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1\.fultiperiod linear programming models of dairy jannbtg in the Atfurray Vall¢y are 

presented in this paper. The models simulate the abUity of dairy farms to adapt to 
clumging rural water policies wiThin the constraints defined by the fiznns'financi(l/ 

and resource clwracteristics. Technological, institwionaland environmental as peers 

are incorporatedln the model. A detailed description ofihe model isprovidedwith 

an illustrative example ofthe effects of lncreasing water charges onfantz, 

peJfonnance. The derived demandforw(lterfor irrigated dairyftttm~· in the Mw-ray 
Valley is discussed. 
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l. Ita troducti:or1 

ttriguted agriculture irt Austtalia is currently f~~cing u number of ch<tllenges. These 
include a program of rural wnter policy reforms. declltiing soil nnd water ,qmtllty in 
many irrigated regions, and changirtg world supply a.tld demand conditi.ons for 

ugdcultural cornmodh:ies. The challenge for ,.trrigntot·s is to t1djust the mix of their 
production i.nput,sl technologicnf processes and resource use options in the lightoftbese 
changes. 

The ability of farmers to react to these changes depends on a number or factors 
incl~\ding the financial and resource chamctcrist.its of the farm, farmers' business goals 

and their attitudes to risk. The range ()f production possibiUrias available. the optJmnl 
tnix ofproduction inputs and the profitability of alternative cntcrpdses will change over 

time becnuse of the dynarnic tuuure of a ntrm's opcr~1ting ,environment. The longer term 
viability of farm businesses will change, depending on the returns obtained from the 

adoption of new technology, the po(ential for expansion of farm operations and the 
capacity to identify and adjust to the optimal mix of enterprises. 

Given differences in resource attribUtes and u wide vnriation in farm performa!we 

observed across industrie!\, significunt changes in the regional profiles of irdgrtted 

farming may result from the \Vater policy reforms, For the objectives ofgovernrnent 

policy reform processes to be met, with least cost to the community., there is a n~ed :for 

improved information on the potential impacts. An understanding of the level and 
distribution of current financial perforrnanoe of irrigators, and their ability to udapt to 

changing circumstances, will be an important aid to governments <1nd the fatm.ing 
industry. Farmers require insights into the possibilities a:vt1ilable to adapt to changing 

policies while governments require information on the Hk~ly extent and costs of 
udjttstments. In.this context, th¢, Dairy Research and DevelqpmentCorporation {'DRDC.) 

commissioned ABARE to conduct a policy analysis on the irrigat.ed dairy industry .in the 
.Murray VaHey. 

This :paper presents a detailed desctiption of the. rt1odelJing ~pptoach adop(edifor this 
analysis. The modelling system provHies a framework to assess the Jrtedium t~rm 

responses of irrigators from changes to their qpentting environment. Atl Hlttstrative 
example ofa model simulation is outlined and some results ate .(.Hsoussed. 



The m:nin objective· of this research is to analyse the implictitlons ()f h1Sth~Jtiotnd/poH¢y 
changes in the water sector on the mc.dhml terrrl.perfonnQncc of irdgtH.eti d.ctiry fqm'ls. 
The study area is defined ns the i\·htn:ay Vo.Hcy. m1 itt'lJJOrtan.t region for ch!irying and a 
region with a 11umber of emerging environmental c.once.rns. such as salinity·and d$Ing 

watertnblcs. the ~1·urrny VaHey is ccntn!(l around the Murnty River ttnd contulns a 
number of irrigation nrcus und districts in both Victoria and New South ¥lales. Dairy 
farms arc concentrated ·ill the Berriqu\n irrigation area in New South \Vales and in 

Victoria the Shepparton and. to t\ lesser extent, Kenmg iltig~ttion arctts. 

The ~~turrny River fonns the border between New South \Vales and Victoria, and tho 
development of itTigntion industriecS has been influenced bydiffedng State policies. The 
irrigation areas in northern Victoria were htrgely estt1blished by the early l900s (\nd 

were prompted by clQscr hmd settlement o:>Jectivcs of prevailil1g government~. lh 

contrast. irrigatiOt1 development on the New South \Vales side of the Murray Htver 

occurred half n century later~ and th1~ water supply wtts initially established for stock 
watering a11d pastures ruther thnn intensive cropping. 

There are different dairy marketing i:lrrtlngements between the two St~nes that also 
influence. the dairy industry. Two distinct, but iillerrelated, sectors c;.tistin the. dairy 
industry; the market mHk sector that prc)duces fresh milk for dally doJ11eStic 

consumption. and the mtlnuf'a.cturing milk sector that produces proc.essed dtlicy products 
for both domestic and international markets. N1ilk production in northern. Victodu 'is 
predominantly used in the manufacturing sect<>r, while over hatf of tot'al ntilk 
productior1 in New South \Vales is genrcd to tnect ttesh market demand~ lnclusion. of 
the New South \Vales and Victodan regions in the analysis pc.mJits a comptltHliVe 

assessment of the different production systems inthctwoStates, und:their hnplicatlons 
on the impact of water policy refonns. 

3. Methodology 

A mathenunicul progranunlng appt.ot1ch is employed in this anatysi's •. :MatlJ¢JuaU¢l1l 
programming can nccorrnnodate several interacting ¥arhlbles! .antf off¢rs 'flexibility to 
track dynamic intet::tQtior's 11:mong vadables. Moc1el.:ptH~a..m<ncrs sych tts ;pti¢es ot 
prodtmtionJnputsand demand for outputs ann be exogenously adjust¢·q:to:/e.~plorelh~ir 
itnpliczations on .fa.nn :planning ru1d performtmce .. 



Nlnthnm4tlctll progrnrtHning, tcahniqtleS :\l'c wUfe}y used J't)r nnn.lysis hvvoJvh1~ 
t\~deulmr:al,p.rodllctlotl t1ml ,resource phrtnting deuislous. \Villinmr;url, 'Topp an.d·LCJT1hit 
(t988) use<J ~l st•b·regiorHd dairy 6\ttn model to 'trHtl~$e·the hnpli¢+tttons afrf!gutnrhrg; 
dniry mMkctirlg urtnJlgcmcnt.) itl Nl}W Sml!h \Vnlcs .nnd sintilnr mtJ11)1sis w:1s uhtJprt;t){cn 

for Vict~)rin.l:lowever. the nctivity mix ~\nd the l<Wt:.l of disaggrcg:;nion in this :modal 
WQt~ tlot sufficient to meet the ruquirctllc1ltS ,of this prnject. fPhc:refote 0-Ail&'YPl .. AN 
was built by ABARE in collabt1ratif;}H with Agriculture Victoria and the Nbw South 
\Vn1es I:>eptulil\etlt <ltr AgricultUre. 

\Vall~ 1\'t:H·slmlL, Jones, ond DnnN!H ( 199.:t) used rcghmul rcprc."entmivt} rutm rnodeiiHO 

lm>k at th~t implic.ations o.f L.nnd ttnd 'vVmer rvtnn;lge:ment Phtnning optioJts on fnrm 
productivity and wntQrHtbtu recharge in Naw SL1ufh \Vntes. Tins model nnd Um 
KYDAfR Y (f3rnns<>rl 1993) model. developed t.o t.:tmsider the profit:nbHhy ofd.ifforent 
feed systums in V tct.orin, provided n busis for building th~ production matrix of the 
Dr\IR't'PLAN modeL hnportnrlt.ly. the original model!, were specified ~mly·ft)tasingle 
year. while the focus of the current rusc~\rch is to cons1der adjustment options <tvailttblc 

over the medium wnn. Cor1scmwntly. a time dhm~nsion.~ c~1pitnl, itrvcstmcnt nod 
taxation activities adapted from curlier tl.l()dclHng W()rk by MttlJtt\Vmwnchchi, Hnl1 and 
PhHHps (!992) were included in DAlRYPLAN. 

3.1 NlQdcl description 

.OAlRYPLAN is :1 nmltipc.riod optimisnHoo model desjgned to closely t~f:lcct the 
irtignted dttiry industry in. ~he Murray Vrtlley irdgadon region. The n1ottel foC\l$f!S.oJ1 the 
development. of altenHnive irrigation ndjustrnent. sccm~dos to.ftt(:e the Ghtdh.!nge.~HJffc:red 
th!iough wnter 11oticy reforms~ including dte e,vuluutiort ofposslble Oll"'f{lttll lnveStnlt:!nf 
opdonst and their hnplicutions for farm petfo.rmam~e. The optimisation 'period {I) is 
twenty yeats and consists oftwc.n~Y single ycurthnc periods U').tfHtt,tttc.gronvettlntoun 
eight~year farm developrnentphnse foiJ<>Wed by a twelve,.yent stnblHs:ttioh 'PhAse~ a~wh 
year :is further su'bdivided into sensot1s and single months in ot.dfW to retl¢¢1: inttu""' 
seasonal variation in pu$tut~ production, water availability~ (}t<:lp .... \Vt\t¢r rcqnirernents 
and the livestock energy derrt4nds. 

The model objecU~e ·f~netio.n rn~tXimise$ .. {il¢.eumuhttive,netQnsh .$l1rplus {St) tl'lqt~th~ 
planning horizon. It is sybject.to the prcvio.us y~Arts·•poSt,-;taX: suqilus .c~~Jiy~:r), tiill1\1til 

opcratof<drnwings.·E®f'y)·~mlth¢-;t~siduat:loan~,u~\billt}'(l/ts:~t·i~ 
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Mnxhn.isc ~1 ~· L ~~1>~.tl + rt'' ~~~!~\~ 
v~t 

\Vhet-c ~~>'~~ ~ the }lGSt.""'tttx snq1tos ln ycnr y" 
~. ..;m. 

sp~ ='Ltt~.~t ··.2: aqvx,\.,)tl-fl)(l-/))·~Ol~ 
jo;l <ill'l 

n iS t.hc l)llf)}bOr of ~)CtlVittCSj; 

d¢ootes the lenr~th t\f the. plnt1n.t.ng lHlt'i;l:<m wHh thn~ stcvs y. 
r denotes the n~nl rmc. of uttere·st· ~u whJch ntmunl surplnsC!s nrc h1 v¢st~d tlh. (W ofr:.... 

rnn11~ 

all, is the mntlU«ll ~1r r~~tlun:e 1 used pc.r tlntt nf aclt,tity j, 

xn is the rt:Hi!tf'litude or ncttvll:y J. 

Pt is the prrico (.>f tt\~nurce i {lnnd; l;)h~mr. ~:npttnl. hTittnt.iml inputs •. en;), 
a is the mnrg:1noJ rmo of tnxatn:m. wh~:;u·e 0 1: ex s t 
fJ is the mnrtinal rnt.c of di.~~mretionnry eon~umpt.Hm whofe () ~ fl!S. l ~ nnd 
t\,l ts the tntnl nvnilt\bil.ity <1f tN\~;:h n~~ottrcu I m euch yo~u y. 

<)thet' tusm.trco consn·nints: 

" l,<tf1~.\J\ S t\1 U = l ...... ,m~ y = t .... d) 
ft>l 

·rhc .rnni)l tevunuc rnising activity ttl the m~1dells lllllk pt'~)dtlc,\tlQtl, wlth nddHJOtH1l 
reveunes be h,g obttli ned from snlu. n r stn::p.l us. ¢11Ws~ (\{ld i ntc t'C&l·Obt:tlncll: fi.·O!lt oJ'ft~ftlJitl 

investments. Prodl.lc,;tivity gum:, can be mnde through p:isttH'e hnptovetne.ots. ctUnlgQS t~ 

irtignUon tnanuget11Col, cxp;u1sion of J'nrm opert\tiQWS l\n~t invcstnwnt Jn t\U.Qtnntlv~ 
smtrees ofwmct Ol' in wutcr stwing le~hJ:l(llogy. 

lnvcstmerH dccisioll processes inv~tlvc the .se(qotl<m of t~oHvft:~r, Str~t\ttlS) ilh~~tltllht~ or 
their itltn)d\lCtiOn mlt.lthu .dct'Ctillllniltion of th~ Jc.ve) ot 1rQliVH~~·In ~tm:b, :JlCdod~ 

Dl\lR:'fHt .. AM ls dylmtnic in the scns~. lhtXt lt\J)~tt. tmd .Q\Jlpll\s ·h{t\f~, dt~le~ 4J(r\gh¢d lci 
them. 1+fp.tJ¢e the ineorne wblplt is the ottt}?~lt: :ft(;,,Jl Oit/,1 ~~~\u;.s :pto.dt~otiO.tl ipro~css · 
bc.~onlt.)s the input toth4 next. yc~t~o. Qbvlou~l~tthc St~J?ply cyf::l1ioot•r::~~J?:ti~e·:¢.~g¢¢Hniuns 
nnd the 1c vet .t)f trnd(\;'""<HT bijtWc~rt <!tltlS\ltH~UOt)·'~U1d ;iJW¢$llli¢Jl~r.qt\(V~'~·~V¢9\~q,,l9'Yt)~ 

cyver ·t1111e •.. ftowcver~ t.t.tc. ·iss.ttl! ... · .. bcfn·~ •... ·:\1d~r¢$S~d •• ·.·ll1•.·dxi~ ••.. ·nfqJ~~J:····'l$···it() .•..• :~(5.tJ~t~~t.·Jh~. · 
i.nltiU~nti<HlS, with all otho•:•thio~$·\Jn<ttl;!JJ~~ttt·PfW~t9rsJ?tl1i.G)!''t9J~~h.tl~~,P~11l(i\'~~ttn~n.t· · 



p4tta.n1s and :i t1aotne strcnms .. 'Fot sbnpU11 cnti OJh tJI\'lRYl~bAN ,as5UJ¥1~s lh~t·1n9orn¢ ·is 
&JJfflcient ht .et1oh '>'l!nrto J11eet the optimal ;f4Utrcnl :const~m,ption requ.it¢tl)¢til:s :ih (}Vccy: 

ycnr. DAlRYHLAN ignores t\mtte c.hanges :in c.onsttll1pHOJl .prcfurcn¢eS; 

PAIR~i'PLr\N htts the flexibility to run over .a vnrlety or pllinnhJg horizons, With o.t 

without tctmimll Vilhtes.. Fot· thJs nnnlysis,ttplanning hodztln oftwc.ntyycnrs.·hm~:becn 

choseu ns be.ing sufficient to pr,ovlde un indict\tJotl of the o1ag,nHude of' returns rron1 
Invesnncnts undcrtuken. Thts time 11etlod was chosen to nllow long enottglrto enc¥blc a 
return 011 large investmeJUs. pnnicutarty hmd ·ptrrchttscs, This p1ttn·ni.ng pct~iod Is 
sermrnled h1t:(~ tWt1 piHtsei>* nn eight yen.r deveJ~pm.oJlt phnsc and a twe.lv¢ yenr 
sutbilistu.ion phase. rn the tlrst eight yen.rs the model rn.1111s ure ohte· to uodcrtake cnpltnl 
developments .on-farm as well rl\ to invest off...;t\mn. ,~he ll¢&t twelve years nnows the 
ll1t)del to cvnlumo .return streams ftt>m on-ftlml i•westments. 

No termiutll "~u.lues hnve been. included to this run l1f DAl:RYPI..,AN. Such activities tfte 

replnc:ed by the pnst twelvr.e yenr" (lf the plan.ntng hoxtzon in. which ·stabilisation tnkc,s 
plnce. without any on-farm invcstrnents. Inclusion l'>f tettnum} vnhl~s in the objective 
fut1ction did 110t change tbe invostmnm prt>lllos in this pru.1icuhlr case. due to the length 
of the smbilisation peri<.ld. However, thure nre likely to be cases wtben exc:lm:!ing 
tenninul vtilt1cs \Vill distort itwest.ment dectsions in hlng t~rm assets. B)' m~txirnising, 
terminal ~ash surplus. ruther than net. preseru vuluc. proble:tns involved ln choosing nn 
appropriate discount rtHe~ hnve been minimised tCnndlet l960).. 

3. L3 Ta~~•tion trea.to1ent 

Analysis of the .feasibility of altemntive investment options .n~qnires an ·~~sesSti1Cnl·()f; 

the after tax re.tums. Ignoring the effects of income nt~arion nnd. the tttX tr<mtment or 
depreciation allowances on capital investmenls will mistepre.sent the te.tUt1JS on 
investments. ·Comparison between .fanns with different.mt,ttginaltnt.~s .oft~~AtionJs. a,lso 
invalid in this instance. 

PA;IRYPLAN incorporates .~ suh-matrix Which represents ·the eurt~nt: 1{nx~tti()·n; syst~.m. 

Since ~.l~tge proportion of dA.iry fatrners opert~te under a two~patt)! ;p:firttl~t$hlp 
arrangement this ls the farm nnanclal structure IJdOpted. 10h(! tas: 1r¢iJ:(:n}QOt in 

DAlRY·PLAN is robust enough to c:qptur~ the impH<ttit:ions of: tt1XatiOtl nn :r~l1\tfve 
profitability of alternative inves.tmcnt stre~ms. ·<liv<m the long· I¢m~m o~:the plannin8· 
hodzop ·tb¢re is some uncertainly overoutp.ut.prices ~uoh ~s:m:Ut<f.Jitifth¢n tt.$ tn¢,·fogus 
oP·th~· .·re~ear~h.· :is ort:the .• implicaHons· ·o f •. 'vater·~.potl~y· •refQ~.s~.·•.re·al;p~i.Ges<ar~ •. •a$sGnl~.tJ' .. in 
:t>~If\'¥;I?L.A N .. IDe,p~ncll n,g on ·toe· .I e,vel· of:Jn'~ation· tne.diff~r~ntl:~~~betw~e?;:~tft¢r~tA~. 
Je.n~Hng und borrowin&:·rates ·w·i.llvary, This hns nn· imp1i~.atiQn .. fo·r:tJ:t¢:·;profit4qllity:o'f 



\\iff:crctlt ·hlV(}Sli11Cilt sc~mwi<>s. Howevc.r. s:lvettthc cotnf>l1menttlrynutUr¢ oO'<t)tt~rhl'Jl) 
invcsttnGnls given the· tWo UHldCl rottllS liSUd ih thiS sltJntlnHo.n e~lttl tm~l\tilc l60l~U1CS 
Which plnce th~tn iJ1the stm)c tnx brltekettlhc ~\ssumptlon ort~nl.pric.cs is unJ!Rcl:¥ J<) 
Hl7fect the modelled OlltCOtll~S in lhis pnttieuhu· .(}i\S¢. rrh¢ illlJ~Ii~mJ<mS ft)J? J~1f.1llS AV}lh 

differc11t rlmrginnl mx·ttllcs of tb~ d1fJarcntJal bctwee1l nfrtwm.x·r.ttcs for OlittUtnl:tlndorr .... 
ftttin itivc.stnlents is curtontly being invcst.igntcd. 

The ensh ll<>:ws, trcntn.1ent (>f U\Xntil'm nnd the wuy in whiQh c.:~pitnl is inC()tJ)tt>r~tlcd Jn 
tbe model nrc illustJ'rtted 111 il'igute 1 cndopted .from MnllnJvmumchehJ ct fJll99~). AU 
nn1n ine()tnc .. g~~~H.wmtng ncUvntes in euch yea.- emndhute tt' 11 ~single: revenue J)(1t:>l ftOUl 
which nH ftuln t)pCI'tUJnS expem:l.Uurc .is <leductel;t Tt,Ixnble hlct1l11¢ fdr eu~h perlod is 
obtai ned by ndditlg any i1HtH'CSl rcc\HVed frt'lm t>ff*fttt1ll· hw~stmcnts and subltttcttng the 

interest costs <Jf borrowed cnt~Hnl and nn ·~lU(>\Vtulce lbt tllpitnl depreehulon. ~~~ax.ttblt: 
ine.<lme .is ehn.nneHed through n suh-mnt.dx that sitnuhttes the p.rx>g,tess·ive tox syst.eml tt) 
calculnte th.e wx itllbtHl:)i and f)<lst-ta~\;. ~ttt·nlu8 t)r .the f?artn. Ptl(talpttl r~rmy1nents of 
ex.isting lt)~ttt :Hnbtltties ttro deducted fhm.1 this sntp.lus. ~this pt:>st-UtX iuenme plns n.ny 
uddition~d funds Crorn off-f•trm tnvestm.cnts ts then ftvo.iltll1le far di.,sctoUt1tHlfY 
cons~tnlpticm (40 per aentl nnd rnvcsn.ttan.ts (6.0 per cent), Cottmutsory t>pernm.r 
d1lttwiug:s {of tlro.:un.d $15 000 \tfler tnx} twe ltHlde uacb ye~u before trndettAkitig ony 
investments. ltlvestmertt funds can b1! supplemented b>1 add.itkmnl :botrowtng,S (nt.tl retd 
intete.st rate of tO per .cem ). in ettch ycnr~ h1vcstmcnts mny be tlmde (ltf~":r~nti Jn U\o fbrm 
of} single ytmr bimk deposits wHh a real rme oft~eturn of 6 pcreent. Cli1 t\mJ.ot1t,.,fnvlll 
inVc$tmctns c:~H1 be made during the first eight yenrs tc~oludins, the first ye~W) oCthe 
ptn:oning horiz<)n. but are fimh~d to nff....:fnrm invesU\Jenls ont~ dudng the ltlSt {WI}lve 
yents. 

l linrm~rs.11r6.;·¢H~tbtc;·.to U$~· •. the·Jrtunm~ .,tv~n~gio~,:pr(),~fs,i<urttl·t¢t,IUq¢:tJl~,~,.~~,l''¢r~~~Jmp;tct$•~·~ 
1l\1~lll~till~'lnt;t)JJlt,}·OitU~X ·Jl\\b ility • ~this··~t\)U¢ !':iS:·Q~.t~(nlln IsH.~~ '!Uldtib~9t"~·~IJ.tl~~.\i;t~\I~~~~4l~? Ql~}t ~ ... 
. conseq~tqn~e·<lt<:ll!.~osin~·1nvcstm~n~;·p~t~¢tl)$~•·lnc(lffiPn\~i~)nQPlneo~1:,,·!~V~t~~In~··\VM•n(?\~~t\!l~~l1Pt~9~il~t 
it.iSAJ~Uk¢Jt•tn~llMS~·:ibl!·.jQY~Stl~¢~J,;tctiviJi~s~{~lt}tt~~l.¥:lf::it':m~~,Y·:~b;lQ&~.tl1.~\:t!min~·):;i*~tl}J~¢'\~tlh~~ 
upWArifl'\rcn~inw.orJoco.m~.s~~¢cn•f<>rthc·cJ~irt·ft\Jms\Jn~O~lJ¢<l. 



.PtlJ11llneome h1 )1ent k ~; 'I 
t:t~~nnrpceipt$ Jninns.t)tmJPet:lon ~<>sts I 

l)LUS •. ••· lil!t;SS 
hlt.erestrceeived \.' ··.. Tntcres~ eost oF 
from off.,.,f~rnl borro\Y:Cd c~\l)iml~ nn~ 
lnvcsunents ,.............__,....._ __ ......-,....,._........___,. ~icpt1!~tntit)lliOf ~m···.fn:rm 

1'~1xable lncmne mvcstments 

P~US 

Off~t\trn1 
investtnertt~ 
n:om 
year 
(k~l) 

Net proftt after tnx 

Surpl~tsnftor t~lX 

t~.gss 
Tn .. ~atio11 

Ll!!SS 

Princip~.1l r¢pt1yments 
.Oll bOlTOWedcnpitul 

j?.LtJS 
l)otro.wc~l funds ·~· 

·:···· 

L-ESS : 
·0pcr~tor;pJlowat1~¢ • · 

lri\iest off~ftihn ih;:y¢tir . 
k+l . 

:inv~si: oo~f~fi}i.hi y~~it ,~~~~~ 
k+T 

~·. Jn thc. ••11rst ~¢nr~ nn. cnd~wmcnt Qf f~od!vfor \.VOr~io~ 'l!\pit~l j$ ~~Q¥.1;119~~~~ 4.Q.J1?~ql~ ~~S,l,Jr¢:1Ul~tll1c 
tnrm..·busi ness ls· s~rnoi~n~ty Jlqq itl:t() ~l~!!t· .\~<:r·n ~q~lt,9P~J,$.·~~cJ· o,~~~~JQr::t!l~o,~·pns~::r~q~1~!!·~,J.~~ts:~ .· .·. , .......... . 
·# Th~Jt~~) mwHJ 'm~i;t ·4elltr~pJlYm~nJs on. c:,~isting ~!)piJijl :qC,bh Whl~lt :l~ ~dc.(in¢ij by 'the. $13i\ R6'1$· 
All~tr~li~h PnfrY:JodQstey SurVQ,Y {t\OIS). . 



While much or the milk 4llld pnsxutc .pt't>doC:tlr)tl drmt·.w~ts ip,rov\<!ed·hy th9 Sltft.Q 
depnrtrnent.~ t)f ~tgdcul~urc~ lllltHldG.r.SHlndingt)fdllTe,re,nt farrnstrttQtures Wttsoblrtilj¢_(( 

through t\ll ABAR6 tcgionnl survey of dniry F:n:mlng. ~nlHs proMidcd, n better 
undcrstandhlg t)f the \ttlrhlti<)n in tho physical srruet\U'Il umJ t1tltJnc'iJtl pexf'or::m~tnce in 
Q:lch tlf the thre,o rcghms in the MurJfayVnlley {Ttan and Sc;t)p~iomrro :199$'). Acltts(er 
(lnnlysis pmccdurc wns used to gt()tlpthe S!ll1Jt>lD d:ti.ry fnnns into stnt'islio~tll'y, dj.ffl}tt;!ttt. 

groups based on. tho si'?;u nf the ft\tJtl'S h~t·d. Av¢111tgc V~\l.ue:.s .of key physitml und 
finml¢ial clutroctcristics <Ttlblc l.) Qf onch of the clusters nrc us.ed ~~s input to 
DAJRYPLAN. 

11\ble l Key p~u:ametcrs of thc~ dauy rnrm clusters I 

1993 ... 94 es.tilll!l!es 
NeW Sou~h·· \\'t•I€.\S 

Units Chtst~r Cl~astcr 
t 2 

lv1ilkrng h1.1rd no. 146 '225 

WiltC(l.ISC,\1 Ml 560 7Jl0 

TV!S. vahJc'1 $/Ml 33 33 

PTWE vnluc:l Slfvtl 280 2.80 

l~ttnn lllCcomc .$ 77 000 15 I 000 

Ftll'nl debt $ 127000 223 ()00 
I Clusier4•ln.ll 4 nrc used io this simulntion 

Vi¢hinnt 
Chtstt.n~ Clt•Sh~r 

3 4 

l13 

220 

20 

300 

46000 

(}4.: C)()O 

197 

4{)6 

~0 

300 

8:5 000 

1.31000 

2 Totnl wmcr qse is net t)f any temporal')' W+tterrradln~ 
3 'I11is priGc for tempornry trndcobl¢ wm~r entHlemenl:i (TWS;) docs not in~:lucletrans~ctlon em;ts. 
4 Th~ pnco of pcnnancnt tr:nleqblc wme.r cntHicmcnl (PT\Vfl) U()CS nt:R irwhtdc frnnsilclion costs. 

The grouping by clus~er tlllows a weighted ~nntysis off~tms ·With.difi:CrentTt1S<l,trce 
nnd finnncittl charaoten.stics. The rnuin finl.lt'ldlllll.hdphysical .pnramt!ter,s ofcnoh .of the 

f(mr clQsters were QSed to c~Hb.ratc the DWlR¥P~AN modeL the4i rst yct~t'.~H">UllJ4t of 
DA,lRYPLAN thus is intended ro correspond .lQ the sqrv.cy tl.Y¢r'!ge 'r9r lh!! 
repres.entative cluster. In order to. illustn1te the nhility· of· .the model to tnt~¢, :ttH¢rm\V~ 
production possibtlitiesl tnvesunent THttterns ;;tntl :income :stnttcgics~ u sim\JTtnion for 
Pll1ster 2 CNcwSoutb W~les) tmd .. otust¢r 4:(VictoriA)j~ :prcS,ent¢4in.Jhi$ p~per~ 

3,1;6 ;tturm .iracQme 

The ¢entrAl elemetu of the model is ·.'\·· ·4air:y herd \vhose .st~c is d~.t~~ntiheq: 

endq&eoousty .. Milk. prod~tcUon· .is :the ·mai tt·in¢om~:~9.P:~rqtiil~;,ngtlvity~ ·s;~IIJnt>~¢,lfJih~s 



ttnd culls, nny surph1s t>Jl~rtu~m pnldtlqti()i' ·<}f IH\Y, HOd lh¢ lt:utsing QJt sol¢. ot\sll.tpH!$ 
Wt\ter cnt:hlcn\cnts m·~ n<kBU(>mU sou reus l)f inc.ame. 

Vicnwhm· dairy fnmls opcrntc ou u sJngJc cnlvht!llil spi,'illg, white ir) N~w Satlth, Wn.J~s. 
the necussit,)'to st\stnin n c.onsH\nt level or mflk pl:<>mlation \ht~oqght)tlt th~l yent'tes~dts tn 
both spdt1g und I\tlttnnn cnlvfng. lu the modt::!l (tn twcmgG bitth mte Qf ~ighry,.scvcr\ per 
cem is nss~uncd, with anmml nwrtt1lh.y <>f thteo p~r ocrH. It is nssumed tiHH t~~t4h yaM 
twenty..;five JlCI' cent orth~ dniry c~...,ws ntc rc11htct;!d \>Y hcil'~rs ntiscd t'>tl thu •fnrm. 

Tho main st">urco of feed is u n1ix of porcnninl nnd annunl pHsrutos undct h:ri.sutJt)f1, 
Pry land pnsmres provide additioiH\1 flc~ibHity in feed supply, Pltsnu;c. qtutlity and 
uUiisuti(Hl ore t\ssumed tr> vttry nn a ntonthly bnsis fen· dtffet'ent typGs of pnstute. 
Pt)rcnnial pnsmres ~~nn be convened to bay nml sUoge (with s~lHlG reducth:ms lnqtt~tUty) 
m supplen1cnt the seasQnnl nuttJre t)f posture prt>dncti(H1. Theso stock.s oun be 
u:nnsi'ern.td to following, ye~u·s to allow f1cxtbHHy in supplies, Sltpplomet\t:S ofb~lrJey 
grnin (ltld hny cnn be sout~ced off"fm·m. t::eed supplies from l\ll these so.urces ~1re 

nocourttcd f()r in mot.Ub1)1 feed poolr.; tlHH nre av.uilnble 1:0 t1HHeh 1mmthly ene.rgy 
dem(lnds<lf the herd. 

Yea~;"l)~ milk yields per C:QW nrc detcrmhwd cxc>gentmsly and m:o related to ~ moHlh!y 
lnc:tntion ourvc fot' tlHJ farm. Since calving genet~\lt.Y occurs ovet thrq:e, nlcmths, the 
h\cmtlon cLt,.rve wm,; derived nsslnning calvinS' percentuges of 70, 20 nnd tO over 
suocessive months, Feed det.nnnds nrc met by mntcb.iug rnotHhly ener~y requirernf!nts of 
hlcUtting cows with energy supplies from feed pools. Bnsc energ:yreq~\irements tlre, nlso 
set for ye~trlings, be.ifet•s nnd dry cows. There Qre ni~l;<imum monthly inHH<~s for each 
source of fe~cl. As well. cows hnve a total gut fiH reflccthlg physiological Umlts. 

0ftiry ft\qns ltl the tvhHTflY Vt\lley ~trc gcnerully loooted on S~lrtdy totttilPf' toantSPi\S bpth 

of whiGh nre included in the modeh·Th~ fnrm .ateaiis d.ivlded hHogJlUU1PQr<>t:lnyou.ts 
such us land for:med border cht1ok hlyouts. noJ1lnnd f()r:med t\lld:bm~cl.t!r·chq~J< Jny,liJts 
anddrYh\nd tm~ns. 1'hesp ln)'ottt.s ttnd soU typ~s Unlit me 'tY~es o.f:.pn~f\lf~.s tbt\t PUn b~ 
grown. 

El~chf~tttt:hqs a t1~Jrnbcr· ofsQ!Jt¢es. of wnt¢\~ {l\itiiln.hle.; Whese.inci.4d¢, w~rt'((t,~n~iltef1}¢JltS 
{aug· st\lQs wot~r .irl Vic(odu). t~cc¢ss :t.o .dtm,, ;s~HU$ in~ $orii¢. :jrdg:!fi'oJJ: Jil()nths::{off4 

{(), 



altocntion. woted, s;.rt:>mldwnt~t· nnd t~ttS~) Wt\tQri, ~lnd the: pnt~has~: of:t~m~t1tmw· ().t 

pct111m1t:~nt' wnt~r entttten1ctHs nv~1ilnble thronghtJrndtng:.hl tbe\v~\ttlt·mm:ke\. 

Lnbour i~ so~lrccd inithtUy frt1n1 the fn.rm operntcn~ ·bm can nts.o be purchnscd «t nrt 
ht:'lut·ly Ntt~. 

1?ht:.we rtre oppartlmici~'!S fbr both on m1d <;,lrt'-ftwrn in:v<}stmenls in CAfRYP:LAN .. 1'he 
mod~l includes ~' mce:hn.nl~m f() scr¢.en nnt t\ll fnrtn devetopmc11ts thnt do tlt>l emm n 
mMket <)ppOI;nmity rfUt~ ObhUJ1Ublc from off .... ttwm investments. A real J:nte or six per 
cent (before UtXl wns used in the nnnfysis (p.ll All1\;RJ~ 109$! for off ... fnrtn 
inv¢stt11~:mr. Ct)l1lpudsc:n1~ (:tf tnvev;.;tment nctivit1es at¢ mnde l~n n post--Ulx bn.s:is~ b()t,h 
:\mong rnnn activities nnd betWCtH) l1nnn ncth~ides nnd the lllnrket tlpportunily r:nle. On­
tlWm investments. wHl only be tmdertnken ifthe nft(.w-tax mH: return (lf the investrmmt 
tnft~r allowing ftw nll costs, inducting th~ cost ()f nny b<~t·towed ~¢ll)itnJ J\mcls) excouds 

th~ nfter,.,.tnx ret.um which cun b~ obtained •>tl''....fa1'nt 

Th<;m~ ~tr~ n nllmber ot' both ~ht1rt ~Uld lt1nget·tern:1 t10···fAtnl invc.stments incoq;t'>rtu~d in 
the model. Agronomic improvements includ~ convet:si(lfl of ntlnunl to pcrenninl pnsmr~ 
to obtn.in higher yields nnd a nl<lt'e mt.ift1rtt1 prf~duction~ nnd the appHcnde.n oFhi.gnel' 
volumes of \Valet tO annual pUsiUre Hl incrensn ptoduettt)J), Ji~})tltlSlOn Of ptt>dUOtiOil 

and potentinl economie., of ~ettle cnn be gnincrl by mer:enstug tho axistJng dairy .fl~r'l tlp 

to the enpncity of t:he C\lt-rcnt dntry sheet. ns wan us by hw~stlng in a hwger dnicy shed 
~nd, herd. Inereused tlexibiWy in pnstutc J>rt,du..:Uon and (>pporltn1ltl~s to in.:OJ:Q'nsethe 
size of t:he existing h~rd ttre ntso obtainnble hy purch.t1.smg ~\dditiorHd.l(md <«lthough r.hls 
httS not been in eluded in the 'nnulation in this. pnpe:r). 

O.iven the f\19US on wtner pohcy rcfortns·ln this project; it ls hnport()nt to lnvest\SAte th~ 
hnplicntlons of mn.nt\gemaJlt of existing wnter resonrctls. the ;wnHnbUit~' or nlr~tontiv~ 
sottrees of wnter, nnd invest:ment in WtHer,..stwlng: tec:hn.o.la~i.¢$~ · Th!l n1()d~l !ht<;:OIJ)Ot~J~s 
~n of these u.sp~cts. These inV¢Stnlel1($ inct¢rt.se the ne~.ibtlUy ln {hOi rnnO~lg~meru.: of: 

w~1t:~r for pttsture l>toduc.tlon. For ~xt\JUJ'll~t on~nwm :storn~~· \Oi:: \1.n<t·Jo~~s so.iH'!:las of 
wnter allows gre·att:w nexJbf'Hty ln tneeting vndnbf¢ ¢fOJ? d~mttnds tbJ:o~u~t\OUt' 1the 
itdgntion sanson. lnvcstment h~ t~ dnnl cnt\bles te .. ~~se: or tPrlsnHo.n. ,ttrn~lrr :'\Jld me 
oppc.WHH1 itY to msttlll n spetu:poim pump for g:rormct Wtlter ptJmpln~ whe.re ·tlJ~i q:mtlH~ ~r 
wnn~r ls st•i.t:l\hf.c, Since thes.u dQ,ve,lot?t.nents involv¢. :hlv.estm¢;nt Jn dtsgr-~la natt~ltl~s,~ 
th~y htlVC:'b¢t;O incorpm'nt¢Ql\$ hlntt~)' V~\dnbl~l~. Thls ~nsqtQ$lhm·o.nly QJ\9 or cn¢hJ¥P~ 
ot~ lnvQstn:len t, !;)p~urs · ovQrlh~.· .plnnnins .boti~on. 



1~h\} llHldet Wtls buiJt ltSill£ Gt\NtS (Il,·ookt;!. ~Q.ndriak Jnld Nlc\~t!l~IS 1:9~)2.) <sortw~\r¢., 

Shm1 hnl<)t\s were c~1nd\\c\·ed ill J\Jl lntct~l<ltlvc Ilmnno.r by nHct'lng both tcst)U.ron 
ct:ms.H~I\htts ~md plwammcr vo'l\1¢s ns 11ec~s~mry. t\4ndcls \veto. dcstgm::d fo~~ t!t~ch Stnt(j and 
clusuw groups nnd wurc d9dvcd from n· single pnt'OJ\l. nlnt,dx. l)ift\:wcnt t\o\'ivltio&. ~md 
lt\(ldol pmlt.n\elers wert\ ndjusted for ¢t\9h s1 mtth\ti<)U, 

PricQ~ for tt;ln)pornry nml pcnmrnent wmar amHlements vur~t botWC~' 1' reghms n\loording 
h) intcr-St:Htsonnl Wntcr supplies. th¢ timing Of U'tlOStt~ZtiOtuh 01\d thQ 8\)C:\ll'Hy of 
d~}l\vcries in ~my region. Fut thos~ renstms lt is difficult t(,l detOI'nlhll!. nn ~lppropt•int:\l 

pdce to b~ used it\ f)r\tR YPL1\N. 

Indicntive prices for tempcwnry tmding hnve bocll tmsed 0.11 obscrv~J prices fkw t.ht1 
1993/94, irrigJHion senson in both SHHOs. The higher price in Now South \ValO$ ("rnblo 
l }t reflects the lowt~r sec\:n'ity of supply in cnmpndson to ViclQrln. 'l"h~ tlltWkct tbr 
purnH1nent wntar entitl!J'tnems is not. vory nctive, so h is tntW~ difficult to det<;Jtmine 
enl~wging trends. Given thnt pticing itlforn:mtion was nnt nvMlnble tht·o~tg:h Al3t\Rf! 
sut·vey~~ mwcdotnl evidence hns been \\sed to prtwide indicative pt·ices in both StAtes. 

'rhere nre two components lo tl\<~ eN;(. ol wm<tr ftlced by h'rlgtttors when thO~' purchnse 
wnter on the transferoble wntcr ~nt.itlcment (1~\VUJ mnrket. Jrrigatt)t's will be Willl11g to 
buy w~net· nt a prh:;:; up to its t1J}J)(Jrtunity cost (that is~ its vnlue in t\grica,lhurnl use) l~ss 
tho. cost of wnter delivery clu~rges to access t,hc Wtlt.ev. lf. fo1' cxan1J)le~ tho vtll\\e .oft\ 
rnt;)8illltre {Ml} to tti1 tl'l'igator is $30,. and lho d~Uve.ry cluu~gl1 $TO pot· Ml! than lh~ 
prcn:rium the irrignt.or would be willing to puy fm· tho temponwy T\VJ~ is $ZO pe.I'NH. 
1~hust lncrensos in wntct cluu·ges will inf1uCrllCP lhc pi'CJntums nt which tetnporn.ry nnd 
pcrm11.ncnt wtHer cnLitlrunot1lS cm1 be obtnh1edt The opportunity east or wnte:t to th~ 
furmer rcml\lns unc:hnngcd tn1lcss the ptodttction :posslbUlti~snud .tne returns .nssocit\tud 
with irrlgntlon chnngo, 

OAU~YPI~AN assumes no ohnnges inproduati.on over the t~lmtillng horizon nnd tlmt: ns 
wntev oGiivery chnrges nrc ~nQrettsed; thu pre.miutn of 1'\V Bs is recl\l¢ed by :n sh11ihW 
nmount:, 'rhis impliGs Hmt tbc fnllllilit c~1st (>fusing the wnter n~otJi t\V.Jis d.t>cs.tH>t 
ehtmgc <tsd(}UveJ)' ~harg~s urc hiOrQ;ls¢d, l~lt>W•;Wt";r; ns wmt,w clint&eslnor~~\S~.(I.hM:·is~ 
wnrer clnwgcs equal $30NH Jn our ~.~mnt?le), U1e ptenliUnt(my:JJllq otllhc,·~,.~VJ~ ·J:~lllS·lO 
~cro. ·At tbls level ar .ohm:g:cst thQ t:r\~.J~ .:mAt1kot Wil!.·tt~JaSG to .exl~t. mtl~ss th¢t& nrc 
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suffictollt eh~xng(~s in th~ tt··ri~m:itm f~mn.\ng et1vh~(:'ll11\lQ.nt thnt ~<)llkt tend U1 :hi~h~!·r 
Qppt>rtt.mit)r C()Sls l~W wntc.w, 

~\ conseqnetl.co of t.hu ()pport\\nity .o(~St.·<>f wnto~· ()f \:ltl mlditl()nnl tvtl orwntor tetnnlntng 
u1.whnnged 1HnH clun~gas. rcnc:h the. "1'\Vtl Vt\hto is thm th~ fiwcstment srr~\.tc:g)r shP~lld 
1'c.ln1nh' lHlG'hntlg\ld over this price rnJtge.llowu.val\ inctcct\SQS In wm~•· 'thi\rges lmve n 
fhlOtlciul itnp~1ct< on fnt•rn S\U11lus~1s oud hell co reduce.: cquit}~ f~unds. Since \h(~ \lt)$1 of 
debt fhlfHlt:C· ls hiS:hCl' thun equity f\•nds~ the liwestment strategies tWO likely tQ oh!Hl)lCJ* 
t'mii~ulnJ'ly tho ti.nting. 

lly the mm1.ro of l'tU'llllcvcln1tldelRt this nnolysis t:llllY foctlS()S on lho, wmcr dc.nltHlds. (lf 
dniry fnrmPI'S ln tlw Murmy V nllt'y. The extent <lf, nnd t•o.spmts~s to~ wrttet' p<lll¢y 
reforms wl\1 vory throqghnut t•cgions or tho .Mtu:my,,.t)arlh\g :llnsht. Consc.q~u~ntl~t; \.he 
nmd\et. prle<:: of T\V\S!) mny uo.t H1\1Ve dire.ctly with wntet' chun:~c ln~ronMs in nny one 
nlg\t1n. T()·exominc this, the lrrigutod ~~huTi\Y"'"Murru.mhi<tscc Systems tlMN1S1 rnodcl 
wHJ bQ used in ~uh~equent anolysu .. to tletenninu the lik!.'lY mr,vemcc~H ot T\Vl! t>rtces n~ 
Wt\tcr cluu·gcs nrc inc:ronscd ncr<:>Sl'. Uw whole M'Uihtwn Mur·rny ... Dnl.'ll11g '13nsi.n wnrer 
Qconomy. 

One of (he reforms cm~rently being implon1Q;nted nnd~H· -tho CCAC:1 ngeodtt (COAG 
t 994) is increasing wntet' chnt'ges to ··~cover tlm cost or delivery. Tho \nt.J'Ctlt\ction of 
tft1ll cost tCO()very• c:IHll'gcs is likely to ntTCCl. the !ll)10lll11 of wntor demUtlded, fiH'\ll) 

income streams find the proJ'itubiHty af investment tu Otl...,f'nt'm souroes ol! wnrcr~ To 
pl'OVide an indicntion of the implicath1llS of ine.rct\Sing WAter ~hnt'1,lCS OJ\ {he lnvestmcnt 
pt·ofJh~t lnoomcs nnd reS()UJ'cc uso pnu~rns.. a stmultHlPn wns c~J!dnctc.d :b:Y 
Jnctcl11~Mully increasing lhQo chnrgc for wnlcr emit:lcments. 

h1 both the New South \Vnles ~mdVjctodnn f~m~n models, the nm.ini.H1f)tlOt ~)J:Jnct¢nsing · 
wn.tct aluu:g()s wns n finnncialonc, dw~ fo th.C: .iJlo.ro.~lScd.cost of wnJet' dcllverct~ to the 
ftH'nl. Wnter use declined Qnly rnnrghHIHy; due tt) tho itl&htst~h.t deaHlnd determinc"l 
011tlogenousi;Y ()Vcr the rnnge t:>r olHltgQs conskl~t¢d~ Cun~cqucnny~ water oosts l>cQnrno 
nn Jn¢rcnsing shnto <.lfH>Htl nwm cost:~.fi'nbl9 :l (U1d $). 

fnvestme~ns jn on~rnnn.nctivlU~s sttch ns pt)SttU'9lll1l1tovcn1~nt$ n~sist~d in modQrntitJ~ 
fnUs Jn· Inn.ll· ·lnGOnl(h while .nlso •. impr<>vins lht\ sross rlJ~\ti~hJs::w~r~·,~~~~C \v~ner,. Thq 
pattern Qf th<J on~rnrnt.Jt1v¢~t.mcm:s· dlff¢J'c.d;•:b~JtW~An. d.1~ nwd.~!l¢.d·~ra~iJJ1$·Jn.tiH~· New 
So nth Wn'Jes t\ntl ¥JQtorhl'r MUJ'tl\X.• 



The model simulations suggest that; at existing charges for water ($1l!Ml), it Wits 

profitable for iiTign.tors to invest in on-frlo11 wn.ter storage to capture and utilise 
in·igation drainage tlows. and to augment water etititlements with groundwater pm'tlphtg 
(assuming the q~mHty ofgroundwuter is suitable). This is consistent with the ,results of 
the Australian Dairy Industry Survey (ADIS) which suggests that about 75 pet certt of 

surveyed dairy farms in the ~ilurray Valley have installed a irrigtllion drainage 

reticulation system and about 8 per cent are using groundwater supplies. 

As charges increase. total \Vater usc declines only marginally. At water delivery charges 

of $16 per ivH and beyond H became profitable for the farm to reduce the ~rea tt) 

perennial pastures and to increase the nreu of nnnm'tl pastures. This reduced the total 

demand for water, resulting in less off-allocation water bei.ng utilised. The Joss in 

pasture production was st111lewhat compensated by an increase in on-farm hay m:lki'rtg. 

Table 2 Implications of incren~ing. water charges on New South \Vales Murray model 

fnm1, Cluster 2 

Model Qutput in. vear 20 

\Vater ~rota I 1vater Gross \Vater costs N,PA1:~4 

chargel use margin2 ~s ~· ,pr()portion 
of TVC3 

$ Ml SIMI % $~000 

ll 1336 184 19 119 

13 1336 184 21 118 
16 1338 183 24 117 

19 1317 186 29 115 
23 1307 187 32 112 

29 1.287 191 37 110 

37 1266 191 42 106 
46 1.266 194 46 101 

59 1266 191 52 95 
75 12()6 193 58 87 
97 1266 194 !i3 77 

1 The Water chargt} comprises.t\VO ofcompon~nts: a fixed nnd a vtlcinblc ¢h~ge. 
2 Gross margi.!ls nre defined os th~ receipts from milk .productl~n Jess tbe variable ~osts~ ~xcluq.in~ 
WAtc;:r costs, 
3 TPtul variqblc costs of production. 
4 Net profit aftertax .a$. defined in Figurt! ·1. 



Q.Y,er the rang~. of water cht!rges ittvestJgnted.·the dttm und groundwater pump.!r~·nlh.i.J1¢d 

pt611table investtnents .. Both these lnvestm¢rlts represented t\b(")t1ton¢:third. of,t\1c W(lter 

dertmnded by the tnodellcd :fatill tbtougholit the planning horizot1. The leVel ofin¢rea.se 
h1 wnt.er charges had an impact on the timing of .\ip;estmchts .. A:t cl.lt"fent Water charges 

invest:n1ent in d:m1 storage was profitnblc and the aux.i.Iinry investment ofgtomjd\va,ter 

pttmping was deJ::tycd for a ycat. At higher w~1tci' chargc,s, the investment in ·the 
grou.nd,vatcr pump wns botlght forwtU'd n year, due to the larger .gttins front sourcing 
Cheaper \Vater. 

6.2 Victor·ian l\lfurray n1odcl farnt 

The model simulations indicate thnt. at current wutet chnrges of around $20 perN:1l, it 
was profitable for dairy farms to become more intensive. by expt\nditig the.it existing 

herd to the shed capacity. Anecdotal evidence suggests thM this trend to larger herd 

sizes has been occttrdng in northeril Victoria over the last few y<:.ars. By gtliniltg 

economies ~1f scale! the model farm hnd acce~s to additlonallnvcstible funds. T:Dem~md 
for water increased to meet the increased feed reqUit~ements .of the d:.tiry herd, O.n...:fatm 

investments in the dam and groundwater pump .provided additional sot1rces of water to 

meet this higher water demand and for partial substitution of of:f~fatm sources. 

Increased pasture production was possible by applying· the additional wuter tOJJerennial 
pasture. To fully utilise pasture production, both hay and silage were produced on the 

farm. 

The ·use of on-farm water sources appears consistent with trends from ADJS.Which 
suggests that about 70 per cent of surveyed irrigators used re,-use systems andaboutl3 
per cent sourced groundwater supplies. Over the range of water charges .considered, 

both the dam and groundwater pump were introduced in the second year ofthe planning 

horizon. 

The patterns .of income streams differ between New South Wales and Viet() dan mpdeJ 
farms. Due to the lower returns per titre of milk and higher w:rtet charges in the 

Victorian Murray, it was profitable for the farms to ·maintain hi$ her stt>ckivg tares per 
hectare. than in New South \Vales~ To meet feed requirements at l9W¢'st r¢()~t, ,tile 
Victorian .rvturray model fann had higher areas to perennialpastutes·Mci'>Inakes:both li~y 
and silage on fann. 'fhe increased pasture production obta1hedmeantthe·.'~ross:tnhr~ins 
per rvn were comparable to the NSW Murray .Jfiodel farm. I-Jow~¥¢t1, \~hil¢ ·$oflie" 
economies of scale are obtained :l)y hh1her ,sto~ldng: tqt¢S,,,lncomes wete .JqW~~·~1n ·th<! 
Victori~. rt1odel . .fa.rrnth~lh :inth¢.Ne.w South W:an~s· Mlirt:ay~fa,m)~ 

1$ 
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Clustcr4 

N1Pd!Jl 0\t\J)\1\ .ill \'lHlt20 

\Vater \Vt•te.r use CH••)sS \\htter ~·Jsts NP:tt1J,'.4 
ch~•rge 1 mn •-~ g lt•2 :1s .a Jlrtwo•~tifln 

ot ·rvc~' 
$ Ml SIMI % $ 1000 

20 1105 184 l6 tOO 
26 1105 182 19 98 
:~4 1.105 l82 23 95 
42 l 105 182 26 9J 
54 l 105 182 31 87 
69 l lOS t82 37 81 
89 l 102 182 42 73 

liS 1082 182 47 62 
t The wmer<:hrtrg~ cornpnscs tvm cmnplll\C!llS~ ll n.xed aucl v·nrmblc chnr~c. 
2 Gross nHlf£,tns are defined us the rccetpts th.Hn milk produl!tinn less the v~.winhlc cc>sts. cxcll.lding 
w~tter costs. 
3 Total vnriahl~ costs of produc\lun. 
4 Net proJit after tux as: dcrined m F1gurc I 

7. lnte.rp.l~ctation of lltodel results ''tith respect to rnodcl 
3SSUI11()tiQ.US 

The nnulysls reported above is bused on several simplifying nssumptionsi whereus 
farmers• actual t>roducdon ~Jnd investment decisions rtt'c goVCl;rted by a C.Qtrt,pl<!·X 

i.nternction of factors rcJtUed to theJr farming objectives. The Jmplio:.ldons ot these 
assumptions on investment patterns <ian be investigated it1 the model through sensitivity 
ami lysis. 

7~1 Variable watc.r deliveries 

The amount of water :wailnble for use on f1tnn \Vill vary between yetu:s ~s well as 
between States and regions. The simulations presented above u~st)nted constant 
irrigation watet deliveries throughout the planning: horiZOJl. VtlrbdJHHY in water 
de:liveries would be expected to influence income stteams ~mdcould.ulso'ittflucn<:e'the 
tHning and type of investments undertaken. Tn particular; cons~cutive y~~rsJJf low 
sl.lppJics of water could potellthtllY dama~c p,etennil.ll pasturest .ot~ for 'N~w Somh 
Walti.s 't~1rmers. result in quota penalties rr tnHk prodUt;tion.,cunnot 'he :tt~aln:t~fned:. 
Results from DAIRYPLAN suggest U1l.lt dairy farmers. bnv~ .signifiGun~ fiJHtno(t\1 
capaci ly for ~upplertientary feeding of conc~11.tratcs ~n.d to ;inV¢st in :~il¢tnat1ve s1JppH¢s 



o~ w~tter. To assess the cox\sequences ot~ wut¢r Sllppl,y flllctuatiorls, va.tiatile 'Water 
uvaUahiUty is Othrently being ii1vestigated in DA:lRYPl .. AN, 

7.2 AvalhH>ility of gtc)lindwMe.r and .dam storage 

'The,re nre likely to be significmn differences in the q(Htlity iu\d quarltity ofgroUnd\vater 
avttilnblc within the study urea. High and saline groundwater lc.vdsx)ften menn thnt it is 
not feasible to build a dam or extract grnum:1wnter. The Ct1nsequet1ces of t1ot: being ablC, 
to exttnct gtoundwnte.r or invest in d~~tu storage were invcstigmed ft)rthe model dairy 

fun11 within the Vietodan ivtur:ray. Over the tat1ge of\vnter charges considered, lnconte 
streums dcc;lined progressi.vely compnred m the bu.se level scc,.nnrio, ns the 9pJmrtunily 
to obtain cheaper on-farm groundwuter sources was constrained. \Vater dema,nd:,vus 

redttced by abt)\tt 230 ~~n compared to the b~1se sceilflrio tesulting in less ar~a to 

perentlial pasture and un increase in annual pastures. Additional supple.rt1entary fc·eds 

were bought to meet feed requirements. \Vhile additional supplies o.f water could be 
obtained from the transferrtbJe watl:'.r mnrket t:o increase pasture production, it was 
cheaper for the model fnm1 to purchase supplements. 

8 Conclusions 

Farm-level multiperiod models of representative dairy farms of the Murray Valley 

irrigation region were developed with DAIRYPLAN. They were designed to provi(le 

information on the likely responses of irrigators with different resource .and technology 

endowments to a changing operating environment The modelling framework .offers 
control over- several important parameters that collectively detertnine the nat1u:e and level 
of responses of farm businesses facing adjustment ptessm't!,. In ·particul~n~, 

DAIRYPLAN includes a time dimension whole farm accol.lnting; .and a range .of 
production and investment options. Constraints impose a real,istic famUY consmnpdon 
a.nd business taxa,tion regime and bring the model framework closely in line' With the 

real fann situation. 

the simulations presented .in this paper show that the. rnodeldairylru.JJ1s in.Vigtoda:m1d 
New.South \Vales Murray are able to invest in on~fnnn wa.terin,'estments a,s' Water 
charges increa~t}, These, investments provide altetll~tive sourg¢s. of wa.t~r as· Well as 

water saving. The ability to su bsti.tute cheaper sources of W~t~t:results in· bt)Iy ~'.$tpf4l 
reduction in the total demand for water over the ;t:nnge of water ch(frges.<inVe:>figat¢ii. 

Full .. ·qost·recovecy char~es ... ar¢ ... current.ly .. ··esti.tnatep .. to·;be··about.·S:t~·:·ne~'·~t;i.o·•·~e~V·~optl:· 
'Wales w:l1rray .ari(,i ,app!Jt $23 p~r .Mllntll~ \Ti.igtoria~t M~itr~Y/CNe:w .$9Mtl))i\\fc'\\t¢$' 
P¢patttnent of·\V:tt~r :R.esoproes, Jqhn ;[)~. Gropt, p¢rso114l: Gomm~tnJ¢~tionn~h~HJ4~iiti~ 



CoJ1ht:t~.dy,. Q>tl1cc: <.1f'\Yater ·POlicy RG.t'otttli Jletstin~tf.~oriin)\ttJiey~tiohi:N9Vem.l5er tQ9/f). 
DAl·t~.Y:i~LAN tcstdts lhdicate lbnt w:JtGr clu1pgcs; nt¢\.nldthe$t} levels .do Jtot'li~lV~ :t 
signH1P~mt.ittlp~tat ort .the 1ong.ct·tcrnt vinbility·o~· U}g·modelfiltms~ :tnvt;<itigMibns:. nCJht; 
inlplioalions of the· Wtitcr poltcy tefOttnS· 011' TilOdt!.l nttt1lS cOV9ting the t;lhge•oft¢soq,rct! 

and t1nttn<:~ial ehnr:tqtcdstitsls being assessed t\S pnrt "'t' trwldct ptojcc.t 

\\'hOe DAlRY.PI~AN hns been developed to nssess.implicatkms ofwt,tC!r·poli~YtcTotm 
it prov.idc:s 't snit·nble ftamt:.lwork t\.w addressing a wide T~1ngc of ()t,hcr. poHcy issuc::h 
1·~hcsc co~tld hlc:lude the assessment of the hnpuets on dniry f~1tm p¢t:fotm~1nG¢: of 
Gh~u1git:tg mHk .pdcqs, n1nrk¢.tU1g poUc~s~ adOJ)tJon rates of t1.ew technology t1ndpolioy 
optit)nS f(.)r .ttddrcssing on-farm effltient disp~)$al. 
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