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l:rll.E'l~CONON[lCS.OF·· NJ~ANA;(}INGl)l{l'!LAN]) SAI~INl1rY ;. 
t\ IVtODELLINGAI)p·,r{OAClr:FOlt~rIll~·:Lr:V:ERI>OOL PI~AINS)N.S.'V. 

Dcpattn1~nltlf Agncultnt'~d tll)(l RcsourceEconomics 
Un i.vcrsiLy ·()f New EnglnmJi' Armidnlc 

l)~\per :ptcs~ntedntthc3St.h f\nnll;ll C()nl'cr~mc(} ·()f.th~ Austr~dt:ln AgdcHUurnII~con()roi~s 

Socictl\ \VcHingtoli, New ZC:HtlUd:" 8",11 :rl"cbru~\ry 1994 

"I JNTRODUCTION 

Stuinity f~a nnturol componen.t of Austndiull landscapes. Recemly~ ho\\'ev{H'. .;.aHnj~tUion hus 

been on {he increase in productive pattso{' the cnunlry,\Vhite first rcpon~ tHl ""'cundary *'Inn 

s{\linisation di.lte huck to {he 1.920~ (\Vood 192,4l. Mlhulty Wd,'1 pubHdy recngn.i~~~d a~a ..,c1'iou,* 

pmblelt1 mthe early 1980s. "rile e~tilllawd nrea nfJ~md uffcc,ted by drybnd Mlhmty hilS rt"it"u from 

4Zb ono hectares ill 19.82tn 1.2 minion hccwres itt 1<J93fRohcr-tl<lntl 19tH}. Fur the Murray Darling 

Basin. the mOM :productive region in AllstrnH.t. there arc ISO (JOO hc('t,(tr~~s ttl the carty shlgC'S of 

\ahnityund more lImn nne nlHhnn hectares at rhktPu\vcU 199.~). 

Dryland 'iutinity is a complex land d.egntdatinn prohlem, Sud ,alnll\aHnn invntve~ time lag.\ ~Uld 

'lpahaJ effects lhu"it:'~'eatmg cderlMlitms in {hacmrent property rtgbtsfrumcwnrk. while the cau.\,c iSc 

of a ntin~pnitlt MRlrCe pollution charul,:ler. There i:1rea range of nmnagcmelll optnm, ~l\Jtdahlc which 

addrC:hs- either the ~ymplomh of!'i,\hIll\tttlOn or it"c~tu~es. llt)wC'H~r! ... lgnificunt ch~mge" in current 

l't!gional tand .. usc pructhc\ to\vHtds Hlcre;t,scd ccnlog.kaIM.t~lnmahHHY wHl htt ,ldnptcd Oldy jf the 

t1n41t1cml viabilny or farmmgcan hl! exp~cled t.O bencl1.l. 

This paper pre"\cnt~ n rlwth,,'rnaHcal prugrannning rtluddwinch hn~ heen developed to 

Hwe\ti~J.tcthe ccutlnn:llC~ uf salinity marulgCl11Clll options Ul thcLi\'l~rr){mJPIHin~ jn N.S, \V", For;l 

ttmdd fann {nealed in the .. aHnisatinn tone in the floodplains of thecah.:hmcnt. 1.1C't..t Innnav..t.~nwnt 

opnon" ar'~ cxmnint~d under it nmge or pOlcnlml scell~trj{')s, 



2.1·n\~ bj();,pbysic:)lc;mscS()rS()nsaHJl.~mti()ll 

\Vhile prilmU'Y snlhlimltioll of soils. tlCCtU'S untunllly~. ie.withc)uthumm) impuct', secondnry f)dU 

saHnisntitm is mml .. mtldcimd is likely lOOCCUf inlCruliQ where there Isu risk of sttltnccllUlulutiou in 
top snils due lu it riSt.'lJ\ the Jcvcl~ of suJjnc gruum:1wnter, Rise ·ofwnter tnbloscnn ()ccurin 
comNnntion \Vilh il'tigmhm. where mtUlclal \vutcr ilnp()tts hUn :11 regwJl govern it~ hydll}}Og:h:,,l! 
haf~lnee. SHJil1ity can ;l1S(l he cn~(scdthrot1ghdHln,gcs in land usc which involve tbe rcplucenlcntof 
native vegetation with less water consumptive thrn1& of veget~lti{111 which. ~lgu.int restlh~ itl nclnmge 
of regimlul w'uf:er bnlunce~ towiwdh increased recharge. 

The bil) .. physical pn::wessesinvn}ved in s;tljnisatiml ttre well undefslood+ howc,vcr it is difficult to 
qunntify the \.'omptex intemctinns between a range of envimnmctlutlconditinns ~tJdl as htnd use~ 
land$c~tpC hydm}ngy. geomorphology, hli11orics.aIl louos. dim;,uic ,md 'Soil f~~ct()l'S that determine the 
degree of risk of sail salmbmbnn t Slahnlc~ 198t». 

2~.2 nt!lmYi(Jtlr~\f(!xplnllations of soH s:\Iinisntion 

Three behaviouml explanations \vhy Iluman activities t.!ausewlY Jbrm (If hoil degradation have 
been getlCri:lUy (;lccepled. Fi.fst. even thougb the general processes cretlting saHnbaHnn ~re wen 
undetsto(}d. th~~re lms hcenand'{tiH IS n luck of knnwlcdge (:oncerning the cOn1I:lJex hio"physical 
relatiom~hips 'whh "flspcet to ~pccit1c locmkms and catdUlIent~.Kllo\\'ledgc ahout the co~l~ ~md the 
effectiveness of po~sible remedial measure~ is sket('hytlnd hence actiun is inherently nsky <Quiggin 
1987). This ,u\<!curity preserves salinity prnvnking land use pnlct.ice~. und hampers "tllinity 
manitgernent (met! the problemb recogllised. 

Sccnnd. due to the prevniHng pmperly nghts structures. (here arc cXlernnJJtit~\ involved in tht­
s~llinihuti(>n problem, Long: timc~lags create 'intcrtemporaI eXlernaJitle~' where an agcl1t wJII not 
suffer the consequences uf hl~ uwn action clue to d(~Iay1i in the system's reaction, r~flr present lam! 
t11anagernent dedslon,. future CO\tl.;, of the U\ ililuhle options ~m: nOlo Ot' insuf1idently takC'tl mit) 
uccuunt,md hcm:e ovcr·explnitutum of the hydrolngkul syswnfs nutuntf. rcsUiencc occur\, 'Sp~1tHll 
extcrmdit.ic!·,'. ie,. the fU~l that the agents cl.lllsingu prohlem and tho~e suff'cring a arc dJflcrctlt pHt'UC:~. 
cnhullt:e ~m:wUy tlotl~nptjmul land 1l~C:. The siogle fanm:r docs not budget for the ()n~rarm costs that 
hc/~ht' gencrums. TIn.~sc~n~hl1 cnl.jJ~ cun he intcrn~lHscd nll<:C ~m economic or tc~ml h!ed·hih,'k 1"­

\.""l,ahh~hcd th,l:\l jludresl<.c!'o the descrihed murkct H.lHure 'ls"ociatctl \vnll the: n()~cn"'l exploitlltlOn oJ. 
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C('mltnfHt prnpcrtics. Quiggm (19RSlupplied th(;~COmmOll l)tnpctty npproUJ;:!'ll for u description nr 

in!\titutn;)Uul m'mngcmcnt lmd ·'lS,tltl tHHllytic! frnme\v<ltk to drylund 5tlllnity. 

Third.. l'nrmers use di;;cnunt l'atcs in dcclshm rl)~lkiug. The f:tlIU they ~lppJy depe!l{h 1m their 

pre,fcrent:es fnrprCselllUlld future immme. Bccuuse ltl()st prttctk:cst'csulthlg in land dcgrildutton~m: 

tlkelyul .incrcm;c p.I'etientinC'(ltncIH the: expense of future income. the higher .. he dhcnunt rate used 

by the decision. makt;:f", the more r~}pid\vi1l be the rUle urland dettnldtltim) (Qmggin[l}~7). 

~.a Salblis.ationitr thcU\'crp<)()ll>,lnins 

"rhe Liv~rpnoJ. Phdns tie in tbe t.l(uth \ve~lCrn hlore~or NS\V and form part of th~ Namoi 

ciHchment \Vit}tlO theM.urt~ty tim:Iing Hman. \VhHc (he MU11mntiitlg sandstoneimd hl.l~mh tidge~ nrC' 

pure gtilZingcuuntry. there 1:10, n:uxed f~ullling (m the red·hro),vn c~n1hs on thc\}opcIi ;:lUd mtens!vc 

crnppmgls prtrv~llent un the ntlOdw~lY\ rmd Iloodphtlns of tnecmchmenf \\'11h lheir lughty productive 

blal~k(~iU'th" CUl'renlestimate~ ~ugge't that 50 non In."ct.art~~ of the 750 non hectan~ h(l\iO wHi go nut 

prod~lCHon Ul Hu!\ dec,ude due ttl secolldm"y ,tlH. Mlltln~ unlc~s \;lgoruus prc\en{~UtH!' IlctJnn l~ 

hlkt~n, {Schroder (u a{,I9(1). 

Eurupean ~eulem(mt tonk place shnrl1} an"l the regIOn \\a~ e~pJnred by (hl~) m I R i ~ VVtth 

lhe :[iurnpeun \ctdemcnt c~ltm: extensive ~feilring of native hll~h ill): gt'~l7jng purpu,c\. 'rh(~Plujn' 

Gm',,~ !StiP~l ansH~luml'l.,) dnlmnatl.~d pa~HH'I.~' on the ~tUu\ia.l hlack ~ ... ~arth" Tn the Hond plaiu\were 

ImnaUy Ffuzed hut wfth the avwhlhihlY of incn."ilsmgly more m~u:hmcry m tht\ 1960~ th(.~hldck 

V~r1i~Hh were ~ut'rendt!recl tn C'xtensivc cmppmg tSn:n .. md {~rwHl 19S,lt Pad\'in,k~e(lw.:rK"e\ in the 

art~a aft .. ~ chartlcteriseti hy H, lung- faUn\\i~ha't~d\..\'bl,;~.ut" 'lorg.huln rotatIon. 

In t'onlpl.lrisou to the native Vt;~gctatinn. lhe nc\vi.l!!rh"tlltul'u'l land m~Ul~lgcm~nt \y\*;~m, havt~ .} 

htgher innttnltkm nnt' nf ntinfaIL wuh lughcr lcdhlfge cuu~mg. regh.mal ~rmmclwutef h!\cl\ hJ n",c 

and intltR~lng ~uil "abm~atlon in the hlg.hly fcrtdchhu:k !-tmt\i f11),odplaJnlo, ofthe~:ilh:hmt'nL 

or ptlrtu::ulnrjnh~t'e"it in the teglOn ha~ heen lilt' Gonm Ha~m. ~m atmthf ... edutlcd ",uh·~ah:hm\'~nt 

in the '\mtdt~w~~\t of tht· L,tvt,"rpnni Ptain'loo. whn:h dl ... pf~lY\ \valcr tubll! ri't~ and \(111 \ahmi\atum 

t:h~tm~:tlvcty (Greiner Jq9~) [ .. tike Om'nn.i.l UH(;'C CI,btmll.:ml Jak\.~ ha~ he~nmc .:1 pcrmu'ltmt t\.'.llUft.\ m 

.the c.ltt.·hnicnt and 11'-.. \vatcr 1", rm,:re.'l'Ulp.ly \~lhnc t i\hh~ 1993. pl.~r\(H1nl ftUnHlcnt,\) 

i\', lh the C4l"lC in many C.iUdml!!llh (!\'kf;~u'hul:t~ t'l al. J9}N). !lIen;,' 11) no ,w.:h thm~ ~}\. iJ (1t;~~U 

dhUUt:hun hl~l\h~t~n rcdu,lrgeand thl.,charge lnnc~m r.lIc LlVCtl1rHll Plmn.... .11l1cJ hen\"'l~ bt"l\v,"cn 

r't~spnnslt1h: (lgCllb ilud ... alhuty suf.tcrCf\, FllrlhN <:nmpHcmiml\ tn the qu.mnfit:utll m uf rt.: .. I.;.\lInn .... ll.i.tt '" 

an<;c U1 t:dtclunt~nt~. whcJ~c thl.!r~ ;lrc gcnlugu:al \tnlcturc, \\'hidla(.~l a~ gnlU:lid'\\,att.:~r I.;atner, \\ h'1.h 
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do llotcnindde wHbtnp0:l,wnphrc C~ltdltU(!tlt~(I .. C:Wl~ 1991 ,. ~rllet'u isevidcnee fot the t"J\ft'q:mol 
PI;litls., thutSllCh ~~tructu.rc~·exist (htl! lronsput't wntct 'to U1C dischul'gc anm from ndjtlC(mt~ or e1,f,cn 
dl~r.,mttl1pogr~tphH!al eutchments fHrt:mght<m 199.3" pcnmnal.(~nn:ll11ants1. 

\Vith ri!spC~l to .the f)oct{dcosts imposed on the l{)(;~il cnrntmttlWe~ hy ltlfrtlstfllcture dUfllUt!C 
fmm'ii:llintsation~ if. hustl)ClnpbaKls~d. that they huve hl.rhcfln been nmmshed ,011 the wCHlth lhut 
rc,gmtMt ugrj~ulturelm~ ereatcdtlU'()ugh tnuftipHer effects (Jiven llllS r"Ulg\.~t~f aspcct\. tl hlm:k·tmd· 
whit~~;lppn'nch,,~mnnf do the umdysls ~)ftbe ~aHni~~1t:t!ln problem fU5tt.(,~e. 

4 .. 4 n(~("onUJH~ndcdQctilHl.f()J; s:dJnitymnmlgtHOcnt 
As ~ul;.;en .(199:\) makes dt,"ar. there t\ flO ~mgle. pt~cucat, mlh;cr~uny ~.lpplictlhle lHclbl'hj of 

m.anaging tht,~W{ltel'buhU1C,t"; of e~llchmeulh prone tu ~aHn!Siltkm. ie .• lbttte IS no ~PalWt·C"l'. Gent-taUy • 
. dlf~ pmhlcm can he ttddressed hy re:du~lngrec11argt" dnd mcrcu~lng d*\chargc. tu reduce thcqUiUlllt,,' 
Ill" ;"vnter stored in thl! ~ul11rntcd lone of it. catchment. 

l\mong.~t the agrmlomic tneu~urt~'" /.t\;aihihJc (0 hUldhtddl:l's.chtllCC or pl;uH 5pt)t:lC~ IS .tJf hl"}' 

tmpurtant·{'. LUf:erlle has beell prnpil1;:talcd {t~, an cconnnut,':(uI} uttrm:Hve crop wuh hIgh \\'ult.~r U\C 

titte to jts longer gf()wing period than iUUluaJ L'rnp~ whkh pre\'cllts :rcdMr~e, 
Ch'ln:n the pO~ltrVe re!uuon~fup h\;,~tt\een phml bH:lma~ ... prmf.lu:tton iltld Wilter usc~ rc(;'bart:{' ~~ 

reduced f1l .currellt hmd u~e r;;y~tcm" hy grn\\,Ul~ !::t"np .... dnd par.;tun,~\ i.tl then pntcrul~d prndlh:Ut'm 
Ic\d~ * Nulsen ltJK1:it 

\VhHe ~lg:r{)nornil.' mell\l:Ul!\ may provide t,t lni;an~ nt rt'r:hargc redut~thm. ~md dt.~\rlltc d)\~ lilt,} tbat 
there 'lreex.;unph."", \\"hcte lucerne Ims ~ucC'(:~sn.dly l'H~en u'Scd {tn {h\;.~ !\'tmhern GretH Plmn", ,.If th\' 
t'mted Siitte"'iJ to recla:m ~.~dme ~cep~ (Mi.ner £./ al. 19H 1). 11"('C\ an~ lhe only rChithk· ~tpfWn fm 
rC\.C{\ftlg \\"at~r tahte ff\e\> Nul~(m (f 99.l) (;fun!,;...; l"xamr':t!e\ wh~n.~ dll~ tll'OUllt}wmcr dt."pth \\ (1\ 

rept)ned ttl l,tl1 hetween 0 5 and 1.2 metr~\ per ye',u' under nt·\\,t~, t~\tahh"hcd n~t' s,{4md,. Herau">c{\l 
their higbwat~t' U\C tree'" c~m ha\:c "tlgniJkunt impa't \\hen df'phcil to J whlllVC' small un'tl m .t 
t'atdu'OcHL llcn,· t!lett tm\uomncntaf vulue \VhCIl ",tl'iilcglcaUy phmtt'd mtght hI!' hlgh .:nm If lh4.'H." 1\ 

no or lmk~ cnmmen:tal value t \ViUmms t'l ill J 99~) 

Whdctn.!~"~ t..:an h~ ~et.!n ,us a hluln~r.tcill ml"'aH\ 01 dhch .. \tgc en h,lllCCmcnt • llrnund\l. ~dCt putnpmg 
prn'~tdc~ an cn~tnl~l~t'm8 option HWl t"\ tleilhng: vrtth dl(,l ... ~rnrtnm~ nf the problem r.tthct thim tt~ 
(;lU"Il." .. tQuiggm 1991.l t crcaung 11t!\\' pruhlcUlII., ... uell iJh dlSpU";Jl HI' the 'ijitll.m.~~lnUtmL (kuq!t' ~u~d 
;vkPat'hmc t 1l)t)3~t.~,xpl,:·~t thJ.t the lugh CO'>lt of cstahh"hing and uMinhtlnmp; mn~t '\~t.;tCIW\ \\lm pn~\i;m{ 



wide~pre1lHl ildnpHnttH:(l\ve\~cr~ lht!yseclj~npennd j.ustit1cnIHlI1 fot engIneering ttiClt~Ures when they 

tilll provid.cltlunedhttcreliefeg,fnt townships fruUl rnising W~lt~H' tatife~. 

Ii l:l\.\vidcly ri;'ct1gnis~d th.~ll nnly through jnint action involvmg tbe-wbole fnrining cntnmunity 

and IJlher 'srukc,holders can the Q);.i~tin!l und emet81n~ dlaUengcnf dtyhmd salinity be; rOnft<lflled 

HJryLmrl Salimty Millhlgemcnt \Vot'kmg Group i 99:! ~. The fmmciutnm of :the i:':l\l'etllnnl PlaitlsL"und 

,f\;tutmt!tnncnt {"tltnmittcc in iq92 fh.,tt ·co>c('rdtn'He~ 13 lmldc.ll:e groups. i~ u denrtmlicahon 01 tbu 

.~l\ly,itf~n{·~'\tJf tandbn{dcl""" of the impothltl4'C nf!)u";{,lhmhle land m~maJ!elnl,mt uml thelf \.\ltiIngnes", to 

Uildcrtake Ji(lmhmcd iH::tinn,A recent 'iurveyof land nH:Uhlgers, m thclJtctl idsnenlpIH1Sl~e~ dl(~jr 

I~t{)gressi\iei."'onscr\,ztuntHsl O:lttitu{h~, f FhlveUt (N 1 t 

~~*l, .{;;cue.Nl!("otlsidetnUntIS 

A~ hu~ i)ecn outhnede.u:hcr. there h d l~lt::k tit mfnnUJihtn {"otl!.:l't'mng Ihe tini:mt.tHl IHn~c·tt·fm 

thtT¥ (;Ul~ lP\,!':cn, Thh is 11iU'Ueul$;uly true m hrne~ when ther(~ !~ httl", HmmclilJ "'(HPl' ttl!' mv~.,sttmmt\ 

and ~\l.;ltun ducto harsh ct'Huomie t.:uoduHm, il"l an." I}U~"'t.nnty rrt·t.bnummt (('l'.tl'ilWr 199:~, 

There ~lr·c t'\lVU kmds nf qu~mfilah\e ilpp!'nadH~'" ~t\';:lH.!hI~ \.\htm dtH'~H ... nt JW.mt'''' .Ul: t'1 IX" 

~xanufled. wtu~h Me ,muJiat!Otl ...tad pJ'ngrHnmunf! models. H':~ld!- ~md Vtll':hl;'" J q(2) Hurh nl~?thnrt .. 

A rangt: uf qU~lntu,llive ('.:HdunenJ li.itm!i(·" Into j,'itlhnuy mi.mH~tt:·nlcnt hnv,~ fX·t,'U umJcl'ttlht~n 

rrundc ni.>t:nmmen,hulnnlo, ~h hl~~~" (nd.l.mgl~ land m~ma~tmlt'm m dU$ (,".UI.. hment \ an,,", nut*;!(t!c­

~almi~ulHm. 

'Sunul;ttuJfl mmiel~ flk\:' SJllLEr' hti\'t~ ht~en dPph('d m .i Hutnhr.~r nr(.:a~t~ "'ludu.·.. I or tht~ I\. \on· 

RKhanhnrt t.:~lh.hmC'nt ()t"urn d ill il9tJ:! 1 \'Hlruld.h,·dfh~u th dt'yhmd t.iJhmty l,l(ohkl1} t'.Hl ht~ 

"nmtrolh:gJ" hy HHrnductng oUt? uppnl'tumty J..'tTrp HUn fhc~t.Hnmtfy pn~\ .lien! rnt~lhml'" .d l~~~l'~! e\ery 

fuur ",c.u"" Tlu ... \triltt~~~ .11 .. 0 lmpnlvc, i~mn m~'omC''''Fur lhl~ [)nnku.' I hJh. Ot~nn i F,l9~ J .... U!!~\ .. \t" 

.1 tunlhinutultl of pl:rcnmal ral,;h!n~ tt!1 the ."k~h·t.d ,tHI, .md hJltcmt~ nu tlu.' ll\J} InlUu '11011", tH w{Juet~ 

.1utl unpm\i(~ LUlU pmHto;.Olilm ... t,lktd,tUHfh ... Iuu\- lilf fht~ Ultran HasHl tIMl nppnrlmnt~ 

trnj'lipm~ \vnnld ft:>d'UI;.'C fedMrgl' 1ft tHtnhm~uum \\ t,th .1 ht'nt·{lf(~d mnnlle CUl'l't\\hd~ hln,~nu: \\t~tdd 

ht' mnh.' t'U'C'I::Uvt' In ft~dlUrf!t~ ~'HtHfdf hut 'l;vuuhJ l.'ome~H tt hlfhl:.~r t. u,{ tol.Ull:.lbnldt.~r"" Un\" !'\ct,'C 



nm;etlrfl~mnC(l~ts "rcntedh~' s~tlmiStln(Hl'U~e tnC<lfp(lt'uted int(l.tile equatiun. 11 gm)nCrnp,pll~lum 

rnUltumt~ ~lfJ~c~St~ttmIJ~t fa\mn'~lbl(.~" 

In c~tl\e t1fthc '.L\.j!C'urttbn V.dlcy. \Vils()tJ{ 199;1).luls ~pr>lJed the ~mnh! :,mt!tlmdnixrg}, mld sUggcsl5., 

th;ltfilrmer~ .. may ~uhstanJhdly rethlCC g.rmmdw,:.ncr ret:hnrgcumjim:rea~e their gn)~, .margitliuc··ome 

ttll:hhliug perctlnhd p~l~ture", 111 th~lr rohluoumLt. 

~1~h\Z ql1c~tkll1 that lm~ to he ~lsked conoot'ning tll~sC re:!-illlJs is~ wby grm~~ tmu:gin maximishl,g; 

~l('U\,dlCS baVt'" fllltheen lU1t\'"Cl~tlU}' mJnpted l\y t;mners') 'Tht! atl~w~t Ht~partiun~1 :in tht~ npcruUnmd 

case of current Pt'ill!tkeh. in t,'(lmp~lrl:IiOJ1 to tl1e Inure fttnUttgemem tiCmtUldmlI ~l.ltertulti'vclitwhich ;b~lve 

h¢~n rt"clll'nfnend~~d. Otlu·r exphln:1tion~ lhllt hlrmers nl hlct fJUW!\t'l-( on uftCl',t;iX lm.:mne rinh(~!" than 

(}f' ,~mnltu:i gross nmrgm 11gute~ and ('(msidera tungC'f titne huri:ttm. AI~o, SOUll: u1 the 

r'~r/JnmlCJldtttifHlS imrolve Ut~'~"Ilmt;"t:lb~ \\htdl thl! tll.tln·ldmdfimll tinrult:1al ~ttualhm tHight not 't~~!rl'nil 

or \\;hii.~heannot f!enermc the expected 10l1g',·tC'rm b(nlcHt'\, 

On a sHlg1c~farm haM:'oi. acnmprch\.'nM\t.~ Hnam:Hu ~lpprmtrh ba\ b!!eH df'\~lupcd hy Ibc\Vt:!stcrn 

Au~tndin [)t;'partrnent llf Agrh:uhure t KuhIk. t 9(J,~). \VHhm n '!\p\.~tjnl,: fhrminp fr~lnlt'\vnrk. H pbl1i.'e,. 

emphusl~ l)n the sodaland l~c(1nmnil" nlllCt:llVt~ ('I'f the fann hnU4,.chofd llnd a<:cordmt!l~ df'\'clnp'~ u 

'Imi?4erm whnk~4arJ'n phUl 

$.2, .1~1lU<Hmfe rut .upoly-period illJlth(;mlllticinlpt'ogJ~OnlU'jtllg.apllt'(mch 

In onJ(·r lnt':t..:(mUmlI:1tUy (.··nduutc the l:mttl\j~md ht::'tloill, nt "inhmt\ m.¢ul.t~cmt!U1 optwn",. 

~l\aihihlc t:(¥ hmdlmidcr'ln th~ Liverpool P!ain"l>~ n Uliltitt."maHcaf mude! il., !x-ing d~v~lnpcd, it 

!.:aptures. ·m ah~tract ttyrm. the t~"I,;Nmaf (h<U'~Ktl~rt"'ht,:;~ or tht~ ,ahnbation ph\."nnml.mnn m it", ~t)tto' 

t~.t.ntlt, HlUC and Ii.: ilh.:hmt:nt \.:ontexl (\lC'~lcrtnn( hhh~ml 19Xt)), 

J\. nnrmahve approach l~ dlO'-;.J!f1 In .t;Ulltrall.l In the pn~lhvcMmulatimlt1pproadlt~'" mrnHt~m:d 

abu\e~ ~u mlt)h,iet:tl\,~ tunt:tmn \:iln he c,tabhsbed \\hkh n.~prtl ... cm~ tIll." hellu\Jnund ir.lmev .. 'ork nf 

l~lrming 1'heda~lik el"1H10mil: approilch nf prnfh maximl",aunn hu~ heen crJtlt'l~cJ f",t;-qu"ntl) in 1t ... 

limi!atinn to c~plum hurnan mulivuHon flu' Ht.'tHHl, NI!\cr1h,,!ics.s. fihJctlivehHKtiul1!-i ot \ariuu,,* tnUlh 

prn\'ide an ~~"dlcnt tue-an\\\, oT incnrporathm a hChttvioumlcnmpnncnt into it 4tmnHtatiVt· am!ly,!",,, 

,'\ul.l prognumning motfel, pro\ u.tt,~ il mC.i;ln~ o( in\'C~HgttHng" \\it,u "uughl" to b~ ,tli\lm the partkul.u' 

dt~l.t ... mn fmmt..~\\tH·k, Jlnw l~f.u\t~ lh~ anal~:",jlj. ~:nnu .. ", £0 rCithty it,; UHt:r HUn 11 I,jtw*'>tlHu ur t'ilu(l\ing ~md 

funnul~ttHtg th~ !ldcqUtltf! objCttne hUldinn ilUd mdudm.g t'C'(lsnnahl" t.:utl",tfalsu,\ tudhlnlt.:h."n"t' t~u.· 

tlCtl"aiHIl hmm.~work. 
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Pmgrumrnhlg ulOd~15;l.rCp~lrtieufnrl.Y 6tUlcdwht!n there I~te u() tirne series t\\*ujJuble lIpc)l)w,htch 

ec:nnmll~trl~ (Jts,tuUsUC:~lI nR)d~h(!:UJl he l'hl~all. l)Jmmingoftcn ;f\!lies {lfl JnteUtgetH':f;! Hnd S(;i,lfCC' dutu 

as is lbe \,,"ali~ wht"U tt1\;~.,bgtltJrl,g u ;phcn()meltnn~ like $lJinisation", tlmt is )!Ct to hnl1p~tltl'kmdy llull 

'Vicke ·!qtJ;}. 

\VnhmHte l'uugetlf muthenutUcalptugtiUmlling tcchniqlU:t;~ lhmar programlmtJg . (l .. P, is tl 

\uphi~lk~aled,m~t1ytJcal 4nd phmning In'll w~ed ItllhecCOllmnu.;,s,t'Hsciplme,In ngriculwre. :it hm~hec:n 

~i'itemil~e-ty ~apt}Hed t{ll11nn nl(ulugc,mcnt pmblemstlbr optimisingtf.lt;! aUocuholl ()f JiillUcd rc~ources 

irtt{.leomp~tingcn(erpdscs.Hquanyh1111mtant i, tht~ upphcl:Itkm of l:~P~ for regi()[)iIl nhi.t1y~es to 

indj(:.ute upt.imalspntialalltlcnhU11 (~r agdcnltUl'Ri pmdu..:timl (eg.~fers(e:r and lleudy 199:f). 

'rhcrattotulie Hnd~(jtllS ()fthe h!gdel(,f the Ennn s,(:InmmJcs e)f ~ryland :;ialiUlty livtOl:f!DS) 

prograrmning nmdell'.Ja\'e: heell discussed mCiremcr( 1993J w.th re~peet to the rnlcthc mod(~ln!~uits 

may pl;l}" innl~m~lsi!lg dtylnnd Mdim1'>ntj()u mtfu.* Lrvcrpont Plmn~ VIl1l1e the \vholc"t,':aldunenl' mudel 

frumc\.V'ork j~ outlined in the same· ~lrlH,;le~ tbis pilper \VUJUl)t(l present n:n.emodcl farm which is 

)(}cnted in the saHui~ation urea of the catchment ~mdinve~hg~t!c tt~ salinity rnu:fhIgClnC'Ilt optinm~ under 

different hydml()glcnl nndhmd maJl$lgement , ... (;enal'in!~, 

4..1 Progrnmming mouctof :. single farm ultcc(cd by salinislltitlu 

'fhe LP model forms ilsirnuJ1iUJC(}U~ CllUahtm \y"tcm uf tC'\tramt equ{.tftf)n~ and an {lhlCC(J\fC' 

ftmcHnu to he ophrttiscd. The objective fum,tion t~ to :rnaximj",c [ where: 
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The ob,j(,\CllVC l'um;tmt)'·(t~{lu.uUnn t, t1llttirmM!s thtttot;d Jlv~n:lnblt~ im:fHUettftcf nl:<rl/~¢nel·uted 

hy·themndet farm over U ,pm'lmlttJuf t yCUfs;. ltsum~i Ul11ht~ hlfnts anlltnd revenue fnull the \alc (Jt 

p,hmt and h\;t\stOCK tundu(.~C' ra I ala nne!! J> It,~~ tilt" V1lti~lhle '{}~lS ttl' pmclucHnn felt (,.·ul}U.\;tlC'O'f~ 

tC/l.~~,andwx l,:(ud .md Ihlunc:i,ruuhUguurm ,R), A di~cnunt tat~trlJ\ llppficd ttl ftJtun;~ hwum{,~~, 

The majnr cun~trnult ~cquat.h.m~l m c'vcl1' ihrnl manugen1CUltnoder Opl)lie~lU t1lC' htrtll 'llC tit l 

~rhe nrea is spbtuplmok ~ilUnlSUtlOn \wges is,; tluJt fIlilY he dt~dh;;'iucd lnrt dUlh:r~'ttllland 

nmnr.lge.rt.ll"tlt ()ptiOll~ fUll, 'l'he \idmhatHm ~h}ge~ Ul Yl.'ur t ilre det(!rmim:4 by the glnundwiUtJrlt~vd 

at the end .uf the pm\ilnu~ ~t~~tr (OlV1.'i:..l1 f,,~quatj(m Tht~ nmdcJ dt~tltl~tml)he'1.;(hrce~ilHnhaUon 

stage~ ftff hla~:k ~oftl 1\ t,m~lffectt~,d hysi\HlUtyandhen~'c full) prndtb.::t!ve Slngc 2 1~{~r,lrH~\enl#i 

rc\ci'J~,hlc "aHmlli>utlun hnphi:~mnn,s mmnty frnnl \\1 aler luggUlt! whicb rc~ml! Ul ~~ tedu4:ed(;lntlct~ 

pote'tltmt ('rnpsand fC1'Iuc·ed ytc:Ms, Stag~ ~l upp:hc\ tu nrt~\'~f~lhty ~altcd tand \\:hjdl l~ ',mt:ilhlr tt.)t 

salthmd agrullomy unl" 

r:t!umjull t4 t ~itkldtd~-'t; tbe rl~~har~c II?,! nt:currjng untie'}" the prHduUlt,marcu dlrnU!th 

mndomty d~termmed annu~d ntmfi"tH {R,F, ;:uld the t'\'upntfitn~Ilu'iUJun {BTl ult~urred hy thl~variHu~ 

hmd W'I't: npUno!\.. Th~; gnnuhi\\m~r le\l'lletlU~lUoU dt,~tleni,h upnIl the !H'(\umh\ ~lb,n Ic\cl ~tt tht~ end 

of tbe pn.''' tHUS YC~lr. the rechal';;tt~ \:,llJ~cd tllJ ,md l,H't~ral \Yatt~t U10H'tlltm1 huhmt:"C' rtf' "Urn\~lrd 

Je;}J\at!jL~ uI,pln:,*hlctn thc l~ ,c.HUUl a,,1 
The' iCl.!dha(.:k !rum mcre*):smg",~dHU\aUUn Hnto prHduct10tl uno prndlH.:llvtt} l' tlirmulnt~d Ul 

,cqU;.Hton,- and U\), SahuhiluUn dnc\' nnt nniy deh:~nUH1C' dlflt~r(mt "tn! t.·"th."~uru:, \\Hhn~\pL"d to 

theif pnnlu,.Jwn pn.l(~nt.utl hut al~n controls. thl? I~md u"c npBtm~i.lV~llluhle on lhC'",oH imd 

the )ildlh. frnmthc",u (JPuon~. If 1:tPf,hed m i.ll.'Htt:hment (;ontext. ('(luuWm {51 hnk1\ t1H~ mrdcl f~U"m'" 

!:ngc.ther \\}Udl rcpr(.~\t:t1t thll runge of fund m;llhlgcnwnt umt~ m the- Livc!vonl PJltUlr, ffin:fm-r ;nu' 

Purton. 1 <1'} J t. 

Re~HUrCt· {'nn"'tranW~ dC~lhn~l \vllh .lvmluhlc c.upHaL \\hh:h I' nf m-l.llor unpnnJucC' to lhC' nntlIY~lh. 

lppfy hut h"r\c nut hc(.!u fnt.:'nlT~(tf(llcd Hlltl the aho\.'t~ cqmtlHm h~tHlg 

The Upliml\;.Hwn plmnd l' 1.., ten year". Thj~ t\ cnn\.idt!red i:J n'UI.,otlNthh: d~Cl\IOn .(mIt." fmrm,* 

\\.'lH.m ';,.oHdcurmJattnn prohlem~ arc lmnlvcd. It cun h'~ L~:xpc.\.'ted(hat f.lrmCt'l ~ut:' \\ Hhng til fhll'P:P 

"!Hllle ~hOfl term profit frnm lil~an~ \;.111 tll':ttun If i!l.:iJtl hI;" ~hm\.·n thaI (hi~ investment yt~ld ... cc:onmnu.:' 

andccnlugu.:al h~~nenl~ Ullhc dCl;l\IOn pcnod, 



4.2~tf}<J.td~ stt~l.clutc 

SnHnity nwdcHing requires dmt tt series of tcquir<tm.cnts antI. couditiJms urc fIlet whit'b ute 
nl1tliuud in· tJremet' nnd Pm'ton( 19(3). Sum€: or them have akendy ·b~et1· :Jddte~s.edill the 
preM';H\t~l(tun ()f the eqUtllion IhHnewo"k~eg. I h~ rcq uircmonl. thut tllonp· becstal1hshed JrmnJnnd use 
Jn~idjnhn~tltmnnd buck .flH,uH prodtJchvily uudftHttre lund nlmmgemcllt npti(ms, 

BCCimsc lhe ~yslat,)l.mtldcJled j~ bighly c{Jmp]ex~ the JllC)del consists of n s.Ories ofnmdule\whieh 
disaggrcgute (he .COt11pre~ llg:tonomy .. hydmlogy,*,saU.tluwtion,.ecmlmnlcs rehtlionsl.up in n numher of 
nlt)duJeliHmt deal \vHh tJJffcrc'tlt it~pC\its ,separately, They inehtde: 

lhe .)gttltlOlllU: feature«; of Ut:on,\rcnUon.aUy" famung diJfet;euJ \oil types. 

• thedmrm;:t~flstH::.<I Of'~UlthiUd ~grnnwny. 

" thc lmpheatfons of~eflsunHlwe~nher enndmutls muJ the dynamic~ of water lahle nmvemcnI uud Hs 
(nJ1s('quence~ tbl:' sahmsation. 

• ~nle nf products !lud ptm:hilS(~ of input factOl'1.j needed in the prnductlon rm)CtWs. 

• the \\ihole .. fM1l1 JOtl,tNehll .fil1tmCwlS:'y~lcm invalvmg H:rx,Hmn. existmg nnd llC\~' lmhlhtn:: .... Hull tm*fnnn n~ 
wen ns off .. furm iuVe\Hnents 

'rhe tl1oduJe~ nrc Hnkcd through a network of nctlvitu~satl Jlurconh;tTUlnl~~btt:h mndulc 
cnn,jl)ts of ~l dutu SCCtJOHiUld n separate \prcurl"hcet programming mij{ilX. The IllfRk"l ." \nlved hy 
eXtended i'J'plicatt(H) (XA1. a prngnlll'lfnmg software hu~ed nn the ~implt~x u!gnrHlml, 

4*~ Ot~crQ~C SL(JchnsHcProgr:lnJrniug 

Recharge 1" not it rnntjt1unu~ phCnOmelltm hut mtfu.~r of 'l,pnradk IhiJurc R('dlllfgC t·vC'nt~. fH,.("Uf 
Hner htgh-mtCl1\l(Y \tonn\ and Ul high-rainfall \Cit~OI,lS... CHmutk: vurmhHity tht~rl"tHn: C'xplam\lhc 
o~'curt'encC' of rc(.·lmr!!"~ U\ dn I~md use Hud \tltJ type (nlOI'hurn ct aL J 99'). i\ dt"-it,'rctt' ~todm~Ht 
pf'ngramnung OiSI>} ilpprml.dl 1~!Hkcn to Hlt;Orpnnlle a range of \en~ntmJnmljilU Hgun:\ mIn the 
mmJel, 

Tht!!c \CilMlll typl1"i urc dC'Hut!d for hoth \Wurner iUld wmtcl ~cu\on ... wuh d.lr~'t H1l1'iJct tnt 
n:l:h.lrgc frotn the rnngc or Vt;~gctaHnn 'n\cr~anu crop yicldl-t. The ~Ca\fm dt'ntHllon" .1ft! hH', ... ~d un 
the \ca;.,nnfll wmtitll Uh"'CI'vcd ttl (he rC!!iun over (he PUh( 100 year.... 'rhl~ tbll~~t 1) q. or >c:,.tr~ fnrm 
thl.,~'dty "'\l,:.l~on" upthm. the 25 f?i )'tta(") rcconJmg the highi'" '1.."'.a~nnilJ nmlfnH Me ~wrHnlH·I\t.>,(1 tlithe 
"\~"t.·t,~ea\nn" it/td the rcnlaillinp. 50 (~; form the "avcr.lge~"icJ.:1o,nrf" 
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'rheOSP nppr(}m:hcUlmJi~cs thc' high ruinflll.t vndnbitityitt the n:~gi.()u whichiscfnu:n<!ledsed by it 

cnCrncienl of vudnUnn of {),lR. It providcsn lmsis rot itli\1csdg~Hlug Ihe: Imrmctorwcnthct;' *,\,cctmdm; 

t)n the s~llinjsutinnptoccss tmd (he 'cfl1clency unci ecouomic~t)rlllnmll~~nlcm oJ)UUUS fGJ'cjJlcr und 

f>,tlftlln 19931;'Uld is not t1li.nlllt'ilyde.I)J»ncdlo nssi~t \\lith lllni!clUngun expert,it:,(! fut'lnl' itl fhrru 

det: iStOnmrlking rKingwCUf.H at. J 9(1), 

~t4 5casmmJ; l~e~hRq~~~m~urcs: 

ftw the purpose of eslir1'Hltltlg .sa~l\otwJ I'~Ilhcl' than iwel~age tmmmi recharge under diffc-rent land 

mnnngement fiystemSct theCCltllprehcl1MVe ~oil .. plant~tnmh\lirm HltH.i.cl PERr""EC·r.whi<:h l\j,lmuhlte~ 

"Productivity\ t~tn~i(Jn~Rllnnfr P'uncttorts to l~vnluate C"'Ul\ctvntlnn Technjques··{l.tm~hny £~l ttl, 

1989) is mJjusted tn lhl~ requirement und applied 'I'llc eUmuHe datnl.)ast~ of PERPBCT Lomhinc~ the 

daUy rainfall over the p~l5t I on ycnr~ wHh the soHC'omjitium~ of the f .. ivcqmnJPlalns. nod hence H is 

~1.hle t() .t!Iiit1U1tHe reehurge ttsa.fum:twn of \C'm'mrml nunfaH for ~pc.ctt1c fund u~er,;. 

For the hluckeutthf, in tllC'LivcrpooI PhuJl!;" flU1cUnnul t:elatinrudllps hel wee II the mUll un I of 

seu.'totml J1t1nfult und Crt1P yicJd~ c(luld be estahh~hed" In thcc:.\l\c nfmchnrgc. howe vet, the 

corrclilUtHl ctletTictent~ were ttlO lnw fR2 between 0.2 and (3) to ju~lj(y a rcgrcsswn. 'fhl~ Indicate'S 

that the ammmt of minJidl pcrM~HMmfsnnt the prcdmntnmn vntiubJe to explain the variation m 

recharge tn grnundWi:l{er tInder ~mfs With lugb moi~lurc~tnnng cnpacHy Flencc* it 1l11ll"'punm1ctrit: 

approach wa~ wJnpled. \\ihere the MmulaH:~d redltlrgc of the 25 (} weHest~ 2S (;c' dric\t and the 

uverage 'Seu~nmd ramfnH yeart, \Vt~re uvcragt!d 

For re:d .. bn)\vn eurths [he currelauun ht~t\vccn rmntuH und Yldd~ us well a~ ruinfall "Ult! redmrge 

were ';ulliuendy ~lgndJ(:atlt to tixmulate refH'C,,"stol1t, .(Grclucf tqQ41. 

4,$ NOJl"Crnpping {~nndU,(;! OpU(.HlS 

The nmp.c of land u~c'" \\ihid} PENFE,"T f.'HVC!'\ tnr yzcld and 11.~t'hiU1!~\l~SWn~11HHl 1\ (t~"td('h.td tn 

the mo", unpnrlant ~\'intt"r and ""Hlumer crnp" Ht~\td(H ... th(;~ "'nd \\(lICr mn(h,~I r,Ul hI;' ~.pplted to 

Plt"'WfC optIOn\ iU'ld lucerne gmwHlg tn t..lkul,.He rel.:llal"ge under pt'nmnml \cgt!(auon con:-" For a 

\\ Irk~ range of land u'~~~indtHjmg ,<armu,,- dCJ!;re\.~" of lret~ (,:nH'1' imd dlff<.m,"nl %illthmd .I,gruUnllt} 

uptiun. {hl:' r(l'hafg{~ nt:?mt.~" hi.ld to hI.' l'~ltnMtI!d Ihe llniy rch.!hl~ d,U~1 h~hC' ahlH.lhlt~ lIMtL'P\I.~f' .t 

lnmpn~h("n~J\I~ uHlgt'" of VI,'!!t'tHHml l"H\(~r;, ~;I" ('\I~fhlt\t){'d hy C,rttvnwnod {1{]XS. itl onhn tn 

fran\fer ht~ tlnuHlg,,- m \Vl!~ll"lm AU"Ualhl nrlln a rathcr I,hUC'f'tNH lo~atl.~m hkc lhe I JH\lpnol PI41W .... 

fhl~ PI:]{FECT n~dlatl~t:': .. ·\Hnlilh,)"'\VCtl~ uwd tot rmlldng tlw ("TOP'; ~md HlhN hmtl U'\t~'" anti thl,"tt~h\: 



cstimnting re,chnrgc/dlschnrge values. A~hnitl.cdly. this is ~l ruu,gh pm~edur~ ·~con~idcdng the 

nbscnce nfmore reliable ,hWI suur!;.~es~it is tegnrded as uppl'()printe UppJ'tH1Ch thrcstinmtitlg ult)dcl 

co~rncietHs. 

5 SEt.l£CTl£n l~nJ~t,lt\nNAn\!nl£stH)fS 

5.1 lntroductoryuo(cs 

~;l()PE[)Sis strUb~illgde\ltllnped und currently undcrgo(ts teMin.g und ev~dutltiotl nfc'~i~hlig 

parts,. revisions und further deveJoIlJlltHlt. The flreUminulj' n.lsuJts which un~ Pt'c~e:tued heluw nn: 

has~d nnuo oplimhmtion period of three years which is nPJ~ned to lest the' ClH'fCcttempnntlflo\\'s 

within the nmdcl concerning £loth \vuter hlblc uud safinisntion rchncd pnJcetlses us w~H 0.\ farm 

fimmcial now~. The ulodc! filOll \vhich is inve~tlgated in this testIng plmM! is loC'utcd in the 

s~dimsation .zone of the Liverpool PhJins. For euse nf re~ult interpretuwm t the fll'CO lfi. assumed to he 

1000 hectares of black ~uiL 

Some tlr the' techntcal cocffiehmts nrc of preHm.itlal)' dmr:lctcl\ namely the Mdinj~atiHn rute~ for 

hoth tl~··,:ers*hfe and irrever~}blc "'iUUni~ali()n (inCC critical watct' levels m'ccx(.:eed~~(t Pntcnthlhmd u~e 

opUon~ are restricted to traditinnal crops wHh the i1rst optimisation yc~\r set ut the wll!:at~hnrghum .. 

longfllUQw .. rotnUtm. In tht" thUowing years the paddock tt)luUnn~ ';mlc1li\.11g(~ tn shdrt·JilHfH\ 

~y~tems which currenUy cxdude JC!!Un1C~ for uppottunit): cmppinp. On rcvt"[l)ihly \nlinis(;d. ie. 

wtUerlogged ure';'l. the nnly cropping option i') harley. S~dt1und agrl}nnln~ olH{nnloj apply tn 

irreversihly Mdted arenot the ~aHnised land L'jUl be left unu'1ed SensitIvity tt~~ting !~ npphcd for the 

iflHial water lithIc which de~(:rihe", the nsk of \oil snHnj,utmn during the optlmi"atrnn pcnnd. 

5.2l\Jodcb:,\ssumpHoDs 

Two ~et~ of modt.!l rUfl~ it},C pl\~"icJ1tcd below The 11r51 three rUI)\ u.,~umc "a\'t!mp:t~" ramfall 

COIllhtir'l')s for tmth wimer H.nd ,ummt:r seailOll over' {he optimi\ation perfmi. For tilt> fhflt )win~ nm\ 

"v.ct" conditlOns upply during the winter \Ci:l;OI1 to lC~t the I.'free!s nn 'litllint\ntion nnd farm mt.·t1m'~". 

The three run~\ \vithhl each \vemher ~t.:cnartn look ut 

(41 J a 'ltuutinn where tht' milia! Willer tilhlc l.\ tWt) metres helm\' tft<.' t:ntll..i.ll klH~1 .,0 th;tt tht·re I*> 

tl(\ iUlntcdiat.c threat of \ahni~lltinn given continllou~ watt!l' t~\hl.e rIse and tht' falill\\.Ulg '<Iy ... h.*m \:~mh\~ 

,"l;vjlO,j.\d u~ing the currently prtulomrmtn.( (,.'mp~. 

(hi a .,ltu~ujunwherc the initial Wilier tuhlc is ~C{ equal to the Lrili1,~al k·\''t~l ~o tll,ll l,aJmhi!twn 

\HU occur and the fccdhill:k nI' ~ulimty no "Ioit prnducthity cun he .,hown <1gI.lHL tilt' laUO\\Hl:U 

"I1"1te:m 1\ hcmg rc\ bl.'d. iUlfJ 



(c) the W)umcgrmHuJwntcrcnndiHnn as in fl»npply hm lucerne can bee~tnhlished ns a high .. 

water~u~e"crol'l, 

'rhe obJectIve fum:ttmt t11iLxitutscs I.waUnble IHlltscthold income OVCl"(hc three YJ.Hlt'sc r:or fu(ure 

inCtm1e~ ~l discOtHll rate or 5 applies, ;\vuHublc hwomc js dcdvad n'Ofl1 cnrnings hcfhrc hHcmsl 

and tux. tl~13 t1~l. interest. rccc:ived und pnid, income tnx uprl1icuhlc •. nnd r~paytl1em oliligatiull\. Price 

~'Ontllti(1n5 of It:}I:}~l apply H'utrick 199:3) nnd an nnmud price dee of 4 % fnr C()~ts and .1~, 1'ot' 

Ctllml1mhtics is assumed. 

An mHhu debt M' $ lS(tO(JO npphcs t.o the linunc!t\{ condItions or the model fnrnlt laxmion is in 

~lCt:t)f'dum;~c with the present reguJntions nppHcabJe (AuslmJlunlvlm,tcr 'rux. (Jujde 19t}Jl. Initial 

~avings .is set at $ 1 noo, H{)uschold conslHnptiou equals $ 35.000 in the Lirst yen!' and hlcreases by 
5 % pa. 

'the crWcal grmmdwnter l~ i<i ;; m. nvc!'y millimetre (rum) of e>a:ccdctlcc incurs 

waterlogging (n~vcr~ible salinismion) on (},3 hc(.~ta .. os of bluck soil. \Vhcn the watQr table rises above 

1.9 m from snit sutface. irreversible snlinisationuffccrs n. f 5 hcctures for every mm uf wnlcr table 

rise. It is ~l~5Ul11ed that only :1 percentage of tht! fntming: tU'Ctl is. ~us('epflbJc 10 ~almjsatirm. l:lcnc{~. 

maximum areas for both forms of salinisutionapply,Lateral grouml\Vtl{CI' replemshrnentequlvnlclll 

to 10 rnm recharge nppliel) (BmughtClu 1993, personal comnlent~). 

5.3 Nlodcl results 

The re~uH" of' the fand,.u~e scenarlos given ''ilvcnagc·f minnllJ cnnditinn~ afe ~ummari"l?d 1.11 

Krahl!! 1. Table 2 prehcnls the equivaJent '\vet" \-vinter :'-Joason Sf.·t~narios. The lable~ show tbe Innd 

use over the three nmdel years in lhe upper table section and dil,play the farm ntlant.~htl implu.:ations in 

{he bottom section. Some tremh~ nrc visihle from (he rC~lIlts: 

( l) There i4; a trend away from long-funow rotation systems. Thc hIgher crop yi,,"h,ls under l.ong­

faHow condition~ are outwctghed hy a farger harvest rccclvcd t.hHll an tncreu"ed area pltUHCd under 

short-f"HUm\! condnions, 'rhe tmnsilion to \hort·l'alJo\v hUI.,cd 11lrdduI.'k ~cquellce" rcqulFJ\ 1.1 penod 

of s.cvcml yeur~. 

(.!) l .. m;cl'l1e ih< a proilmbte land usc OplHHl and the lugh uutml mH~"ittmml I:O~I. ... Hnd fhl~ n~k 

reluted 10 c~labJhhm~m payoff cvt.m over a Illl'l\,,·yc'lI"),~nnJy opUmi"utjun pt'f1od. 

C,) \Vilh only tllHrginaily ChlUlg~rJ l~rnpping, ')~t~m~ WhH:h illcitRlt" d~'dm~\ in tOlll1hl1hm and 

inlmdw,:tinn ofluceme otl part of .lh<.": area. ~;lluwmtJon rematn~ U [HIlCCSS on ttl\! H1t>Je~I.~t;". ~lot(;~ 

dnllllatl{,; ~hangc~ in land u,c urc t'I!l}tHfCd tn nhUhtgc tht! pll)hhml. 



Table 1: Model results under lIu\'crageU raitlfall cOllditions 

Conditions 
i;lOd Management Options 

Initial watcrmble depth 

Objective Value (S) 

Stl/inisation 
Salt;.cuna.ffected area Om) 
Rcversihl y salinised area: (ha) 
Irtevetbibly salt affected (ha) 
\V;uer table rise (mm) 

LandClse (ha) 
Wheat {long fallow) 
\Vhcat {shott fanow} 
Sorghum (long tallow) 
Sorghum (shon fallow) 
Sunflower 
Lucerne.esmblishrocm 
Lm:emecrop 

Farm:}liTianl:ts ($) 
Sales Revenues 
VarlableProduclion CoStS 
Fixed Co~ts 
E~mlngs before Imerest and Tax 
lntercslrecei yed 
1nter~l paid 
Taxable Income 
Tax'pald 
Loan Repayments 
Newl)ebt 
TOlalOwing 
Total S£ivings 

Run A 

revcrsecroppinrJfallowing Systclll 
(nooppor{urutyeropsJ 

4m 

110,731 

Y~tQl Y~~LQ~ ¥~nIJ1~ 

HX>O 1000 1000 
n 0 0 
0 0 0 

1m WI 95 

333 333 283 
0 Q 50 

333 333 283 
0 0 50 
0 50 so 
0 0 D 
0 0 Q 

241,720 274,040 280~914 
93.400 lOOi802 104,,295 
61.655 63A90 67~lOO 
92;687 109~148 IG9S19 

ItXl 448 1~288 
22.500 20.904 )8$13 
70,187 89,;293 91~993 
24~646 33;389 34.63] 
15~229 13,936 l2.542 
4,589 0 0 

139,359 125.423 112.881 
7.968 9,820 34.354 

:RunD 

reversecroppiog/fanowing system 
(naoppattunitycropsj 

2m 

101.540 

y~q!'Q! Y~l!r.QE Y~3J.:03 

980 945 !nU 
:W 40 60 
{} 15 30 

IUt 100 96 

333 327 278 
{) 0 37 

333 327 289 
0 0 26 
0 49 47 
0 0 0 
0 0 0 

247.,120 273,224 277,409 
9JAOO lOl~995 105.442 
61.633 63t108 66,351 
92,681 107.521 J05;616 

100 386 1.,052 
2t;500 20.904 18~gl3 
70,281 S7~OO3 81.;855 
24J>46 331389 32,721 
15;229 13,936 12.542 
4,589 0 0 

139;,359 125.423 H2~881 
tWO 5.732 1;586 

Rune 

introduceluceme 
.reverse cropping/faUowingsystem 

2·m 

113,264 

year~Q! ¥'taTll~ YCllf03 

981 962 9.32 
19 38 55 
0 0 13 

97 91 86 

312 288· 249 
0 0 38 

312 288 251 
0 0 32 
a 43 42 

65 65 0 
0 50 .100 

231~618 2S9~Q42 348.(}13 
S7.319 90.306 9S~ln2 
58.161 57,386 60!939 
86tl22 1411290 192iOJl 

100 84 l~S60 
:10,'575 39~235 36;099 
55'S48 102,139 151S93 
17,866 39,298 64;,899 
21,385 26,157 24t066 
ti7~704 10,500 0 
2561318 2401661 212;595 

0 cl l 684 33,828 
C_ 
t;,)' 



"fable 2~ .\hJdeltesuJfs under It wet it winler rainf.}}) l~ondj lions 

Conditions 
Land Management Opt ions 

Initial w.ater table depth 

Obj:edh'eVafue ($) 

Salirris(Uion 
Salt .. unaffecrcdarea {1m) 
Reversibly saHniscd arca (nul 
Irrev.ersibly salt affected (ba) 
'Vater table rise (tnm) 

LandUst (h(1) 
Wheat (1ongfaUow) 
\\l1eat{shottfalIow) 
Sorghum (long {anow} 
Sorshum(shofl fallow) 
Sunflower 
Luceme,esmblistunent 
Lucemecrop 

R(irlnFfmmces ($) 
Sales Revenues 
Variable Production Costs 
fixcdCoSlS 
Eamingsbefore Interest and Tax 
Interest received 
IIiterest paid 
Taxable Income 
Tax 'paid 
Loan Repayments 
NewDcbt 
Total Owing 
Tolal Savings 

Run A 

reverse cropping/fanowing SYSlem 
(no opportunity Croil'i) 

4m 

2301165 

Y~J?l )"earJ>:; ycarjJ~ 

1000 WOO aX» 
(l 0 0 
0 0 0 

101 101 95 

333 333 283 
0 0 50 

333 333 283 
0 0 SO 
0 50 50 
0 0 0 
{} 0 0 

3151892 331~-687 362,902 
93,400 96 .. 102 103.826 
6~.655 63,490 65.4Q3 

100.859 171,995 193;673 
1~7b8 5:,:644 104912 

22.500 20.250 18.225 
140,126 157~3g9 U)6~360 

5672.J 64713 18039 
15.OQ(J 13.500 12.150 

0 a 0 
135~Q(X) 1-,215.<XXl 109.35() 
34.354 78.530 139r102 

RunlJ Rune 

reverse cropping/fallowing: sYSietn in.troduce lucerne 
(no opportunity crops) reverse ctoppinB1r~nowing ~'YStem 

2m 2m 

218.726 264,,057 

Y.C:ttcQl YfrQt:2? XQ!!tf13 X~ru:Ql ~!tP4 Y~!fJld 

96S 928 874 giG 954 sSe'> 
32 63 94 30 58 g6 
0 9 32 0 8 19 

159 151 15.5 15-1 142 138 

333 320 283 312 281 259 
0 0 18 0 0 12 

333 320 301 312 282 210 
() 0 0 0 () {} 

a 31 45 () n 41 
f1 0 0 65 65 0 
0 0 {} {} .50 100 

315.892 335.954- 34t896 2951359 349,,690 423.919 
93.400 IOU})} 105:.369 87,.329 88,,693 94.;951 
61.655 63.621 65.317 58.161 51,321 59 .. 692 

160.859 171.296 11h210 149.863 203~67S 269J285 
1,768 51625 10,248 956 31788 q~020 

aZ.Stx} 20.2.-4\0 18,225 32,cns 35,783 34,204 
140,126 1.56.671 163~234 120.144 17t.681 246~lOl 

56721 64.3&2 67AOI 41SS0 71~2&S 105,:520 
1 $ ,{)(X} 13.500 121,550 20,450 23;855 21tc470 

0 {} 0 109.000 0 0 
13S,{XX) 1211500 10003.50 23a~S50 214.695 193,226 
34,354 78.142 78.J42 17.J14 48;J53 84~111 

~ 
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(4) Ab(weave'ragei'uinfhll cQndltionse:~uoerhnte the snllnisotion problem. 

(,Sl Theincrensedcfop yields inhighntlnftdl seasons transltlte iott) big untttlchd l,cnefits Jht the 

fn.nn filature not outweighed by increased st\lt,..affected,urea,ovel' the three year period. Lucerne is 

pmtieulurJy pmfitnhJ~ jn~tbove:.n:verage rninfn(J yeats. 

(6) Lucerne growing shows a mitignting effect t:m the rutc nf ~nHnisati()n but lUcerne cmlnot he 

expected to comrol -safiuistltion ttl H slttHltlOll with high Intuml grouudwuter replenishment ..rat0S, tUi it 

is given in thelloodpluins rnthe l..,nrerp()olPlains. 

The farnl financial calculntions show close .. to"renl.ity investmem behaviour wbel'c 

itl'iestrnenls are taken {lilCe they prove proUtnbJe ~tnd tlrctlft'htd~lhle~ undwhere debt~ nrc u~ed to 

l-educe lbemHlUal ttttbiU. 

:5,*4 tlis(!ussion·ofthe tesolt.t).and iIllpUcntions for nlodcldevCiollnlent 

The mndel reactions as displayed ahove are reasnnahlt! in that they dt!\L'rib.~ platl~ible dCCt~hm 

takmg hebavutnlf in a &.bnrt term (3 ycar~}phmtlitlg hnnz:on. The optirnis{lHnn period of three yetu-s 

proves, t'o()~h{)l1 tn ecoomnicaUy Just~f)' (ttl)' seriou<i ~alinity ubaternent acthln it (;an he expected. 

that other iand use optioll.'i ttt all satim~t\tion stage!' \viU be adnptcd once the optmlil->,iuinn pt!dod \viU 

u:v~:'ctive ten years \\'hHe ulx .. deductinns nn expense\ related to ... aHnity manilgemem • ie. trec phmtinE 

and fencing) d(> llot provide any im:ent.vesm the ,hort term, this might ~hange \vith in('r\;."~l~cd 

number of years under mve~t1g:ati()n, 

Tbe modell1!SultSc \h(}\\ t11honat ntrm financial management Thi~ is important in that the mal0r 

aim of tlll~ model1ing.exerci'se l~ tn provide decJNiooslIpport for snJmity·arfected of \a1inHy" 

threatened farmers Tax.auon i~~ues and fun~budget conr-.ideralinns includmg tn'vl;;"~tmenl pnrt!nhai nrc 

nn e~~enti;:l1 cmnponcnt of fUnnrnani.lgement '~10FEDS will he ilhle 10 provide m~mag-t:nlt:n! 

infbtmmhm related to prnductmn .and financing is;,;uCI" ewer 11 period of ten ye;:lr~ if it medmrn·tcTlll 

lncnmc perspectrvl! lS accepted. 

'file nlude} re",ull~ shov.: it linear tfend in ~aHmsation once the water tahJe threshnkl l\excccdt~d 

hi' ground\vater n ... ~, \Vhite the rise in ".vater table cukulated by the model J\, 10 the mngc or \vhal ha!\ 

heen nh\~rv:ed on the LlvcrpnnlPlams. the I;mlinil."l.ltinn I'tite win I'cqlHre '-.01111:.' fillc~tlmi.ng 

The ;J.\\wl1cd farm'stlC in the model tc~tjng phasl! 1.\ H)oO hct.:tnresu.hich it; only 22 ht;,.ct~ttt\\ 

hchl\V th~ hnlding\ ilrcu nf the \Httl~llcal mndcllltrrn reptchenting adus,tcr of 101 ~r(}prmg: t~U1n\i In 

lhe pl~in'" (ABS J. 99.1 i, ~n Hl'ilO he claImed thi:!t the testing is dnnCtfi a \t,"n\lhlc farm ~trlH:tur4lf 

frmncwork. The mt)(lelhH~ to he extended to ~,pplu:ati()ns fot' ·olh~r farrn tYPt~\ mcluding mtx~:d 



16 

t~ll'lllS (gt',-tting mulcroPtlingl 'lndl{trmswht.H~e other Mut typesupply us welL [1 is important to ~h.\tel< 

tbt11 MOFI![)S. HI ntder tnClJpturc theessentjuJ~ of s~tHnjty nmmlgulnCtlt In tht;~ Liverpool ,Phlins. 

fll\~stlg*'lte~ mto trl.,xtel iitrrns mther thtl.o existing fanus which w<mJci teqlurca f:hrm,,:&'pccific datu 

Input with res:ultslhnt \:H)uhJ not lleco,~snri1ybe ~lppUcuhletot\ wholt! lund manngement unit with the 

l:~att:hmenL 

TllcHmtl per~peC'trvenf tbi~ lnodcHhig\!:~c<rc's<." nZllmins the tisiem" that \1 lntuli;:ut,'hmcntmodcl 

"~im bt" devel<Jped h~r litddng rantt mode-Is thnm~h the lute-rul gmumlwlltu:r movement cumpnneut .It.) 

develop an answerbJ the questtnn. whm IHnd u~c '\y~tems m wh.k'h pans of the \'tlt"hmcnt at \\hich 

extend \vuuhJ ma,XlmIM! the nledlUm~lcrm lm:mm." of the whulc funning comnlunuyTlu, ;lppn~"ch 

\\'111 re'Ve~d the Wt)uld"he \\~trmcrs; and luserl't in n (,:utdlfl1Cllt .. opl1.mal I;i.tHUp. Ext~nmI cn\t\\ ·uf 

d.ryhmd s~dinjsuUon v.:hicb fl!late tomf'ntslfucturc d,UllitgC~ horn hy the \\/fUer rc.gwflnt \:t)mmumt~ (lnll 

tl0t \ubJcct of dn~arpmuch, 

Tlu~ paper intrndtlce~ theCtltt!:cl"t 01 a mathernutk;.d prognunmlng !\ludel tn tn\e~ttp,line tb(~ 

I::flr:m EU)tlomil!~ of Dtyla!lu SaUUlhatwn {l\:R)r;EDSI mthe LJH~rpnnl Pl<lin~ HI NS\V. Land 

manag~~tnent piay~ t.hekey role III the (k~,ctnr~mcnt of ~idinl%;llttt1n thrrmg:h dt"tC'rmnnnj! rcchm'p:c tft 

the grnufld~l\ .ater sy~tem of a ,c.:atdnnent \Vlnh! ilJ'utlg,e saium} managemt::m npuutl\ hU\l\ l~~en 

l'C,'ummended· and ~mluh.u1()nmndei~ hJ\c ~hn\\n theu henefktul cfh~l'h\Hth re~pe~f tn redUt'l·t! 

!:u'nmldw:ttC'l' rIse and in'rea~e .. l larm nct ml,.':om(~,. f~.lrmcr\ b~lVt~ t~"'.en t't"}UtliUll to .:uJupt UI!;,* 

reCtltnlm!:I'ltlationt; !vtOFEDS prH\rde~ u Hmf tom\iC~ug~He mcdttun·ttrm hu'm upttrmd land 

fTltUhlgement \tf.~ltegie' untIel Muinl'O;atHm Cln .. :tun",lancC'\ itl th.~lt It aI.'\:I'b\;'~ .. ttl uh~t'tn't: Ihru.'wm of 

arb':!r"tax"ml:onte'maxhm~auon to a H1 year planmng penml It ... unpnrl.mt hm.lun:, tire tht,,' fCt~dh:<!tk 

nf ~;:duwliutinn nn ~tgru:uHuraJ prnductlrm i,Uld Hlt.l \\hule fdrm Ct:nrU\fUlI.' nf putl~m~.ll nhm~l!!emcnt. 

.actwn. P:rchn:uUi1f.Y nmde! fun'.\!; have' m\ie~Hg~ucd l.um nmna~t"mcnt u\·cr ~11hrt"t~· ~t'ilr p~ntH~i \'lurh t~ 

hH1 ~hnrt to t*:\;onomu,;;,tUy ,lu~uty mH'l;lnh~tlt Ulhl hHlg·lerm'_lhnn~ rmmagcm(;'nt l.u\.·(~nw !""h(mn 

hlbc J prel'effed l\Uld tlst: UpUtUl il"'!. iHl ah,:rniJtn:(;' to gram t.'l'np~ hut (imnnt t,HtH,ol ,.1lmlll;,;llll\ll \\l~I 

YI:~lP .. ~~a«.:t:'rb~tte the rate of \uhtw •• mnnmlc{' H tTtUcUJ \\,ilh~r l~~H~ll~ c1tI."·eetit'd Y Ilid mlT".l"\,"-· frnIn 

lugh r.utlfall tml\\;t!'l1:lh h.\"tprndUt.:Hnn thn.lugh ,j,J.hJW''li.1Utm m tht' ,burt tl~Hl'l \H )fIDS dl~ptd.,;tarm 

lin;.tncMl ",u.ltcgi~\in U lCllh,!U .. ",nz.wtlt:r m fhat dt'ht t ... u!;cd tH n.~(h.It:C t';l\ p.lyltu:ntlo, • .lilt! r".iU 11(" 

f',p{,,~d~li {(I provide ul'iC'hd dc-·(t'li,wn ii"Ui1porl tilt fHng nm nncnl,;.{{.ed hum mim •. l'11C'Hlt'tlt 
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'7 t\C:gNO\~rt:Ej)G~~llt:NtS 

The i.lUthn( wnsgrn.tltcd n l'*'<wdor"l~ynenr:uJJ(}wsbip by the AtexnmJer: VOUHUUlhuldt*, 

l:;nttld~\licm. to undcrrnke this teseurch ~tr1d grl.Hefulty ,~lcki.lo\Yledgc$ the -c,l;;l",Jllndmg pnwided b}1 the 

Nutjomd' Soil Ct:H1S\.H<\'n.ti~m.Progt'uIll. tb.,mksm'~o\ved ttl members of lhe N.8 ,,\Y", 'l)epnrtmCtlLS of 

C()ti"tcrVtlt!ou nnd ;Lnnd ~hmn:ge.Ul.entun.d\V:\ller Resources ll)f(;OOperrlthm in th~projcct. 

A,'UsU'uJinIl 'Bureau or Smtist:ics; 199~\: Clush.~r Anal;;si~or ASS AgdcultureC:en\ul!! Dtlla. Sept 1991. 

AustraHan ~1aster Tax Guide; Hll:},l 

B~lJt(m. J.; 199~~Optimal tvltlnngement of.Dl'ylnnd Salinity m SetectedC'a.tchme1'lts in \Ve~terl1 

Austrulia. 36th }\tulllal AABSCrmft!1'l1!u'I:~.Callberrll .1992 

Deparuncnt Conservationand.tuud ~·1at11.lgen1ent~ 1993; Land US£! ret '{,lmlm~l1datit1n,,,* Jrllr the 

(JtJrall Basin. GIS mul'. 
Dl)"lund Sulh11!Y ~hll1ngelj'lent \\;~{)rkjl1g Group; 1992~ f)r'),.~lmul Salinit)' J~1a1UIJ{tWUml in lhe iJ111rrtl,\.'~ 

lJarling 8as/lt. Stallc J R(lport The Oimensjnnof the Problem. Pl'epured ({) the ~tut'l'ay",OilrHng 
Basin :M:trr!stc.rinl Council. 

Flavel. NJ.; 1991: Conset"vuth~n in Pmgres!>: l\ bl11dmunuger survey. 35th A.mUlal ;lttli~S' 

C't:mleren£'£". Anniclule, 
Freebai:rl1~ T).~t1 l .. iUlcbtJY. ~1'.~ Smith. fJ.I)., nnd KJ, C{luglmn~ I 990~ OpHmu;ingl\oi! !>iurfhce 

tlUmagemellt t>espol1se to dlmutic ri~k. in: IV1tu:htn.,,~~ R.C. ~md J;\, J3J~nam:y h.-d~ I. Climatic Risk 

itt Cn1fl J>rmluc:tioH. C,.A.B. huematinrml. 2·84·-306 
George, R.J. and OJ. lvlcl::nrlane~ 1993; t\1.uuuging dtyhmd ~nlitlity silh draHl\,nnd pumps, In. Lwtd 

Al(wagtwumt for DrY/llm:l St1lil1.i~}l Contrni. Conl~rcnce Pf'nl~eedulg\~ 13cm:hgo.V Jt:uu'in. 
28 Sept ~ 1 Oct 1993, 8 ,·~g8, 

Grc(~nwond. E,.t\,N,; 19R8~ 'the Hydrologic Role of Vegetathm in the Devclopmcntan:d i?'·t,"c!;UllitUOt1 

nf Dryland Salinity, In~ftB. Allen fed)" Thfi' Yenm:-m'u('Jimt ol disturbf:'d arid hmd,; . an 

("('olo!(int/ llPliroadt.AAAS :r,:ClccH~d 'iympHscium HN1205 .. 233. 
Clrc:mer. R.; 1994~ Euuumlil';V of [Jryltlnti Salil'tt/vil1 tlUI LrrI!11)f)O/ Plain\" Fimll l<CfUll't to d.l1! 

Nutmnal SoH COI11.,ervmion Program. Anmti'lie. in preparatintt 
Grcmer~ ft.; 19t}3~ A~,essnl~ eC:ouomlC options for dr-yhmd ~aHuity llMnugernentm the LfVt"rpooJ 

Pla.in~ N.S.\\.', ftl.ilu~~traHwt Jaunurl 0fS"il (Iud lliatl)p COIJ'icl'VtUion. VuL fl. Ntt J. ,.;Jt}.jl 

Greiner. R. and {{,A. Parlnn~ 11.J93~ Anal)~ing: dryhU1~l saluuly mumtgement.tlu it c,uchmcnt walevnth 
nn ,ccHnnmJc~ec(}lngh:al !'UndcJUng ul1pmach. In. tvt McAleer ~nd A.J. J~tk(;'imut h.·d~ •• 

Intcrn.Htionai ('ung.resN on tV!t)dcllmg uml SImulation. Perth. 6~IO Dec 199,~.OO {. UO(:}, 
.I:lunlllton~ S,,~ 'P)Q2; [.,'(I.K(' (ioran C'£lldmu'll1 (ipotmt:b,,"{w'r SUa/v [)cptlrtment 01 \V;.ttcr J~c\nl1l~'\"~e .... 

Rt~pl)r{ No "fS92.()09. 
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Hendy~F!.a, ulid·G,p. Vockei fQ92; l!~t'~()"wmi,~ ~Vl(ldl!ts f~l ;;t.iJricul(tt,tttll~(1Jtd (1Uj..\l!rrutimt and 
liJ.n,·'it'(:mWtUtlr.ll MtIH-(Wcm(ftu.JuWu.SUlte Htli\!eJ'sil}'Pte~s. j\!rt1¢.S:. JO'\vn. 

Kin;g,weU~ J:t", ll.·Pu.t1tleU mid S. Hnhinson: 1991; ·ClinlUtfc risk ul)d lbcv~lluf! f>1' inlbrmntwtl. 351ft 
linllull/ itAl;S r:(:il{{ert!nt~ef, /\l'midttlc. NS·\V. 

KUbikit 'tq9~~ f;stim~IHng tIle· finandal implicu.llrm(lf Iung .. tcrm wht}.1e,,·fru"lll (lIuns" Paper 
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