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, AB~RE CONFERENCE 

· Minimt•nt ·t'JJ)\lt~statllda.rds in the 
Williants Rl,ve'r: · 

an assessment of tlte impac\: on dairy tarms 
Panna. :tJrettnm• 

Austrnlinn Buteau ofAgticulturat a,ud RCi)otJrce l~conomic$ 

41st AnnuaLCortference of the Australian Agricuttur~l and 
ResoQt'Ce Econortlics Society 

Gold Cotlst, Queensland, 22--241ant:.1;iry 1997 

Concern over river health bas ptampted the NSW Govwrnmentto consider the 
imposition of mirtim:mz flow stattdard.s in. tire #ate'~· ii'vct~t· In tlie cast?, of 
un.rcgnlated coastal rivers, whfch sup porta· large dairy l'ndttstry, the impact ol 
these mlnimtmr.flow restrictions.mayb~J q~tlte sigrtificprtt.ll is usually only dtlrins 
peritu:ls of low• rlverftaw that~ Jhc farmers rely oit rlv¢r J?Umping/or pasture 
produ¢tion, 

lrtt/ll.vpaper; acasestudyofdt~iry/armsin ilte: Wi/Unms Ril-'~rt'plley#p.r~sented~ 
A sirrmlatli:m modt1l is us:t"lw!H'clt takesttcco~mt oftlte ef/ecttJ/rmatrt?Jirt rain/aU 
att<l .irr/g(ltiot.t t;lcces~ on .soil moisture, Pn<l cons¢qt~ently pasture Ylttfds. This 
sirnula#o11 nJodd is linked ta an optimlsatir.m model whit,;/t tl;Uthnines holV 
farmers best deal wJIIJ deficits lnfadder production. Some of lit~ altcmativ~s 
available· lncliule buying in feed. keeping reserves ofsll~se. o1t r1Jefarm and 
red«cinp milk production. Tne · t1lodel is.usf!d to czssess the ;,n.pac:t; oftl•flt)$lrtg 
river access rult!s on dt#ryfarm incomes~ Jtls shown that th~t ml,-,tmum.naw 
standards result In a reduction ln memrtuc.ome; but pJso lnt;rea,v¢! · tlie skewness 
ofinco.me, by taking Q.WayfclltHt?t$ access to a droi#glrt r~lief#rate8y~ .. Hbwewm 
an eJ!eg/lve mea1ls. of allevlatil1$ this Increased riskiness. ls: ,flie n.r.e QjN.ms term 
drought reserv.es (pit #lagc)f thiJ net b~nefits pftlrls option are as.sessi:~~ 
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1. It1troductiot• 

'rhete is ~idespr~ad concetrt ~bout the deteript~ting h¢alth of rivet system$ln New 
South Wales. ~any of th~ environ~eotal pl'oblems ln rivet; trtanagentent, i~ctuding 
teduc~d in·strennt. water quality and degradatiorl of eco~ystems), are the result of 
intervc:ntku1 itt the natural flow ?t"rivers.J'he NSW govetnrticnt h~s taken a number · 
of initiative$ to a~dress . the proble~l of dver healtht . ~ne of which was the 
establishment of lhe Healthy. Rivers . Commission ·in. January J996. the Wi\Uams 
.River w~s the 6rst cas¢ study catchtrtent to be examined by the Commtssicm. 

the Williahl$ltivet' is. one, of the many. rivers that sup~~rt the large ¢oastal dairy 
industry ht Nsw• . !hcse· dairy farn1s use a .combination of dryland and i~rigate~ 
pasture$, ..• and. high annual rainfall tneans that irri~atlon . i& .. only a st·•t;y!-'ileme.ntary 
soun;~ of soU. moi'st.ure durin~ .. ·dry periods. The sniaU. $ize. of these . cat~hntents 
implh~s tlmt the sah\e w~athcr patterns Influence both rain&·dl on riparian. fartus and 
tho hcadwate•• river flows. Consequently, while cons~tmptive ttse, ~f wat~r by dairy 
farms is .insigtlificant most of the time, the demttnd for access to tiv¢r pumping 
represcltts ~t large propottiort oftho rrver flow. dtu·iug t1Griods of law rainfall, This 
relatlonship ca,n bq seen .in. . .figure I, which contains historical· data ott flows iu the 
\\'illiPnt~ river and . volumes pumped . by .Irrigators. !he. increased detn~nds . by 
irrigators during Jaw flow periods Jeopatdises the .tnaintettam:e. of instreatn floW$ 
which ate need.ed ·to ensure. wa.ter quality standards to downstream· users. ltt the 
case of the \Viltiams Rlvet~ the main downstream Use . of the water t$ for Utban. 
supply~ 1tha$ been. proposedthat te~trictkms be pl~~ed 0~ irrigation pumping; during 
peri<>ds of low flow, in order to ensure nih1itnum flo~ levels in. the river .. lt is 
anticipated. that the observation of rttinhnunt flow standards will inlprove river heahh 
~il sene~ at, hut in pa~icutat it sh?U,ld tt!dupe the t,isk or at gal blooms in Sea barn Weir 
which is a major source of water supply (or the city of Newcastle, 

tfie \\'UHams River flows thtot•,sh the $hir.e of ~ungog itt the. Hunter Valley. !.~e 
main· users ofirrigation are dairy farms., which a~e located. along the: length oftt~ 
rivet .. A typical dairy far.rt' has limit~d river fronta~t),. with about J Sha of la~d· 
s4itabte for irrigation, and a lat$e proportlott of the fann (around 40ha} und~r 
dryl~nd pastures. Dairy farms ht Ut~· \Villi~ms Rive~ at¢ ge~red tQWatds ~ear t~u~d 
P,~oduction of mil~, with. calving througbo~t .· t~~ y¢ar~ at1d a fairly con.sta.~t dem~nct 
for e~ergyfot mi~kproduction~. Fa~er~use a coJl}binaHonof 59Jl1rner audwhtter· 
)1el~ing pastures which helps to even out theptoducti~n,ofertergy t~rou~hout the 
year, However~ •. there. is stilJ, a. pronounc~. deficit. of pastur~ . in. the cold~r. months, 
tbl~ this is usually suppleme~ted by purchilsed .grain and hay. ()f with sitag¢ 
produced on the farm in the warmer months. · 
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Tb~ 3hn o~lhis an~lysis .is to quantify th~ iJ~ip~9t of aJt~~nat.ivc eovitoumenttiltl()\V 
rules(m·dairy t~nn incgmes. ur empbasisl~g the impact ofdUfercmt. $~il.moisture 
conditions on pasture ptod~ctivityj Jt i$ possible to giv~: a realistic estimate· of the 
~ost$ .. as.soc)atcd.·with having prolonged restri¢tions on. rive~ pumping. T~ese are 
q~andtted by .co~sidering .. short .. ter~ fttijustments th~t. the ~aon ca~. tn~k~ to 
rtlt1Xill)i$e farm· incomei In addition; l<>nger term adjustments to pa$t.Ute management 
praclic~s aimed at r¢d!lcing: risk ar~ con~id~r¢d. · · 

2, Model Des.cription 

Ttt¢ ?tod~l i~ compri~ed: .·of a series • of rnc;.dules·. wbiclt ;represent biophysi¢at .and: 
ecof\omic elements in the: farm produ;;tion ~nvirooment~ 1h¢se are: · 
• climate modul¢ 
• rlv~r tlow module! 
• $OR m()isfure l:udance/pitsbJr~ grqwth.modul¢ 
• :dahy farm tnilnagement mqdut~ 

Climilti~ and river flow ,,t:Hiule$ 
T~e .. ctimatic modQle isu$~~ to·.PrPvide.d3il~ ~ata Po .. r•lnf~land. evap<>rati~n •. Th~$C 
are r~pres~.~t~d .bY lopk 1.1p t?.bles which rep<>~: @Jl histo~~l ·ti~e ~d~s b~ on •· 
user· determin¢d sUitt · •nd .finish date~ The. riv¢r flPW module IQQ"-. ,up .hiltQtiC,~,tl 



fJQW,~ ~t tWb $8U~in~ statio~)$ •nd d~t¢rrninest accot<ligg tP. 'the ffiini~•Um· tlOW 
$tts.nda\rd~ wheth~r or n~t irrigator$ ar~ allowed acce$s t<l .dv~r.pumping, Th~ 9tl~PUt$: 
.frontth~$e modules are: sbnpiyrainfaU,. e.vapotfiltQillt1d•cces~ to riv~r pumping. 
the Jt1odular ,pproach. i.~~plies tha~ thes~ components .pflh~· sy$tem C9J:Ald ·~sily b~. 
substitut~~ for nmre $ophisti~at¢d st~tis.dcal models of :.rilfnfl•ll :•nd. hydr¢19gi¢~. 
mo<l~ls.ofriver flo~v· .. ltor eXfilllpl~* in 9tller W9rk·~ing: tood~ct¢d.at AB~ (~. 
Sr~nn~ and 1Yf~hmte,.(l997)t, Scoccimarro~. ~~are ilnd Brenn4n (1997)), sto¢hfl~tio 
simylation is used to r~present .dver .flow modules. 

tht~e .alternativ~ river ~ccess. rulesl\re ~~aJnln~~ .b1t~s p~pe~. ln th~ lias~ case .• it i$ 
C\s$Ur»ecJ .fh~t irrigators alway$ h~v.e acc~ss .. to jtTi.sitdt>n. w~t~r .in l~w tlow ~vent$·. 
!hls represents th~ b1stori:¢alsc~;,nario wh~re tan~ers have. had, ac<;,ess t·o. water ~Yen 
after thf;! ri~er has stqpped Oowlng, by (l¢t;¢ssing pqols h1 th~ .river. The . most. 
extt~me $¢enario ~axamined b~re is the ·fe$trictlon o~ at~ss ~n th¢ 30th percentlte of 
na,turat flows. Zero access wben J1ows ar~ at, the 80th percentile ls a standard that 
h¢in~ cotisldeted for l'iSW dvers'state. wid:e (Hass~l & Associ«ltes 1~9.6)~ Tb~· 
hnp~cts· of restriction~ ~t this level. J\(~ qqit~ sevet:e,, "" alternat1ve ~~n~rio is 
cc>tlSid¢red where tnrmers are. able to· have n.~strl¢ted 4c~ess t<l ·flows. the\.t pccur 
b~tw¢en th¢ SOt hand 90dt percentU¢, white baying. zerP access to flPws b~yottd th¢ 
90t~· pet~~mtUe. Thes~ l~ss se~en~ r~stJictions. ar~ being con&id~r.ed;Jor tb~ WiUiams 
river farmer!i(t Sayers .• D.LW~ p~rsonat communication), ~nd are: mote likely to be 
appli~d th~n complet~ t~striction ttl tb~ 80th percentile. 

$oil A-lolsture JJqf(llJCt!fPtt$l14tff Gtt~wth HltJ'Iul¢ 
Clim~tic data. is .. P(tssed to.·~. biophysiqal. $imu1ation mPd~l of so it moist~re ~al~ne¢ 
and pastur¢. growth. . Soil .moi$ture. batanc:e is catcui.Med. for each pastur~ type 
a-ccording to· ~quatio.n I. 

V{here M •. is. tlle moisture in. the plant~ root: t?n~, RJ. is rainfaU Ju JTJm; l, is lrd~ation; 
ang. ·Et· is pot~mttat ~vapotranspirati.on; 'determined by ,patl evapor,ation multiplied by 
~· ctop factor~ · · 

SoU Jl}Pistur~ . ~apaclty i.s. deterrnin¢d; :tJy •the :Pl~nt toot. d~pth, .multiplied ·. [fy ·• .. soU 
moisbJre boldins~ :c~pacltt (a$$Um~~ . to ·pe ~o per .. c~nt)~ Wh~Jl i~gation . wat~r i$ 
JtVait~bl~J p~!>ture 'is itrigat~ to kt":ep the $Pit moi$tur~ J~rJ abqve SQ ,per ~~f of 
capa¢\ty~ howev~r, .· sqil moisture can . fall b~low tt~s ltwellf tbe famttt .. l:s deni.ed 
ac<!¢$S} to. river pumpioa. 

Th¢. model. track$. t~e moi~tl}t~ in~e" of r~ch pasture 9rt a dai1y b&Si~, w~~re 
m~i·$~r~ in de" is the ·rnQl$tYt¢ level· divid~ by the ~maxi.mum: p,Qlsture ·fey~t Thi$. 
'n1oistyr~ i~de~ i~~use~. to·,repres~nt 1 growthindex.f'or tb~··paJtqreov~·:th':~1'eri'~d. 
~hi$' S~Pwth in4e~ yatie$ ~etw~en tero •nd QP¢ .and is· .m~ltipli¢4 J)ypc>~~ntial yJeld· 
fp. 4eWnnine · th~ actu~J: pastur~ yield in t•~h 'month. lh¢ .rell'tiQn.bip , ;betW"n 

·1U.iat~~l4ilt4 ~PtJi ~.aa~i~~&it.~~•Mie.~w IPJml~~ nat~.~.bf.~g.~:k 
~mat~ e~~tctlQils by iffipOOJIJ h>W OQWS*JCJC:Isi .·. ·· · 
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lnoi$t~re iod(!x; •nd the. pa$tUr~ growth. index. w•s .obtained from th~ GROWJJS't 
mQdel ofp~sture .sro\>vth (Farrell) •nd lfle, relatlpnsbip is Ulustrat~ in'fiSYt~ 2t 

t.~ ...... ;..~~.............,......,...~ ... +. ~ .. .,...,, -....;,, ....... ......, ................ ......, 
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Ffgure ~: Th~ tmpt#~t <>fsaltmolstu03 9fl pasture prpduqtlvlty 
SoP®! Farr~U 

Th~ · pastw·~ growth 'U.odulo. alsa ~xa.mtnes planting de~lslo•1s for ann.u.al.pastur~s·; 
and replatlting de~isions for past~J:e$ that di~ from ~oil moistu.r~ t;tr~~s .. The· timing 
of. annual phmtlng .l$ •.. cqn~idonaJ upon . ntinfall. and· irri$"tiotl acc~ss; ~nd: .. tate 
pta~tlng incurs ·yield los$e~. \Vh~tl thett; are e~-tend~d periods ofl~w .soil moi~furei 
pa$tUr~$ di.e and ~~nnot be. n~ptant~d until sQil :moi'sture tecov~rs.lJpon Tep13nting1 
th~r~ is a delay· timf!·. for pastur~ re-estabH~hrn~nt befo.r~ .the. :pastur~ can: .~. qs~d 
producdv¢ly .in th~ 4aby ·oper~lion. Th~ pasture: growth mod~l k~eps an accour1t of 
pasture ¢stabltshtl)ent ... Gost$~ and· the total ~ount .pf ~oer~Y . _produe¢~ . in. e4eh 
s~ason. This infotm~tiott Js passed to tb~ dahy -farm modul¢~ a.s ·an lnpyt to .the farm 
ineom¢ roa~imisation ptoblem, 

~··~·~~~~~~~~~~~.~~~~~·~~~~--~~~· 
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/Jalf1 J+o:d,.~tl()fl ()eclsJQh$· 

A Jj·~eat progr~tnnti~$ mPdet is Used· to ·simuttstt dmry PtpcSY~iol'l. ;d~iai9n,s· \Vhloh 
ar~ mad~·. on a s¢asooal basisi .. br r~aPQn~ ~~ r_,ali~d c(i~ti~ .. ~d~dpn•· . 'fh~ 
par~etets.·.in ..• ~be .. model,, ·in¢ll!diri~I.··obj~ive .. ·.lbno~ion .. ~·oi~t·.· and•left .. ·hlnd .. ~d~i 
.~Qm~tr"iots; •re update4 fqr · e#elf: ... ~P ·of ·the .•• _inaul•tion, :...a .refl~'· ·~n.J 



:(:onditi()n$ . {incl\l~io~ pp~ture production, . pptential. ~n~fit$ front ,feJi.ili$lpg gr;._$~s) 
fodd~r pri~~) ~nd ·p~s.t farm m•oagemerU: d~i$ioo$ (ee. •vaitabl(!: sil•seJ th~ ·~ff~ct 
of cPW nutritiotton potential. :milk pr~du:ction). 

th~ fa,l11\~r's ehoicesln ;my single p¢riod ind~d~the putput ofttiilk(which ·c•n be 
aher~d byre~4cing energy ;SLlpply t? those· co\\'s ln t~e tniddJe Qf the lactation cyple) 
ao4the.purch~e pr fodd~r. as w¢U .~s.pa$t\lr~ .m.tmas~ment dec1si~ms .. A~ irds~t~d 
are~ is ·restricted by ~QPO.sr~phy !:nd nto$t irrigated area is planted to ·perennial$• 
annual planting decision~. ar~ a~symed. ttx~q in the: model. flowever. ·f.be farm~r ctMt 
ln7rease pastur~ production by applyhlgfertiliser .to kykuyu and ~nnu•l.•ry.e. sn•ss 
~~$.tUres, and this ·extra :pastur~ yield can be: used ~ither to s~dstY current .nutriti~nal 
needs,. ot. tt• m:ak~ · sil3ge .. The ·potential yleld. b~nefits as~oqiat.¢4 . w.itb . applylog 
fertiliser d¢pend P~'t. mot$hife conditkms. Farm ln~om~ .in ·.a~~. pene>d .. is Jinked 
intertemporally • ~ecaus~ of t~e . a~Uity . to carryover 'pasture . prod~c;tion b~t~een 
periods in the form ofsilng~.ln th~ ba~~ nms; ro~md bale silage i$ considered. this 
i~ th~ ~cymmonly 11sed form of siltig~ in.the lowerl'tu~t¢r :ht:!cau~e it alJo.ws 
prodyqti011 in. small ~uandth~$. :Jt i$. used to store egcess fodd¢r produce;d: ht t11~ 
warm~r months,. to· h~~ used as a source ofwin~ernutrlti~n. Th¢ se~sonal pattern .of 
pa~tu..re· produc.tion on .a. l)1':icnl f3rm h~. jlJu~trated in. figur~ 3 .. ln the mod~l, .. it is 
asstuned that tbe value of producing round bale sUE!~~ in $UIJlmcr. and ;.lltUrnn is th¢' 
ai.scount~d b~n~flts ~ssoci~ted with avpiding· aupplernentary fqtf,der purcha~e$ln ·th¢ 
tQllowing ~inter ~nd spring. Thi~ alloW$ th~ prod~ction nnd carryover Of$Uage to 
be tr~t¢d .··~· .. th~ ~~rtettt. p~ribd. ~ecision fra~~\\'orkt The ... round. bale $ilage 
consiii~red here is generally cov~red with plastic wrap· and. ,le~: ·OUt· in th~ gp~n, 
~ei~g ~intend~d. ~ a temp~rary· method :of storage~ ~~d ma~ dete~or~f~ after ;pne 
year· 1!n the model,. the age of the ,Stored silage i~recorde4 $0 ·th~f ~poila~e: of sila~~ 
.rnore.thtL~ ... Il .. yea~ old c~n· :b~ sim~lated. To .. avPid ~X~$$ive· .l~vel$ .of spoU~ge~ it .. i~· 
a~$U.m.ed that. fanners limit· production of temporary silagf;i uslng a constraintin the 
lihear Pt9gtammiJlg tnoCiet 

.Another typ~ ?f $il~~e whic~ i.~ pop~lar o~ 'large~ dairy farms is, pit. silag~,, \\1hi~h 
involv~$ J>urying th¢ fodder~ This forp of silage ha$ not be~n widely a~ opted in lht: 
lower ~tunterbecaU$e of the small scale of operati~m (N. Qrlffitb$,. ¥aid and 
Department of Agrieultur~. p~r~pnal. C<?JDI»Uolcaiion 1996) •. ~'~ow~v¢t,, · it h~ .· .. th~:· 
~dv1nta~e of:durabllitYr 11s pit silage can last fora n~mberofyea~~ which inJk~$ this 
form of ~il~ge suitable as a:drought relief st~4J-t~gy~ Tht. ·ys~· pf fbi~ type of.$il•se •s a 
r~spons~ t<> w~ter testricdons ls examined in this .st~dy~ .A de$cription 9fhQW; .tb¢ :pit 
r~lflg¢ q~qisionJsmod~lled is prpvided: in ~cdon 4. 

~~umptions used in th¢ dai~ farm Jl)odu1~ irt~lud¢ ®$ts ~f :ma~n~ &od ,(~dine; 
silage, . pasture ptoducdo~ C().sts . ~ncf srain and· hay prices. 'J;h~se ·W~r~ tilk~n frf?rtl' 
.Peparttnentpf :Agricultl!re ·pu~li~tioos ((jriffith(l989)1 Griffiths J?d Catt (t9Ji9)) · 
Jt)d from A)3Al{l!.*$ ~IS $urvey of r.rm•· in tbellunter V_.l~.11J~,$f~n .. Jnd ~,..y 
:Price$ are &$$Um~d to v.cy fr~m .. t 'C9P~t-"t~ b~ ·a099rding t~ I¢1$QMl ·Qop~itiposf 
Discus$itms with iQcal D~p.u1ment. ~f ~sriculture .t•lf rf'Vt'~~ ·t~f :h,ly: ,pdces 
cJoul>l~d. in th~. r~~nt: drou$ht •... ~tuJ. o~s¢iv~tiQ~ ·retl~~• .tb~. ~p~a.l ·•cortOlatio~, ~o~ 
~~Pnal ~.nditions. Jllld th~ costpf tr..,.pptt. ~t i$, in a clropJtit.,._.y ·~ro4PctiPit :i~.' 
l~~·l~tr~;~$Js •f£~~4 ~Ad f9d4¢t must. ~ u-.n•p<>rted}rmn MQt~· 4ist ... ~~.~()n••~ At 
tb~ ~rn~ ~•m~, •ll tb~ .neisJtboudos ·dro~$bt .W~e4 /;.reg .. fr~· com~"'; .for·~~ 



'i",' 

~~m~ ~care~ supply r>ffodder. Qecau,~lbe $qpply Qf$r~~~ i• lik~1y tt? b~ J»Qre 
. etQat{c~ it i$ •s~mmed in tbi~ mod~l th~Jt stain prite$ .. r~ QQly ·u.t~;~~~ by Jran$pllrt 
co$t~mdhPuleu~~s.h1•.~rousht,.and .. th~t pric~$htcre•"by %Opet ~n.t in the·~ 
Wbt$t~ drousht. For . h~$s $~V~r~ druu~htst stain. ~pd . hay prlc~$ •r~ as$Umed tO 
increa$e on l\ pro rata bit,sis ftccor4h,g: tP th¢ $ev~rlty ofth" dtought. 

3~ ltnpact ofeuvirornnental flow rules~ ~current pasture 
ttuu:1agement practises · 

Pii$fiif't! jtrod••·~.:tion . . . ... · .. . .· . .. ..... . . . . . .. 
l'h~ hnp;ttt: of the. two. riv~ra~c~ss rul<!s on total p~$tUr~ yi~ld ate co.npat~d agaln$t 
th~ unr~stricte,d acc~ss c~se in fis~re 4,. wh~reusoth'? refer~ to ~ero. ac~es' ~t. tb~ 
80th pcr~eo.tUe flow, and ~t90th'' ref~r$ to the where, ir~igators hav~~ zer? acce$s 1\t 
the: 90th percentlle and r¢stricted ac~~ss bet\vecn, the 80th and 90th percentile$. 

R~;:itncUons: ~·N:>M u, 'i!fH ~h~~ ~.~h"~ 

~$00··~ ............ ~....,...,... .......... ~~..,.,., .... ~-~ .......... ~~; 
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F'igur¢ 4: lm,pact a/pumping r¢,flricttcms ()fl/odderproductf()n 

~!f $hownin thisngure1 then~ is ~oosl4Qtablei ~ariabitity ln tf)t~l p~srnr~ pr<lducdon, 
~ven witbout, .PUJl1~iog restrictions, . ~hl$ v~.dabiUty hi .~ietd. tefle¢ta t~e impact .. pf 
d~l.an~ <pa$hite ~rodu~tion. The. bJttance ·. b¢hveen dQ~t~nd . and. i~gated p4$t\Jr! 
production is . demonstra~ed nJrtb~r .in figur~ Sft etiJd . ~&. lrris4tiOn .':4!~es$ ·q~ers 
sisnificahf $lability to .th~ dairy f~rr,n during dry. ~-$Q(l$i b,y pr~vidins seC\lrity Qt 
yield tor th¢ irrigated . ~otnponent <>f t~e :famt. Jl¢nt~vins -~'' <•~ tb~ ,~()th. 
Per~ntil~ f.lf tl~w$ m~~os that r•rmets, ar~ te.ss a.ble to oret~ otllrrigat~ publr,e• JQ 
prQvid~ • minimum, hw~t of fodder producti<>n't The ·post~ <>f ~uch tf:$trlctipn•~ ar~ 
quantified belt>W f • 



~~~,~·~~ ~T9EJ.r 
, .. _., ... -·· ..... , .... ,.. ' ·-· 

. lnipti~t of itrJgat/()n r¢-~rl~t/pn., on /4rm Inc om~ 

Th~ impagt Qf te$trictioJ:l$ Ptl r~on ¢a$h in®m~. (total, cash. re~~ipl$1~$~ t<>t~f ~~~~· 
¢9$t$,) ar~ illustrated for th~. two ~x:trem~ ~se$ 4fno .teUrictiOoJ · lnd 8Qth. p~r¢entil~ 
restrictions hl figur~ 6. R.esulb ar~ ~~~P summaris~d. in tabl~: l:,'l'h~ $ClUr~ pfJncoro(' 
in~tabiUty io the no · restrictipns .. c;3s~ is . the . v•rla~ility in .• pa1tYr~ pr<>dU~ion. · .. A.~ 
~how~ a~ove, even with co.mplt!tely r~liabl~itrig~U1on ·~$$.lhe f£lrmer iJ d~pend~~t 
.on ·some. supplement~t'Y foddey, putch~$e~ .. to .. fe~d the.. dai,y herd, .. ~~·. <lf' 
vw~biUtY in 'fodder prodUction 'from ,, drylamt ~a~tures. ' Th~ lmp-~t or !~PviP$ 
irri~~tton lCcess during perio~~ when. ~armers rely. fflQ$t b~viJy qn Jt (wben ~tyllftd 
,p~~tur~ gr~W1h .is' ~oor) i$ llll Jncr.,~ va~~bllily .in in¢f>me ··.met· tor ·the loth 
percentil¢ cg$e, a signitl~mt redu~tlon me.,. ioc<.ln1~~ 
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•1QQ90 

Th~ in~Ort1e levels dcmon$tfat.cd he.r~ indlcat~ th~ rarnter~ best :;hQrt term fC$pOJ1$¢ 
to reduc~~ pasturei yield. t.t·s ~(llculated by dl.e d;1hy farm numagement modu1~~ !h~ 
model'$ primary respOtlS¢· to reduced pasture prodt)9tiOh · i$ to· purchase e~tr,a !Jr~in, 
~sit: i$ a c:he~per SQUr(Je of: energy thatt h~y~ However, du~ tP requirem~nts'.~fora 
Jl1i~imum l¢veloffibre con~~mptionttolt~3int3hl milk_qut*lity)~ th¢ n1odel $olu.ti9n is· 
sQmcdm~sforc~d to purchas¢ ~ay as a supplementary sPpr~ of f~ed. ~he· $~Ur¢~s 
Of nutrit.i?n ht a drought ~ear. ate iltU$trat~d in. flBUt~. 1· Th~· Pption tor~dp~~ mill<. 
produ.q~ion in. r¢s~on$,~ to rodder defi\;it~· was rar~ly cho$en bythe model~ Even in i\ 
$e~cre drousht:(80th·percentU~¢AS~) .rcduc~d milk .Production was .only chos~n to 
;tU~viat¢ 3 per cent of total nutridtJtitd n¢¢d$. 



It 4;•o,b~ s.;enJrom table lthn th~ 90th p·.,rc~nut~ r~~nh~d()nt hav., Unl.,impttct oil 
T~•n annqat hlc()me. but. th~ ~nore ~~ven; ~e$trictfij!)' ~t··.t~~ lJOth perc.,nlU~ wm 
re.du~~ l'r.nYal av.,rage ht~Qnte_ .by t ~ p.,r c~nt.1he t~fttnin,.U<lrt pf the lmp•.;:t .gn 
l\V~rage fattn ht¢ome .is misl~ading how~ver, l\$ mu~b .ut th~ r~dM~ed ht~om~ occUr$ 
'" a.r¢sutt otVQty I,Qtg~ r~~ucHon$ bl tncumeJn drousht ytar$. Tb¢ b1cr~~$~d 
negative sk~\vn<1~s .in inc~m\~ 'is ~vitl~ntfr?m ftgufe 6, Attd tn tabt~ 1 w~e~~ the 
l<>\\'~~t ln~ome experienced over th~ 60 y~3r $hnuhtti~.m pf-ldQd h• rep~rt.t4t Tb~ 
inct¢~$¢d $kcwnes~in i~QO.~\~ ~rought about by the more $~Vere, 80th percentU~· 
r~strictions .cpuld imp~ct on farm vhtbUity. if~ .la.r.~~ adve.r$e ~vent exhau$t$ num 
t1nanci.al res¢rves. 

Al$0, .shown in the table is .the .hl~iut J\mnud. to$t:. Assooi~ted with the rel;tti¢tio~s, 
Jl)Casured ~s .a. CO$t per irrlgat¢d hectar¢. There is a larg<rdH1erence b~tw~en th~ 
80th pcrcentil~ n~strictloh$, ~ml th~ more l~oient measure. where. f3rmen ar¢ allow¢d 
Umit¢d dv¢r access betw~en the BOth t:tnd 90th p¢rcctltih~ .. Thi$ i$ bcc~~1se lh~ mor~ 
$~v~r~ t¢stdcttons ftre likely to kUlJ1¢re,n~iat JHi$tm·~s(rathcr lh~•1 incur 'temporary 
produettvity losses) and theleft;dth1le between reptauting. and ptoduC.Uon. Jl1ean tha~ 
the farmer re,Ues· tHll1tlrehas~d foddet for ~~t~ndcd p~dod~. Sin¢~· the di~cr¢~oo in: 
ltteanauoualpt.Ulll1hl~ belw~~n th¢ 80th p¢rcentac case.andthf! nor~std¢tiPJ)$ Q~Se 
ate about lA. M .. t~ petJrrigatcd hectare. the $hott tcutt annual co$ts of the ·80th 
p(!rcenUl¢ .restrict ious are abol'J $260/mL 

Av¢i·;.t!!~ Diffcreuct1 p¢r titif · · Ccistp~t W~r$t 
Fllt'JU c.f. no chru1ge lrdgat¢d h~. Siogft!} 
C3sh r~$trl<!tious Y~ar 

income lneQme, 

4.~ Impact ofenvironmentaJ .. tlow. rules~·· hnproved :Pasture 
manag~n1ent practices, · 

./1(~ponsdl4· ln~rell~ed risk 
~h~· v~lues. sh?\Vfl· in·Ute pr"viou$ seetlPtt htdicate:th~·typ¢$J1t~<J$t$ t~a~ the. fanner· 
~att ~xp~ct ifh9 rn~kc$ ~Q 3djustnnmt to th~ hJCt¢a.$e~ risk f\::(a«;~$. How,"v4'r, .sivcn 
.tb~ ma:snitud~ pf the, bt~te4$e4· rJ$k •. n '' Ukety thfit he wm. coo$1der .¢hana.~s t¢ b1• 
~farrn mt1n3g4ruent practi$es; .One .or tb~se te$pon$~ may include iJtv,.stm.~nt in ()n 
fat1lJ w~tet· stor~s~ raeiUUe$J ··$Q•· tottt water can be ~xtraete<t durins{p~rlQd, o£ blab. 
now, and stq.r~d :ro~r l~t¢t U$~~ JlltsCU$sr~ns with [.)t~wc offiC¢t$ hAv~>Jndi"f~d t~~ 
!his opUtm may be,pby.tlcalty pO$$lbl¢ .for .$Orne f4tm~r• b~~ not tUh~ti,An4 wUJ . · 
involv~ ~lsolflc~un. bty~Jhn~nt co$l$~ tbl• optic)~J~ ~<>t ~v.Uu•t~ in· thl• p~p':f, An. 
alt~rnative ffl(!tbod ~r n•k r~dpction br•o ~tQt¢ fQdder pr->du~ in :Y~•n of~.bf$b 



prodP9tlon .it$ tl drought r~$¢rvc· While t~~ typ~ qf h~thtU>Iugy ¢urr~uUy us~d: by 
fqrmer$.1nthe. ar¢~ (bate.$ilaQ~) wotdd not b~·$utllPi~ntly dutlbl~ to. •~t •$ • ~r~usbt. 
re$etv~\ph $ilag~c .. n htst many years. :Pit ,n~$~h~s h}$torlcatlybeC'n unpopUJiltin 
th~ 3t~~~ bc~.alt$e lhQ :$c~tc of ~pera.do~ l$ ~tl~l $1)';j)l to jU$ti ty· the CQSt Ofph$ (i\t . . 
le~~t'for the P\•rposes o(hHrn~ann\JiJl smoPthins Pffqdd~r ~onsumptian)~ llowev~r, 
the impa¢t· orlncrc~s~d climAlf~ risk tn~Y be S\Jtllci¢rlt to truUt~ the investnltmt 
wortbwhll¢. 

In th~ ronowh1g amdy~I$, lheuse.otpit silage as a re~.ponst}tQ increa$ed ctl'rtt~tlc ti!ik 
~~ qu~mified. Bcc~us.e pit!\ilag¢ls only,producf;d in.l~rsc q~3n~itie~, th~ produeti<>rt 
and disp.osal of pit silnge J$ mod¢Ued fil;\ discrete. dcci'$lon. ln order hl ~xPmine.th~ 
produ~don Jitld dispo~al .of pit; sUng~ t.ver a .. s~qucnce of year~ ~~ Js nc~¢$Si\fY to 
determine an ~xpect¢d b~nefit: (or sUng~) fun~t~o~~ which wiUprornpt th~· model to 
produ~e pit$ to . years or hi.gh produ¢ti0n nnd diSpOSQ Qf' them ht Y~3r$ of 1~W 
pruductlou. Th~ e>:JlC¢UJd ben~tlt of plt sil~g~ is the e8pectcd ber1efit th:m1 avoiding 
high fodd~r pri¢es .ln year~ or low prod~cdon. 'rhes¢ bcneflts will. depend on: the 
severity and, duru.tion.of the drought. ~nd the ¢Xp~cted b¢11efits 4~~Uk~lyto be.'* 
d~clinhtg funedOtlOf the humber of pi.tS1}\S: the first pi~ is Jl1Pr~ hkcly to be used 
than the u~xt a.nd so on. 'rt1e .estimation or.att expecl¢d bem~flt tuneHort that results 
i11 an opfi'mat smoothitlg offoddcr consumption ¢ould. be: e~th~atcd using stocha$tic 
dyn~mic progmnuning tcchni'qu~s, where the stat¢'. vadabt~ i~ ·the tl4mbQr. of pits 
avaiJ~ble. Ther~ is no \lniquc pptlmnl rule hoWtWcr, US the e~pcot¢d ben~fit:; ofthc 
dronght reserve will nJso. d~p~nd . on . tb~ risk prefcren~es: of the farmerj ~ho tn~y be· 
willing to pay for a r¢ducfiPn .ln income. variability~ Jn t~is paper a mor~ pragrna.tic 
appr?ach is employed whi~h sear·chcs o,vcr A.rans~ of.~xp~~ted b~nellt ¢urves~ to 
find ·~value tlmt permhs ~·smoothing of incmn¢ without an ~x:cessive build up of pit 

rod· ····ct·· p . J.l ... JOh. 

:\ 
fttgw·e lJ: Jmpatt ojplf$1/age on lfll;ome ~~lk tlft(l¢r 80ihp~rc'"'"' r~sltl()/lons 

~nnu~d. rar,m .· ca$b income$ whb ahd without ·pit sUase tor th«' . S~th .. per¢~ntile 
restricdona. case ttre Jll\J$trat¢d hl ftgutc 8~ lt 9tm b~ seen tb~tt th~ u$e ot pit litf!S~ 



re~JJ9es 4PWnside risl~. CPrlfii~~tAbly, . ithhoug~ thl$ ~?J11~J at· • .. 90$l .· of t~tfye¢d 
incomes in high production y~ars, whe~ t~e (iQ~t~ of itt.cre,~d renUiser u~~ 'Jhd pi~ 
prodpction 90$($ 4r~ .incurred ... Averag~ annual inccun~ and <the Jow.:,$t rect;rd.ed 
inc<> me,. for th\\ 60 year '$htlUiation period ar~ ptesented in· t~bl¢ 2, for lhe •h~rnative 
acccs$ rule~; with and without pit sU~g~t the net etre~t of pit $JlBSe Qfl ,.nnu'lt 
AVerage, htoo~l¢ l$ ~mallf but there is a. $lgnitlcaJ1t improv~ment in f~rm ca~h incom¢ 
during clrougllt ~vents. when pli silage is us¢d. · 

rabltJ. 2l Potential impact ojpltsl.lagc prodtlctlan o.ttfarm Income. under 
alternatfV¢ riV¢t acces,~ rules 

lUv¢{ With Pit ... WlUu)lJt. Pit 
~c®ss. SHAg(} Sil~s~ 
rule 
Avera . ....,.g....,..i.?~itn_,..n ..... ila~·.· ~l ..... fa ...... rt~lt""c"a""""'.'r; ..... ~'"'""in~¢(} ....... it....,tP 

none · $7 J:40 57 QS3 
90th 56046 >S 9lt 
80th s 1640 S.l 558 
Lowftstannu(llfotm cash .Income 
0009' 34131 312l.~ 
90th 32 166 24 151 
80th 2~·001 "891.5 

~oten!lal fl{lgatlvfJ fltiP(J41$ 
~tr~tegie production of pasture Jn. high minfall ye~t$ ~~ achieved, by iner~a$1~~ 
fertUi~¢r us~· ongrAss pasturf!s. Jn the 80th perc~ntUe ~~~~j tlli~ r~$Ults in an inr'!!~~(; 
in ureau~qd.in. the catcJnnen~~ ave.raginsabqut 2 tonne p~r famrperyear, ?neL~th~ 
riww health tssues l$ .that the nitrogen levels .being recordea at $(.*tabam welt at~ 
hisher .. than the ~a~tmum stapd~rd recomm~nded .fqr protection ?f rivet .~eatth 
(R~4lthy River$ .. Commi$Sion 1996)! Wbeth¢rthl~ extra r.~rtiH~~r. us.e tbat r~~~dt$ 
trom 4~ inoref4sed ~doption'ot· pit silas~ would b~v~ any impa.ct· PO river he~UltJ$ nPt 
ul~ar~ l:loV/cv~r; the ex:aJ}lpl~ Ulustrilte~ th~ fmporttmc~ Qr ~ndcipaUog 'tb~ put~ntial 
~ftccts of proposed ~rtvironmeohd reguhniott.$~ · · 

S, Regional impacts 
the re$ult$.of th~ amdysl$ .$howthet farm~rs cAn J~d)U!it.to. th" increAse.~·rlsldness 
brou~ht . about hy th~ minimum flow t<?strictloo~ ·by.· htve~tin.~ .ln pit sUas.ef 'J:hi! 
option ha$ th~ beneUt of reducins th~ downside d$k, bu~ t~e lmptlct on averfl8~ 
income earning cap~city i$ of;. $imila.r magnltud~ regar:dl~:ts. pf ~heJb~r th~ · f11rm~r 
inves:l$ .in. pit 6Uaa~. 'Yhll~ . th~r~. are . <>th¢t (>.ptlon:l that l~e·. farm.~r m~r us~ '19 
re~pp,nd to· these inerells¢d dsk$(such as ir1v~$trne~t in oW farm WAttr ltQt;JSe)~ 
th~$~ option$ fitf} ~~pensive and may b~ more etre.ctiv~ ,in r~ducio~· 4oWn$id,~ risk, 
~.~titer than in improving ~werage ht~omQ pf: th" f~"tl~r~. Th~ IQ$$' of ~rmUAI· Jv~r•ae 
~~$h h1com~ . fli. tbQ. farm an~ . ~alley .·level' Ire $Ummari~~ ln tAbl~ 3 ~· fqr th¢ ·.~.~~ 
w»~re pit ~ill!S~ b us~4 · "'$ a pa~turc man~ts~m~nt tQQt~ . 



1hbl~ 4: lvss m a mum/ tcJ:s/1 ... income: at/be fot'ltl and valley lev~ I 
River uccc$$ J,¢t Farm Vt'lltcW h.wcl 
~~ . 

90th ·• $1095 
80th $$500 _ ............ ~.......,..,....__..,.,~ 

6. Conclusiotls 

The ~HtlerQil.ce h1 income ass~1ciated with altowittg ac¢ess to. sotnc \Vafetb~~ween the 
80th and. 90th p~rcenUie now& ntustr~Hes. the' importance of the WUH~h)s rlvcr as ~ 
drought. reHcf sttt\legy for d~dry fntm(}ts. 1'he difference between the 80th and 90th 
percentU~ scenarios exnmhtcd hete · is due to the fact that the 80th percentile 
i~strictions rc~~tlt ·if1 a loss hi perctHlhH pastures, whit~ the morelenieut· restrlotkms 
(allowing Hmited access betwe~n. t.hc 90th ~hd 80th percentiles). allows fa~·m~rs to 
lt~ep . their pastures ·alive, ev¢rr though they suffer tempor·ary ylotd loascs. ThE} 
irt~r¢6Sed: ri$kiness .. · in. production. rcsl!lting · .. from ... the . water r~atrictions . rna~ 
en9ourage fa~tnt!r~to .cousider nlteroativc drought relief strnt.egfes such ns.lhe use of 
p.k silt\ge ev~luated, here. 
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