlJi~d I) (KlIlll!r~hosvJllmJ; ink~ltHl)multipUe4b~\lt)nl)tfcOtlfr> (Pl.,)!l~sscnh!lrc()sts (OC)tO(h~r 
COStls wmiuclude pa~turu nmInt~nnn~!lt tltllmnl h9Qlth. murkeUns. w"hspurt, tUld ()v~rfu;md l:os.tSt ''thu 
prntll nm~Uofl is: 

(n 

t"WG In kg/tut IS given h~ L\VO tn klVhd multipn~d hy Sl{ in hdlhu, SR l~ ttrl imp()tUmtmuMg~m~nt 
nl~tnr in fh~ prudu\!tinn. process which must he d~~ldl.!u in eoujm1\,:Uunwlth tim duoistonon the h.wJ,11 of 

P. 

fl1w lJ\!l!i!fIUn'makuf 1!Ii n~\~mlu,ll11 exhibit riltk nVl:fsiun uod hb or hut llful'uronct:s fhr risky .proms nre 
~~xpro~t~cd tn a nUUt>' function r which reJotell m MUllO mnnm,u' tn 1r. Tho optimlll decision tncJuucs the 
vqlu\,l~ (If P and SR tbut maximlSU uxp~~tl.!ij uUUt), whur..: eXI,QctuUuflh ar~~ taken twet the distrJhuUons uf 

tWO nou Pn cAUB r) t 61 ) 

!J11t~ prohlum of u~tormJnjng tna:dmum t ~ I:iln htl arlpru;l~hcd thmugh spucUylnu uxpuctcd utility in 
termlJt ut lhe 11mhuhiHt)' distdhutlnn of 'It'. ~nlU rnnmem muthud tt Al)H p. '1m mlSlnllU8 thut umput 
(LWen nf Ut~ individual firm und Pu ntl~ stnclmsth:IlH~ indl.!lh~mlunt. 'rJn,wi,lfbre thu m~;!n nnd vnrlnnuIJ 

of pmm nr~ given hy: 

ff.('1I"J "na.W(Lt>n .. J'.Pf! .. OC) 
, BCl"W(i).r{a~n)' P.Pr}'" OCl 

VHr) VlLWG.Pn .. P,Pfl ., Oe} 
(f£(J)n)r. VCl.V{(i) ,., IneJ..wcnF. V(r~lI) ... Vel',,}. VU .. WCt} 

The eXVI;!~tetl uUlit~()r U1U ducisl<m .. mnkcr fur thu risky prosJlect 1f' cnt1 hu {1!\~IHiS\!d U!\ Ut~ utility hW1l11U 
tll~ Jmmn of ~llhts n suri~s of produ~tB uf nmmlJt1ls ()f 7r t t:<lrrus,mlldlt)ij. dcrivutiv08 of lhu utility 



(<<»qUO" nn~inv~rgt> fa~t~)r,i4tsimhetU1tU1Ull$linYolvi"sthot1rKt uprlwlUvo (APH fh9'1). A 1'llylnr 

s¢tIcs tll)j)r(l"JmnUOf1 whh:h:~ghurc;8.t~trnsb~yundllie$e~()nd U(;rlv"trvcis: 

o EU)nl.d[Zn~WO.)I~P ~Illr~' lun1Ql{[f~(),).~)p -+ V(P"HldV(lNlO)/d)l 
,\t. 2 V(Pnl.E~O~~\V01*~JUI~WU)!ap} 

(4) 

(5, 

HeruREOQis th~risk, twnhmtiun uincr~nnnl (IU{)tienl whi~hrn~asUrfJ8 tlu~ rtltoi ofutHity subsUtutlun 
bctw\:un tht~ eXJlect4d vuluCl und vur'hmcc (,If l)f~tlnt.s: 

(6) 

hluntinn t's,).;un h~ furth~r himr.Hllcd by ussunung th!;!:prf~tl or he~J' cl'U) Is f'ix~dt tm thot tKPnlPn 
arllJVrP.1J 0, unu cS) CUI' be written us: 

t€qUIlt.hHt (7) itulhmtos nun th~ utility·maximismg lUYdl of " m:lJurswlum tim murgJrwlf111:tur cn~t fig 

prIce of I'') "Hlm:d~ til\: \iulue: uf th~ rrUt~SWal~xpe.:ted ()rufit hlSS u mursimd riskte,ducUun thnt t, 

d~tl.!rmlned h) th~ utilit~ nm~Uun mld th~ mutgitlid vUi'infll,:e nfthu (t)vunu.c (Af'Hp. t6~1). 'fhl! 

~nrresI)OmHnQ prunt~rnnxjmbins I(;NUI ()f input is glVtHl by dulutbtS thll lust h:rrn of (1). 

"h'IS f'UtflmlutlOiI is hu~~d onth'" assumption thut the m~nnatld vuriutu:t> of 11rut1ts f)rovide ull thu 
n~\!essury Infi)rmuUnn about the distrihutiofi ofT, Huwever. It cnuld hu Uuu. Ute· distrihutiou uf r .• \V(ll'~ 
skewl.!utin which cas\! th.: thirdmomenl CM1(?r») h~cnmusimportnnt. "'u Incnrpornto this tn the 
upUmi~lng prucului. Mk1r) nuuds (n hu sJlu\:Uied in hums of pfoflts us in (2) nnd (3). If tht~ is donut 
AtlH (p. 170) pmvhJ(~ thu nrstliurd~r (!undiUnn for mnxlntishl!~ utlUty us: 



MSQfs the marshmJ ~k~wtl~s.~~tuoU~nt which mtUISufcstfl4tmQ; (JfuUHtyStlbSmnUonb~rw~'m ~Xl)uctcd 

vafucluid ~k¢wtJ~~l\ of vr(Jt1t~. 

f1inuUy.hl mnny C41S':S wh~n l)utPuthH1XPt~S~i(!d on t1 IhR haslslt. Dmy b~ncc~8snry lo~s~rea .. t~ the 
process to flnd theimptl~t, onll nttn or nny glWfi 8l~~, Jf u flrmfs· A,lm in ~iZIl.llhultll~flrot.·"ordt)r 
cuudnton (1)b~~()mes (from ADHjp.. U,7): 

Af1H dis.:uss suvural nun .. lirll,Ulr i{)rms uf miHty flmIJUnn fm:ludlng (juudrut.lc J cuhic. JogurUfunic, puwur 

tUld nCltfutve ~xpnmmtlnl. In UliSc mmJysls th\! n~gntlvu I,!xponcmiul functIon is us\!d. ~nlJlii timet ion is 

chnrll¢t~rlSJ:d by consuUlt (tlhsotut~) risk nWfsio" (t:nefn~hmt c). tl~his flmctlnn f~ nf th<l form: 

" f} 

Th~ nhsnlutu ((tH} rchtHv~~ rf~k nv~rfif(m ~()c·ft1ufunts tttr Austndfnn litrmcrs hnvo belln cOrlsfdcrud h~ 

res~ur\!hurs, llnrdsfey nnd Hurtis ((981) esthnntud smn~ of lhusc cUiJrnchmts. The IlhS\llutu risk 

tlVurshm cn~fnchmt is th~ r(lllltlvfJ risk UVCI'siotl cuufncfctlt divided hy hwul uf weulth. From 13urdsloy 
u»tJ llurris' n9871ustirmlhJ8 thu obso(ute risk (lveraloo coefficient in the high rahlf~nn ~one In Austrlllhl 

was I x IO~, frh~ purpose ofthls nnnlysis is to lIIusl.rntu the impactur ulluwing ro .. ~>!k In d~rjyltlU 
rut:nnunornlutinnh to gruups of fnrmc.fR nnd the rbk COfJffhil!.nll ~un nO£ hu uxud wUh grum precb;Jon. 

The tnruut llUuiunce fht thupurticulur experiment consldeted h~re is HkuJy to C(HlNist of t¢h:Hlvely 

srnnJh.:r hiled hecf pmllurUcs in the NSW nntth (!oastaf fogion, It wns nssunledtlmt thoso produ~~rs 
may thur~fnflJ have it1cr~uscd f'isk lw~rtifnn uInf u flQure nf' c O.OOf WUl\ us~d ill this nnnlysls, ~rhi5 

ngure must he cnnsilJured 6 bnU"ptsrk. for IIlustrnUnn <mly. 

If It i!l ttC<:l!llh~dUmt gross iwtrgins uru oppruxhliutlJly .mrmol t.hutl tlHJ ~XJ1IJ~t~tl utility fluwUon of (11) 
ls n NiHlpJ(t ftmctiun of' H(1f) und V(7r) which CUrl blJ mUlfimiHIJU hy nmxfmhduu H('II'}" '/tC. V(1r). This 
m~uns dun tnU}Q is ('I.!,)u, whIch Is u ',lonslmu. ;i'hu hUJ>UcnUon of URiul! n I\mellon such os this Is t.hut 



risk uvcrsion d(~snm: Chl\h~U ns wcnhhchunuus nt'ld bUJl¢~ ~lJnntiort \l) ~ttr\ b~ nacdto naiye fbr P 
."t'th!:f:th{U1~<Uunlml (l DJ. 

tl.~he "m)rml~h mlmned nbnv", InYQSUl~ntc~ th~ decJslml UUll singh! risky inll\U. lhprncUcc .th"tt> wJU be 

u loru~ nunlbcr nrrisk,~~ fil~tnrK intlm,mlJing the pr,)dm:ti(ltlfuncU(}n~ Huw eRn utlt\lystsusscssthe 
fnnuut1~(! ut~ t)th~r fu~u}rs wbtcb mlghtbo ohservnblu nndltlt1u~tl~g the d"ci~ion~nmk(lr? 

~r'wu hrund Ollllrdn~hur\ ore hhmUtlt:dby ADff. (lUI.} tlJ)[m1uch is to rototu, outrlUtto tl wld~r StOUp of 

vnriahlcSo thnn Just thnxi! tust~d tn the ~xp~rfmum. to thht l.malyUcal ' ui'pr()n~h rutmQr~coflt~nlh.!d Input 

vatlantes en" hi:! rehHvd tu other vuri,.hles outnlde the cuutrnl of tJIu> del:lslofNlHlket, 'l'hQSU yurillhlus 

ttlil> he stncbasUI; nud dtc)' mil}' be known or tUlktlnwn nt tho Umu uf the th:l.!lsltln. 

fJ1lt~ Uf'(lttljh:h irlVul"'jJk des\!rihlng llll) eft!.!!.!t of the contrullahlll unu un~untJ'UlJuhlu ,inrml vilrtnhl~~s hl tllt.: 

ptodu\,!tmn pru~cs!i nod mtm uSMl~sinsitlitlt flrohabiHly distrihutiuns nssm:ilU~d with lhcliu vnriahl~\s. A 

pllrH~ular rnnhluffl with tlll~ uppruat.lh is kJltlwlug muJkJle~U)rjnM nil of the I)tn~tmsti\.! Ilmt.!~s~~8 llun 
tnJ1thUl\!~ [lmdu~Um'l Atlidy!\us of flutth.:ufur t1lctufs ~IUI hI) lUnhmnken in n muIUJ,t,li5ciflHnury cnntuxt. 
uJthuu~hnn t-iu\ih tmaly81~ i~ nttutJlptud here 

An ultenmtlvi,l, upprml\!h i.~ tel compound 1111 of'tho vnrhlUufl imu u tgru5s· rcluUunshlll without 

idunhl)Qng thu ~ne~t of UldivhJuul rls,k KtlUJ\:U8 lind (funmHying dllc! ~mnpu~ilu prubnhiHty distrihutluns 

lin thut UltJ~ might hu t(m~thmuHy rI:Ju'~(} In U1U du~isi()n vm·fllblc~. Thi:$\ tY{)Q of nnuly~ls Q~n~rully 

jllvolvus ustnu the flr>il two or Um:u mnuumt.s tn umlerlll~u n dClilslon nnalysls. Thi!'lllpprtlil~lh is 

fhUowed hur~, 

In t.his CUfiiU I,hcn~ urc two impormut nmnugurmmt uucisJutls tu hu mude. ~J'hIJY nrc thIJ h.w!.!1 ul r· nnd tho 

levul of'Sft 'Il1fJ: unulyst.s h(.ttu wlH hlCOfprmuu dlJt:iliimlh on h.welli uf' Input,s for hoth vnrinhJus. 



Whe"th~r~ nro sum~lurUdutn,.iTlumL~nt(OcsUmntJ()n rorrtmJn.~· Qtmbe llsedfbrusUm.utlcm.When dmn nrc 
SmlrS~(tHlY, n< 1 0) It is lJ)()t~ ulnje~m .tonmk.e g(md ustlmutes ()f m()fm~rttij b~y(mdth~ tu~atl, A 
spnrsl,HlfUnsmunlhUtg rule cnn be uppUed to d~rlvc ~umnlntiv4l d~nsfty IlmlJtlons (COlts) l'rmn which 
mnm~tns mny b~ cnlcuJ.at~dl Ort~u th~ mmn~nts ha,Vu b~i,ltl ~sthtutt~d for parUClllurC(lmblmUi()n~ uf tho 
de~ision vnrtnblt!5,Junst"s(Juor~s regttU;slntlB elm huf1U~u whfQht~lotO: thQKO momomstn the dQciKlou 

vnrinbles. 

Andursnn (191J) uscd IJ Hb."5tcp prucaduru tu n~coml)li~h tlll,~ tUNk for U Rot of spntRu fJxpcl'lmurl(ul dutth 

1~ftesu btl:PS w\.~re: 

I. For IJtl~h S~H uf duta on yield Y in rulmhm f() Inputs X" 0 1'1 2 ••.. itl). nnd n I(!US1~~Hluur~s 

r~spnnsu t\H1<!tion (hot hl,t5t d~~scl'ihus Uw relnunnshlp. i.u. for Ilu~h ori l.~*, H f1 dUtll sets 

(yuars} ~lsU'nute, 

2 l 'SIJ t,}a~h tit th~ n sl.!lt!!:tcd 'hl.!st' r~spnnse hltlcUnm~ tu predh:t output Il,!wls fur diu design points 01' 

n li!OlwlJnlcm Ull~ udequnte cXPIJJ'lIYlfJtUul d~sign (tlr eu!!h of th!1 \,!ontrolJed inputKj 

3. I'ur eu,:h ulJ!\lt~n point runk, ttH~ n prlJdilJt~d (nnruts. upply lhu HfUlrSu.,dnUJ rule nnd hruHJ"Stllooth u 
Bruphh:nl COF In~nrporaUnB UflY ndditlonul lilfurmmiutl nvullnhlu, 

4. l!~u ea\!h umpiricuJ Cf)t:· to ehtlmnte the flrst l\;wmotlltJtltli Of t/}u yluld distrlhutiun at euch d!Jsign 
point, 

5, Usc )unst,'MI\mrcs I'ugra~slon tu tit thu dMlwd nlOlm,mts Itnd nfly othur f,~wtlnunt distrihutlon 

n.mturfJs ttl; flUlcUons 'If the cotllrnlhuJ Inputs nr dl.!~l!iion vlU'hlhh,Hh i.e. ustirnnhJ. 

i.a, BeY) f., UeX'lj'" XmJ) 
V(Y) hex",.. Xml) 



6. 'nnl I1nlll stQP' consIsts l)i'ubtt\lfitn~ U\~ pm~uc~rt$,prilr~r~IWQ r~m~tfon mt' rlak dcnn~a.lnt~rmN of 

tJu,nrsHuw mml1~nls oJ~n~tpt(lnt8 nnd {(gillS this ttl detcrminothoh1fUH rMQR thiltnlnxlmisll his or 
hor J)rQftmu\~~ or utility. 

In this Jmpcr twu lUUlhods of nnulysintx thll daul fnTnbl", I will bt}~olJll.lnrcd tn d~t~rmhllJ whnt 
fe~omm~ndutions urls",~ em .lnr1utluv~I~, tnl~ flrst muthnu hwolvc~~stlnmtltllf m~mns lm~l vnrlim~~8 
dlN\!tly from 'ruhllJ l (IlS U'the dntu w~r~ oot spnrse) undtlurJvlng t\mc~ttms nsing ordinary hmst S(llUU'U8 

(()LSJ for HU#WCf) nnd Vn~W(1) In terms of! th" dc,~I$f()n \1ntlnbl~s. 1n n~dltl()ntho distributions cuu hlJ 
tcst~\d fur bkllWn(lSs hy u8linmUnu Mktr}. If 8kllwncs~j IK shown to bu sinnUlcanl. ut\ltt¢tinn thr Ml(?r) 

CUll flu esHmut\!d tlml U1Q IH'uhlt>nl solwd using equnUun (8). Th~81} funcUnns nru combhl~dwllh thu 
uUI ity fUfll!Unn (It) to durJvfJ the uIlUmnJ itlllUt luvuls uslnl{ equation (7). 

Thl) s(J\!und muthmllnvulws usinu thu !ilx stlJJ'/S of Authnsun (l t}1;)) to est.tnmtlJ lhu. uIHHmd )(wcl of P tu 

rCl.!ummund giwn lhnllhtJ dnta nrl: IiPilfStJ .. 

"'111: I!ssl.'ntinllhn~rl)n\!~!'1 hlJtw~un (h~s\t mulhl)tl~ lIuin the nHlnipulntiun of lhu mw doln und tbe ufti!cls 

of sJ)u;:ificaJly nUuwinu thr ~pars"'l1u!4~ uf th!,) uitta, It ib of hllurct\l, to know hmv,nuch hnpnet thusu 

tlincr(m~CIit haw on the rc~umnl!.m(h:tll~vuJs nt' P und Sit 

6. I fUologknl rf'lu(hmshIJ)s 

~rhl: mfJun rt:sponsf!s of LWC;/st~t:.1' nnd I ,Wellhn or\: hhuwn in Tuhl!: I. Bccmtsc or Ihl) I~vul'" ur P uSlld 

in th~ ex(\erlrmml. it tnm~fhrmed varinhlu Pl. l)lH wns test!.!d In t.hlJ UUH.luls itli w~1I uS P. Till) natural 

lug nt' P could not hu wn:d b~~au'\u 14lru P wn~ on~ tnmtrlllJllt. Jomlb find Snmllnnd (f(14) ~howl,!d that it 

slm~I!rllinlJar mmlet axplnlnud LW'USl~OII In terms of 8tOl,:kin1~ tutu. tn thl!') d:UUliIlll. lnIJun LW(Jlst~lJl~ h 

expt!ct.ed to h" puslt IVlJly fclutud to P nt' PI'1 nnd thJnutfv~li' relnted III SR 'rhoru Itl~n 1.IPPIJiU's t.O hi) 

hOlllU h~turm:tion h\?lw..:un P or PL nml Sft 



Itosults n'()mth~ b~8t tW() fiued reGres~l\lns f'nt (!/lWeJlgtccrnrll presontQd J»Table 2. '1'11o:tlrstlnl1Iudcs 
"n thrc\t (,f the~~~hmntnrs (l)l~. SRnnd Sltl'l.,). ,~\ndthe necund tmsthuSR vntiublc renmY~d, noth 
~(luuJ,h)ns, u~Jllnln. fl.Sull~t.nnm.t "mount ')f;th~ vtnlnUllfiln l",WO/st~er nnd bnvlllho; e){llcot~d 81805 of 
COf.!mC.l~nt5f but; tho fiu~mnt c(jlmtlon is sllgluly l)rof~tr~di 

If lcil WCi/ha uqml1sJdtWCll1itecr muUJpUcd by SR. dl~n thQ fl.18ultins oqulltimt f{lV J,~Wa/lHi HhuuJd htclude 
SH. Pl.,.SR "nd. PL.SR~ 118 tJxlllmmtory wtrlnblus. Th~ rosults ()I~ thut fQurlJsslnll ute nls() slmwn hi if'lbl(l 

:t. 11\ thi~ cust.: SR and 111,~.Slt hnvo J1l1SlUvu co~rn~hmt~ und Pt1.~n~.~ If! nell(_liv~ly r~hll¢d, All lhasa 
~O~m~n~\nt.s nre htt~hly "fgflfllcnm And th~ nvernll r~8r~5~1(mCxI1Intns n high m'tlt1ortlml tlfthQ vllrJnUnn 
in l.\VOnut, 

Frum th\!s.~ results th'" Inlluan\'l1J of SR Is n~BnUve on pr(}du~l:IonI8tcuf i'IUt pusittv~ 011 i)I'odU\ltinn/hn. In 
hnth vllh~l\ thor~ is nn inllJfnctiNl hetwu~n PI,. mid Sf{ ~toducUtmlhn inh.lufly In~r~n,s~s with hil(ihw 

1~~V\llllllt sUI'~rphtl!\phnt~~ nnd stul;!ktng rnt~ hut III sume f)uhU production d\lcr~tlsus. 

frh~ puint Hf maximum prmJU\!Unfl of I, ,WC1/hn CtUl bB duriwd frOl'l1 the ~qumjnn ,,, 'l'nhlu 2 hy tnk.fng 

t.hu nrM \.h.H~jvmhle or LW(lfhn with rcspu~l to Sf{ nlHl C'lllHtilll} fl to l~H·n. AN thj,l.lov~1 of 

s.ur'~j'phf)&phntu Ill'rllhmfmn incrl:uscs thIJ Sh)ckrnl! rme nSK(h.:lllt~ld with mllxlmum pl'mluction dijt:rfJu~us 

Thj~ i~ ~t1Uwn in Huur~ 3. l'h!.! upUtnum IIwuls tlf Sf{ urI: R Ii. 5,2 "ntl 30 litlJursthn Of P levills or 55. 

220 unu 6(lO ks!hn'y~ar r~,~pl:\!tlv~fy. 'l~hts trund iR tho n'8ulr. of lll'" noantivo inturn~tlnn hQlW~an these 

vuriahJ~~ in hJstu.u' h~vels or (npttl" 

Art wl:lI (!~ CMhllatll~ uf he 11") amI Vt ). rrnhlu I \.lonfldm. flO ~MtlmatlJ of' fu)nUV\l skuwnuss (0' .,) fbI' un~h 
8\lf uf dntil HruutJJlunu. Th~ csti UlMWi of (l,l woro duri lvd uKi ns : 

Tn t~KI whcth~r thu €V J vrdug~ lUll,) slgn1flullnl thu vtll'innlZu OIl the skuwnesft t1tnlINll~ Is utilised. The 
Yru'Jnn~u of 8kcwm~sth V 1131 Is siv~n hy CKundnlJ nnd StUnf'( I 06CJ): 



V. tw"_M.!tL~,l~~,,:_<t,, 

(tl,.2) (1\+ l) (fl >l< 3) 

Horo.tl B fuut V. tt. 0,5'. 'J1loKumdnrd d~vlml()n of} IX, IsO.7S mn' In fost 'If slgnlncnflcunf ~uoh 
(X ~ the ruUt) ()fQ ~ISf)~ Is hlstQd UN n uOftnnl t 8t:ntistllJ. Nono of* tho ~.~. nguros In '('uhlo 1 ute Ht~nmqnttt 

nmlso Ule dfstdhutiona ()r'pr~dlct~dl.~WCJ/hu nro nss~lmQd hl h~ unt skoWQd. 'n\Ut~fore thu mmlysln 
using M~th()(l J will Jlroq~~d wlnmutnc~dJns to tlcc<nmt for G~cwJ)e~s, 

lH~S rcur"ssfuml wcr\lt1U~d to Cl.~plufrt the cstInlllt~d H(l#!W()) (mllun) und V(J"WCJ) (I rfon~o) IlSUfos 
shown In TuhJ(t i. Uxplnrmtory Ynrtuhh.~H t~Htcd wur~ p) Pl* nnd SR nutl {holnt~rn~Uon terms of 
s\lp~rphnsl)hin~ IItll1licd wIth Bfa ntld Sl~~ frmn lbu results In 'ruble 2, '['ho results of tho: pt\:fertod 

"(}uutlun,, nrc pre5cntQd in tho tlt'st. pnt't oi"J1nhlo 3. 

Prom TuhJ~ 3 In IJxplnlnfnu na.we,;), the Itwuh. of SJ~ Ottd the Int~l'n\ltl{1n tIJftll8 w~m: both very 

slgnHicnm. SR fwd PIM.SR Wi)r~ pmdtlvuly f4dutud to ,:~a~ W(J) hut tho othur Iruoru~(fnn tQrm (rt~.Hlt~J 

was negadvely r!Jfut~d. tr'his frnnHu8 that In ~xl1lulnfng hlcrunsuu (;!(J~W(J)t Sf~ nod J) wur~ sen~runy 

positively felmed hut m hlght,w levch. ufP und SR thu ~nb~lt Wits to rudu~Q H(I'MWCl). In pXl11nlning 
va,w(j) the fnterl:upt t~mn Ilnd SR WefO signll1cullt f!lefOrs hut thu IrHurnetinn t~rms wurtl Ius!) 
!il~nlnl,!nm, 

dfRL,WCJ}/df' IdB((.,Wtl)/dPLI.,t)Pt/dI1) 

und dVU,~W(1)ldP WIlS dorlveLl ti!i: 

The u6tJmnte thr rUU)Q WUR combtnud wIth thORP otfiUf nssmtlf:/tinns: 

Pu $1 1151k~ lIwwc1uht, ond 

Pp $O.23/kl~ SUllurphoaphnte unpU~d, 
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From Tabl\} 3., equation (7) becufllos: 

'I'his cquati()n is pk1ttcdln Figure 4 ~;ht)wiTlg the level ofP th~tt mnxhnisus utility rl1f Quell luyol of Sn.1 

For Ctluh h.wel of Sf~. the !lwei of ,p indfc.luesthc point whcrl.~ mnrslOld f«emf cost oqunls the 11largillnt 
utility. As stockIng rutc increases up t() 2 st~ors/ha the optlmnllcvcl or P increases to near1y 200 kg/hn 

but nt higher levels l)f SR the l)ptimul level of P ,'oduces shutply ttl zoro at S st¢ers/hn, 

The cnrrcspomllng prof1t .. mtlxlllllslng h.wots t)f~ P for "nuh SR nro also shnwn in Figure 4. At lower 

levels of SR the prof1t .. nulximlslng optimum level of P is slightly highur thnn the utiUty .. maxfttllsing 

lev~lt h\lt nt higher Jevels of'SR tho rcvursc Is the cnsc. 1~his rllsult mny ho interpreted tlS implying that 

Ulcru is motu variahltity in output uRsoclmud with the luvul ()" P than with t.ho level of SR. However the 
diffuren\!IlS u() not llPpcnr tll be very lurge. 

(i.3 j~c()n()mlc mmlysts !Of Method 2 

Anderson (l073> used this proi,!cdun,~ to nn~lly~1.) spur~u rCSp(lnSe claw whun conventional proceduros of 

obtaining prohablllty distrihutlmHi fntl. HI~ exumpl¢ WtlS of n frnctlotml fnctorial trlul concorning the 

resl~nnM! of whent til Nitrogt.ll1 nnd Phnsphorlls fertiliser at nne site tn the rcd .. brnwn ettrths of the 

ca.'itcrn "arllng Downs urea of QUllunslnnu. Ausmllin. Hu cstinmtco l't!sponso funetions thr cu~h datu 

sut and u~ell thus~ to predict OlnputR for' the design points or n complote nlctoriat design. He than 

pltlttco CDFs and estimated nlontcnt.s of these distdhuUl1ns fhl' i1Uing further functional fllhlt!nnshlps. 

In this second nnnlysis Ol..S regressions for Qnch datu set (>'CM) In Tuhle 1 W"'fC estlmntlJd nod tho 

rosults are f)ft,}scnted in Tnhlc 4 (stup 1 from Sc~Unn 5.2), III most yeal's SR and tho illhH'uction tt:t'ms 

(PL .• SR nnd Pt..SW) were slgnU1~ant cXJ~hmatnry factors of l.W(J/hu. In all cnscs tht! tlrst two factors 

were positively related nnd the lnst negatively rulnt~d to I .. WO/lm. 

Thoso fegrehsions wore t.hen used to predict t,WO/hn thr n convcnlunt cxperllllcllwl design cov~rlng 

the range of input levels f(>f the Impurtant varluhhlS In the cXl1uriml,ll1t (stol~ 2). Thts expcrimcntul 
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d¢stgn ltlohd .'\ eAch of tho fourhwels ()fP nnd flve l~vels ot' SIt (SR ~~ 1, ~. 31 4 un~ 5 st¢ets/ha). 

Ttlt~se predictmns werQ nmdu for tho ~'lnht ycttr period of the Cgrictimentl 

The next step involved (for eueh desianpuil1t) tnnking the eightprcdiGt~d (}utput~ in lncr~nNlng order of 
mngnitude and applying the ~J1urse~datn tulc. "l1i5 rule (ADa PI 42) .is thut if N observatiohs ntQ 
(lVan~lbl~ on u C~1t1tlmlOus random vurinbte and ur~ ftlnkect tn ~l.~c~ndhig order ()f sizct the l\th 
nbservation is n tensonable cstlmatu of the K/{N -I- 1) fractile. ''rhe rrn~tile estltnutCl\ so d~tiyed were 
then pl(ntcd and u C[)F smu()tb~d suhj~(!Uvcly through th~ (toordlhnto6. Tho CDF of' a unlmodt\l 

l.wo .. tnileu dharihution hus nn S shupu (AOH Pi 43). 

St~p 4 of Methou 2 hwolvus using tht); cmplrlcnl cor:s to osthnute thu ntst two mnmt:nts 01' the yield 
distl'ihuthm (It cili!h design poInt. The 0,05. 0.15; .. , • 0,95 fructiJ!J8 (predicfed vulues of LWO/hn) 

Were r~ad from e~ch ()f the twenty plotted CliFs nod the menu nnd varfnnce of the di~tribntlotis wel'e 

estimated fur aa~h u~sign point. 'f'hcse valuos nre shown in Tuhlo S. 

The nnni stel't in Methud 2 Itlv()ly~scstimnting the aCLWQ) ilnd V(l1#WO) functions In turm~ ofthe 

input dct:lsllm varinhll!S und then d~termining tho optimullnput ll,lvcls us in Method 1. The estimnteu 
L\(l~\VCn nnd VU",WCi) run~tions ar~ shuwn in Tuble 3. A compnri:mn of the regression results hetw!Jut1 

Mtlthudl) I and 2 flhows that the tUt,WO} equations nrc very similar. However. thu va"weJ) uquutfOtlS 

differ 1n that tile signs of the interlicUon terms uro Interposed und thq Mc.:.thod 2 uqundou expfnfns tess of 

the v(,riution in V(l.Wu). The mugnitudo of' the cllofi1cients nrc ulso btnndly simllnr ttl the rusults n,r 
MethmJ I. 

'r~hQ utility", nnd proflt"muxlmislng tl.lwls of P for each level of st~ nte plotted fur Method 2 in Figure 5. 

A 8imilm' shupe and pattern to Figure 4 (Muthod 1) IS seen. However. the effect ufthe different 

Int~ractlonl) between I) llUd SR from the second sot of rC;lgrcKshms meant that the utiUty"muxhnlslng 

levels of I) ut uuqh Sft wero higher thnn the proOt .. mux.imit-ting hwcJs, althuugh unly hy u smull nnlOunt. 

In hrmld tet'lns the results from both muthods of nnnJysis nre thot the optimum level of P incronses to 

Just under ZOO kg/hn/year at 2 stccrs/hil und than dccl ines siu\rply to zuro P ut around 5 stuct's/hu. 
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1110 inltlul ~XIHllhmUlln ofl th~ ~xp\!rhn~ntaJ dutn tn this llOPcl.'illvutved, explaining th~ bi.otoglcal 

fiJSpmiSO (L\\'Ollm) In terms (,)r t> nnd SRI 'the tf\t\xitmm\ ll}vQt l1fproducUon with rllsp~m h' SR. was 
dQrivlld os u function of Pond n brnuuly hworso telnUuoshlll wns tndlcn.t~dbetweun these fuctots. ~'()r 

instance m n P )t,lVI:! oJ.' 200kglhMycnr productioJ) WI.S tl1Mtimised nt ~lSR or 5.4 ~teersnml At 100 
kg/htl/year the relevant SR wns 6.8 stl.!,'rs/hn. trheslJresults nrQ dut,\ t(l th~ l1egatlve interaction betw\.· 11 

tl onu SI{ nt hiuh~r levels of fnJluts. tlihls ()ute()m~ Is lntluen.cedln part by the Roil typo aml the rosultln(! 
nbtlt{y tu rc:h,ms~Phusl)h()rus to lliants. t>ltTcrent results rninht he expected from ·()ther soU lYP~'8* 

the fOl!m~ then shined to thu main point ul'thu pUpUf which wos to ustimnt~ ucouomlc optimn tbr luvuls 

or illl)\ltS, '1'\\0 suh·i'lsu~s WCfI,l uddresscd. rrhu first wus to tlCCount t1w thu incrcns<!d vllrinhility In 

l>utpm ubsl,'!rv~d at highor input I~v~ls hy cnJ~nhuillS )lrof1l.",mnxhnislng tlnd utlHtY"fmtxlmf~tnl! llplhnul 

Iuvc\!\ of iIlI)Ut~L 'Phe t;c(!und WHf; to tcst n method whil!h tlUumptod tn tlVlo!ft!nme thu t~lntivu Spnrsct1i,'SS 

(11' tho dataset in t~rm!'l or tlUmh~r~ of ,\bs~rvi\tl\lns (eight y(!urs In total). 

'111C uptimal et.!nnnmi~ input lewIs durivcd uru shown m Tuhle 6, Bxnmlnillhm of tho Ii!loros thtm~ 

I.:nnnrm~ firstly, thut in tlJrms (\1' malting hrtmu recnmml.mduUons to groups of ''armors frmn th~so dUlil 

then; 1"1 t\Jlmivcl>' l!ttl!! tu he gnlmld in ih!l!nuntlt1ll for incNuscd varlnhUity in output f.(lf thel\'\v/~Is uf 

risk nv~r~it}n ill'lsumeu in this nnnlysis. hvcn though increused varinhility WU,!~ ()hs~rv4!d at nighur Icye}\{ 

of Inputs, the Muntive inturn~tinn hetwec.n Inlmtl-i nt thcs/J lev~IH wns tht: most hnpnrtnnt nl~tnr in 

CMimating e1;unulllic optima, 

Th~ I\u~nnd point frmn Tuhl!! () h that thur\! scums to hu onl)' r~lutlv~ly sm,ll1 difforcnct!!\ in 

re\!()tnrn~ndnth)lls in using Anucr~nn'5 (I (73) m~thnd ()f nl:coumlng Ibt sparseness nil d;uu. Although 

he statt~~1 that spal'SI,mess may he chumcturlsed by n <: W. it S\!UIllS that t.he eight yonrs uflnfnrmation 

fivnlhlhle here hnve provided a rc:asnnnhio pi~~lurc uf thtJ respnnsu surnl~~e. 

f'~fhnps lhu major point. tu cutnt..t fwm this unalys)\ 11\ or tho inlportnncu of ncctnmling 1.1>r the illtilrul.~tion 

hetween inputs In conJunctitJtl with un nnulysls of th~ marginal costs nm1 bunum,s in dl.lrivltlg 

recomm~mthujnn~ f()f timners. trhc npUmallevel of P vuries suhsttmthdly according to t.holev!,!J of'SR. 
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Howev~r. thes!.\ r~h\tlunships nmy vary wlth soU tYl''''s bflVin~ dm~r~nt c(lpm~itlcs tn nUowphmts. \(1 

reSllmld to ndd\:\J llnn~1 thcr~fl)rij· to I)f(widuprmlUCU(1n rQ$p{)nS"'~h Dod honcQ fm1dlcr nnntysos. of Utis 

tYf1\\ttltlY b\) \'ullmble. 

Aml~rsnn. Jo~k It (It)13)* 'StUlfSU dum. \:Umntic vurlnhHity. nnd yield lUlcertnhuyln reSr1OI1tiU 

am\l}sb' t I1flH~rh~(m JOllffUlI elf Iwri~~IlJmnt /ltltnmmU4MS5( I}: 77 .. 8Z. 

lnwa. 

U~nd~luy, P. nnd rh.rri~1 M (1987), • An nmlrmll~h ttl th~ \H:tHlnmeU1ic: estimation or attitudes to risk in 

UB"I~uJtunf. AUMmltal.1 JOllrtlilh)( Allth~lllfut1tll'~i~(mmnl.:s. 31(2)' 112 .. 12(t 

CIMMYT eJQ88J. 'r-rum ngrnnuml~ di.d.t tn filrtnUr rc~rmmwmltltiums'. 1.~\inflOmic!:l Trnliling ~tiunml'f 

M~xh:lJ 

l{.end.\Ul M (i und Stmnt. A (f()6.J)). ~l1w At./trm~l .. d '/1/(.tu'.\_· n{Stil/istl,,·,\. Volume I NI)i,~tributmmli 

1'n~4.r.h ThIrd 1:'\lIUnn. (jrU'l1n 



T~bleI 
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