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ON~!'AllM ~CS 'OP' LASEaLANl>PORfUNGrrJlt :axCB ii'ItUUNG 

lNTHB ~I~ .XaaXGA'tXON: .~ 

Abstract 

GrahamMafSbaUan4 ·RsndaU·Jones 
NSW Agdeutture & :FlsOOrles 

Laser 'landformlng Is Q .tecbnlquefor""-~Ul'atelymodirYlngtbemfcr()topo#'Pby 'at 'afN"JtJ 
Jandscape to lfflprove the 'productivity of fl41Jlresolltces..O¢splte .. bAvtps been wldely~ppU~c;l 
to fiood-irrigated agricultur.e since its introduction to AusttaU. Ip!197'7. a <»IDptehe*l$fv~ 
economic evaluation of the technique has potheen :undert~d(en, , 

The effects of laser landforming on productivity of farm. tespurc~ !ncludfnghm~, lflb~~. 
equipment and 1rrigatlonwater depend ona range of factors, 'Tb~i) include,t~ae$lSnof the 
job, the existing layout of & farrr sQll type, theefr~tofeattbmov.lp'goperatfoll$ on '$OU 
strUCture snd fertility, and appropriate manag~ment ·changea. heln,undertaken. Th~ 
economics of a Job will be affected also by a fa.rm~J'S' ~ sltuatlon/eU,lbUity 'for 
concessfonal credit, and length of planniniborizon as well &$ by thecostot .~. ,job and 
forecastproouct prices and Input CO$ts. There may $lso be vi1rlpbleret1;ll"1l$ :ttbnt ·$Uecesslve 
increments of la,ndformi.ng development. The decision regardillswbetber. ,how andhowJlltlcb 
to Jaser ... landformls therefore a complex one. 

The primary aim of this project has been to examine the wboletarmecoQOmlceffect of 
appUcation of this technique in aranse of situations, and thereby toprovideadvlsoty officers 
witbprJnclples to guide them fnadvlslngfarmers. 

The whole farm impact of laser landforrnlllg was evaluateduslog. Unear prograrrunlng model 
of a representative rice farm for tbeMurrumbldgee Irrigation area. I. spreadsheet model 
allowed quantification of the effect of the technique over the planning horizon of the 
investment and discotmted cash flow analY3is to be und~Jtent 

This project was undertaken with the financial suppport of the AustraUanWater 
Resour.ces Advisory Council* 



'lill ·Bacltgtpu.n4 

Lflndfprmjpgl,l~ ,aproCe$$ ~Imed .Jltm(ldjfyhlgitb~mlcr9t()p,Qgr~pbyot .a farm lllurJscup~ 
tohnprQv~pr,oductivitYQrresoUt'cgUse..AppUcatJ(mof tb~ ·tcqbotqu~m~y :PQ$$lbl" .~l$a· 
pr.ovlde ;~termllbenefJ~byreduclnl·tbe rate,~t \Vblcb watetlnfHtrat¢.$ ;tQ,a,rlstngor 
llJready .ShllUOW watertaf>le(Tenfson~ 1990). 

While landfQrmlng can have ·benefit$CQf$Qlely ;t.ahlredu8tJc~lture'$ueh 1),$ .removing 
depressloJ'l$ Jnpfldda,eks whl.cble~dto.pltlnt,growtb lQ$s¢$ ithrougbppor '$utlJce dt~:dn~~¢1 
landformlpg bt,t$prJmarUybeeJl applied IntbecQtJt.ext ;(tf .tlQQd ... trtlgPt(1a~srl¢Yltural 
SY6temssince ther~ilge ·ofbeneflts there is much wider, ~. wen ~.$hrtpr~ytn$ ;$ur(p.ee 
dratnage_ appUed :irrigatiOn water flQwsmo.re ev~-tdy :~crO$$ tbe:tal':,get a.rep, 
Landtormlng normally strtdgbteO$contours and~vep$()qttheratgof tilU llcrO$S ·ft 
paddocksp that irrigation bays, the d~t8n of which atf)$trQP.sty ·¢(.U}strl.llned: blS1Jr.r.at~ 
conto.urs, can be roo evelQP ed to be closer to Qptimal $i~¢S f;md$h~pe$f J( undettnltcn 
within a whole farm plan, theto.Pograpby of ·the farm and, water ,~upplytmd$urrace 
dr.alnage netwo.rks can be mo.difiedso. that the area oftbefarm tOt) elQ.vatedtQPe 
'gravlty ... r.ommandeo' .for lrrlgatlo.nisreduced,SurracertJn .. ()rf'o~tlalsQthen be directed 
to flow to a single point on a farm forpo.ssible .re-,U$e. Tbe arableareillQ$tto supply 
and drainage channels can also be minimised by laserlandfOJ1nlngACCQrding ·toa whole 
farm plan. 

Theappl1catio.n ·of laser technology.to. guide earthmoving operations Ie arela~'lvely 
recent Innovation2• The first use o.fthls technology in Austf~Ua was near Sbepp~rtC)nfn 
1977 (HaU et aI, 1983). Laser co.ntrol greatly reducC.$ the time tak~n tQun<Jer.tpke.$ 
landfQNnlng jo.b, co.nsiderably reducing costs. It alsogra4!tly !ncreasestb(l:~ccurncy with 
which ~ bay surface is modified. It hQbecomeposslbJe to&r~4e the land $ur.(ace 
co.nsistently to. within 6mUlImetres of the required slope (F;woi's, 1988), 

Laser technology has thereby made landfo.rming anattrflct:lveprOPQsltlo.t) .fQr a much 
wider range of farmers, as welt.asencouraging farmers who .hadJandforme<lprevJuusty 
to. re ... landform using the new technology to attafnthegreaterbenefftsthattbe 
increased level of accuracy has mt,tde Po.ssible. 

1 Confusion exists between the terms 'Jundformins' and ·Sfadingf..Landformi.ng isth.e 
proceS$ by wbich existing micfotoppsraphy is changed by the mechnnicnl shifting Qf 
s~iltocreate a defined slope on nnitrigation bay or eUminQte excessive sid~$lope on 
the bay. Oradingis tbeprocess of smoothing the land sutface lOar.hhwea uniform 
gradient. In practice most enrthmovins jobsinvotve Jilndformlngflu(i Bra~in$ u$purt 
'Of the SIlme operation (Patto. 1989). In tbi$ paper landformingis taken to encQmpns$ 
both processes. 

2 "By raphily emitting pulses of Jaser light, the laser component of the equipment 
delivers a perfectly straight beam of ligbttoa receiver mounted ·Qn the gtilder. It 
resembles an extremely accurate spirit Jevelff(Ewerst 1988). 
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C9Mtdertlble:prQPorttOP$9t'irri$~t~:~eM lnNSW ~Md V~ctQr~a:bav.e;~eQ':la~dfpnne~l 
:;Jnce '1911. Th.t)propqttioO$,fVf ,theel.sregate,~reqordcetarmJ,I~,ngr.QO»¢~ '.~ ,the: 
'M~lbld1{~e, ~nd 'MurrayVelley ,~Qn~,:pr :NSW j~ 1986181h;.ve l>ee.n,eaijma~it29; 
pe.r~nt~nd 12per~Dtr~pecttvelY(YQUl1g,.,9a9,)" ,,131, U)$J,1 itQt(ltqr31J>~Cfmt:,Qf,t~ 
8V,er$ge' ,,'lU"rut lrrJgat~d In lhea9Un)l~rn'MUiTay JrtlSi:ltlon' 'Dl§ttlctt>i V~c;tQdai$;,~tltn~~~ 
tQnave~¢nlandforroed.(Patto,19a9), 

Desplt~ thesubt,ttantial,ppUcatlpn Qt ,tbl;steCMOl9SY; 4"~tIQnsr@tQJere,J1tdhI8jt$ 
v~lue hllmproy,lng farm,prt)f1~plntYf:lndam~Uorat:lng:Pr()bl~ ~i~te4, wit.llrltiJrlS 
watertables. PEltr:o U989l,$~gg~t:$re$~archf,lnd~~l1$lon~n~1 ;hllv~ :1_Sgg4:hl . 
generat§nsan4 d~emlnatlJ1g dat$to,atu;t~tranr:.e~to .~, tb(t ~J~llJl$; ,:an<icount.et'"' 
claims made for thevaJueof the, ;.teel1nlqpe~ 

Mistakenlmpr~ions'Qrwhf:lt landr()rmlnicanJiQhievehav~ J¢dtb :$uio(JG .mf$t~kC$ in, 
the past. ForexampJe,lnithdlylt."$ rate Qf pdoptioo 'W~ ct~t¢$tin.tbeKer~.)g tegtQJ1:Qf 

Vlcto\fia with seriollSDoll sa Unity problems (HaU ,cttJ', '1983). It ~Wa$ ;to.r~~t~d~t the 
poorest productivity , most hlghlysaUnJsed are~ with 'tbeexpecta.ttoQ :Qfreba};,i .~tlQg 
those areas by lQweriQ~ watertab!es, It was~ventUany fOlln(f,tU)wev,er, :that the 
productivity Increases on~tl1tne $()Uswerelnsu.ffic.fenttQtf!CQverlandCQtming ¢Q;lts 
(TregowelPlalns Sub-Regional Working Group, 1989)~ ... 

The Irrigation Farm WorkIng Group (l986)noteda}sot,he'{ick ·.()(tecbglcal'ln,(ort:'~,atton 
regarding theerrec~ of iandfQrmlrlg.f;lndconcluded thAt'~cmy lnv~tme~t lJll~n4~t)rmJl)g 
would need the closest ~ssessment to determine it it wesjqsUfiedon the :J>asls()f 
increased returns". 

The few econor,nic limdyses ot .land forming that nave been'unaert~kenrea.cQ~ddlft~r~nt 
conclusIons. Two studle.c; found that the tecbnlque seneratedne8tltlvereturnseven ·~~.a 
social rate of dIscount (Campaspe \VestSub-Resf()n31 WorklJlg.Gro1.Jp, 19S9tl;1ndTr~gQwel 
Plains Sub-Regional Working GrQup, 1989). AnalysIs (or tbei:lerdquinlrrlgatl(mPf$tdct 
concluded that landforming was a profitable investment :(TalMb. :19a5),1wotJnjt~tl 
States studies also indicated that tbe tecbnlquQctinprpvtde,atttactlveteturns :on the 
initial investment (DatJbert and Pryer, 1982, and :£dward&on ,etal,l988). 

J ustas it Is not possible to assert that purcbastng a. certain typ~()f tractprls economic 
or uneconomic per set it is ,notposslbletomake .~. reildy j\,J.(Jgement r.egardiog 
Jandforming. The rate or retlU'n rrQmah;tndfQrrnltlslllv~tment will depenllsreatly upon 
the specific characteristics of the situation WI' wblcbitisJJppU.m,oQtbequaUty ortbe 
deslgnandbnpJementatlon of the Job and on the extent to which farm 'rnanasement 
practices change to realise the productivity galnsaCfordedby the 'improved farm layout. 

3 Since it is,unlikely tbat any londforming in Australia is nQW undertaken witbout 
l~r guidance, landforming will be taken to mean 11,lser In.nd.fotming for the 
remainder of this paper .. 
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Advi$ing ,~rarmerwbetherto l~m:JfQrmandtmh()w .tQ pttorjtl$~ ,aJternatl\f~laJ1drormin,g: 
()PtfQ~ (eltber .at '~ltemative stt~ pr' alternative job~p'ecifl.¢atfpfl.$fQr th~~.am~ .slte), J$ 
,r~atJYCQmpJicatedn()tQp.ly by lackpr ,r¢$~Elrcb~vldenceregru-din3'man" Qfthe\~r(ect$. 
Jlfhmdformtng bt,Jtby thev~ietyQfthe$¢~f:fects:l,\p4 'by dle '.migrdtude :pf,eAch~.rfet;;t 
varyln& ~ceording tptbepJU"tlcqlar $ftUiltiQQ In \whl~h ,l~ndrQrmlnJf$~ppUed, 

Recognising tbis, tbeprimaryeropba$h~.qftbJ$$tudyh@lbe¢nitQ ,~tabUsh$()me "rulc§Qf 
thumb'to 8$$.l4t.ln .i$Se&Sinith~ ~tent,tQ whi.cbJilndtQrmins (0 ,~, 'ppnlt!yt~r$ituation :is 
Ukelyt;() be economic for a fttrtner pr not. . 

The Federal,OQv(!rnment encourJlgeslandfQxmiJ)g byalloWlng .(subj¢ct .tot"Q (perl; of 
eacbcase), under section 75,P ofthefnC()m~. T~ ~eS$mf!ntAct .. ()utr.Jibt de,dUCUQJ)9t 
expendityte from taxnbleJncome intb~ yearor~pendtttJtejo In Ta~.~tiQn ,RuHnlllTUSg 
It. w~s recagnfsudtllathmdforndngme!!Spresinanb~tls~UQnf1reaftre l~ener~lly 
undertaken tQpreve.nt or combat hmd de,gr~datlou 1n:~hetQrm$ots~lbiltYQrfltablQIJe 
probl~ms (Australian Tax Qffice, 1981't The New SQu.th 'W'ale$ .Gov~tnm(!tnJtbl:tQ~gh ,the, 
Rural ·Assistance Authorl~y,provid~ conc~lona(pr~Jt .yndertb~Special.Ci')p$eL~atJqn 
Scheme to farmers undertaking landformingt ,~ublect tQ I,lQ:i$$eW t~tan4tbe ,pn:m()$~d 
works beipgevaJuated .. P$. bavhlt("a ,beneffcia.llll1p~ctpnthe .J~md,. th~commun'fty 'aoqt.n" 
environment at large" .(NSW Rural Assistance Authorlty. 1990)" 

The study cun $&elst lnJndh;:ptlngtbe t.lffect· QfthtJse8QV~rnment CQnQ~ipn'lJPQn tbe 
on-fann economics of landformin,_ . 

A further ques~lon addressed in this study concer'Jl$ whether It ;lseconQmlc ,to ,incur ,the 
additional cost of replaclns topsoU('topsoUJnsf ) ,to mj'nlrrdse. .the ~dye~e ettectsQf 
topsoil displa.c.ementQr stll>scHle~pQ$ure dtlr.hlg.Ja.ndformfng" A,mvnb~ror$tu(Ji~.bave 
foUndtopsQlUns to be the ,oo}y means QCre&torfJ)g yields on areas where !this 'b~ 
occurred to the hweh;Qf Yndlsturbed soil {see lot e>.(a.mpJePrJtcbm-cl ctlJl, 1988). 

1.3 Alms of Tbts Stu4y 

The primliTY aim of the study .15t()evalu~te the on..,fi;ltJn ,ecQQomlcsof hlo'dfQrming.ln P 
range Qff~)fm situations wltb a view to develQpinsprinclples to auideadvlce to farmers 
rega.rdfng where, how and now mucb ,they .shpuld JSildform,~m4whethertheyshQqld 
practice topsolUng. 

A further aim is to ~~ the sensitiv.lty ofpreflieted '~cOnQmi9(,utCQmes tochapg@ In 
p number .pf key pilrameters tor which rese$rchevldencej.$ )pcklng,nd/or tbevarl~bfUty 
betweenpJlddookssnd farms .1$kllQWn tobenig1:J.TbJIi J$ JnteJldecl ,to gUJd.e re$ep,rchers 
to obtain 'Ute lYPes pC InrormQtion mO$t needed to tncrell~ tb~accur~ey()r ;lny 
.ec(momicevaluatlon ot hmdfQrmjllg~md al$Q .to 8uldefarrnadvh:crs tegardlni tbe 
ch~actefi$tlC$' ot a lancltQrtningJc:)p tbeymo$tneef;l to obtainaccurateinform41tian on in 
(lrderto beabJe to provide the b~t advlc¢PQSSibJe. 
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Another i~llm 1$ .tpeYlllUf;\teth~i~tf¢ctpf ;gQvetilment meMPfes ,reQUCbllf '~. etrcctlv~ 
\Qp$t· ofyndeft$ldng ,and :fin~ncil)g l{lo(Upnning '9Q !J~ ~~conQJnJcvpJgei 'tg, ,a ;'rlrm~r~ 

1".' ",,',',.. _ • 

Jt$ho~Jl4HnQ~tb~t (n:evaIMlldn~th~~nQml(:$of :iandr(ftmb~8 tQra:r~~.pnl1 ith~ 
benefits 'o.r CQ~ ,,'prtbat ,farmer' J)re. ;co~fd~$l. the: 'b,~neflttJ ;~n4 CQ~tf 'fQ:c 'Q,tbetl$ 
t,~ultlQgf'r()mlM4r()rmlns,arenQt.consldere~f;rJQrat~ ~Qutput 'prtc~~, ;JQp,ut ,cQ$t#' :~na' 
Interest :ratef$ ~rrect~wb¢ .. e ,market ;lmpf)r~~ctfQA&QrJIQvernm~tltmterv~Qtl()Ab£\y:e 
,r~ultedln.tbelr. imwketv~JuMdlv~rsIJlg~J~mlnc~mtll :r"o.m tbelr,y,lu~tQ $Ot;l~tyj ,:Frcml 
the perspectlve of,$Qclet)" ,~berefQt~.tbls.s,tqdf :repr~en't;.s, ~pecQn()mlca1naJ1$ttiotlJy~t· 
the Indiv.ldual ttiWt levelf.lQd;Qo~ ,notJnmc§t~wb.etherpm'tJQqJ.ar, :lMdfQrmlQ~JQQ!$ .m-~, 
lnaqc,ety1i interest or not. 

Tl). ro8?CJmt&e. the JlppltcablUty ,or ,tb~ ,an~l,sla 'tPfl.'ranje()f farm~r~ ,illdiCferln.s 'situatIOl1$ 
tU9 .~ppr()ach .Qf modelUllsateptesent~tiv~ta.-m, 'f()p'Hlllcn 'v~lo~ ;p~tam~ter$¢Qqld ,be 
atJjuste(}, waBl,ltlUsed, 

Neverthelesstbe r~nseQfsJtuaUoO$ :'n whlch. :lallaf()rmJngl~@PJdi~d ,(tQtJosttlOCQt 
relating to CT()pS gr(lwn, soli typ~,qqaUtYQf :e"tst{Qg la,,()Qt 'J1na'farm~J"$i ~t$~$$t\.uatiph$) 
lind the range of chOices .r!.,f~rm~rhO$ lnplannlngli l~Jldr(Jmltrl. Job ·(tQt 'ln$tanc~, 
relating to type Qf layout and .t~rgetsl(>pe) basneCe$$lta~dnm-()wlQgtb~r@ijgeot\ramt 
sltQationslmd planning ·QPtl':ms to make 'analysistractableflnd 'th~nndJn$snqt $~) :genetf;ll 
th~t they have UmltedflppUcabiUtyto r~al $itllat.lops. 

~Iectlon of li, .partlcul~r location was r~qUired il>ec~it$e()f(:QJl$lileri1bl~geQStilPhIClll 
YClriationlnfactors UkelytQ Influence theecon()Il:lic:$otJ«.m4fQrming. i~ll~bM<;nm~~, 
soil type, topograplw 8ndland..;qsep.atterns.MoreovEW, 'lm;tttutforud atrang~ments',~ucb 
as .relating to land tenure, Wflterprlcfng illld water aUocat.l~:m, ,alsC) dlffer.between 
Irr1sattQn ~cbem.e$. 

The locJ1tion chos~n fortbi$study WM the Murnunbh:1gee Irrigation Ar~ ,(M~J,A.)!The 
$i;ee of the representative farm 'wtlS speclfJed ·ati'200 hectate.s Wltba 'CQrr~PQPtUn. 
lrrlgtitloo waterentltlernent of l$OroegaUtre$perannum.Tbe #.ictual'lrrJl,{atfQ" wat¢r 
avaiJabiUty on average was set at 110 percent of tlll$voltIDle, or 149.6 ime$aUtr~, since 
Jn70 years In every lOQasreater tban 100 petcentpUQCationcan be ,elC~cted 
,(lrrigQt!on filrm Working GroilP,1986)* 

The full $reaof the representative f~ is ,assumed tobeeng~ged.nr(ltatlQns ,ot rice, 
whe~tQnd~nnual pasture, the typlca.l pattern()fbmd~tJSerQr ;M.J./~, 'br()adacr~lilrms~ 
None of the Jlrea of the farm 1$ currently la.ndfQn:n.ed.F:loQdlrrlsatlOilJsf.lpplJed under 



the .colltoQ.rb~y $)'&tcrnwbtcb· t$ n~ce$S~fQr ,ponded tlce\c .. dtut~4t 

Th~' repreS.entativ,~farm~r ,'$·~~utned tp QQnsider ,J@ildformtng ;i,me~"s: f)( improvIng tb.~ 
profltabllityof rlce,whe~tc.~nd.: annualpa~tur¢, ,r<ltAtiQtl$ta.tbertnF1n;M ,~If' ~ppl)rtutlltY :tq 
QJver$.fy- 'hl~Q ,o'ther .(lctl'lltif,!,$:~u~h i~$petellni~lv~~tur~t {llt,f)tmlUve $qmm~r ,ctQpa,or . 
veg,etapJes. 

Althoqgh :lncretl3edpotenUal fQrdlvetsjfic3tiQIl .I$imajQr benefit ,Qf ;J~ndformiQS*' .l4¢'k, 
qfalternf;\tive summ~~ctlvjtiea to· 'dee ~t.f~hl~,compar~ple '$(0,8$, !m~rgh13,and ' 
unff.lmlUadty witbmanagement,pf ,~lternatfve~qt"vltle3 ba$meAutt.;Q date: 'that, :mf,lny 
farmers JancJform 'whlIeret$lulnS',tlle contqurb~y l~:YQijt. 

T.hea$$lJmptfontbat '~c,QntQqrb~yl~fpq~ ,f$ret~dnet;l;aft~r l~ndfQrmrmt ·§~tv~ Al$o.to 
r¢duce the Jmportanc~ Qt()P~ a$pec~,fJfthe ,G<>mple;xity ottil~f~rmpt ,d~c~$tQn"'l1n~kftlg , 
procesfl,. that beiJ1S t;heext~Qt .. tp whlch.the, $IQ.P~Qf ·the, ~P'll(t~hQu14~enu:Hn'!~d~fl 
optimiqe~ffic1encr hlt.be£lpplicatJpn~nc,l $urf:i\<;e.' :.dralnDge J)f lrrJ,gqtlQP w~ter. 'h,)clU$fOr'J 
pf rlc~ wlt:htnrptatipn$mea~ tl}~thl:~eoeriltbe .reJ~Uvet;Yflatir~dl~nt$. wlddnnQn-' 
landffJrmedcontQurb~Y$r(!I'Qa~n ntJ~n~lf,JUy ,appr9prJat~.Tlll$ 'l~ b(}c~U$~.rlc~" wIllen) 
tbrlv~un<Jer wate,l'Jogse4conditfQIlS.tmd wbich JJ$i,U~Uy 'prJ,Wlae~A, :fdi~h :pr()p.Qrtlp1,tor~h~ 
total ,grp~ margin fpf.a ro~~t.iQn In which J~ J§io(fllJded, dQ¢a ;n()~s"lillfrQm i,th~ 
waterJQ~atogreiluctipn beoefitspf JmprQ,v¢4'$utf~~ ~ratoag~Yia 'JI1c.r~a$tQib~Y$lQP~. 
For TQt(1tlQns .nptlncJufiing ,rlc~J 'hQw~ve.rJth~e 'be,lJ(:fltt? ~rB lJk~l)'tQ'befintmcil1UymOre 
.$i,grHfic~nt. lIence th~ questionQf ~tQpe m.odlfjc.~tlpllbyl~ndfprmJr1g J$ ;mpr~ jmp,Qrttln~ 
to $ucb.c8$es, 

A$$QU .type slgnlff9antlyerfec~~he Impact,q{ landfQrmip$ PO §QfI; '$tmPt1#~~lllt' 
rertUlty~nd cOlJ$equentlyon phmtsrQwth, it J$Jle~arytosp¢clff tn$$Qll:type fQr, 
each lamJf()rrnin~ Job. The SQn~Qll t.be repres~nt~tive farm :ar~~~umgdtQbe dgplox(a 
sharp dlfferenUation to the spnp"ofnebetweentQP$QU~nQ'$yt>$.Quhwnbrel~tlvery 
shallow topsQil(1~ than lO.centimetr~)J rind With .• ~heavy claystib$plh 

Poprstructure andfertiUty of the $UPSPU :l:n~anstbat, ,tQPSQU :remQvalfr~ml a pa1'tpf the 
l1teaiandfprmed is. likely to ~JglllncantlY41mJni:;hpJant!P'Qwt,bhltbe A(r~~ted,.arCD 
unl~remedhd action 1.& itClken(Prltch~rdandM~QJ},l98~),. }ly iAs~umJnghQ.mQJe,neltf 
()ff>Qntyp~ QcroS$ tbertepresentptlve ,Ittrm, .. ~. fgttl1~ 'mi~eqt: ,,9( compleldtrmthe 
hmdfQmUng .<lecl~IQn ,prQceMis .rernov¢d, :that, ;(}fpdqrltl{jlni l~ndfQt'mlnS' .J()pn. ~~soclatt:d 
with d.lfterentsoUtyp,e$.MQ§t ·M.I,A. rice f~rUl$qQln .fpct ~pmpr.l~ea :YllrJ~t)!' ,ot, loll 

.. Till, i'~~~ntiaUy a $y~t~moft~rrA~~d irrigllth)p bay, wit'hina ,p4da~cktU~~J;uUlk$Qf 
tfJebay, tQUowins the l?r~vlliUngcont()!.Ir~;Tb~ fl.-ea within ~b~y.lQ~$()nly~lfshUy 
tQw.titd·tl,le Pllnk, (\nflbUI)$r4'JAnv~ly,~ve" .deptbo,fp()ndjnSAcr~l,thePllY. Tb1)b()t~~( 
Cb~Q~8y~tem, .in whiQbthe' ,b~n~l$ofeacb irrigation' .~ay ,rlm;~rpendh.H.dllr to 
prevAilios CQJUqur~ .AndirrjgaUqni, llpptie4 by flPihir~$~t1y.,f,r~undl~'()p tath~r ibnn 
bypcmdlns, i, generl.1lJY'supedpr fprp~ture,,~~relll~<4nd~rQPs ()tbcr :than tice~ The~e 
4ctivitie., unUko ,rice, gel)er~dly b~mefn ,from tbe·~IlQt.terperiQd Qf' .tr~m$l~n, 
:waf.erlos~in$ fQUf)wing irrls~Uon'resultinB from,qsingthebQr4er checK ,sr$,t~m, 
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\t~\!. 

Th.eI),QtentJ~tb~~rJtt)fJp)prQYed ,$qtfAc~drAinaJ~l:frppt latnfrptJllln, Wnl~,rMJlf > 

r~ClU~~rOn~)' Jftp~ .lr;u;rQ~~ ,~t()l~me ·or4rld~tli~ lw~t~r·{d~~tQ lQWf#'l~e.$ . Jrritn 
,.eY~PQrAtIQn~ndde~pp~cQIl)tlor)5)l:An ',b~:drQJn~41tpm \tbQ.'~ ·tQtb~citb~ 'pgn4:ln 
lQw~ly.ns ,$ectJo~.Qf'tbe\J~~\ It .t$\~$$Qme4tb~t ~tb~r~Jo:~~ntattv~rP.mlih~ :ACq~~tP 
adl$tflc~dr'lna8e~Y$t~m,nd\thatj~o,n .. farm.qr~'lnas~ J'$.~m:liid~fjU~t¢~ (H~nC$ .~he ' 
:fuU. '$urC",ce 'drainpgeben~rfi:$·'Qf JJlndfprtnlng$hQl,1!tJ 'he .r~aU$ed..':NQtelthtlt Itbl$,UU1' not 
bethf) '~Q$,~. fnlrrlsatfonO.lstrlCt$ill which :many :fa.rm$dQnQtb~~e"thepote!ltlAl·.fQr . . 
,$.,dequAte.Qff .. rJ;lrmdr~Jn~s~· ' . . . 

A qUe&t~Qn ,nQtaadressed;Jn thls,$tQ4y 18theefr~ctQf wAtert,bJe d~ptb '~nd:$Qtl8aUQl~Y 
,tevel~PJl'tbeo.n"fiWm ~cQm)mltl. Qf 1.an4f()rmln.~ •. iJt;i$M$qm~tblltth~Qepth'Qf}tQe 
wat~t.llble UncJerJylQgther~pre..$entatlye :tirJn,~md,J~U JalJnlty leyeJ~, ,~bemaint#Jned 
(!urh~i theplannfl.li,hQrl~()fl ~t .~v~J$. whIch wpylq .nQtreduceth~ben¢flt$()flijnqfQrmJJ)S'.· 

The$tuc;JYilS d~tsnedcanh)dlcate tbearea ·of tbe·repr~f)ntlltlYe'tm-m ltJ~' 'InafatJUQr'$ 
econQml~ lnt~restt() ¢v{mtq~Uy laotlfQtm. Tb~ :$t44y .dQ¢$ .. nQ~~dQr~ '~h~qti~tlCm Qr 
tbe optlmplstsBJp$ \ofttn~td,~veJQpmentQ,V¢r .tlm~.ThJ$qY~tfQPm$yb.e .... ~.hllPQrtant 
one for fflnners with nmJte(} ,.~~~ toctlPit@lt<>fflta.ocetbewQrk$ or';wher.e .tb¢ 'prQc;e$$ 
pC landform.ln" Is ,lIke . .,' to ·cau,se .dl~rtlpt.lQntQ farm p .. qgr~and,cQ~.eq~ent 1.~a$h:lJ()w 
prpplems. The latter cQm;ldcratlQn lsUkel:rtobemQre'JSQJnc:~nttb~tm)t~rApf4Jy 
hm4fonnlng ofa f&lrmproceetls. 

The fore~QJng ~~umptlol1$~nowsjmpUfh~lltlcn .. QftbeAecl$l.Qn·r~sarQlJlSJ,l~ndrprmlp~ 
develQPment to a qUestlt>r1 of bow much, If ,any, pftbe 'J'~pre$ent~tlVQ .,~ Itil 
economic tQlandform. 

1.5 Study ~11Pl 

ConsideratiQn otoOly the benefits and cost;$ o~currb)g;wlthJn ~the$1"ealandformed wUl 
r~ult "0 lnacc ... r$teev~ltlfltlQnor thehmdformlngJQb. Thls.ff becJlu§~mnoQS 'the 
resQurces .utUh~e4more efficiently Qn Jan4forrned' JaYQMt:& llre.tbo$cwitb af1Xedl311Pply 
exce.pt In tbehmg term. Dependlns QQthe time ·of yeJW .na.th.e 'fmm 'f;l~ttvitlml~~tlle 
opportunity CO$l$ of these 'resOUfces,jnclucUns land,p~rmam;mt 'labQqr'~nr1alloct1ted 
lrrlgf;\tJQQ water t ma)'becoQ$lderablYsreater tht:lntheprJc~paJd fc)r ·them,Wltbc)l.Jt 
wbQlef~m amdY$is,tbe prJccsp~dd for tbesere$our~aretbe: ·JllO§t .c;pmtPooly ,U$e4 
proxy for their opportunity CO$ts. Th.lsls ·mQ$~ .clellrJy de{fcient In, the case ()f .unppJd 
famUllaQQt.JrO' 

.~ Deep percgJationrepre~ent$ infUtrationo.f water tilf()1Jg}i 8JQU prQfiJe tobeJow the 
cr(Jp or pastt.l.rf.lrO()tZ(m~. 



·tll~ U$e 'Qftben~r~Qurcg$be;6e¢Q ,In termf,qf ~.}J)bllni(l, ;~hl\n¥~tQ;i'mlx,pff~rtn . 
actlvlti~mQ"~ 'pr~fltable In'lJ~~s~t~th~" 'pTevlQU$~YVq$$Jblei 

ot th~ ~tu41~undettJ*k~n ,tQdat¢ Qr tb~ou-latm, egQnomlc.$Qt JandfQrmlog'), Tafush 
U a$S)ht1$ apRrQacbeQngw:~t.~Q ..• ~. whQI~rarm .Dtu1.l),sl3." ,t\lthO.qgb.~rwbQl¢,":f~rm 
p~r~p,~ttlv,e wasndapt~4'ijdtfl~ grfect\1f hU'nJf()rmh~8J~n, w)ltJ.l~t~rmJrrl~ij,tlQ.Q. w~t~t 
u~~tCll<en lnt;qaccQuqt~increQ$uq 1~bQllr,~f.fjcl~ncYiQU9Wltn~,,1~JldfQrmimj'W~~JlQt 
.CQQ$ld~e4, MQreover tnetpec,:itlfl.lorm ·Qf :DifIJtatlou' Qfdce. wJl~$t J~mJ,a.nm~~npastYr~ 
chQ$entQ.$pply befQr,~.hm.df()m:JiJl~ Wf,!$ JIDpUci~ly ,f}$$umea tgr,em~Jn'th~' mpst ~prl,)tit~ble 
·.roUQwIUE;; :la,riqfQrmlog~ , 

FQ,r tb.J~$tqd1 *' Une~r ,pro~ramrn'nimQd~lot .. ~M.('I\.brQa4a~e ,farm "~Qll~$, l(J9.UW~$ 
1l4~pteqt;Q .aUQw~y$t~maticlmillyst$9f the whQle fflrm efl~Qt$ Qfhm4fprmitllI.. Tche 
~.l'e~aQfthe repr~entiv~ farm l~mdt()rmgd :;104 iUQn"'hmdrQrme4wer.e~pgclfJe4Ji,epQrat~ly 
'.con$tr~ln~,f1nd .crop {lndpA~tutQactivltle$werfl; .. {ll$odtrr~rf}Jltl~.t~d wIth relt'Ardt~ 
whetherD.r not they were '~Qclat:.ed,. wltb landfprmeq .1ill'QUt$~Thta moqel}$' JJ~·crlbed·.n\ 
JUQr.e qettlil in Section 4 .. 2. 

'The effect of hmdfortnlng vJ1doU$prpPQrtiQO$ of th~repr~¢ntatlye ,tarm'W$J~l ~~Umh:led, 
In 40 bectElfc fncrement$ from nnare~ lamJfQrme4~,pt()'th~ .fun 200 ;be.Qtar~'Qfthe, 
f.arm. Tbe approach pUQW~d .e"am.lnatlPl) ,of varlatlon.n tneecpnQJI)'c v~lu~ \Qf 

l~ndfQrmiD$ jobaaccordlng tQtbe area Qf the farm a.tre.aaycgmmltted :tQ b.~ landfQrmed" 
Llmit~tl()nof the pv~UabiUty Qf irdgf,\tfonw~tcrthrqi.l~bthe vqlumetrlcPUQcath;m 
~y$tem wiSlnp~rtleYlartho~l;tht Ukely tQ ,cQotrtbutetQ ,dinlfni~blns returJl$Qnc~th~ 
area of t.hereon landtgrmell reachUSAQertain leyel~ Thl& J&beCflU§e :ltl$~~ner~ny 
profitable to Jrr18atea pJlddoCk more jntem~iv~ly afterlanclfOrmlr)g" .H¢n¢~, If water 
$llpply 1$ flx.ed. lanqfQrrnlq~ 'Js UkelytQ lncr~asetha de~eatQ wblch water,becQm~ a 
Urnftini r~Qurce, 

A UnaarprQ8rammiog $olutioQ. wflf3determine4fpr,tbe tepre$entatlve(arm tlteacn ,$t~~~ 
pr lan4fQrming development, including the itilS~of nUareabefnSh1n4tormeu, for ,the 
~vtlluatiQnQf any pa:rtlcularlncrementQf lan4rormlnsqevelQpment,Jthe~Qtfvlty lev~l$ 
$hQWJllo the Um~arprQgr~mmlng#)QJutlQO$ ta~tiPclAted wlththpt incr~mept ,b,eJng 
undert$ken aJ)eJ not belns undertaken were 10$erted:lnto a, ~prepd$heetmo(lel. 1»13 
model W~$ d~lgnedto predlctpolit .. t3x .caab II(Jwaeventuatinsun.4¢r' }:)Qth $c¢n~rJO$over 
th~ planning horl~Dn oftne inve$tment. 

Tbe difference In cflshtJow in e·~ch yeur attributablQ :tQ thpt Increment .Q( Janilformfng' 
aev~lppmep.t W;l$ al$,oc~l<;ulat~(lin.the apreadsbee,t mod~1,3nd the.$erJe§ r>f anmud 
dlfterenc~ $ubjectedt.Qt:11scQunted ,c~b rlQwJln~ly§lswdet.e,rmJne.the~c(mQmlQ v~lue 
to the f~er of llndert*"kini tb~t Increment, The economlc\YJ,\}tleOf tQpspiUnrQll areas 
fr~m which topsoil W~ ;$llb$tantlallydlapla~4411rlnstb~ lam.tfQr:mlnSPtQce&a wa$ 
slmUwfyc~tcllla~t;I~ 

Note tlu~tth~m,Qdel$used Are determhdstic. Where·~ ~p~ram~t.ar Is likely to V(lry flurins 
thf'pltlnnlngbQTlze,nl., th~ v~lue Qf th~ pf.ltameterused in ,the mQdeJ is ·aeflneQll$ th~ 
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t~fl()ptnQe QiPJlpef 

There.mainderofthepa,per Is ,Qr8anl§l~aM :fOU9W$., In·Sectlon ~'.theb-en~n~ .Q.t , 
J~ndrorming ·JU' .. ~ .. brlefJydeacrib~d,nd.the' :method Qf JnootjjQr,tlnsth¢m:lrt -t.he 'AllP,lY~t$~ !j$, 
Qutltneq, In&¢ctJ9o 3 the cps~anopr.pblem$ ~§Q~lAte4Wlth J~ndfQrm'ni' 'JlrebderJy 
de$crlbedJlnd tllemethQQ .Q.f in~rpqratln~tb~m, lotte. amdyal$. QJJtUn~a, In :~cUQJl4-
the specltlQQtiQn or the nm~urprQsrammlns And· .~pr.~~uJsh~et .mQ4e,1$~.nrJJ :tJ]e.A$$UmptlQn& 
"Jmierlylns tbe Qn~farm.gcQnQmlq ilnQly;?l$ :Bredl$Qu$Sed~. lpsecdon5th~ ;J'~ytt,$ot· 
llnlllysh~tl&togthe ba§e $etQf~umpttQl1$llre pr~ente4, . Th~sfJ~ltl'llty ·qfr~$Ult:f;tQa 
nmge or alternadve '~umptlplls JlrerepQrt~dJn ~cUQn ;{1, .. The nnd'llia .orS~ctJQn$ QfS 
ftnd6 :ar~dlsc~edmprefullyjn. :Sectlon 7 ~ndc()nphlSIQ~· .. re dr.ewn, 
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'T4~benefJt$,Qf landfQJ1Jdnif f01!rft~~ :t~rmJpr ',QMb~r d~~t)lprJ$~<l$p, :fgHQws: 

(~) Jncr~~e.~cr()p yleJ4$QJld»Mturq, J)fQ~u,ctlQ!m 
(b) CQ~t ~~vln,8a (rpm· ,bettef'sb~p~~nd $l~@ nf :ltt.h4~~lQfl b~y~; . 
(c) R¢puced J.~b(mr )"~qnfremeJ)~iqr'$llpe.fvj$l(mQflndivldu~lfrrJ~(lt.JQn$f 
(4) ·Jncr.e~cd ;efrtclency flf JrrJg;1tbmW{lt~t tl$.{);~ild 
,(e) Reduce4 prQt>leoosAS$QPJated wIth rfjeld' Qperijtloi1$~fter w¢tpedQtlS~ 

The prQcedure.li by wblcnthese 'benef.it& wen~r~ccounted. for Ut.lth~anaJy§i~ qte 4etflU(!Q 
l>el()w~ 

Landfprminacpntrlbutes tQ lmprQved :crop yl~l~am!: ptt$tur~by; 

(a) Jncr~a$if1g tbf! eve.nnesa pf w~~er .appUaatJQo ilcn:)§$ ,anlrrJifltlQo rbay, ,thereby 
improving seedling est~bU§hment and lmif()lm!ty O.fphmtgrQwth and maturity; 

(b) Jncretlslng uniformity of pcmdjng depth Cpr rJc~,tberebyimprQvJng weecl cQJ.ltr<>l 
Clod providing better proteotJQJl ai~lln$tco14, $tr~Pt,the tlmec>t ,pijnJcl~ 
inlth~tioni 

(0) Iledqc;ln8'~be time l:Ciken to Jrrl~Clt", ~md drCiln an frrliiitfQn.b~y. ~ther~br :r.~aYcin~ 
pr()bJ~m$ oftranshmt w8terlog$lng aod~caldin~~U'lQ ,em~bUnS,$Gbe~QUog iQf 
irrlsa~io~ more clQsely to plClntneed$; 

(d) IncreE;l§lns theprQd\Jctlve E;lreu of a p(lqdockby re(jgq.Jngflfea lo~t tQbank$ ilm:J 
water supply cbttnnels; 

(c) Increasint{tbe prQductlve ~re~ pfQ J.la~qQck by anQwlnithe fuUareatobe 
commCinded by gravity rfgf JrrJgCitlon (there ro~y bavebe.en problems wIth ;t)lllh 
spots of a pttddock); and 

(f) Overc()mingsllrfacegr(linQ8,e ptQblerr~ in Jow ... Jylng areflS Qflrrj~§thmb,ay$ which 
can re$uJt In prphmged pondinu,particu,larly dyrinsp.bnQrmnUy wet y~ar$.alld 
~everely h~mper phmt srowtb hJ thopeJlffJfilS. 

The yle14 ~nd Pf1stur~ prQQuctlQO e&Um~tC$ ~hpwn in Table ,Al ·fpr J~you~hlJldrQrmecl 
$ml J;)oij ... hmd(Qrme4tncQrporate CQll$ider~thms (a), (p), '(0) fln4(d). These yield estimates 
Wereprovl4ed. by Pepartm~ntal advl~Qry asrQJlomlstG. and pr~u.me nQrma! seasonal 
c9n4i.tJQn3· luu.reA$.QJl~blemfJn~6ement.They cW) be cQn&JqeredJlchl~v~ble yield lev~l:; 
iQr f! reasonable .In@tlager, ~ncl do rlQt e,pcoupt for problePl$. :~i\J(:b a$ pondiJlg,or 
geterlQrflthm QfsQ1l4tr1.lcture nndfert:Uity foUowbtg lan4fQrmfng. 
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Ngte.tbQt W~ .PQ~t~l3narQn»blkl. yl~hl$ '$hQwn :1tlT3hl~·Al.~~nu~d .Ul~tm4n~S~Jn~~t()t 
Irr.iB~ttQn~crQP~·t\ncJpfl§tgr~ .. ~ .. ~d~p.te4;f()JlQ.wlni:bmafprmJngtQ c~pitJ1U~·e.(m. thQ .. ' 
benefits. qf t.he new J~YQut, Thi.~.,m~y neCA$$ltateJDcre~~~:~llQcijthm,l)f 11l~ua.~emeDt 
time, irtjSBtiQn w~ter@ml()tber "~PQt$·~uQb .p$,:f~~tnJ.~er' ;t():~re.~~ ,once th~y ~r~ 
langr()rme4;hence,th~re ·~r\e UkelytQbe) CO$~ ,j.nvp.tv'¢4Jn·tlchl~Vlil,!f 'Jneretl$a4tle14$ 
9th~r :thi.Ultl)e lnltJ~l ou~J~y ·onlCltJdfQrmlr:llt. 

lh~ ,reprC$f}nt~tJvefm-m WQ$ .llS$ume4 tu :be fulb~' 'l,W~V.jtf""CQmm3ndeafQr· :ltdSiltlcm, 
Hence consJ4eration(e) w~~nQt;r~levf1qtfQr tnh~ ;~n~lY$~', 

CQJl$lfJeratl(m (f) w.a~ lnc.()rpQrat~4.Jotpth~ .~naly$J$A$,fqUQw§', 'Th~ ,PtQPQrtlgrt'f.)t anQn,., 
1~ndrorme4paddQck f;ls~umgdprone tQpr()JQPg~Q ,PQmUnsw »bn()rm~lJy ow :·~~~"otl$,;wa~ 
5 percent. TheelCpecte.4 fr~q~nmcYQf ,~n ;~brlQrm~Uywet .$~~$Qtl W~~Msqmed ·tQb~· ,Qn~ 
year in ·three. The yieltf level& fpr 'PQncl~prQne.areQ$ 'n.J:lbnQrm~Jl1WAt y.e.ilr~\ were :P$ 
provided by PepartmentQla.dvj~Qr1 ,Qfflc~n~" The~u} 'Yield lev~laareexpr~~Qln, 
Table A2 a~prQPQr~lQJm .o.fthe r~pective nQn .. l~ndfQrm¢daqbleVAble yield level$ihown 
in Table. At. or CQur$~ yield levels for dee ~r~ up~ffecte4.a.~ Jt is PQtmaUY,gr,oWD :in 
pondedcQndithms• ' 

2~2 Cost $avi~~ from l1et~ $lapes PrnJ'Si~~ of IrdSDUQntlt\n 

Contour ba)'& by tbelr natur~ are bQun4ed by bank§19U9wingt.he ~Qnt~u.r$Qt .'~.p@ddQcki 
Altb-:.ugh ther~ h~ Ukely to have been liOffiemQQifJcQtJootP '~he na.tqr~J ,cQnt .. ntr~()t 'fl, 
paddock in tbet\bscnce of 1l1$er JaodfQrmhli(for iO$tanC.6 npn;IQaer llln4formJns .ffigy 
h~ve b~f.}n ·umJ¢rtJlken prevJQQ$Jy) the ccmtpurbanks ~r.e mO$tQnUkelytnfoUQw :ljl1~ ·Qr 
smootb Cqrv.e$ Qt tQru.n rQughlYPllffdlel tP !e~ch p~l'u~r,bQth~fwbl(!hprQvltle fQp 
efflclencYQf fie14 Qper~tiQP& by m~chinery (hereJlft~r T~r~rre4tQ~§ ,'"i~lQ :¢ffi¢b~n¢y6). 
LandfQrmlns can modlfyc,ootQurs $0 thllt th~e deflciencje$~re 'at le~tmJnjrot~ed. 

IrregulArity in the rate of a,ltJtude (flll filCrQS$ ap~ddQck ca.us~ IJQntQPr b.An~ tQb.@ 
irregularly spac.ed. Thf~ Is because they are generaUyplaf ~d .~p thatdlQf)ltitl,J(}ef4111 
from the base qfone bank to the next la reJlsQm~bIY(;QQ$tO;,~t.. 1hl$ CQl1l?~ fJon$lder.Qble 
vatiatlcm lntbe ·Areas of lrrjgation ba)'$ wlth!np~d4Q~Qwbich,pAr\tlcuh~rJy Jntb~ c.Q.$e 
of overly &mall bays, ~g~fnred.l1Ce§ (jeh} efficiency, L~J)dformJngJ~DPJe tp.m,94lfytll~ 
rate of aJtltude faU acro$S a pnddock Jnorder to mJnJmls~ thisprobl~m. 

These two def1cl~ncl~of non",landCQrmed 1~YQu~re4Qce fJeJ4 c~rficJen~ by Jncreaslng 
the extent of Qverlapping .p~es Qurlng Jl~lngle QperatlPP a,mJ the .. need for ~harp , 
cornering. 

6 In. thi$~~tJPY field. effh:il;!J1cy j$ defineda$tbe J'el~tive eUiehmcy Qf,~adpQc~. JnyQut 
in term$Qf the prQd.uCtivity Qf Ii~ld l1H1Cbln~ry ,()peradQn~~ It J'eJatesh.ere to .h~ctQte~ 
treate4per hQur QI macbiperylJ~e. 
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J,-3nafQJ'Q'UD~ .¢~.lltberefQ.r~i ~pprgcJpply redlJcgtn~ vgd~bl~ C9$~ of QJJ"c,tlvltyt 
Re4"CtlQ~JD ~Qvedpppina»,Q~JA~tu~rp~.()~n~rlns'~~ner~tt),$t1vjr)S$ 'l~t~p~ir~~ 
miJnt~mm~e,~pd fuel fllf 'trI;tPtQr~, h~Q4~J'$~n4JmpJ~mgnt$, . R~rJUt;~dQv~rlf),ppbl8'1¢~4$ 
~mQt.Q 3~vJn&$ In ,$~ed a.nd fertUJaet"lltJll:;Dtbl,o t~c~p,t; wb~reU1e$eJil;re~PJlUed?~rl~)li)t 

U.ttU{i~tlQll Qrp~tlclQC$~m4berblcld~ W{i$ ~p"u~d~gbe :~,n~t,tecte~rby jncr~a$edn~td 
efflcfency Dr ~ lllyOyt, QJl th~ b~$l$ tnilt f~rm~rp;lQrm~nf llre cArefultQavQ#Q 
QverJappfns ~pplica~JqJl$of tb~~,chemlctlJ&, 

PrQvh~lQn fQJ; ,tbeefff!ct upon v~i3ble CQ~~ ,QfjnGre~~'n figJtlefnefe.ncyfrQID 
landfqrmJng W1,l$ .~~ :foUQW$. W(,n:~k r~te$ (110Qn~ p.~r :b~ctQt~) Dfttac,totc wlt~l implements 
and for h6~der~ were ~tlm~t~4fQr Jl Jan4fQrroed~ntgJJP bill" J8YQYt (lftB~Q(i' f.jeJd 
efflelency7" Jt WM ~umed tb~thmdfQrmlnSQf ~tly§r~i WQuld (;n~f,lte al~¥Ol1t with 
tbis level pf field efficiency. AppUc~tlon ,r~te$ .(idlQgr.ilJM ·per hectare) for .$~g4 ,~nda 
fertiliser fOfa lanq,fQrmedlnyout Of'SQQdt field efnc'~n.cy w~re$JmUe.rl;y~ttmQtetl t 

The increase In neld efflclency from lan4tQrIDin8, depJ.1nditpengn the ne14~fficien~Y pf 
the layout priQr tQ landformlng. A nlJmber of fQPresentative cas~ were eXJ.\mln~d Jnthis 
study, each aUferlng tn the field efficiency Incre~sc.s ~ttf.dned @fter 1~n4fQrmlng. The 
field mtlchinery work rates (far jobs other than harvC$ting) ~nq seed and fertJ.u~er 
apPUcflUQn .rQtes for the lflYQut priQr to landformins were calcu.lated by JlSsJJming th~y 
would exceed respective rate$ for tbe lamJf()rm~q layput .}lytbe $f;lme proPQrt:1Qntb,at the 
field efficiency of the prior layout Is increased bylandformJo8. rQr harv~ting the ~~m,e 
procedure was followed, but with an adjustment recognising the IQwer crqp yleldson the 
prior lllyout. 

ThiS procedure for calculating field machinery work rat:e4 an4 seed and fertiliser 
appllcatlon rCitea could then be incQrporated in calculating the variable CQst$ Qf Cl crop or 
pasture on a layout with any level of field efficiency prJor to landformlng. 

Labour requirements fQr cultivation and harvesting W~e not con$idered in calculating 
variable costs at varying field efficiency levels, since where family labQ~.r is used its 
opportunity cost cannot be determined in Isolation of the wbole farm situation. 

The cultivation and harvest labour requirements of rotation activities for non
landformed layouts were instead incorporat~..d in lijbour input coefficients within the 

7 Note that work rates differ according to job (eg. $Owing, $carifying. harve~tingetc), 
while field efficiency as defined ber~ ;$ a senerali$ed average m~"f1$Yre for all job$. It 
is assumed, however, lhat work rate savings from lQ.ndforming for all jobs are inversely 
proportional t() field efficiency incrense$ if the worldoad remains constant O.e. a 25 
percent increase in field efficiency causes a 20 percent reduction in wor~ rates). If the 
workload changes (eg~ after landfotming the si4!e of tbe crop to be harvested increases) 
the work rate is adjusted accordingly, 

8 Application rate saving rates were also assumed to be invers.eJy prQPortionel to rates of 
field efficiency increase. 



Unea.' ;ptogr.ammi~i moa~t,~t)d :reflected the tf¢ld~ftfef~ncY levelpf,tbenun~l.ndformer.f 
;!Qyout 'b¢mgcqD$ider~d.Tfle cult'v~tJon ;~nd. '~arvC$t labQ\1tt~utr~erJt:&perbeetpr,e 
:fgr~:pattfcuJar ,tQtat,f()nundert~ken: on ,~p~ttiCUtf,lrlayoUt ;w¢fecalcutr.te4~$ .tl». :,om qf 
,tQtal 'uactOr :tfme 'per 'bectare, ,r~ctQred U,l1Wirdon .tbe·,~$SUtnptl()bthat, :trtAetQr' ;tUrInin.g 
time flVet8ges ,SOper ,cent ;of the dmet;akenfor an()p~r~tt()n{Qtber :tbne '1$, takeJl~ln: 
preparatIon, mi·n()rr~pnlr$.re$u;,etch~ndof t.utrd ,header mnntngtlm~ pe;t",beQt:tlr~',: 
factored upward on the 8ssUInpdontha't header-running tlmet.ver~gett'70, ·perc~ct(lr 'th~ 
,time. taken to harvest. 

Tbebenefltsfrorn .lnndformtngof retluced cultJvatlonandb~est ,l~bOllr teqQlremeilt$ 
per bect~re ofrotatiall activities ~~ tbereby ,retlecte4 fntbe Unear'PtPVAmnl.tJl$ 
solution by reduce4cost.$a$$ocl~tedwlth patdeasu~llaboJlt :at,se;l$onil.J .peaq: ·<)f ,activity 
when the permanent .laboursupply 'l$'mQst Ukely' t:()be CQJl$tTaJrdllga.ndbya $btft.to ., 
more pro fl table activity ndx. 

A further benefit of increased fJeldefftciel1cyand cOll$equt}ntreducedllelq (machinery 
running timeaCter landforming l1Ccruea Inrelatfon tof(eldmacbtnerydl$PQs~J:valuei! 'a1 
reducing the running time offield machlnerybel()w that wbleh would ot,herwls.e oCQUl 
given a ce.rt~dn (arm Jlct!vity mix. 'thedfsposal vaJueof IteJnoat $ stvenl1Bef$lfl(t¥ftttl 
be increased. Note, bpwever. that after landformfng the If,lrmactlvltymbc 'Is Ukelytt) 
change. It isposslhle that ~l rotation more fnten$ivein fJeldmachlneryutUlsuUon'm.ay 
be selected. In that case total runningtltne of field machinery may ·be· JlIBb¢r than 
previously despite increased field efflciency~ 

The total running times of tractors and or headers, with and witbout 11 particUlar 
increment of Jandformlng, were calculated wIthin the spreadsheet tnOdelrore~t;h y~~r 
durIng the p'lanning horizon. It was assumed that the farm tractor~nd header were 
purchased In t.he year o(landformlng and were ttaded-lnandreplae.ed ,$t·thfe yepr 
intervals during theplanntng hodzon (and that .they wouldbavebeenpurcba$e.(f,nd 
traded-In and replaced at these times regardless of whetberJo.mJformlng WtI$ 
undertaken). The net effect or a landform!ng increment ontrade-lnvaluea ,In those 
years for those Items was calculated and Incorporated hlto the discounted CQAb flow 
analysis. 

2.3 Reduced Labour Requlrcmentsfor Supervision of Indlv.lduallrtlgatlOIl$ 

The time taken In supervising individual IrrJgations Is Ukely to be reducedaftef 
landformlng for reasons including th~ CallowJng: 

ea> Or-eater-regularity of Irrigation bay shape .is Uke.Jy toincreas:eeB$cof access t() 
a.nd inspectiOn of the full area of a bey; 

(b) The time necessary to Irrigate a paddock Is reduced due to rsster&urface 
drainage from each bay; and 
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(c.) Tb~, ,rempYlilofhigb $P()t$ wltblnnllys.m¢tlOO,that low~r;y,ptum~ .Q.rWflt~r ;n~edtft 
berull :intoba,ya to~chJey~ ·~·deptbth~tc()v.~r$the$e;.$pot~h 

,tmprpv~menttQ th¢pn"f~ water ,~upplt .netwotkCQl1CUM~~ntly with .l"ndfotminr, wlth 
tbetUmQttncre~lngtb~potentlallloWrate tf) b~ystmaYQtrt;e~, .th~;,ubJ)"e:~rr~Qtltg 
some ~tent... Tbis fs 'becflusetb$c yolutneof WJ,lter(lvers~ppUedtoapttdd®k, dl)~,to 'll:' 
gIven l~tene$$pf$buttlt1g"'Qrroflntl()w wlU tbenbe. ,hig~t,thu$p~rbtlp$ warr~ntlng 
morc' 'bUcP$lve supervIsion, 

The Irrigation :la})our reqpJremeot per bectareofrota1I.tmacttYlt:i~ror landtotm~d:l1od, 
non ... !f;mdfotmed,layout:5 were also JncotpQrated intQtheJ~bour:input ,cpefficl~ntsQfthe 
llnearprogrammlngmooel.. Note that. unUke Cor cultivation and ,hurvest-labour j 
irrigation labour 'requfremeob;forrotntions on non ... landformedlayoul;.S wereas$umedno.t 
to vary according to the pr.ior layout. 

Time savings ' .. rigation supervision cun have 'soclalt benefitsas weUas r~tm 
produc.tivity ben~ ~ll. particularly when the ne~d for $upervJslon i$reduced dudngt:wn$ 
normally fa.\foured h, lp.lsure (or sleep Jnt.becascQ.t .overnfghtlrtlgatlon). These soch,lt 
benefits have not; been. nsldered in this analysis. . 

2.4 lJlcrp..ased Efflciencyof lrrlgatlcm WatcrUse 

lrdgatlon water Is used more erncJentlyafter Jandformtng usa Tesultofit;$faster 
appUcntfon to and drainage from irdgatfonbaY$, and duetoelbnlr.,$tlQn of pom,l;..ptone 
oreas, each of whIch reduces Jo$Ses of irrIgation water as eVi.\porat;lpn unddeep 
percolation" In addition the leyelling...,f .blghspo.ts reduceatbevolUnt~Qt w~ter needed 
to cover an entire irrl,gation bay and thereby reduces the likelihood ()f~xces$ water 
leaving the fannes drainage. Annual Irrlg~tlon wa.ter use per hectare totrotatiQo 
activities on land formed alld non",landformedlayout5 were Incorporatcd~$ lnput 
coeCfJcienbl in the llnearprogrammingmodel. As for irrigation l~bour tnot~that 
irrigation w~tef requirements for rotations on non .. lttndformed layouts were assumed not 
to vary according to the condition of the layout~ 

The e$timates of rate.3 of Irrigation water use reflected tbea.ssumptlon,tbat Irrigation 
efficiency (expressed In terms of the proportion ofappUed water '1Jtllised by .plants) 
w()uld lncref,lSeby 25 percent after landtorming. However, annuallrrig$tion water use 
may Increus,e after lanclformlng despite, .increased irrigation efficIency $Jnce the 
frequepcyof Irrl"ations Is Ukelyto.illCJ'C8.$e due t() recluced pr,oblems wltbtranslent 
watetloggins.sndscaldlngloUowlng :lrrJgaticms (except in the case of rice whereb~ys 
reml,lin ponded for most of thegrowlrag season). 
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.R$tpf~IJ' ~b0rtlr ;betore:field9perJltIQr}$ fQr wbtcbtl,melip~ Ss..erltf~tll ,pfteQ Cf),U$~, 
prQblemB' ,ror'flrmet$l\F'~nnel1' 'atttAtegjes, 'in r~pbfl$~;,tQ ;.tbt8r~K\'Pi'Y" Tb~ycgn tQ"tQ, 
gn4ertQtq~. 'the~()perfltj()n ·e~U~:tbanils 'Qptbu$J, :redu<;ing ,th~CbtmC~DfraintaU 
lnterferfns. :()W.erwl$e,.ltJtr~bl$l·tbeyean .delaytbe operQtlt:m Jlottltbe 'p~4apck 'l;lt,gry; 
~ilougb. lrlelthercase )deId ,()rqlJilUty lQ$S¢$ 'm~y ·ev¢ntuat~ du~w,tduce(J:, thll~Un~, 

Altem~tl\f"'lr r~er$m~yqndert~ke~' JieldQperati()ndesplteex~hfe 'w~tn~f)t .~. 
paddo¢k;pethJlP$Pt.U$.fIl$llnleUorAttvem~~$yre4 ,sqcb ,Q$ puttim,I ittlCMQR :tb~;;ttaetQr' 
whenls.This strtltegy ;Ells()'ha..C()$t$:$Qn$tru(;tttr~m;ily~~tethjrat¢; ,ftom'beip., ,wgtked 
J)tttllverseflwbUetoo wet;tbere ml,lyb~lncre~ed UkeUbQod,o(m~cbln~ br~al«J<)wn.ln' 
the b~p.vycondltiqJl$; there mayb~ '*,. :needl()r.'addltlpnalcultiv~t,pij·prlor. tp·:trnt 
followlng Qropprp~ture to overC9me wbeel.rutUng;or :~:C()$t ,Olpqrc~~it)t{tt~¢k$t)r 
paying a contractor whoha.stbem. . 

Another QP~Qn is to proceerl as 'soon .i}$ :poeslbJe.fJntlfe.$$ QtapaddQck wblqb .. dry but: 
fastest, leaving the remt\~=i:lgareQ$ out x)f pl·oductlon.FinaUy.r~rmersmay decj4en.ot 
to proceed. at~n.leaving '8 paddock f~U9W, tor~ample. 'nstcf,ldofsbwingto\vbeatj the 
paddock may later bf)sown in$~ad to rice. Eaeb 'Qfthe latter twooptlcms. 'lllso Jnvf.)lv~$ 
forcgoneincome. ayincrc£U)tng tbe rate of ,dr(Jinage from apaddQ(:k~nd te.PlQvlnS low"" 
lying areas prone to pondln$, landtormlng ,canreduce:thcse :problems .. 

The major problems oftimeUness of field operatfoJl$f'or dee farmm'$iU"e, ~oclated with 
harvesting or rice and sowing or wheat.Signlficantproblemswltb 3()W'ng,o~rJcefllsQ 
occur, althQugh the expected release of ~hort se~onU,e, eCirlymaturing) dcc;variettes 
incomlngseasoJl$ .is Ukely togreatlyreQuce thl$ problem (Clampett, ,pers,c()mm~), 
Howev~. only anecdotal ev'dence exists for tbebenefitsof ;hmdf9rmlng In,re.:duch1S 
theseproblems. A description of the ap,prQ8ch taken in accolJotlng. ,Cprthe$ebenefit$ 
rollows. 

Following d(scU$Sions with district advisory agronomists, dcebarY~ts were~umed on 
average to be significantly disrupt·ed by rllin In one of every five bSJ'Vests, For non .. 
landformed layouts It was assumed that it would blke twice as long asnonnal·to harvest 
in theserah. ~dl$rupted years andthatpreparaUon Cor the rollowlngcrop would require 
the eqtdvalent of an additional two passes of a disc plough and one .passofa l-.map'lQne 
over the entire paddock. A landfarmed l~yout wtlSflSaumed to take 1.25 times as long as 
normal to harvest in rain .. disrupted years,andpreparati.on for the following crop ~o 
requlrethe equivalent of an additional pass of a disc plough over the entire paddock and 
one pass of a landplane over hatf the paddock. All these costs were attributed totbe 
harvest. 

The weigbtedaverageannual harvest cost.~ (or rice on landformed and non-hmdformed 
layout.$ were calculated and incorporated in the variable costs of rfceactivltles. 
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Wbeat$owlpgon nQn..;landformed laYQUt$ Wjl$' '&$$tIDle4oQ~ve,t~~n;,~ 'tobe~ffeet~q~Y' tiltn 
on~ year 'in everyflv.e. Jnrain"{1fr~te4, Y~il~ll; W;l~El$$ume4 :that~O pere~lltpf i,pnQn~ 
ltmdfonned ~ea cannot ~. $Qwndue .to continuing $pturatt<)Q QfJQw",",lyJnsar(!8$and du~ft 
peripner!ea ,~. well ;,I$·l;lCk Qfaccess to,ptherpar.tsof theppddc)cktWJtb'nQrm.ttl'yle:14 
{l.e.tbe yield $hown ,In Tabl~ Al adjusted '(Qf yield Josse$, frQrn PQndimIl ;~sYm.~d 
~cbl(wed· ,PQ: tbeBOpercent of 'the area able tobe:$own, tbe '~verase ylel4' .Cor tbe ifutl 
arcaln a .ri.lin~affected year 'fs80percentl)r~nQrmal'" ~Wbenaver~geg wltb the 
rem~inlpg ·four wheat .sQwfng~ in five wblcn.are unaff.ect~f!byr«lln~t:he 'result is an 
aVeflige annual wheat yield on mm"'landfonned laYQutsflfS6pe.rcentp.t'normfil·, 

Absence ot lo'W.Jying areas in 'Iamlformed pflddqcks wa.$4i$sumedtQ,pre(;l\ld~prQblem$ 
wltb GOwing of whe&t afterraln.flence the yields. of whfl~tusedfQr hlndfQrmed' Ja;yout$ 
were unchanged from thetnormal'levels. 
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3'1f ACCO_,lNQ~a_CO$~$ MSOCXA_U1K 
~FOaHXRG 

'tb~ ~C()$ts~$Q(:I~w4iwnb landll1tmipg ;call b:e ~atesoti$ed:8$ toUQwa: 

i(it)C~t&Qf' t.h$lfln(lformlng )obf 
(b)ln¢t~fl$ed JnpptJ.~ve.$ (QUQwlnalandrQrrtJihg; 
(c"'ftmlpofPrUyIQw(;rQP ~.l~ldf$. 'lUJQ !p~tPte; prQ4ucthm .fQnQwln(( lan4fQrrtdn8, ;@ud' 

q(J~t$Qfrcmlet.Jllllmetl$ur~; 
(4) fQreSQn~. incQJtu~ :dqe, to an~rup~\()n l)ff~1nptQsr~m~ 
(~) CQ$ts otbuUdlnS"'llP ltv~tockrll~mb~to ;t$~~ :a<lv~nt~ge()f IbOfea.$M iPf1St!lr~ 

Pte>du~tiom 
(f) ,Costs .Qfperhldlc repoUshJns·of t!l~p;1d.cJoc·ki~n4: 
{g) Replacement Qr renpy,:ttlQR Qt farmtltrUcttlt'e$" 

Tbe costs.of tbelanoformlng job Include tho~eprepar~toryt() tbemalneartbrnov}tUI 
opetatlQn. These cost$includ.e tho~~ of ~urv.eyiJ1g tb~paddQCk,levellhlg ],anks, ploughing 
and laylng out grids.. TbesecQst!l wereestlmatedtQ tQt~J $65perb~ct~r~~nd were 
,assqmed to remain cOll$tantinreal terms during the pJarmlngnorizon, 

Landformlng itself w8$assumed tUbe un4ertaken by cm.e~perienced CQntr~ctor~ 
Earthmoving costs of landformlng were :f,\lstlnguisbedfo.rthree JQb$ 41fferin$ tn YOIUffie$ 
Qfeartll required tQ be moved to attain fphmeotbcst lit·, • Fe>fa JQbr.eqtdrins~OO 
m3/baof eartb to be moved, the $ssumed contract rate w8$$260/ba.for Jobn requlrini 
35()mS/ba and 500 m3/ba qre~rth to .be moved, the B$sumedcontr$ctratcs were 
$420/h& ancS$600/harespectlvely. Theseratesa,re based oncontraptratescurrent 
during 1990. 

3.2 ~ JpputLevelsFQlIowlng LapdfQrming 

As noted In Section 2.t, attainrnentof aCblevable yield Incre~Se$ following landtormlng 
Call ne~"Sltate increasedappUcatlon of c.ertain ,inputs. Changes ininputleVf~ls utter 
land(Qrming.partlcularly of fert.lUsers and irrigatlQn Water. were Ciccouotedfor In 
calculation of variable costs of crop and pasture activltiesundertakenol1 hmdtQrmed 
Jayoues. 

The effector increasedfr,equency of lrrlgatlc)Os after land forming on Iflb1>urutUi$atluJl 
was accQuntel} for In labour utilisation ·coefficients wltllhl the Unearprogr~nnndngmodel. 
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'3~3 Tem,Jl()Jlltn,~WCrQ.,lleld$qdP.tqrQ ·.Pl:OfjUC~JrmfQUtlwj~ll :t"M4r~rtDJnJ.Mtt 
.~ta:qf 'Rem~plMCJ;t$~ 

.3~3.1 .Qqp ,~pJ1$wre 'mfm~ge.QleJit ,p.r~blen.a 'fC)lIowmJ: 1~1l4tcnm.ng 

MallaseroentprQbleUlS, wItb ,cropstindpasture.s. :maY:f1d~e lntneffr$t; lew :¥eQr$.funoWlJl~ 
lfln4fprmlpg due tp·).mJamUJ@t'Jty with ,endtlfJngcll~r~eterlstlc,s ,qf'the ;Qf)W la)'Q,Qt '(sueh :'~$ 
wftnvQluiIle$Q( irdgatltm water ,reqQlre4 .,an4 thetJmell~~~ry tQjrrlgtlt(l:antJ dr1Jlp)' 
~nd .cUfflcultle4· wl~h' tempQr~ryf~aturM. ,of tbe . pew ,1.~1gut, 

The l~tter .liQur,ceQf maJl~gement ipr()1>le~ 'l~. llk~lr~Q.bel'*tgei1r~1~t~a ty :greAter.than 
U$ualu.nevcmnes$Qt~on f:~rtIUtland mQt$ture, J:1v~UabIUtyad:Q$Sa;"p{:lQdQckt ThJ$ ,'1$ 
attrlbutable tp$ub$tantlal .redlstdbutJQo"Q.f,t9P$QU ,and:;upsoU4qrltJ( lpn~rQ'rmIQg.Th~,e 
prpbJeJU$ f;\re 'dltrlcult ;1;0 're~tJry :bYfertiU$er~mdJrd~f.lth'm l:1'~U13aem¢nt;. C?rt$~q.u~ntly 
for §Qme year3 followJns landformhlH,.cfQP orpa$,tqre i8rQwtb.~Ad :m3tud~rl~ 'IJ~J1t:(); :be 
uneVe.nacrQ$titbe are"hmdformed. 

Y.ield~nd '.quaUti lQ$$eJ:i :nlayoccur due tosra1n ,In :§e,ctlops . Qf;Q.PDddQc~. :l)gJI1s"unrlfJr 'or 
QV,er~til~tgre whe.nroQst ~tthe, ;p,~iJdock w reaqy .fOT tu.\rv.~t, ·pr ,due to 'blo:wo;'Cf9P& . 
wbere, fettUttyOf sectlQD$ of .~·padqock h~b,een ralsedby~dditlJUIQf .tt.>psoU Jt¢~'JUl 
srep').. 

The~xtent Qfthe$emaQ~g~mentpr.obletn$ ,1& ilkeJy tQbepo$jtJv¢~:y' rela~ed, :1:(.1 t.b~ 
vQlumeof~rtb nuwed.durlng landfotmtns op¢ratJcm. 

S,,3~2Eff~t of b~vy .JmJ~~oPm"~~JQ~ oJ)wnaUu~ttWe 

Landformlogrequlres many passesofheavymacblne.r,y qv~r the~me~r~atQattain ,th~ 
de$lred aCQur~cy. Tbh~cause$ damage ,toSQU ,structur~ (Mount, :19$5).· Th~~~~t~ntQr 
dMliise to $OU .structqrefrQmthl$caY$e wUl :l>~rel.at~d tQfr~qqen(;'l .QfbeAvt milr;blfi~t.Y 
~afne acrQ-$$ tbe are~bf!hl&Jandformed wbicb wlll be lprgely.(!epen,dent :JJpr,m i.th9 
volume. of earth to b~mQvedt 

$1'3,,3 A~Jm.tlps (or '~SQJnterre(!ta gftbeprobl~4~ ·Jp;,~tJQoo3~a.,1 «»14 
3,3.2 

The erf~cq ,up.Q.o yleld§ of ,beavymacbinery operatlpJYJ da,m~shlS~QU$tru¢turgJlJld, of 
cropsandpa,stlJremanagementprDbJems·foUQwlng landfQrmlniWer~ Jointly .accotJ,ntec1 
for in ,tbe :anaJyt$lsQsfoUQw$, 

ln~ctlQn;3~ 1 thr~e :JflQufQmlingSQb,s 'Jnv.olvJrlS different vqltlm¢$Qf eQrth dI6ptac~m~nt; 
were$peclfJedt Th~ crop yb:~ld and :pti$.tureproductlou Jevels In..thetlrst year fQUClwlng 
J~n4r9tmbu~ VI~reD$$tnnedtQben~gatlvelyrelatad ,to .tbe volume ·pC earthmov~di .dur.ing 
th~'Qb. 1befJrl)t ye~r levels~hown JpTable: A3 ·$t~··d~nned ~prQPQrtf.()m Qfthe 
:~cblev~ble levels rorAJ~ncJf9rmedl~yaut. 
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CrQP/~iel~~ndP~t~"~ pr.o4y~ti(m ;I~vt}l$ wer~~u~e4:'~Q. ~n¢t~MfA~IMptIy,'r~m{tAI*l, 
,b~ft tD l()Qp@r~eu~ :g( :PQt¢nU~lleyelBJn ;th~thJrd 'y~~r :tAUQwln.'lf.lpdfQrlldOIr 

Nptetnat the#~ yie14 :r~ptJOS,~·a$$umptJqn$dQ :JlQ.t~JlP11i 'f9t"tu~~\7,~t!;(d,etbt~:tn . 
SectJpn3,,3 •• ) por.tloJ»i ·(Jf . tb~ :,N:'e{l, :,and.(Qtm¢ti" 

~;3~.i2ttQctQf ~~Ur~pv.l·~·,~n .~qte 

S<;lentJn~$tlJdi~, 'and repQrp; from. t~eri whQhp'~'1f~nQtprmed {indJ~tetbllt;'¢r.op' 
ylel~'An<l'p~s.ttg(:}'prQ4uct~ml cQnln~(fp.nsld~l:ab1,l'~re4uc~hl:prep$·ft()m' whtcbi,tQPtWU 
bMbeen4lsplA~d dUf:hli ;Jindr(umJnl{~ <T.bl$; ;.la,·:&ec,~'Qsfi':mucft·;qf;~QnfenlUtl ,1$' 
~Qncer~tr~tedln :the ,tqp$p.U',~ntlb~¢~Q$.epgQr .IPl>~Qn3ttuttur~>'hnp~d~ :plt\nt :'to\~th"li,n~l 
$eedUns.~t~b,Usbment~ :Tb~ ,~ffec.tof'e~Q$~4,ubsgn~lOtl, plant '~owth~pp~ar$ ,t4 ·bAdge 
~othe .ln~biUtfo£ hlab ClilY rcont¢nt$UQs'pUltQ t~iiUn~Y;$llpPJy' ~~t@tQPhm~'(~~ny, 
lllaUde, .M~son aru1. Martin, 1989).PartlcUh:.rJy 'Vuln~t.~bletq :the4epr.qblem4', ;tte··4uple~ 
SQUS wlth~b(lnow topsoil wblch~re ~~sum~c:l t~Qccm- .. flo:rps$th~:r~ptes~ntattve: ,form 
(Pritchard ~t at. 1988). 

Y.iel4$ofcrqps ~own QneXPQ~ed ~ub$Qn of thls$oiltyP~ltJ$(iuthl!'¢lIjt,ern:A.U$traU~'b$ye 
been ~hown tube 50 percentQf'l@s than thos~frQrn'.m4~tprb~d'·$QllJ' 'even'a:nqmber;Qf 
se~Qnsllfter ttlelnltJalexPQ$ure ,(rrltchatdand ~Masonfl$a2)an4 .lJunte..(peJ"s.(}Qmm.).· 

Replacement of 75 JnffiClf·tQp8oJJonsucharet.ll$ ·b~be¢nsh~wntot~tQre,dJl"'Jn~tter 
prQductJ'oJ1of 'lrr·Jiated ,mal~etQtbelev~lor;l'l ,U1icl1$turbed.sQU, 'wbne,~meUQr~tJQn()f 
~1,I:pp$ed sQb~Qn with plougblns,$YP&umantJ fertUlsetfJ wMfQtm4 t():r~tPte ptq(Juc.tluo ttl . 
emly1! percent of th~t :0£ iln»ndJ$tll,tQed $Qll(Prltcbard,19SS). 'S'mn~' t~llpn$~we,r~' 
fOQndtor Jrr.1Bateflpe.rennJAlp~ture(I<eny, 19.89). 

SQU nutrltIon'deft. tenctesbl ~p()f$~d '$UP$QU (.'b~~vy cut'.) ;ar~~Jba1te'beaJ1;f9pna:' aJsQ: ~tQ 
lower rice yleldfi.AppUcathmof 400 lctf/h~sltlgle ·$MperpbQ$pJlf~teelus ;trA¢~ ,~lemen~ 
WIl$ loundto lncrefl&erl~' grllillyl.eJd3 :p.n$qcn .J.lt~~~.bYQv,er60 iJlerctm~. :(He~nJ\n, '19Sg). 
SQU&tructgre In beuvy cutarea.&Qfdce .fJ,lJ1ll$mp.yrecQverm()r~qulckJ1And thQfQtl$bJr 
tb,me}sewbe,rebecuU&e, .by ,srowfnJ(und ~tp.bh$hfn!{, :If 'Qeri~U)'~ow")Qnderponde4 
cQnditJoJl$, soU ,strUcture pr()bJem3~e ,Ptlrt)ycircmnvente4fQf'dce, im()r~Ov~rtlle' 
su¢c~ful growthQf rice (tfpdequQte nqtdtlonfs~gppUed).conttlb"t~J lubstQ,QtJJll 
Jll~$ of Qrsardc matter tatne $QlJwhlchmay enable ylel~llforriceflQd Qtherer.9ps ·~ng 
p~stur~ to recover cQmpJetely tQUJelevel$ Qn~ndl$tQtbed ~QU$'fter a· .numbetot 
$eas,OJ)$ (Lewln,pers. CQPUU,·). 

Tbc; effects Qf ,heavy cut on ytehis foUowing l;lndfonulns wer~ f.\ccQunterJ for M follows. 
Heavy cut~re~wer~ defined 'a$thQ$e frpm which ~eatet than ;80 mm deptbbf tQPsQU 
1$ removed «lurh'Ut lan4forroJng~Wttb s,ln81e~uperpbosphQtea.ndurea:appUe4' tpheJ:lvy 
cut are,~tlt the rate of 200 k.S/h~ 'J:llld :)26 kg/ba:respec.t.lvely tp reduce ptoblern§Ofs,QU 
fertillty~n4 structure, crQP yleld$'~U}dpp$tl1repr()du¢tlpnl.n tbe first yearfoUQwlng 
ltmdfQrmlng were assumed to be only 4.0 percent of achievable lev.el$ CQr landfQrmed 
layouts.. Thereafter these Ievel$ were a,$surned to increase linearly until 100 percent of 
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~~td~vQblel~vf!J$ .ar~· :~tt~lnedin the $ev,elltll)'e~,fQllQwhli ,JandtQrmhlS+ 

,Withtc)p~Qn :lMte~4r~placed. 'flU he~vycutJl.J:'e~ ·tQ . ~4~lltb. or~o;.mmlcrop·¥lel~ An4 
pa$tur~)prQd ... ctJ9n :fpth~e ;a.rep~were~tJ{ll~d ,tQ fQlIqw :tb~if:fpm~ p.attet:Q i~ ~d~crlJJ~4: 
hf~~tJQn, ~.3.3forur~8&nptne~vy ~ut, 

Tb~ :c~t usedJnthi'Jmalys!$r~r \lndertakins t()p~p.nns ltt tbJ~ ;nl~QJ)er WPa :$lt)Ot) ,lJer 
hectnr~f)'18nd r.equ1dpstqps()UIQS. Thf~ ·'nclttq~the. cg$tQf· r~rnQYini ,an 'fmtrp'80 iJtlJll 
Qf~()n depth ·frgPl netivycut arc~ to provIde :rQQm ·rQr'tbe .tqp$qlh 

3,.FQ~spne~~me .~ .lQJ)~t'QQ"gfF~rro~ 

Th~tlme ,nece.q~tQ Ct)mp!~te, ,8 J~ndform.Il~~ph. CJmm~ao,Watf#.QP,1~rpJl$tute.~~t 
wou14Qtherwl$csenerate lnCQm.efrpmth(lt..land c'M()~bf)~Qwn. NQrm~Ur,jb~,~eV~"a 
farmer wQuhJbee"pectedtQ~cbedul~'landronnln~ 't:QmtQiml~~tb.e \~tentpt 'tQreg~m~ 
jm::Qm~;for .iJl$tance, while · •.. ~pp4dock, I~Jn thetQJJQwph~eofarQ~tlQn or4QdQJ: :.ate 
~n~mm~r ;lncle~dy ,u\ltumnwben~nnuf)lpil$tllt~ J$C9ntflb~tJQg mlnbrtf,Jlr~e4 ,fQr 
Uv~tQck. . . 

Jntbl~$tqd;Y therepresentativ8: farmerls .a~Qm,e.d tQ$~heQ"le :l~ngf,QrmtiJi,:dev~lpJ1ment$ 
toavolq~jgnincantly fpr~SP!fl8 'jpCOmf;}, 

3.5 Cq$t qf JmJ1.4tnJ"1'Up lolv~t~ Nwn~w T~~ MVAA~seQflncr~~r~tm"e 
Pr()dqctJQQ 

Unle$S tlleCQmpJ~tt(mQfanJncrMlern: .of "~ndfQrIijlJlB Jea(b$toA cbangeJp tb~'f~rm 'plFltl. 
$C) tJn~t r~dQce4are~8repJante4tQJlnrnudp~t~r~ t!lJ,1ni$ thep@~ 'wlthpJJt i,tfnU; 
increment undertf!l.ken, the ~8Jturtlpr()4u.ct.v'~f~lncreasblJ,eff~t ;pf lpndfQrffiing 'win 
ultlmateJ;Ylncre~e the UVe$tQCkCID;rYiJ1SC~Pi1cl~fot tlle. 'farm,T,gtfil<epdYJlUtpg~ ·qt 
thJ~,hQwev~r, h1101v~JncrejS~4inv~tment 'py a tArmerln :U~~t~k,wh~tbe~ 't,be 
fncre~e In nv~tock QQmb¢ni "·~tt.Jl~necl thrqUibbreecUttl :qr llypqrqllMing~'4n" 

LJv~toc~ numlJel1 wltb Pop. ln~..rement(jr 'JE1ndfQrml~s uo4,et(Jlken w~re. A$$umed ;t() 
Jnct~ps~, fQUQwlngIJlPdformini.. prQr~tatQ thepMu~t Jncr~~e,fn tott\Jr~nnp~$ttu"e.· 
proQuctl<m ~fttW landfonnlnJ' Wltl}p~tqreprQductlun per l1ect~~ 'foJlQwing 
lantlfClrmJng Incre(lDJns gr,atU~U1 toachtev8P.le lev~JstortPereCl&Qm; \a~rlb~d 'tn~ctl()n 
3.3, the .§cblevJible· Uv~tock CJJ.fqil'lgC~p~Qltyof lbefm-m(tb~ leyel'slv~n'jnthe :Unf!ar 
pn);r~mmJmJ ,~oh.itJQn)c~mnotbe re~n$edhnm~dhltel1. TheannusJ cost or Uv~tQck, 
purcbMeB to bUJhi~IJP numbers W~ llCCQrdlnsly Jm:9rpQrpte" Intlleamdy§ls, 

Note th,(lt low levela of pa.stur~pro4u~~ffmhmne4fa~elyf()nqwlng lundfQrmh1i '(dl.u~ tQ 
$QU~tr,q(;turelf~rtlUtypr,obl¢m$) m~;y 'me~mthllt We UVe§tgr::kcurrylng,c~pl,lc'lty of .~ 
(flrmJs in 'f~ct ffJtitJcr:dlnlthllly, pprtleulm-}yif $ fit1Pst~nthd prf>PQr.tlc)QQfthe t~rmhJ 
J~udfQrmetilnrllpld sqc<;~lonand Jf tQPsQ1Jlqg .S not undert~ken. FQre~$eQf~naJysl~ 
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,th~repte$,ent.f.ltJVe ,tQtmer 'Wl1i' ~t1m~4 'in, $ur;:b ',~, :C$~etQr~4Ud~ Ilve.pt~k'numbr~j :tQ:tbe 
neW,PJ1rr,yJQ~ PftPAcltl~1 ,3elUUS Uv~tQ¢kptth~ttmepr J~ndfprmJps~Tbe #lcQJIlQ ,frqm 
tbl$ $alE~WM included Inth~ ;~~IY$J$! 

5.6 ~t QrrerlQdl(;'~poJJ§bIPB' ·of itbeL.QQdr()rm~ Neq 

M3tQten~nce('r~p()Usbinst)'Qf' alamU(nme.df1TefllsJ'~qqiredll,edQ4'c.pny,tQr~t~hlthe 
aC~u.ra~y of I~yeh)~s ~m4 ~lope. Qf th~Qriglm .. l JQb, ·If t~poUs'bln~l§J,mdt}tt~d~~n 
rreq\l~m:lyeIlQughthe benefi.tsQrth~ hmdfijrm~ Ip.YQut ,$ho\J14PQntJnQe 'Jm:l¢finJtt}ly, 

The CQSt QfrepoUabingusc(J illth.e~mal)'al.$ WJ.1S $(iO p¢t hectJite~ Tbl$' ·C<)st WM~um~, 
tQrem~l[l CQll$tant lnrealtermsdurlni ,thaplJlnnhl~J: ,hQrl;Qn.TbecQ$t WM ~umea ,tQ: 
be fjratlncurretl In the thJrcl yearfQllc>.whl, lanrlfQmling a.ml tner~~(tet' gv~ry5y~~ 
durins the planning horizon, 

3.7 R~plJ.~eptQr RooQv~tlQJl QrF~St:fU(lJ;~..$ 

Jo ~ome C~e4 r~plncemeQt()r renQv~thm ()f farm struC!tur~ m~y betequlr~d 'hlPtdrrt 'tQ 
t1ttaln the levels ptbeneflt$,8S$umed lntbJ$ stuay,. FQf e~AAlple, w~ter§,u,ppJlfJ,bf;\nnel$ 
J;lnd .dr3hl$ mfl)' n~~(j tpbeimprQved1 new fence lJnesetected .QT new f~rm.rQP4~ 
cOllGtruc~d. 

Oe$plte ~dvlCe tQ fflrmer§ tb~t tho)' .landform .P$ ,part.Qf •. ~. phmnef) wJuHe'fnrm 
redevelQpment, many f~ers continue to landform withtntheexh~tlngpA4.apcK layout Qr 
theirf~rw. 

Tbe, levels of benefi1:.$frPID hmdtormed used in this atudyareil&Sum.e4tobe cqo$h,tent 
with iandfQrmJns withIn ~"'tiniPaddQclr.s.He~eterenchu;fs not requlr~d.~~dstJn,', 
farm W{lter sllpply (lbaoo~l$~lld dralQaJJld .~~ tQ pa()d<lCksf»"e Q$$ume4 ,tQb~ 
adcquatefortho$ele"'Ol$of b~nefig; tQ be~cbJeved. The :,ba$e ~ump.tlQn ,therefpr~l$ 
th~trJ1.nn$trUctureC()$ts ~Q~l$trnI wltbJ~m4fQrmJng ar" ~~ro, ,$:rn?ttlV'ltYi10{1JY$l~ w~ 
lll')dert{lk~"to ~<mt@bl,the eff~t Qf ,lncrgp§edtQt~ll~g4fQrm'·t:JSQQ$·t$., (due PQ$~Jb.Jy tQ 
cost:$pf replaolng Qr renovattn, (arm structures) on the ·pn~f"rm ,eCQnO.J:~lc§ .. of 
hmdfQrmfnSt 
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'4.~ ;"()Q~ .Sl?leX'XCA~X()N:MQ· ,AS.S~;IOHS 

4:.1 ~J3.QQ ;ltu~~tAr :~YIl~tm3tMdfQ~i 

The ,~~CJlIlJqU~ Qt' ,~nefjt~c~tpQ~lY$J"w~ lJ.~etl' ltl·tbJ~ .$tYdftP:Dv~luatQpdV3~e 
.nv~tmen.t4~gl~iQn$pf .@ -rJinm~r r~~~fdjnl whetb~Qr :not tg. ,.uncIer,ttl<e· PQtUc»l~r 
:'(indfqrmlnll jQb$~ 

Dl&(fQunted c~h nQW prpce4ur.~ wereQP»lt~d f(n~ :thj~ »m:po$~dU:~tq, :th~~Q~t~l1d~d 
.duti'tjQnprb~nefil:$frplllJ@n4fQrmJnEJ.'ndthene~dtQrl3lJ~ctt~ 'tirn,A\'j'Jue ,qfmQn~yf 
wh~J'eby .l) ,IYen '~mnptmQn~t bQ3$i'ea~r ;valu'~ Jfem'Ug4 pr$p?ntso()n~ratb.~rtb~J)' 
later (1lernflrd and N1Xt 1~8l). 11ij4ettb~~ ptQc'.e6urea ·the '$tr~~m~faIlnU~IbgnefltJanfl 
CO$t$ :Qf lanqformJnSQvcr ~ber~levantp'lJl~mJJlg bQrlJQJl -~r~'r~quc'e4tQ @. ,~fnSJe·'.~lue 
cplledthe ,l1etpre.s.eot VP.h~~4(NPV)pf tb~Jnv~tJnent;t, 

ACCQf.qinatQ tb¢ dcch?iQJl rule Qf beneflt"~$t{lnI,JJ)'$h~,!ln lnvestm~Ilt~ljQ~ld,}j~ 
11I1Qertil,ken if 1~ NPV exceeds~¢r.Q~ Given.~ ch9h;:e pfJnv.~troenta ~Jl4 .~~~p'ltaJ 
i!Qfl$tr~intt Jny~tm,en~ sflQtJld:be. yndertaken hl,de$c~ndln~ Qr4~rof .:tbelrben~nt""¢Q~t 
rQtlQ§ H.e. prenent vAJyeQfbenefU:~ d.l'{14~4hfpr~ent VtdJ.t~,Qf: CQ~t$}yntn 1:h~,C~pft3t: 
budset 1,8 e.)(ba~ted (O~$gJlpt~amlre~r~e, 1978). 

4.2 J.,l~r PrQ¥~ Mmlel pC lJ ~p~nw~.veM~J~A..IUc.fl"Arm 

In the lJnef.lrprQSJ'ammJns mQdelpf the r.epr~enttttJyer~rm1htn4hi dlf.ferentr~tec1.Qn. 
tb$ ba~;laC)f whether it J~ l~ndCQJml~a()r,$tUl nQn"'J~er l@ndfqJ'Jned. 'The {UnDre~ gf tb~, 
fCirID J§ ~ume4 tQL~hJlcJQ'UtfQrJrrlg~tlon,· L~n4:m~tlrrJgatt;!g,c~p b~ liS~4tQr ,Qrybmd 
(unirr'Sllteu)pJlst.ure. FprenYlrPJunent@lt¢Qf$QJl$ the~re~plaJlt~gtQ ricE) ·j~;t.urrent~1 
,restd¢t~d tp1l hectar~ per ftum Py the Pf!partment {if·Water ResQurq(#ii 'tn:cpnlYncUQf) 
with the Rlc~ JmJU$tryCo"()r<J1Jli~tf()n C.Q.mndtt~~. 

Other CQllst .. ~dnt$ PPJl'lyregardlng re$trJg~JQn~ PO $.QmgcrQP.$,~nnu~lwiJt~ Jlllt:u~atJA~. 
ffinDthly cblmm~l ~PppJ)' c;;lpJ1cltt~ ~nd l~boUl".FonowlllgRynn ·(Hlij9),ther~pr~~n~~tj;f~ 
f~rmfti permllnent l~bQqr fllP"ly (Ie., 'pperatQr'A lallQuv') l$·QM1.Une<l ~QCQJ)$I~t ~Qfth~ 
Qwner ... ppera..tpr ~mlone perman~nt~mplQy~e. l'b~.~gpply~nd utnJti$~tiQnof QperQt!.1r'3 
l~b()JJr Js ~peclne4 on ~ mon.th)y bgJa, fqrth~l~bour c~m be obtained vl~ ~hJreca§uttJ 
labour ~ctlvity If rf~qulred, In F.lddJUontpweabQve r~trlctlQo$,~Qns~r~dnbiQl&Q~PJily 
to crQpa~nh1i Po.oJ~, pMtUr~ ~gpplYPQQla. 1.mdcrQP"pastqrt)rQt@th:mtl~. 

Crgp $ctivJtl~ ilre ~pecined lnJ'Qtatip.l1ulfQ}m. TbI$ ~pprpacbh~$' be~n J14QPt¢ah~tap~~ 
Qf l~ simplicity p.ndfl~~dbJUt)'. JntbQ MIA. m~t only J$ there'il wl4enmg~gf ~arJCl,JJturJ.ll 
{il~tlvlties thatcBnbf) prQ4ucetJ, lmt th~~'re, wlile rp.nseQf rQtatlQnl:ll.cbQlc::~ vlb\.ch 
lQvplv~ tl1en~me crQP$,For i~tanc~, typlo~l rJcc-wheQt"'pi1$turerottlt'Qns¢imh~v~up 
to tbn~~ .f~I.lr~ dce.,whlclllllllY .b~ fqUQwed. by up tQ twQ. y~~ Qf .wbeatJ~mQ/Qr tfptQ 
toUt yep-r, pf Jrrj8~tedw.Jnter p~ttJre. 
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, . 
~$~p$rat~rp~atlpM 'nw" ~eeJ,l fJp,~clfJ~rl >tQrlQJ)4tQrmerl;~4 !npn~J.Qndfprm~ J¢e:~~b' tb~ 
,T,QJ:a:Uow;a,re the' fl~mebpt tb~ )fJelda~Q!l,Qtb¢r~cbnlQ~t: ~QefflQjep\lcrllff~r. ,:ltrJ.@ie4 
pwstWQ 'fQUQw$ ~ .propplna$e.qq~Q~ vig ,the .JlMt.qr~,rpt~tlcm'~I~,':Qq~tr~jQt§,~., T1U3m~M§ 
lot. t a" .. t" . 'I!>\f n .. "111 h . -f. '11" "'d'b it"" . '2'· 3"" \ . " ..ai'. ate~ ....., '01< ' .......... :J.H~ , 'i' CfQll rQ~tfPt"w .. _,~eJLQW~ •. Y tt,uer". Qr ~yeQI\H \rrs,~:»nnU~.JlQ$~~~ 
PQllSe, .Thgrei$; ~ltl~l~. ·filP.Ulty,fqt1 dryhmd:~nnq~d i.p~tm:e .t;Q.:be .SfPwn Qn,.u~n .. jr,I~~~' 
l1rea$.ra~wr~la§uppUeQ,~nll.(;~~QnQlb$$J~ In qtdts Qf nv~tock,mQPtJl§>,(~M~~. wltJ),: 
QJ}uaedp.rpducth:mtn $prlPS beblJ ,~~le to P~tr~.Q$,f~rr~9 ,tQ ampm~r wJ~)30',peX'~~nt 
effltlQPPY, .Hay ctm :p.emade :from ;jtrJsate4annu~1 :pastm'elnQprips, ~4'ea:OU~bl 
eltbersummm- ,Qr ~ytmJ411~ . :L1'J.e$tockqgman4$ '~e, n~prese,nt~4, ;J)y~ )JumbetQt~p~~ 
aotivlties whJcb JnQJ,u,q~ m~riJlQ §~lf-' repl~c;lnH~prJmeJmnb :»rqqMctIQJl(bptb ~firi;t ~n4 
§t:CQnQ prOM) :an(J;wetber$. The$e .dr~wtb~lr.re~4'reflult~m~mJ:~ ,(LSM$) ;trpm3'§~~g1)ll 
r~e(1 PQQ'. HQwever., only merlnQ §elf-repl'~cJm~ ~m1. wethe~ :cap. ,utJU$e ,dQrl~Jld'p~~tlJl7e~ 
Crop §~lUJ)BactJvlt1e$ ,~pplytQ rIce ~ml wbe3t. lrrlgQtJgn w~t~t J~Qbt*,ht~dby ~ 'w@tQr 
pl,lrQba$eactly!tYt 

TheQbJeQttvef~notiQn ,Qfth~ UAel1,rprQsrllIDmln~ m.odel j~m~lmJ$~tlQn Qf towl fDrm 
groS{lmargJn, 

Tbecpnstralnts Jlre $peclfled in the model a$ foUpws: 

(I) ~(lnd CQnfitralnu 

wbere x is the level Qf the jth f)ctlvltyfpf the Itll cpn$tr~tnt,. An" L ·fStb~,ma;dmum l~"d 
avnU~blereJatjns ,tpthe ltll c()n$traint.~f,1naCgn~tf·alnt.$. ~pplytQ nQn~lJln{lfQrme4 
contour bfiY ,hlOdf()rm~4 .CQntQ1Jf bijy,dryl~nd..pml.rlceru-eP.$., 

Annual aUocatlQn Qod w~ter qae; 

where A i$ the totEd annu~l wflter allocation, and Me is the ,tb month channel 
constraint. . 
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(llllCrQP tfnd PI1$t.UffJpPlli$ 

,Crop; 

wh~re CS 1$ tbe ct~op ~enlrJS l)ctlvU:y fpr the itb ~rQPPQoJ,~nd l' l&tbe Jth ,rQt3tiPI1 
Qctiv.ity whicb cQntrJbute$ crop yields to the 3elUnB p('lQl. 

Pasture: 

where d is the seasonal pasture requIrement. of the Jth livestock ac;lvJty,and ~ h~ the 
seasonal supply Qfptl$ture from the Jth pasture activlty. 

(tv) Pasture/rotation tie constraints 

where pr 1s the pasture phase requirement of the Jth rotatlonand ps is the suPpJy of 
pasture to the tie from the Jth pasture phase. 

(v) Labour pool 

where a is the monthly labour requirement by the jth activity, q is the supply of 
operator's labour (hours) and v is the supply of hired casual Jabour (hours). 

(vI) Operator's labour 

where OL reprapents ;;ototal operator's labollr. 



4_3 catCUl~tlOQDf Net Pt~ntValueot .,.. ~t:Clr J4mdt~, 

th~netPt~J,lt "~lu~tQPr~rmerQr ;undett~kltll ,tin :lpctentento.t lMtltQt#Jitl, fW" 
ealcu]at~d :)isln,the toUowfngequatlon: 

1) 

11P'f.fL~1".i~ (t*~,,) f" [{l.X.) .( (GvP'tl;6,l""QV2tf~~U"1)""'(Wc~.t.l,""WCd~n,,l) ".tc'J,""H#'tR#~~l +r,td'tl,"".f*~lll 

where 

k 

m 

c 

t 

b • 

NPVLkslme • 

the Jnctemento( landr()rmlflJbet!1gevalu~t~, ',J~, ~. l/ltu>!), ,5 and 
relatesto the five 'pos$lble40bec~arDlncremel1t$of lllrtdtormfo$\ 
one: 200hectarefartn;. :Forexarnple,k ",. 4.tetef'$ :tQ ,th~ 'fQurth 
increment which would incr'etl$6tbe' 'ute~t lamlfQrmed; ftoml.20 
hectares tot 60 hectares; 

the SQU ameUart,1tlonpractlce' 'Implementec,i durJug orCoUo\vlng, 
lnndformlng;s- 1 I( tOpsoUblg'l$ undertaken and s '.~ ,2 JConJy 
fertilisers are applied; 

the category of layout on therannprlor tol~nd[ormJn8; 
1- 1 low cost JSYQutto ,huld£ormtophiriC;O,fbest \fJt; 
1 • 2 medium cost ,layout to lal)dform:to phli1t ofb~t ftt; 
I • 3 high cost lfiyout to l~ndr()rmtopl(lnoQrb~tf1ti' 

the marginal lncome tax rate category or tbe lanne.r; 
m ;; 1 marginal tax rate = 0+00 
m =- 2 marginal tax rate • 0.10 
m ;: 3 marginal tax fat;e c 0.15 
m 'II 4 marginal tax rate :: 0.20 
m =5 marginal tax rate == 0.25 

Carmer credltc~tcgor,y;c" 1 if ifa.rmer is eUgibu,lCor 
c()neessioofilcredit .and c ;II; 21f the r~rm¢ris IncllslbJe; 

the number of YCJrstol1owlng landform'ins; t. 0, " .... hi 

the length of tbeplanntng horizonfoUowh18 landfQrming, 

tbenet present Y$lue of thektb Increment of tnndformlnJJ., with 
soft amelioration practice $ appUed, prIor hlyoutcategory }, 
murglnnl tax rate categorym, farmer credIt categoryc; 

ttl 



TVCdcst 

the ire,. 'PQ$f.;.;.tfl~, d'$Coqntnatetet~tlnl tQmar,lull 'tncom~t~rate. 
cAteso."m, 

.~ (f¢fJUW •• m"'sJQ.llncomot~ it~tQ If In:c'~iof1t+~; 

fJ'oO·' 'Y.l~~b·ottartn 'P~n4u~tton' 'fn;tf~ .. ttb)re.r .fon~wlll' !l'ndformlnS'. 
wltbtb~kt·lilCtementupdert.d(eOt3QUlmeUorJlthnt :prlcU(!o i.' 
.ppUed.pdorl.y~utt;.t~gQJ1' 1,(NQt~tl1.t :G"Pl{k'" n$l.t~(f!WI·.tQ, 
tnJsmeQure (Qr' ;th~(k.,.ntb 'lncr?mentund~t~lk~; 

tot~l variable~$tJSrortb~t~tm .InWe tth yeftrrOUQw!ni, 
lt1ndf(n"folng. withth$~ttllner(!mentufid~ft~c~,$OU i,UneJIOritf;lon, 
practice .~ppnedt pr.{orhJyouteateS'Qty 1; 

the cost :of undertf;l,ktn,J ·40 hectare ilncrem,entot'!llndtot'lUPS'",itb 
soil amelIoratio.n practice $ .~ppliedtprlQrlQyout catQl{Q.ry ,t; 

thecostotpetlodJc repon$bl,Jl'lntbetU~ ytlijrfollQwlns 
landformiug; 

subSidy eqtllva1entoC conce&${Qnal credlt, provided, tofbun-.ce; 
la.ndforming,inthe: ttb 1f!$r foUQwtnglQndfrlrmtns fQttfltmer ¢f'etJlt 
categoryc; 

IncreMB In !leldm.tbin~ tta.d~~lnva:lue ,In the ltb :ye~ follQwJn« 
landformlng. witb thektblncrementundertQkcn,$on~nneUor$ti()n 
pr~c.tlce fJappUedt prior .layoutc't~aorylj 

the ~$tof (revenue from) lnCl'el1$ins{reduelng} neck; l>t berd $l~~ 1n 
the tIll year foUow.lng.landfonnlnS'. with thek,ll :incre.ment>of 
landformlnl undertaken,$oU :f.lmeUorationpraCtlee :$appUed,pdor 
layout c3tegoty I; , 

Ther~tlonaJe .underlyJng 6peclficatian of equatJon(1) h~larsely'be",ncov{!re,lln 
Sections 2 end 3. FurUler detaU$ relatingtolnterpretatton ofequutlon Ulfollow. 

The positive cOl'TeJatil)n of landCorminicost witb the volume Qr~tbmoveddurlng 
lanufQrmlns W$l$ discussed in Sec~l()n 3.1. AJ ·~s~n¢ral AlIef the lncr~ase .nfluid 
efllafency o.t Q. l~yout after bmdf'ormin$and the"proJlottlon ot an aroabeavy cutdurJng 
landforming~re both also ~ltivelY correlated wltb th~ volumeo('earththat ~must be 
movtdto achtflvea gIven standard .orhmdform~d layout (OflmJey,..Naylor ,pUB. corom.) .. 
Tbefonner cQ,rrelatlQn maybe explained byconshter.ngth~ttbevplume 1)feartb ;th3t 
mustb¢.tnQved toral$e tbe field ernclencypf aprlor layout with 'IQw' tleld.-;fflolenqy 
tQ .• ,!Yen level isUkely to be .greater thantbat . ,equlted toralsetbe fieldeftlclency of 
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wltbllgW' :nel4:~fflcJenqy,tQ~:glYM J¢Vel 'l$nk~ly ,tQ '~STepterthJm"tb't rt'lQ'rod 
tOtfJj$¢ ~th~ field .efftch;m<;y' ·of ·~·.;prJo:r :layout. 'wltb b.lht}t:n~ld :effltleuoy·tQ 'Utlt 
;"$~m~lIivetl·level .. 

Tbes~; ff¥lutlpnsfdps 'were 'll.$edJn ,dennIng' ,typtQul 'reAt"r~ ;~$Qclatea 'wIth 'uM~rt~klnKl 
landfQtmingon l~YQutsr,equlr.lna low:,.mediumln4 :'dJbwJ~' Qt ie@tthmQ.'lt"'to.t~'fn: 
phme: :(Jf be$t !Iit~ Tbo$~ ifeatUt~ tltt>d~t~n~d: lp, 'Table 1.tbl$ ~IJ;nJlUfyl"'l ,41ppr.o.cb 
wa$adQPt~d In· l'V.lew of the gte;ltv~NablUty 'blebl1r~eted$tlt$orl~YPu~· pdprto 
ltmtltormtog" 

Npt~ tbat ;the field:erf1¢l~ney Increa$csof 11,t),2$ .. O ,#n4.~6~7 :P~cerlt :§bown in, 
T.able teorrC$pcmd 'w'tbr~duction$ -in lield ,macbJn~ -work it_tc:4. i(lt$$wnlo,'nQ 
chapsc§ In worklQild) of ,15, ao J~nt14tlp~rcent r~~e¢tlvglYt 

:Prlot" Layout 
Ca~gory 

(cost to <landform) 

EI,lrthmuvltlg Cost 
($/ha) 

lna~~lQF.eld 
Efflctency 
FnUClwUtg 

~tQmltP8 

PrclpqrtJon, :of' 
Ltmatllrmed.AreJ: 

Low cost (1;:;1) 260 

420 

High cost (1=3) 600 

(%) . 

17",6 

2$',0 

66.7 

J;!~vyCt.t~ 
(~) 

5 

The majority of farmers pay income tax under the income .averagingprov!slpnsotthe 
Income Tax Assessment Act (Douglas etal, 1990). Apprmdmutely 75 percental 
farmera using these provisions tn 1989/90 had amargiQsltaxrate of ·below25per 
cent (Douglas,pers. comm.). ' 

Therepresentatlve farmer wa.sassumed to utilIse these averagingproyistona.·Thts 
8Sslst&in hlCQrporating tax effects In the analysIs ~ the marginal tax rate dOe$ not 
v~between income brackets as is the case under the standard provisIons. 
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.~3,3 .~~ ·.~er'ed:son ·.the.~r~ ecp~CJ .QflaIMlfQtmlng; 

Afarmer'$ ·m~gin?J .. af;~pfmeom~ta~ 'WUl Jilllect ·theQn~farme.cQnQmtC3Qt 
landfQrnlJnglnthe ifpUQWJDJWfiY$; 

(Q) The :m~g'naltaxra~ det~I"C$ tbet\bat~pfany .• rn::t~~e.(Qr ,d~r~J,n~e)b~~nn"fll 
prollt~ttdbut~blett.ll~r)4fprmf.n,i th$tPCWDJ.ly .~tcrU~. ·tQ·OJ 'hl¢urr~~l~t) .~. f~tnl.~t; 

(b) A!s d~ductl()n .ofe~pendltll,.i'eglt .'~rl4fprmlJ)' :ttQmtax.blelm:;om~hlt.he y~.tot 
~p~ndltUte. 1$ .. ,en~rAn1 ~lt~d(~~ ·sectlon l~~),tb¢ ,PP$t..;t:rl.XCQ$t·cr~/ 
l~ndforJnlDg: .iQhWlU. 'be' lower :thebigber f~l.rwmer'$ ;m~sfnal .t~x :r4it~~ 

(c) lnter¢$t l'~(;~ipt$ ·are :t8l(sbJ~,Hence -the :bJ$IlE$t~.i :tmm¢r,'JSmfJrgln.t.ll t~j(r~t;~, tile 
lpwerwlUbe ·tb~QPportunJty C()st!Jftb~ :capltaltnvest,~dbl. ;1f1.ndfbrm.lpg~:(tlmlumb)1 
t.healtetnative.usf) oftbeca,plealwQQld :hay~b~ntQ'earn" 'Jnty~t ine()m~), 

Noteth~tlncre~4JQcome ;r~ultJngrtomiQcrt:m$~ Intfade"lll yal~~.()fneld 
mllthfn~rYllttrlbQt~bte ;t·g l~n4rQrmins, ,~t~nott~(lbl~ It a ·tQr;ffi~rmi!k¢$~n~l~thm 
under Sf!..ptIQn 59 (21\) of tne Income TM~$ment. Act! It 'l$P$$UIJ1ed. :that: ,fJeld, 
'JJ1acbtnet,Y fs; 'not sol4J1t -~prlceb'sb~r ,tlu~ntb~Qri.hl§1 ~tQ~lU§tf;d ,forlgflaelpn, 
Otbetwl$e- ,$ :.fllnn~woul<lbe llj)ble :for e~pitttlSttli)J~t~ .. 

PurCbtl$C$(sli!~) of UVe$tockto inere~ (decrea$e) llqtkor herd .sl~~ ·'ft~J~ndtprm'nlt, 
dono~ .rfeQtim:omet:~UabUltyof ;the repretlentatlvp t~er:&l~ ;It .i'~\mletl· ,tb~t 
tbe trodhl, profit from tbetrf;lnsJ!(ftiQP$·tge~erf.J;th~tls,.tblitthf) dfspO$tll'vf.llUe'of 
UVC$tockJs ~qQa.totb~$cqUI$IUon (.;Q3t. 

NQte tJlet th~'ncome t1m crlect(f~.paymfmt('Jf ta#,UpblUtl(}$prreCefptor t~ refund$l 
of $ ,transllctlQD ,1& ~WDe4to '@cur tIl 'tile' ye~ fQJlQWlnBttt~ ;ttaQ$~ctl()n,. 

EUglblJley tor concessional credit frQmtbe :$peclplCQn$ervaticmSCbetne ;Jldmlnt$t~red. ·by 
the NS~·RW"~lAs$ista~,AQthorityp .. ovld~f~rro~ with flmmc¢ to .un9er~fjke 
~JandronnJ"a.t. cc;mslderablylowCJ" IDterC$t.r~~tJum$vaUable ffQmcc)Jnmc.rclaJ 
$Qur.~, A~ tQunS squrce ofcret.flt:(;r.ntede)cethefJ.mU1¢Jng<;O$t .Qf lanQfQrmln~ 
tilgnificantly, 

l"o~~JJn4erthe $peclal C9~at'onSchem~m-e cpvllU~bJt.latan5.ter~trate ofSp.er 
centpp,r •• mum" Th~ah:e()f Jo~nl. Uml~edto90per :cent()tth~rea6oDable CO$tortb~ 
wQrb~ T.~mp1muroterro ()f illo~m .1$ ISyear$, To ,be eUglbJe.fQta 'lrnm,crlterla 
'ncl\l(Ung ·tbe·fol1owlngmijStbern~t: . 

-theprQp04ed w()rkam~tbave8 b$'!~nclallmp$ct on theJppd,tbecoPlmUnlty 
Md theeQvJrQnment .pt· large; 
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~' ~·fJlfmln,i·¢ptetptl~ :mUSt :pr,tJvI4~tbem~J(n~Jt>"i'Qt~~~~'I',:lll¢Qm~,Or';~, 
~ppU~gtJ;, ;tmfl' 

... tbo.ppnc~mt, ,mQ$tll~blWQrkbl,g,Q~~tig~ :Qf\~ 'fmn::,p4'b~yel 'ne~!@§$e~n,o,t 
~(;efldh1S$800,OQO .hlv~lue,(N$W :RYr@IAJsJit~f"C,eAutJr.Qdty 1900)r 

~QndfQtmlllS ,~nkelytt> s~tf$fY t.b~ nr.~t:qlt~,ft:m,lf ':Wfld~v~19~"n~nt! 'fi(;@r~tQtlyl 
:~1~rm,e4.ai)t;l,(!Xe¢gted~$~tJsta~tlon(Jfther.emafnJps edterhJdepe,n4$ ,Qg.tP~'$ltYJ1tiQ"11 
aJtI)QQsb,mf)$t~4tJ,A~ rIce 'tm1M'are :UkelytQ :<»roply([)~J~y;.tNil10r,.~$~c()rnm~~)~, 

.;3~$ '~l~8f.b,gr;pJPMf~,~OQ 

Tb~ :be~~tl~J)f ,l~ndrQrmJPJc~ncqntbn.J~ 'tn4efiJ)ltely~'per,pdt,c,r~PQU~bJhJqs~Jilly 
:pr~ve~~ d~t~.Qr~tIQ"l;o.r "~ hmdfQrtnea ,J~loU~~ ;A !reJ~tiv~lf :JQnJ.!pbuJJlJn,IPQrl~QJ.!ror 
Analy&lsis tbt}refQr~J;lpproprj~t¢ln: ,mC)$t.ltQattQQ$, 'particglm-lr In' Yl~wQf ,th~ 'relatlvel,. 
I)1SbCQStQfthe 1nltia~ Jand(Pmllnglnv¢$tffi¢nt.Sl,lQrter' iphumJnghQd~pl)$m,Q.xbc; 
appropdatE) if tb~e isfl,rl$k, !,th~t ;,the,Qenet1t$QfJ~n(JfQrmlps ,ma)"beeom~Qb$pl~t¢~,ln 
;the rl.ltQf#~PAulJert: l:md iAy~r, 19a2h 'Thh. COQ,ldbe;due ',tg ':the lan4,,~Qtn8,.QqtQf 
Awtctllturillpro<luctiQQ '(for ,exampl~' ,du~ to :,ojl ,~~Unl$@tlQt)'',tbe. t~l~tJv~~dVJlntQse :pf 
land! ()rmfldl~YQu~ 'declining in the future ilul! ;tp ;~lt¢tn~~lve ttriga.UQnm~thpd$ 
becQmlQS8YJlilable_or due to acttYltl~ tequ'rh~8altetm~tlvQ Jlly.C),utsbeCOJllIDgtnPfe, 
profitable thanactivlUe$4n lal1dfQrmed.l~)'()ytsfO . '. 

Tb~ plannlps :hori~on wMi1$Sumedto ;be '30 years, but tIlesensltiVlt.y lJrr,~ult$ t~) '~b()rter 
plannlt)goorlzons w(1s~lsoe~amln~d. 

The sro$Svaluepff~,productton (or each ye~duriJlg"the' 'plllPolDI 'br>fltQn WM 
calculated1.1$lng the fQUowlQg fQrmull!: 

4 ? 5 

GV.P~~J •. !1.~ ~~~.CYtft;b' CP~~t~ .wt~lll.LQN4t; 

b -= Q"opactivlty type; 

b ;: 1 ricesodSQwll; 
b -2 rIce ,~eriaUy $own; 
b = 3 wheat sod sown; b-.' wheat. :~omb.ne suwn. 
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d '!JII nv~tockJlctivitytYJle, 

d .l'mEg!nQ~lf~r~pJa.;insflQC~; 
d-;2; :me.rln.(),ew~~' dQr$~t,r~m 'fh;lck,;, 
,4;:am~r.nQewe ;x,bQt4er le.i~~ttn' ;r~mnQck; 
d ,~4firet'cr~ ',ewe, ,~do.t$~t t~f,Jpck; 
d ;:;; ,m.~rjno wetbers, 

e- l~yout ~QnCQn4it'oQcat~sQQ1» 

Ie.' ,noJk·llindfQrffied la),QQt; 

CA"eb 

CYteb 

'CJl.bt 

'LNtk~ld 

,e '~2 J~Q4fprme41$yogt,$man:m"~tthetivy CUt(lF l),~QU 
ameUQratlQ1l])Y' tq~AJU"~(~~' lh 

e ;;31l.l.mffprffied l~y()~t,~m~n~rt!~p~~V'f;ut 0* l'~;$gn 
am~1ft)r~tIQn ~yfettJU~m7 .(, ,~ :~); " 

e ~ ,4 1~n4rQtmedl~yout,me4Iqm*l.rt"$« 'h~avycut(l ~, :2); ~QJl' 
tlmenQr~UQnb;y tpp,$QiUnS($ JI!: t): . . 

e ;;;; $landfprmed 1~Y9ut,ltne(num ·arg~h¢avYCqtn ;='. ;~)~§9lt 
e.meJfj)r~tlonbyte.r,~SUs~r ($ ,-=2); 

~ .;: 6 lan4form,e4J~YQut, 'lprgei1t~~h~avY pqt :((p;, :a), ~mn 
ameUQratlo"bytoP$()llhlg(, ';:: l); 

eF 7 .lan4formed l~youtt ;lru:'s.~ 'Qrt}~h~~vy cut· ,0 ~ .. '3)ti$QU . 
JDleUoratlo.nby 'fertlni~r($ J:; 2); 

III if 0$5 'value of farm production .n yetW't,wJtbthe 'ktll Incrf.m:t~nt·pt 
l~ndrQrm.IlLJ cornplflted,prlot layou~catesory ."jD4~aQU AmeUQrathm 
practice s:JiPpUed after' J~JJdfQnnJn,g; 

: ;:p-eaofcrQP typ~bgrQ.wQQnblY'~U;Je~()nCQtulltlQJlcate~Qry·~ wlth :thQl(,th 
incremf!otof lan4fQntdng .·~ple~~dj 

• YIeld pf crop tl'Peb '8rQwn Qn lQ)'Qut !sQUcondltiQil c~t¢S()~Y~, ~ Y¢,tli'$ 
fQllowlnslpndfgrmlgg,; 

!Ill f~'!'iate pricerepeived tor (:J"QP '~~'b,t yePr$ 'followJtJ,' l~mlfQrmimn 

-mnnber :ot IJv~wcftrqJlwlthJn Uv~tqck,.c;tlvltyd, t y~ar~ fpUQwJn~ 
landrQtml"E{,:wltbthek~h .111<;remeDt;ofbm(1fQrm'n~c;Qmplet~d,p.riQt 
lay()tltc~te8qryJand$QnameUorfltj(m ;practlce$ applied 1;\ft.el' 
hmdtormlns; . 

'F Bfa" mar~i.n per bead for llv~tQcltactlvlty d,t ;yeG1r~fQnoWlng 
Jam;lfQtrnins· 



'Vlltll!lllfpr.CJrbt .~~4J..(l.M:dt t'l!Prll$e~te!lav,eta~l~\'e~lo~· tlI~.~~~)1t )l.erl!l!li~$~~ 
tNSW ,Agrh;.ultlW.e; ~'fl~hefJ~t 19a~~OhTJ;l~~ :pr'qe$,~4'8t~$l' :m,~r.~n$w~rf4 
,As'§umed.tQ 'r~.m~dJlCQMtQQt inreflttenn.$ ~urlns~~lte;pl~rdQI~;llQr!~(;m! " 

'¥~lu.~\rQr ,CAkQb w~re~alCllJ~te.,d: Jropt'tJ1e :jr~Qs.pt :t~t~tt~~;:ld\¥en: ,In,~l1~~Qlqt~Qtl>~\r 
tile' PQJ1~PQndJng ,:;peclflCitlon ;Qttb~ UO~atPtPgtAAUllbu~ mJ)a~l, .¥I}Ua$ :f1>r '~Nik,l4 
¥lerei '~d$Qb~edonthe ,$Olllthm, ~QI~elln~~r :Pto~amrolqp..nQdel,llut; .f~gt9r~4z " 
dQwnWl,ltc1ht tbe .el!rIY1ettr$. ·$ft~t .landfQrmlnsfoUQWmi; :th~·pro.C¢d.pr~.gi~U$$~d: lP' 
SectiQn3,5. ' 

Note. tha~ '~ c~ntakQ:.Qr),ly tw.9;'\lijlu~!tor tlJ~reprea~ntat.tY~fll"Jn"ijn~ -v;llu~:.tOtr; ~nQP'" . 
!landfQtm~ar~C)tt,(e~,t) ~n4'Jlnptb¢r;valijerorl,ndform~411r¢~~.(wlebtJJ' 'tbe rJPStl~r4: 
tQ e:c7), Tbhlifi :becaU$etbe' ,~tqq1desJSP' ,reqpir~tbijt:tbe ;pdQT :!jl'Qut¢$t~~p&pna 
,th~ sQUam¢UQratianpractlc,e,appUed rQtIQw1ng ,1anaf~rmJn,r. :Qotb rem~ln'cQn~tant :f'Ot 
all Jncr¢l'llent$ ot lanqf(jrmfng~, 

4,,,S .. 1'f9t~1VP.rJ~l>JQ:~t ,fQr f~ 

where 
f 1::croPQr p~t.ure ;llctlv.lty;: 

f .~. 1 rice »Q(jsQWO 
f ,;,;2 flC~Jl~riQ,llY$Qwn 
f ;; 3 wheat $odsown 
f =' 4 wheat combine :SQWn 
f. 5 annul;ilpastUfe 
f :;. 6 Jnnpal.pasture 

g == J£l)"Qut variable c'Ql)t c$tesory; 

(1rrlgat~d) 
Utris~ t~tJ) 
:tlrdg~ted) 
(JrrJgated) 
(irrJg~ted) 
(non;.rtJI~ted) 

S ;F, 1 nQn.,landffJrmed l~y(l~t withhf,snfl~ldefncl~t;y (l' .;:;' 1');, 
S =.2 non"'lJln4fQrm¢c!J~YQut wltbmediYmfi¢14¢fffch~ncy(l '1=.:2); 
g .~ 3 'PQn-laodfo.rmed .1p.YQut with lpw flalda(flcJency(l :;1;' 3); 
g ~ 4 landfonned l~y()ut. 

;II! to~~d variabJe. cost for Q fArm t y~ar$ ,fgUQwlng l~\f}(Jf()rmingJwJtb th(} 
k' . Increment of hmdfQrmfng undertak~ll~n4wlthpr'iorJaYQut 
Ci1tegqry 1; I 
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.;If varhlbl~:t(l$t, :per :i;ect4re, ,nf A~tlvl~r :(. ~na~r,tal\f;~n ,.QO, ;JtlYQtl~. VlJdapl~:~9it 
c~te8QJ1$'.t ye.tirs Jc:iH()winglan4formlns_ ' 

= ~rea pf,~ctivlty fqn<lerttJken pn'aY'o~ :Vi1ri~l>le ,CP$tta.tf.~gQr1.Kf .~" 'year$ 
fplloWbli l@gformjn~~md with;~be :,kt , . JnPrern~nt·gelflJlafprmln~ 
:undertakenl ' 

l:;t "»~b~tQf hOUf$, ofc~utdh~bour Jltln$e4Jnth~tth yeilrfQn~Whl~, 
luprJtQnnlng, with :,thektbincremeot Qfl~natormi"~, 1Jml~t~k~n :and prJor 
layout ca"te~oryll 

~ hpurlyrpte .ll.p,J.4. fQr CP$ual labourtnthet'b Yf.!?rfqUpwln~ laru;trorttlln~; 

= number qtbale$ 'ofh;)ym~d.A 'in the ,tIb year f9nqwln~ JandfQrmh~,~,. ,wltfl 
th(} kttt Jnc;:rem~nt of hmdformlps un4ett~l~~n ,ilndpriQr layput¢f;lt~SQr)' 'lJ 

~. contractor rate, fQr b~y'!'maldni ,($perb~le) ht the tJh ye»t tQUf)WJo~ , 
landformlns, 

Vf.dU¢$ CPT AVClfg w~r~QPtainecJ rrQm.McKeJ)'l~ U9~9)JMcl<en:d~·(l990?)and~cKf:m~jf) 
U990b). Th~e vp.hJCS :relate tQcrops ,tQ Qebarv~t;~aJp.ndanntltlJpastpt~'grQwn,.~urlns 
1990. NQte that varhlblecost$ of UVe§t(,l¢k~ctlvitte;; ar~ nccQlmtcdfpf :lntht: vllria,'hlel 
LGMdt Qfequatlon (2), . 

V~b~es for AAtt;fgwer~d,er.ived 'fromthesolutloPpftbe CQrr~PQm:liJ1K:~pecitjeatiQP pf 
toe Unear pfQ~pmmhli rUQ4el. Note that th~ yield$~peclfl¢4iQ the UneArpfQgtAmmins 
model fQrbmdfprmedflreas were the aChievable y'eld3;th~t,1$~th~ yle.ld$even~~U:y 
reaU~ed after .problems B$6ociated wJtbs(,dl~trQcture,$QnrertUlty amI 'mtin~gemen~ 
fOl1QwJng' btndfprmJog nfilve been Qv.ercPtne. ,ltwa$,~sumed ,thatva'lUe.8QfAAtkfg WQuld 
remain CQfl$tilutduriJl$ J;he plilnn1ng hQrh:()n, Qe$plt~crpD ~ntl p~sture "yi¢ld~pn ' 
lapclfQrme4~r~~ in the initial yef:\rs fQllowing lamJfQtmlng ~tUl illCreU$Jng .tQward 
acbJev~ble hwel~~ 

The Y~luf!S of CLtJd were a~QOb~aJned from tb~ ~QJutlQn ~Qftbe corre$PQndJog 
~Jl,ecltic~tlon pf the llne§f prpgril.mmlns ,model. The v~JuC$ of Htlc$l were b~ed ,.,nthe 
$QbtUQJlQf the UneJlrprQ¥mnmlniIDQdel, HQwever, in ~heearJy year.~ roJlQwln~ 
hlndfQrmingtbeqevflJY~ wen~factoreddflWJlW~rd:pr.Q ratatQthe reductlQn lU\VhQl~ 
fijrn) p~stur.e pro4qctl()n~ttrlbuta.bJe tQtbete.mporary .deletedQ~ effect$· prl~tl(:JfQrmIJlg 
pn~()n$trocture~nd iertlUty! 



4~3~~lCQatQf "$.n4tQrmirur(lPQ~m11ng IqU$m~UQfittQll~Jl~) 

Tb~ V~l~~qfkCsl :Wete c111e~lQte4 by the ;pr()cetlur~ di$cU$.$ed In :~e,U~ns, ,3.a;3And 
,3.3~4,NQt~tln~tdl~~tu4yd~lgnr~quiff!.$ tba~l;ln :lQQ<lfgr1l),fJUl' QevelQPmetJt 'l~ 
CQmpletedinperi()d '(1 (t :;0), ' , . 

4~3.9 ~to'f mPQJmldg, ,1~fqfQJ.~ 'Il"eq 

The cQ~tQfr~ppn~lllng wMslvenlll Sectlp'ga~6. Jnth~ yem-s !In :wblcbrepQU$hlng .1$ 
un(lertalcen the value QfM'l b}~t thl~l~vel ilml hjQtbety~(tt$ ,Mte.quaJ$ ,~er,Q.' 

".3.JOR~I~t~i~4JaCQPQtraWi 

Tbe nQmhu~l r~teQf .nterp;,~ paid ~Jl s~v.l,n~~ '·WiedfQf c~lcul~tl()n,ofdlsCC)unt T~t~ W.;;}$ 

tnf;} :aver~ge Qfrates Qff~red fo'X' :fixed bank depQ$I~e~ph,m9ntb'gVQI" ;tbe<p~dQd Jij80/I.U 
to. 1.989/901 for sUm&l~ss than .$$0,000 :Jintt 'fQrtermspr l~ tbJ,ln12 :m~mths ,(R~erve 
aanl< Qf Australla, variQij."). Theaverl:)g, e rllt.,waacalculate.tltl,)be,12,44pe,rc~nt p~r: 

, ~ 

annum. 

Nominallnter~t.r~te$ were adJu~~~4 fQrlJJcQm~t~x ~. fqUOW3,Th~, ,n~tpr~en,t valyt) 
of returns from.cme LJollarjnvested· .~~ a n8~(ld~PQ§rt In the ,curr;~nt :pedqd. iWJl§ 
calcQlate4, ba&edon the llS$umptlon th~tth~corr~PQndJn,i ~lncQID~J;p Uab1l1ty, f'n~ 
interest lncome f~l1$OIle year later (see~tiaJl 4.3,:1). Thetpg UabUity' Jntll~:rgJlQwJ"8 
ye,{Jf ~qual~tbe pro4uct ()f lnter¢$t,loC9IDe .In tn~ CqrTent y~gr, .f)ml,tb~.;marsln~J! JnQgmJ~ 
ta~ rate~ ,Its present value w~~plcylllted :u~l"i the l.l()mlJlaJpre ... t~lnter~tr~t~. The 
nomlnalpost,.tax lllt~re§t. r.aee WaS dum cJllCUlated '.p)" divjqlPi :tbe netptC$~n,t YAJu~Qf 
the inv~tment return U.e. the current llltere$t return :mlnm?,~he 'pre.sentv'Ju~Qftn~;tf:lx 
UabUity)by the one dollAr Invested. ' 

Re;ll post ... tax Interest rat~ could the,n be (:~JQulate4U$lng tb~ JfoUQwing eq9athm 
(Ponnet,1922);"" 

wbere wm 1$ the nominal post'!'tax Jnterestr,~te tor~Qvlngl$ ,for IDar81n~1 In(:pme t~rJlt~ 
categQry Pl, fln4 I Jsthe~nnual inflationrJlte~Tb~~nJlttp.l hlflatlonr8.t~' u$ed WM ,8,1 
percent which l~ the~ver~ge gf ~~Ulual percentilge lncre.l1$~lntbe' ,l\ustr$}JijQ CQn§1,lm~r 
Price Index: over theperlod leBO to 1989 lnclQ~lve (ABAlUl,1990). 

The r~lJlthj~ re{ll post.,.tWl; lnter~t r~t~ {fQr ~nwJn~~)by :marslnJll ta.xrat¢,cfltegQryare 
~hpwn In Tflble A4. Ther$lte$ range from 3.5 per~ent p.3. where themarsJnal ,ta~r,fltels 
~erp toQ.S percent Where the m~r~IJl{ll ,tax ·J'atel~ 25p~rcent, 

Tb~eT'te$ were~~wned tQ repr~ent the reQJ QPPQrtunlty CQst QfcJ1plt:~l f9f f~nner$ 
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4.3.1lSnlmlcll ',~l.ll'VJ;lJoot ,(JfCQ~fgn{l.~'t 

In:tb~,eQllt~xtQtQl.§tQUnteJlC;f)~b'fJgW,~m~I)'$13' In whlcb ·th~, aJ~qpunt J·~te,r~pr~gpt$ ith~ 
()FllQrtunUy CQ~t .Qf .QQpJta.l (in tlli~o~etoEAfmm~r)~ th~ ,b~n"fit frgffi b~hlgprQvldeil, 
c.·e~UtfJt 'i\. cQnc~f(m~lra~~ gf lJ1tere$tarl~~ ,froID Inpurtin~ Q lQwm"'cp$tr 'fot ·u~g 9f 
c~pJt1ill tb~n I~ QppprtunJty co~t. 

The margip b;y wblchtbe ,PPPQrtunU:y CQ$f; 'of ~apJt§l.(fQr "a ffJrmer.) ~c~,~d$tb¢¢o$t 
actuaHylncqrred fQf~be lJ~e pC ,tbat,.capltaJgflJll>~ cQn~Jdr:redtbeeqJJivaJentQr tt .eftsh 
~ub$hlypald perlQdlcaUy durins ,the, term pftbe ,CQnce8aJQmd ·lpAn. 

Th~ Cf.\lcQ}atlQn of the ~ubsJd'yequtv~lt}nt (pte.,.t:~x) ofcPuc~$iQnaJcreQ1tprQvtdedYn,4et . 
the Special Conservation Sch~e (S.C.$.) wrusQ$ foUQw~. F'~erseUsi~lefQr .StG;~S~ 
credit were p!?sum~d t~be prQvid~dtbc m~ximqm .amQuntpp.~~lpl~(~O :percentpf ,th~ 
CQ~t of l~ndformJDa) tor themaxlmurnpQ~ijible term (JSYear$). The lQaJlw~$a$sijmed 
tQ be rc.p~Jd in amQrtl$ed ~nnual fnstalm~nts.ln§t@lment$ wer~as$Ym¢d to ,b~luddat, 
tbe en4 of eacb year f The out4t~mdlngptJnqlp~ldurlnse~ch year W~S caJcU1At~d 
~cPQrdin~ly. The pre-ta~ sub$Jt:Jy equlv~leJltQf ~QJlc~$tQmd credl~ :In iU1Y year W~ 
calcul~tegby the f(lUDwing eqij~tlQm 

(5) 

where PtslcJt> the Qu~tamUn~ prJnoipal OQ ·~S.CtS" ·IQan ;Jyring ~betJlJ ye£Jf foJloWiJ1B 
l@ndformioB, with $oU am.~Uoratlon praPtJcft$J,md~rtn.ke,Q, prior Jay<mt pat.~gQry 1 ami 
farmer credit cat.egory c; yl$ ,the pre-tax opportunity cO$t()f capital.(iei tbenpmlnll,l 
pre ... t~ rate Qflntm-e:st received for savings); iloll u is the Interest rate paya.ble f9r 
S.C.S. cr~dlt. 

The m:t pre&cntvilue of undert~kjng topsoiling du.ring ~n increment of landfQrmJng wa$ 
calculate€! U$'n~ the fQUQwintt ~qlJatl<m: 



Wltb :pdQr l~f·Q~t 'Cgt¢$Qry l"mm-sb)~.l ,tM rll~~cmt~,iQrf ,m! :fArmm
;Cf~(nt ,~~tespry ~; 

CFITtklm .~ PQ$t .. t~<:MhflQW JnQr~JlS~: !~ttrJbuta,bJ~ ~Q,fntdertQkln't~~:ktij 
In¢r~mmltQ'Jan4fprmb~I·Wlth.tgp$Qlllp'{3 1t:' U Su: tb~t.1)1~Dr. . 
rQJh~\vlP~ IpndfgrmlnB" with pdQ~ 'Jayout,c3tegot]' 1, Ru~r~JmdtlXr~~ 
cl)tespry :mi 

CFJFUdm p: post~tB~ c~bn~Wincrem;~J1,ttdl>>>ttlPlij tQ,YQ~~taktn.W~ ;k;tb. . .' 
Jncr~~nt. Qfland,fQrIDftlll withmJC't:pp$f!lllo,(§ .~:2), .hl ,th~tth y~~ 
fallowloJ . 1 lJP4fQrmlqs, withprlQr l~yQ"t.c.$t~lm:'1 hm~s'nJ,\l ;t~ l~itf# 
catelOfY m; , 

for S :II 1 anti $ ;; 2 r~Jlectively~ Not¢. tb~t tbe rJib.t~banct sldg Jlf e'lqatlQtt (7) J~.B 
term witblneql.llltlQo (1). NQt~ alsQ th~t undetlylngthls equatlon8,peclt'CAtlcmJ~,thp 
~$umptlontb~t t\ fm-mer qndert3kM AU lncr~m"nt:s Qf hUl4fqnning. ~ln~th~ $Jmt~ 
~on Elm~UoratlJ:m practice. 

The roethod$ U$ea In this study for ev~IQat.ingtbe. ~cQnQmlc§of l~odformtJlg.~e 
lletermJni~tlc" It Is ~Qmed ttJ~t a fijJmerllMperfect fQreslsbtfor nQt.onlythe 
physical effec~ of hlJlQrQrmlJ)~PJt for thQ vltlues of @Utbe pClram~t~adi$cU$&~dJn. 
pfevlous sections, To tbe e)ttent th~tthlscert~lnty is not po~lble, ,th~re·~r~ d~k$ 
lnvolve4 inlnv~tins .in lJlndformlos-

F"rmers cQJl$eq.Qcntly m-e Ulcely tobelntef@$tednot only i,nthe eCQllomlC$.of 
landfQrmfng aS$tlIDlns 'bf$t gqess t valu~ pf th~e parameters, but ~JsQln,the 
seM!ttvlty of the ~cQnQmlc outcome t:QvariatjQoln the$~' v~lq¢§. Thl~ rt~k WflS 
accQunted fur in tols study by testJn~ for the 3ensltlvlty of netpr~ent value of 
landfQrmlnsfln<i of topsQ1Uns tovarlatlQnlnltey 'p~r~met~r&, r~th~tb~nby 
fnCQrpoTPtJng a rl$k premlllmiq th~ dh~collntr,ateQrby .mQdeIUm~ thePQr~~t~r$ " 
&.tncluu;tlc v~rlables. 
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.onl~ o;tberwl;;e. §peclfiQQ, tber tQUQwln" rf:$Ult~a$sumet~n~ttber.~pr~enta~lV~ffWm.~r 
Is eUgiblQ fQT cQnc~.lQn~l cr~Q't, .ijndh~ ~.mJ1.rgjnQlhlcQm~ tJ'!X .rn~i·Qf 15 'l?~r(;1enti1ml 
.$ plarmlnghpd~Qn()f3.0 y~~U~$. 

5,1~fQrmip~ (WlthQtJtTQJl$QJUJl~) 

The ne.t pr~ent vulue(NPV)Qf ~ach in~emf!~t. ,Qfl~ndfqrmh)H wltlumt tQP:mUhlliQ)'" 
each prior lQYQutcategory is shQwn.ln Table AS. 

TJu~ NPV of landfQrmlng wlthQut tQPsoUJng iSPQsltive fQfall jpcremeots fOTaUprior 
layout c~te8()rie$, This indicates that, under theij$sUmptl()n&m~d~t hmflformrng 
(without topsoUlng) Qf the full area of the representative farm represents Jm et;oppmtc 
investment for the farmer. 

For each prior layout category, however, the NPV of landformlng wltbout tQPsQUlng 1s 
shown to vary between Increments, For the priQf lfiYQut categories~~ru:iated witb low 
and medium cost -of landforming, there is rel~tlvely minor variation between tlle NPV of 
the first four increments. However, In the case of the prior h~y()ut category f,\ssQciated 
with high cost of landforming, there are Sl,lCCC9s1ve substantial declines in NPV from the 
first to the fourth Increment. For all prior layout cateSQries, the NPVof the fifth 
increment is mucb lower than for the fourth. This h~ because, in all cases, avaUability of 
irrigation water (limited by volumetric allocation) has become a binding constraint. Tn 
each case im~ufficlem: water is 8" .dlable to adequa.tely irrigate the whQle200 hectar~ of 
the representative farm once fully landformed. 

Economlc comparlson of landformlng Jobs associated with dIfferent prior layout 
categories Is complicated by differences in the magnitude of investment involved. ThIs 
problem can be avoided by comparing projects on the basis of their benefit-cost ratios 
(Dp,sgupta and Pearce, 1978). For this purpose the benefit-cost ratios corre&ponding with 
the NPVs of Table A5 are shown 1n Table A6. 

It is seen that. for the prior layout category associated with low cost of landformlng, the 
benefit ... cost ratio of landforming witbout topsoUlng 1s considerably higher than for 
corresponding increments undertaken within the prior layout categorjp-s Elssoclated wIth 
medium and high costs of landformlngi whereas the benefit-cost ratio for the mediurn 
cost category is only slightly higher than for the high cost category for all corresponding 
increments. 

For the first increment undertaken the benefit-cost ratios for the prior layout categories 
associated with low. tnedium and high costs of landforming respectively are 5.68, 3.97 
Qnd 3.96; whereas for the last increment land formed they are 2.59, 1.7~ and 1.60 
respectively. 
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'5.2 Tgl*llttl:ll 

ttl." NPV .D.tund~taklpIWpt)QnIQS :r()fe.~b :.n¢~~nt,Qr Jandtolmln,Jnd ;t(';r :e~dl :pt.ior 
l~YQut ·l/:tlt$IQ." I., .howt,lnTllble; A7~ 

N(lt~ tba.ttQP$oU1JiI ba$ ib~enl$$umedtQlropr()ve;t~ .,J:eld$. ,otdee., W~ol1~;lln4;\nnQ.t 
'p~tur~,.tmnJ\dy(fe.,()n :. :pertent'ae)'i('ildinqrf,~ ·bNI$). 'Tho Iln.nel~l v.Iu¢'Q(' 
eq\ll~propp .. ttt)nat~ yteldlncte:Me$ ;f()ttl1~o .• et.:l"IUN4~n&si on, ·!tbe"l)utpu~ ~alu" 
(which, in the '~'or .$nnOtdp~ture :1$ :thev.tu?:or llveltoCk !proa~ctlon).tbe 1NPVQf 
t()pSQJllng will tbf.WeffJre dep~nd upon tile ID$rgbuilt :efteqtof the :~l~ted 'landfctm1111' 
locrementon l~ndfQm .. ~ '@f~' 'pbiQtecttQol1cbQ( dce,wbe't. ':_n~I,Mnu.tpNtUtoIt.OtYtti 
the .~umpt.tonstnJtderel~rdl", C>PtPJJtvlllUes, .tl.,ev'l'ueQrequt"pt'(lpot,tJOMt~yretd 
lncrease.!$l$',ip'.fJeantl1'sr~uter forr'lee tnsllf()r wh~Jtot:~nnual ;P,Ultw~~ ;He~' '.tb.Q. 
NPVof tOp$oUJnJ iU60CltttetiwJtba landrormbjll~emen~t win ·be 'bfgbt:tt'be,'gteate:t the 
whole farm ·efCeetot ithcincrernent in ,tet'P1$()f :,lnCt~~hll~lindrorm;ed :a.re. 'phlnteil' 'm' 
tlce~ 

Tblt; expl,lQ$ 'the'varhlbJUty ·of NPVoftopsoUil1S ob$et'ved witbln Tett.lo A?~ :Np~,thAt 
for each Qr tb~pri()r layoutcnteSQrleti, NPV' ortop$oUJni l$.fd&h~t:when, t.i$oc'atet)wtth 
the 1'ourthlncrement ()t .Iandf()rmtng~ ,. 

The NPlI ,of topsoIUng,S'"enthe ~~umptlOl1$:madet :.sseen. tok Pb~dtlve.ror "u 
Increments of landtormfngand for all prior l~yuut categories. 

Benefit-c~t rntl()sfur tops(dUngate ihown tn'Table AS. it '1$ '@dtba~~rot 'each 
landforming increment, tbebeneflt ... eost: rutlofor ·topSQUfl1;13 hlshe$ttottbe, .'prlor 
layout category l1$$ocl a ted wIth low cost otlandtormlns.f<>UoweA·in 'orderbytbe 
medium andblsb cost categodes. Tbisranking: tndicat~ thO reJattve,econQmlO 'v'lueto 
a tarmer oftQpsoUlng In tbe different clrcumstancC$\I 

Note thnt tbet>eneflt ... cost ratios for topsQIUn,gare in .n C$$t$ considerably Itlw~tbiln~ 
the benefit .. cost ratios of tneJandformlnglm:retncntswltb which tbey are.8#QClatud 
(see 'TabJe A6). 
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S ,,;0· ,SaNst'.rJ\fmOFQSUt.'lS, ·'to··mm_~·IN\1I\S$~X()NS 

6.t ;f~~~tf .. 

lJAles,$ otb~l$e$peelft¢d,therQnowlos: :$en,slUYltYlnaly$l$~umesithatthe 
repr~eQtatlv . .,:r~ert$enslblerprCQneeM1Qb.lae41t.dJ)6h~;·a .~lu~~,~n~lJAtQmc.tQX. 
rate of 1 $~~t (tfWd 'apllMlgg '.notJ;on ()f'30Y~fr$. . " . 

6.1.. ""S'-:tld .~~. ··UX .. f8te 

(a) itlJndformlngwlthQuttQp$Qlllli# 

Tb~ NPV' iQf the ·fir$tlncrenlen~ of lantl(Qrmlni wUhQut. tQPspJUnB" for .e~¢bot :the prior 
l~,out catCBories'.sh()wnfnTilblf)A9tormt1rslnal,lncometc~~t't:@ ,qr' 0, 10:) 1$,. 20tn-d 
25 percent, It .J$$uen,tbat rot ·pllprrorJ~yout C(lUt&QtlA$:t.b~ NPVinct"etl$e$, wlthtbe 
marglnallnCbme ·~~.ratQ, Note :wat tbe~pteQd(>r'VAhJ@.lssre't~ fgt;the: priot l~,.out 
categodes· .'llSSoci~ted wlthmedlumand high cCQ$t;.Q( landfo.rmlng(wbere;j'l ~chc~etbe 
NPV foraOper~nt tax rate 1$ 78 percent or tb~tror •. 7.-r;percentt~ f_tel~b~tl·for' 
the lQwcot~tcatesory(where t.hecorresponding'J)rQPortlon 1$ as:petcent). 

(b) Topsoi1Jng 

ThecorrespondJn, NPYs for tqpsoUiniarfl shown in Tpbl~ A10. Jtl$~cn tht*trl)ttb~ 
prior layoutC4teSOrYflS$·o<:lated with low COlt oflanUrOrffilPg, ·.the· 'NPV iof 'tf)p3QUlnS' 
decreases wltblncf84ses In the marginal tax rate. Th~ ,revet$ei$l tnl~·r(JrtbehJshco$t 
category. lntbecase: of 'tl1erne4hl(n~stcatesoryj tb~ NPV :1$ higher tprtb~ .to" .perCent 
tax tl'te than (or the 0 :pcrcentrate,but is $uC<»$Slvely lowet for the .1$ ,20 .and 25 
percent rate$. Whereas the spread of NPV, for thC'.IQw~ndm.edium CU$t,CA~gQrll!$ '$ 
reJacJvelysmaU,lt fssubntanthd in the CIl$U of thefdgb costcategQry. 

6.l.2Realpolt ... ~discount, r~tc 

(if) LIJIJdformlng withouttop$(J1IJnl 

Thc3en$ltlvlty ·Qf NPV Qr landformhur wJthout tQpsClIUns tp\,Arh~tlon In a$3urn~<1re~l 
post~tQ- di$COuntrates W1)$ testeclby lncre8$$n, t.be~ume.d nomlnal'p_re~tanrateQ' 
Inter~ton6av!np by 20 percent (wltnnq· nlu\~,et()tbe. BS$wuetl inn~tiQJl f3tP)1! A$ 
explainc:d .tn S@tlpn 4.3.10. realpost.tax discount r~tfJ3 ,bavebeen calculated a,sa 
function of the n()mlrUllpr~tax rate oflnterC$t on$~vfng$, the Jnn;tfQnr~te .a.odtbe 
marglnalrat~.,tt8~ ~ppUcable for tborepre$entatlve fnrmer. 

When" maralnal income tax rate oll'li pc,r~ent ll~umed. tbe effect of tbe$bove 
8$SumptJonCbange. 1$ to tncte~eUlereal post~t#" dlacountrate from 1.95 perccntpcr 
aooum to 3<198 ,percent per 31lntJm (an .ncre~e of 104 percent). 

Tbepercentag~ ~bJnge intbe NPV of land forming wltbnuttppsoUbli attributnbleto thl$ 
8$4t.JmptJondU.lllselssbown in Table-All lor .~ flntlncrernent ,of landformln,ror each 
prior h~yoPt ,c •. tea~JJ'Y. It lsseen that thlsNSWPptlQIl cb~Ul8~Teducu NPVbytlroum:l3() 
Pf!fCtmt In ·~.cp~, -with tbeper.-;ent_St:reducUQn aUsbtly veater the blsbsrthe 
hu)(ltormJ .... ~t~.ated:wlth.prlQtla)'()ut. C$tegOry. 
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(b) 'T()1J$pll'", 

1boc.QlT~poJ\4Jnl~centp.e dlltlSe.' :In:NPYot ,to".QlUp'$,Jlrt ' .. ~ :jhQWrttnTlbJe.Alt. 
,it .1!$¢M ,that '~"rcel)t's~redgct:.pq In NPV qf~O~Ulgi.tttJblJt..bloto \Ul~ 
,~umptIQnchMse ll$ :w~.amr"tb(!ltID4r()rmlp'.C;()'~'N$(JCla~d:wJt:b,.prlpr :IIYQyt 
(;At~aory, cFQrt~.,pdQrl')'Qqtcate&Qry ',~()Ct,~ wltb.AbJ,"'tQ$tof lflJldform.i,nl~ithe, 
petc~nte8~, i,eductlQQ:Jg NPYJ,$lOl·~tt 

6.1,'3 El.8tblUty :tgr :~IQmu c;n:4lt 

(I)) ta,ndt()Jmlf1g'WJthPI!~'(o~QIlII!I 

The~~ePt~S~clJJ1t)io"ntb~,NPVQf 'l'n4fQrmtq,wJthqut·tQP$Qntnl"ttrJ.bQqbl~ 'u.tbe.: 
r(~presenf~Uve farA1er:bQ("~: rulmlll)enS'~J~'Qr$peQl$jC~)J~e.rvAtJ(m ~~~'~4tt 
(r~ther 'than "Uaible' il.\SM$tu:ned pr~vioU$Jy) 1s~b(>wn;ln Ta"bl~l\'I~!Qr "UtQl, .... tincr¢ment. 
of 'lpndrormJIl,(ar$schpdQr:layout category. It., ,~~D'~~t.~UJiblUt1rQr 
c::oPc~loJ1al creditreducQSNPV 'bfa 'vmysro~n ,~nt~,~tne~c:h ,~~, 

(bJ 'It:lp$(JJUtl8 

The cQriespondingper~ntPs~cha"gei in NPVof top$QIUnsat~$I$QlihQwn' In TAble A12. 
It Is $een that jneUgiblUtyfor(".(mc:~lQnf,llcre~ltre4u~ ,NPVby ·§JlPat@Uthd 
percentages in each C8$e~ The greatest "perceJ1t~g~reduct.lon U37p,~cent) If$fQr me 
prior ll\youtcl1~gorytlsSQClatedwitb. ,h1ShCQ$tot ]a.ndrormlng;tbtlteqtlct'QQt~ults in 
a. negative N?V for tQPSQlllng, 

6.1.4 lna)me .~ deduct1bllltyofruUexmtoflfU14fmmPJlg y~Qf·~A4ItgrQ; 

(a) LandformlngwltholJt topsoll/Dg 

The percentage change in the NPVoflandformlngwJthouttQP$plUnBtiSt.ttlputabletQ 
termblatlonof ·thJ~ concession or the representaUvefal1ller ~jn~.J1llfl4jnelfllblefpr 
tbl$ conce$Ston (rather than eUslble asprevloU$ly f1S$um~d) 1$ $hown'" TableA13fQr :the 
first increment of landfonnin( (Qr each prior layout. cat~g()ry. 

It is $een that JneUgibllityfor,or termlnatJonQt,thiscon~loll reduces NPV by ~ 
percent In the CtlSeof the prior layout f;a~loryS$$oclatedwlth low C()$f.of Ipndtorming, 
and by 5 percent for the medium and high costcategorJes .. 

Note that tbe.$6 effects relate to a farmer with a 15 percentmpr&tnaltax rate~ :FQf a 
farmer witba o percent marginal t$Xrate thetewou14 obvlQusly be nil effect due to 
ineligibility for, or termination pf, this concession. 

(b) Topsoil/fig 

Tbe corresponding percentage changC$ In the NPV of top$f)llhlgare also shown .In Table 
Ala (again assuming a 15 percent marginal income t~x ·rate). 

ltls 6~n that percentage reductions in NPV aremucb more substantial than in the case 
of landforrning witbout topsoiUng, and that the percentage reductions in NPV of 
tOp$oilingare much greater for tbe prIor layout category associated with hlah cost of 
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6~'J.$ ·~·ofpJQttQ.08,bod~ 

,(a)'£4nt/fotm!tJ/lwlthC1UttQMQIIlI1/f 

Tbepercent$iecb~nseJllthe NPV orhmdrormlQ8wlthQqttgp$o.lntUt~ttr'butt1ble. to 
.reduclngtbeplannfng botlzpnfrQrn30 y~~ti;t() IS yeaTsl$$bown ;In TDble Al4 .(orthe 
flr$t.increment .Qfh1nqfQrmlnsffJJ! e~cb pdo., }uYQutCijt¢gQty~, 

It .fs$een~~ttbhl~bor.terdng,pf the 'plAntdpg 'borlgo" tedUc@ NPY :by ·mQretha.lt PO 
per~ent Jne~ch cMe; 'the reductipn Ss ateatertne.:hJSber 'the J~ndrormbli, .CQ$e .~$$(lchltE!d·: 
with .. ~. :prU)r ll))'out cateiQry,· . 

(b) TOPSQJUflf: 

:FoUQwhlg(r()m·th~f1&SUl'npth)nsmi1dein~ctlcm 3,3t4regarqln~, tbe·$Qilam~UQr.athm 
etfect:$ Q'f~QPsolUA8, 'thepenents of .topsPinng '~re ;rul~1.re~1isedwlthin 1 Y¢Ars loUQwXJ)g 
ltln4ronn.flg,Hen~$hQrtenlpg \tb~pl~nningb()rJ~Qn to 15yeQnJ lia$.noefr~(!t OJ.' tb~ 
NPV of t;QP$()lHnB, ~c::an be ~eenfn TablQ A14. 

6 .. 1~6 crop prl~@d, nv~~ "~':mnrB[JJS 

(a) Lllflcliorming wltholJttop$oiling 

The percenta~e cb~mge lnthe· NPY of landfurmi", wltbQQtt()p~Qilhlsnttr:.butablfl tg 
r~u¢lng .cropprle~and livestQck grQ$S ·marSJM .by20 percentfr<)m.thQ$¢ .()rJ$fm~Uy 
.QS$umedj$:~bown in Table AlSfQf the .first in.crero~nt()f landr(>J'mlQ~ fQr~~.cb ·p.tjor 
layout cat~gQry.. . 

It Is seentilf)t NPV i$reduc;e4by :mQ~·e· than2()p¢rc~nt 10 eapbca$~t ,wltbtbegre~te$t 
r~ucU()Q 'peing for the prior lQ.YQutCate8()r:y~eratedwltba bigb 'costal ltmdfQrmtnt{ 
(31 percent); 

(b) TiJP$oillng 

It Isseen,Uu~tthepercentage r~4uction$ in NPVof tQPsqilipg.are conslderapJygteater 
thanfQrlandfortninf ,withoUt topsoUJtlg;. Thepercent~8e reductfoJl In NP\" (lftQP$gntm~ 
t$hJgb~tllegre~~r the'l~ndrorming ~stassQclJlted wtth 'Q'priot hlyoutcategory(99; 
p~r~ntfeaucth>n fQrtb~bjgfJ CQstcategQry). 

6 .. 1.7 l,M4fmJDlpga.ndtopsolUng ~ts 

(a) LsorJ/'crmirfll without topSQiJiIlg' 

'Tbepercent~ge change!n the NPV of landforming without tppsoUlng attributable to 
Incres,udng a~llmeq .earthmQving costs of Jandforming by 20 percent !sshown in Table 
A16fortbe flrst Jncretncntof landform.lng for each prf.or layout category. 



It; l~>~QQ"tnat tb,~ NPV QfJandfQtmfQI 'wlt,bQilt t~pS,pUln,l,'jJ 'qQlte, II,l8e~ltjVg,i,to.~, r 

;~iW'''lfJ1,~dng ,~~~ot lQn4fgrmfnf, '2Qpet~~, In<;t~p~ln~Jjrthm6viJ)i ,t()~,,,,,te4W:;1.Q$' 
:f,1~V ,t:t' ,np "mQte tJU1» $.3 ;p~rcent' ln~py ,~~sa,! 

(bl Tpp$pllln, 

CQrr¢$J>pn~Jl)j:pgtcent@S~,'c.h~llg@ ,.n;tbe NPV J)tt()p$oU1.ng- ~r~ ;~.$9'$h()wn.ltVTpblf} 
M~ , 

l\l$$¢en:thR~ 'p~rqenta.H~ ,fed~c~hms In NPVQftop$p.lUn~ ~,~ mp~h;8r~a~~,'than for 
tfl11dfQnmn, wltho.u~tQP~qIUrig,a~q,,~re :~~~ter, 'tnt>,'hJgher'tbe 1I1n.4fQrmt~s :CQ$t 
'~nch~tf!4' wi.th llprigr J@ypPtP$~~~QQ"(33~J)erc~p~ reauQtiQ~t{)r~eb{8h ~9A~ 
c~WgQry). 

6~2 T~lcal A$sumptJQ~ 

6,~~1 ;Jncr~iQ'~~EW$bh~ yl~l~tQn9wJQ~ l~fQrmfg$ 

(a) La(J(/fQrmllllwlt.hput'tfJP$Qllfnl 

Tbepercentagecha.Jl~¢ JJltb~ NPV oflan4rormJng 'wltbotlttPp$QJUJ)i.$~ibUt~bh~ cto 
redu~ing~chi~v~ble yield Incre~~rQUQwhlg: hmd.fortnJoS (~e~T~bl~A1) by :SQpercent 
J$~hQwn. iin TJ1bl~ AI? fortb~ rir$~incrementQf!apdrotll}in& fQre1lcbPrlot l§Y'Qut 
<;~tegpry. " 

It Issecn tO~t reductlQJl$ ·In NPVof lapdfQwitlS -wJthout t9pf)QUtrtg~r~ ·$ub$t~ntJajin 
e~chc~t nmgingfrom 41pe.rcent fQrtheprlQtlaYQut ca~gpry a§SOCiflt?d w'tblJiSb, 
cost ·oflandformhlg to 69 percent (pr tbe medium '¢ose category. 

(b) TO]J$pillng 

Correspondfng percentllge chQogea 'In the NPVQttQPsoUlng f,lre aJ§Q"hQwnln'T~ph~:Al1'!! 

It is seen that NPV fsreci,uced by approxlmf.ltely~Opercen,tror tbe ,prior l~)'QUt 
categQrie$.fl$oclated 'witb low ~nd medium CQst Qfhmdformlog, but pY169p~cent for 
the ,bfgbc;ostcategQry. 

6.;2.~ Yie14 ~flect:s ()f de<:li~ jn ~ilstruc~~4 fertlUtyronowJJlglan4fQrml~g 

6.2.2.1 Yle14 levelsiQ theyearfpUQwlnghmfJfQrmlng mullength (jf .deJ~yuntn 
pcJIiev8,bl~yl~ •• JU"e ,ttained. 

(a) t~ndformln~ wlthQut tOp$plllng 

The effect .ofre<lucillByleld l~vels In tbe year fpUQwJJlg l~ndronntngby 10 percentage 
points ~nd 4elayigga,ttalnment ,of uchlevable yleldfj by 8, further ye~ (Cpr 'Q1l1Qndfprmed 
areas, i"e .. tops oiled heavy clJt, non-topsofJed heavy cut. i.lnd remainipg landfonnedarep5. 
aresbownJn Table A18" 

It is seen that NPVof }a,n(Jfgrming without tQPsoiUng is reduced by around 10 percent 
foreachpr'oi" layout category. 



ItJ§~eell tb~~ .tnei~cbaQg~tflassumpti()n$llav.ea 'Vew Gyb$tantlal.t>Q$ltlv,g .~ff~ct·('jh 
the NPV'of ;~O~QnJng, NPV Qf~pp$QIUt)si$Jncrea$e4~Y 1.96, 164 aflda43pet(;¢.n~fQr 
tbeprlorlQYQPt; ,c~~esorlesll$$Qciate4wlt;h loW, m~dJijm ami hi~.h cC}stof laQ<lf()rmh'~g 
res.pective.y .. 

(a) Landform/ng without t()P$oJJJfJ8 

Thepercentagecbans~ln th~ NPY flf ·hmcJf(Jrmlng wlthctut topsoUlng ;attrlbut~~Jetoth¢ 
proportjoQotthe area, 'heavy cut during hmdfprrnJnBbeiJlS' ?per,c~nta8.e 'points ,~re~t¢r 
than previQ~Jya$Sumed 1$ shQwn 1n tQble A19 tQr the flrst. ,lncrement opf JundfotmlnK fpr 
each prior laro~~cates()ry. 

It Is seen that the reductions in NP\' of landformlJ),g wJthputt;QPsQiUng f,lr¢ qulte&maJl" 
less than 5 percent in each case. 

(b) Topsoil/o, 

Corresponding percentage changes intbeNPV of topsoiUng ~realsP·sh()wnln T~bleA1!}, 

The NPY pftopsoiling Is shown tQlncrease substantially Jneachc~se.; 'by 1 OOp~r(:ent,33 
percent and 17 p.ercent for the prior l~yputqQt~g()rlesa$sociated with jow, medlum~nd 
high costs oflalldformingre$pectively, 

6.2~3 Rate or field efficiency inCfCP$e f(lnQwim~ J~drornd"g 

(a) ~and(orming without tQp$o/ling 

The percentage .. ch~ngein. the NPVof hmdforming wlthout tQPsoiUng-attribUtp,b.le· to 
reducing fQtes of fleJ4 ernclency increase. C()llo.wJng landrprmfQgpy20per.~nt Jsshtlwn 
in TFibleA20 fortbe first incremelltof landfQrming InreacbprlQrla1QUt ~at~gQf)'. 

PercentC)g~ redllctfoll$ i.n NPV pf lamlformlng wltbQt.!t tQPsolUng .aresreatcr the h'~hef 
the landformlng costsS$Qciatec:l with a prior layoqt ca,tegQry, ranglng frpros reduction 
of 4 percent for the loW cO~f; cptegQry to areductlon of 15 ,percent (()rthebign CQ$t 

category. 

(b) TqpsQilin8 

TheNPVuftQP$QiUng i$ uflafCectedby chang~ In .as$umpt'o~ regardIng field .efficlency 
lncre~es .followlngJflndforming. 
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Th~,ernpb~13tJt'thls§tu4~'w'~.nbt 't9~~t~iQ~ whetb~ :lanafQnpJns; ,~n.4'topsbUi{)~;ijte 
likely: ·to ·be.econQJ'nlc In..lenet~tfpr( rlce;fm1ll~. ' ;Jt ,Y1~ .. r:~CQsn.J$~d" :pH~rto, :tb"'fit~d1" " 
heh)1 t.mq~rtttkeD:tbat,acQnffden~a~we:r :tg" .tbls, qu~tl9Jl 'l:Yop1d b~ .phqpnkelYQut~,.nne 
d""'t" ,t'h' '1 'k,·"f 'abeld cere'dtritl, ",n~l","'L\"'or'ett'·~"'fln"'df' "'"irtC1'dn.4 qe ... o .. g ,~C, ,Q: ,r~e.f;Jr ',," " v,M,:Sflf H~a;'''~~~~JI~i''~~'t:f.~'~J~:l!!h'l,~,~~l'~ 
tQP~oUlJ1.(. Tnesen&ltiYity\~nfllY$lsund¢rt~~en ,gyrIn, 'W~,.tu~t bM'~~f.mflmlM',tlj~ , 
~(;ln$itlVJtyQf (Jn~fann:~PQmicsof 1~,rnlform'"~:'~1l4:tqr~l1hUt ,to~urnptl(:m$.: 'm~d~ 
r~SiW4fngv~luesof ;~numb~qt~9btdcttJ'p.ar$ne~eJ1l ':rQrwbl¢bt~~~(fb,:(~v}dflnQ~ .1$ 
lAcktng;in,th~pr~e~ '$e~Jtlvl~1t<)"~wnptiQfi$r~g~dJnlt$number ',Qt:unMrt~ln 
'financial'. ,parametefSh~$~t$obeeQ ~hQwn, . • . 

The emph~l& Wififathrw ,on~dentlrYIJ)g:,thQ$eY$rlab.~for. ':which :~cqUtate$~¢lficatlqQ' 
Is cdtJcal'fQrre~n$tJce~t;ln.teQn ... farm.etQnQmlcev~l\IQtIQn:,t)f p;¢tlculflr 'landtQpl).lng 
~~~~- ., 

This$tudy hp,cQntrJbqt;ed to .~ ·sQIQUQUQf th'f:ipr9bl~m'py :mQr~.cQmpr~bgn~ive.ly 
,accollnting fortbe ben~fiw~d CO$~ .Qf land,rgtmiJ:l$:,J:hJltl.b~ b~enthecJlS~; ;In :pr~vJ9us 
stUl:U~. This h!l$begn~¢btevea byutlUslJlg 'b~tiU~'~tlm~t¢Sfr9fn r~¢m-ch~l'$, 
a.dvisory officers ·pr ,r~rmer$ whe.re re$efilreb~vf<leJlceCQncerhit}g ·~pm-~m.eter wM 
unav~Uable, aJ:ld,by USing ~. Unear IU'Qsrilffiffiin.gmQdel of ia· repr~ent~t'ye.\M.ltA. dc~ 
farm whlchal10wed .quantUicatlon gf the whole ,filfln ·efCect$of lanqformJng In 
particplar $1tuatlQJlS. The fleXibUii-yof the compllt~r~based ;mQd¢ls4ev~loped~J1pweij: 
compreh~nsly~~ensitlvlty Jlnaly~l&tQ 'b(}undertaken witQ relattve e~e. 

The more important conclusions to be drawn frQm thestucJy: r~gtlrdlnlJ IlJnc!farll1Jng 
(without t(Jp$oIUng) a.re: .. 

(a) The net present value of landform.ngapartJcular$ectiQn .. of a f~ 1$ Influenced 
by how nmen uf thefann 1$ ~mmltt.e4 ·tobe landfprtnedprhQ$ .prevlou~IYcbeen 
landformed. In particular, .netpfesent YjllpeQ[ .Jand(ormJng.f~lt$~harpWQn~e 
sufficient nresQf a farm h~ been lanqformed $UCQ that avttUabtUtyof lrrigadon 
water (Umlted by entitlement) i§ Inp.qeglJllte ·tQ rtjnylrrJgi;\t¢~d.4itlonal ,fir¢.as 
landfofm~d. Note. however, that t.hlsprQblfm'l cun beredut:;ed ;jf :avl.\n~bllJtYQf 
irrisathm water J~augmentedbymeaJ)$sqcb.asQn...farm$torQge an(}4r~tll~se 
reclrcuti.\tl.Qn, grQUndWfiterpumping (lrpurcbas~ QfadiUtjon~l water entitlement, 

(b) If the design objective ofhmdfQrmtng. ;ls tQ Qttaln plane of b~t fit within 
IrrJg~tioQ bay~, the Jower tbeVQlurne of earth requtretJ t()be m(Wed tbegreater 
wUI be the return to Investment In landformln.g' ;(8$ meJU?uret:Jby benefit~oo~t 
ratta), 

Not~ that thIs conclusion follows from~umPt'Qrn; made that tile CQstQf 
htndformlruJ J!n4thee~tent pC dflmJlge tp soil durinshmdfQrmirJ,gincr.ease 1lS the 
volJJme pC eartbrequ1r¢4 to bemQved (tQatUtin plane Qf be&t fit) Increases. Th~ 
greater fncreoses· in field efficiency ~2)umed forlnndformlng Jobs ·reqUlrJns 
greater volumes of e~th tQ be moved are evidently n()t large enQUgh to outweigh 
theeff~ts of toe former $Sf:iumptlons. 

Nate aJso that a number of tbe other effect;5oflandformlng were assumed 
unlfurm regardle5$ of the volume of earth required to be moved. Tbese ·effects 
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JncbJ4M:lp.pr~M~jf1,~cl'de¥able .yleld • .:Jnc.re~~· In JrrlgatIQn:,t!fffqlenP1\~n~;§Bvlp.g' 
tar .tab()lUrt";$.Q~er¥l$l"B'Jttls~tl(m$ •. "n,~t~lnaltuatltm~ it. 'l3PQ~lQl(}tb~t th~~~ 
"eU~ts ',m~)" ,be ,$re~t~ tJtemQr~ etlJtbreq'tJited: ·t9P~mpv:~d., ;~bereQ.Yr,~th~pJQ8' 
the\relatlve ecpnomic dl$~4vAPtU~~pf JQP$ :r~qulrfu4f.,~~r.g~t~t \1,Qlume§ Qt~t.ltth' 
dflpl$cer.oentff . 

1(1) The,r~Ql~ indJcatetha,t. ,I a ndformj ... !: Is J~11lny¢$.tmenti w'tb,c.QPsldcr~ple, . 
ecom:mdcPQtentJlilfor ,d(:~ .(ar~ .inth~;MQrrQmbld~~e rrrj~atlon! ,Atep,,:'f!ven " 
thQu&nw~ ne.tpre$~nt v~lueQf' 'J~.ndfQrmhl$. :baa lu~enshQwn ,tQ VfU"1.C()n$.~~~rf)l:Oy 
accpr41ngto ,the. ;,&ftu,(itlQn 'io: which ;j.t .$ '~eplleq and wlt.bvarJ~ti()n JnvJ:114~, 
,~$.qme4f~T"~number ofcrltteul par(lA1~t~t$, .. ·,thetlmltns ~hat lnment"'CQst tatlp$ 
,comfprtablye~,ceedthebreakevenleVelQf iQn~ lnaU~ituadQn$ ~pal¥~~d: 'Using ,the 
base lie.t Qfa$$umptl.Qn$;lndlc~t~ tbat~llh~te,QhnQtQi1 'W~rr{mt~fJe.rit.ms 
c()Jl$!der~tlQn ,pytbJ$grQu.p off arm~~ ItGhpuldben,QtedtJlf;\tth~ 'basesc.tQt 
8$$umptl().-m j$q:Ultecon$ervattv~ in terms ,pf maklng umdfotmiog tl()Q'l~,gpQ4t. 

(0) thenetl.lr~ent value of l~nqfQrmitlBj$ ,~ept~r '~b~f lJlgherUu~ :m~t!tlnaJh)cpme; 
tax r,atefl~llmeatoapplfW$ farJflerdMdog'th~'pl~nhlni ,}md;~:mor' .tbe 
lnveti1:ment. ThenegatlveeCCect,qf ahlglu~r.lngpme. tax ;rate on the ;prQPottlonof ' 
increased pf'()n~ retafnedbya far.rner ls~v14entJtmore.t:h~p¢QmJ.)t~p$ateQ 1:>1 
higher JncQm~ ,ta:<fAtes reducing tbe PQtU: .. taxopnortunlty ,C,o~t()fcaRltal 'and 
thereby tbeappUc~ble discQtJnt r~te! lJJsher lncqmp tttx r~te$ ,fll$Q;ln~r.eu$.~ the 
v~luetof~rm~rsQf eUgib1l1ty fQf full !t~xdeaQPtlbjUty()flan4fQtmtn,$ PQ$t$itJ 
the yeQf Qf ,e?<pendlture• 

(e) EUQlf>Uityf()rcQnc~'llQnfillcredltun4erthe$pechdCgnserv.attQnSeh.~me~nd 'fot' 
fun Jm:mme tag deductibility Qf'hmdformingcQqt$ in ,the yeijrQte~peudjtQte .. were 
~C)ch$hQwn to have Qnly:amtp.orpo§i.Uve~,tf~ct un net. <pr~eQtv~lueQt 
htnd(Qrrnlng. 

(f) SeJl$ltJvity tlnaIY$1$uQ4ertJ;lken .cpr rem~lningpa.rpmeter$ lm;llcate$tbat, the nat 
present v.ulueqf l~ndrQrmJn~l~mo§t~~n$iUve to i~umptlpn& l'~~tlrdln1:t l~m~tbor 
plannini ,horJ:i;QJl, .sj~eof qJscQlU1t.rAte. Jey.elsQfcrppprl~es PDd J1v~tPGltgrQf$s 
mflr$i{1§ ~ndjncre~~ 'in J;lcbievJ;lbl~ yield lev~l$ loUpwioS 'l~J}dformimn ,tPa less~r 
extent 'it J$ $ensltive. to ~sSu.mptlQM .r~s,"rai"Jtbe yl\)hJerfec~ ,pC .~~cUlle hlSQU 
~~ctijre ~ncJ fertilltyfpllQwfng landfQrmhlS; \h}tete$tln~ly, ,$en&itlvlty tQCQ~t ;af 
landforming .Is :relQUvely low. 

Tbemoreb;pp.Qrtant @nclusjpos t() be drawn ,regardin8,toPSQillnl. flre: 

(al Tbenet pr~ent v~lue of ,t(lP&olUngdepemi$ QPthe mJxQf Q~tivj~l~ ~o ,pe 
un(jetta.ken Oil We bmdfQrmed areaJ1S$pclatedwlm :thetQPsQutns. Tbl$,is 
~cp~e~beyalue t9;a rice. f;lrmer qf top~QlUng4ep~nd$ on ;tbe~tent to which ;it 
'lropr()ves ,ields pfrlce, whept AmlaJUlupl 'p~$ture ·fQUpwlng.landfQrm.J)sun~ Pll 
the yaJq~of Qutput from the$e actlvjti~, Jntb!$~t\l4y, whf!rehl tb~ ylel<l 
effe.ct$ of tQPsoillng (l1Jpropor,UQn~t~ terms)were~$um.e4 uniform fQr~n 
QctJvttle$ ~nd all .lapdfonnlngdevelopment W~llS$UJm~4.tp ~be undertaken 
~lm1Jl~aneQ~ly, It wa$~h()wn that the Jletpresept value Qf .t,QP$oUlng !ahighet the 
sre~ter the whQl~; f$rmeffect of tne ~ocif;\t~cJ lncteffient Qf ltJndfQrmlpg in 
,ter.m~'Q' increasJngthe :hmdCormed ~re~planted torlce (&Jnce dee 15 the pctlvlty 
With tbehlghe$t~umed putput v~lue), , 
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Th~n~tpf.~entY~lu~:()tt()p$9nJq~ wQ$~~pwn.tqb~PQ$ttlye· ;,J~!plt31.tPatJ~mJ ..... . 
~~"~lY§ed~l"g,tbe b~$.e ~u.mp~lO~t ·The re~urn'fro~ :lnv~titls,.iQ.~Wp$Qlnp!,;(~§ 
,1"Qt~1:lt~4~Y be~~fi~"'(!Q§ttati~~)·wn$. 1~weJ'ttle'¥ft3terth~ \VQlume;:ofeuttb 
dl,pI~c~meut :requtre4 to.··~tt~ln pl~ne :pl b~tnt dm-lng ;~oclatJ)d: ;I~ndtomttns~ 
How¢ve.t, n~t pr@ent valuepftqp$Qlllo~WAAfQundtQbe CQMhletPpJ).'s~nlJ'tt\'e: ,ta' 
.HSu.mPtiQM'Jn~de ;t~sar4tng.$ 'nu.mberQfpm'tlme~era, b~~omlJ)g .n~l!Jttv~"nqer D 
'npm~erof th~ i~$~umptltm,ch~ns~~~mlned. 

Cpn$e,qQe.ntl)'c().P$J4er~bh~cautIQl) '$hQuldbe ·~~rcl$¢c11nJ:Jriwh}g ~cnn¢lo§lo~ 
ftllmtfiis$t.udy f¢$~rdl"lf th~ J~c()n~mic valu¢Qf' tQp$QJUog :to farmer~,8n(l Jt$ 
f.ela,t.v~¥.aluein different 51~uatlQJl$" 

(0) Tbenet presentv$lue Qf t-Qp,sQUlng W~ foUng,tQb~ ~'nP.$~ '$.ms'tlY'~tf)tl1e 
fQn()WJnJP$ramet~r~; 

m"'rgtnullnqQm~ta~ rate of farmer; 
dlacountrate 
eUslbUlty for cQncesslonulcredltt 
el.fiiblUt;y fPl~ ·fu11. income ttlX deductJbUtty QftQPsQUblB,Cg$~ '(include4lp 
l~ndformlng CQsts) In the yetlr Qf ,~,xp~n<Utmej 
levels of crQP pr1(:~ ~nq UVe$toc~grp$$ ma.rsJJ1$dttrln$thephmnlp$. ht)rb;~m; 
CQ$t ofyndert\lkln$ tpp§plUmn 
ln~,¢lls~'ln BPbigya.ble yleJd$or$etlvltl~rQllQwjDa landfQrmlng; 
deleterh)tJ$ yhdd~rfect$Qf decline in $(dl $tJ"Ucture' .ami: f'ertUlti :follQwjng 
hmdformln, (ami the effect .Qrtop$qnlpSJnreduclngtb~~~rr~cta);'Ptla . 
proPQrtlQn fPC ,'lllnrlforrnetf tlr~a wblch· i$h¢avycyt~ 

Inmost cJl$~tbenet pre;)entv~luf)Qf tPpaolJinl:{ a$$QciAtedwltb lan4tormhlg jQb~ 
req4trins ,hlsbvolume:; of eJlrtb 4.fs.placement 'W~$ ahown tq.b~cQtiSlderAPlymQre 
sen,.$ltiveto varlathm In tll~e v~rJabl¢$tbAn w~$the ct;\safor top$QlUng 
a$$(lciJ;1~ed wltbhmdform.ins jpb§requirtn~ lower VQlumC3' f>r~~rth '.U$plaeem~Qt. 
Thi~ can be iJ.ttrlbute4 t9th¢. :un:derb'n~a$sUmptl(.m thAt 'botht.bQqe~Y1 ,CUt 
PfPPQrtjQn ,of ahmdformed areij $ntitbe Qel~t~I,Qijs :yl~ldf;JtfeCt$ ,O.f ·declineh)' 
~On$tr.Qctureamlf",rtnity foUQwblS J~nflfprmhl' (withQut ~OP~()ut~gli"qreMe~$ 
t.bevQlqma()fearth reqtdred tQbemoved durJn.~ langfqmllq~ !m:!re~es~ 

FurtnertechniCtil re$e~reh r~ganUnstb~ f1qaJthre~pru:~me~er$ Usteq '~b9ye; fa 
e&$eQtial to Improve ~ccuracy of 1ilnyeclJnQmlcM$~ment QftQpaQUlns; 

Of CQ.ursa eV~Q wJtbD.ccurt\tespecJfJc~~lpJl ot technic.~I.pu~~t~$,th~.problem ()f 
uncert~Jptyr~g*lrQlni flmmchdpar~meter$ remalQ$,Ttnsprob1mn ·j$perh~pl;mor~ 
lntr@ctjlbl~sln~ f)peqlncf;\tlQnqftJn~nQlalp.ilr~et¢r. lu,cn MQqtputp,rlce$ ne~it~t~ 
,Pt~(Uct.JQn Q'Vet3 relatively hmathl pJ~nnJn~hotl~()n •. ThJsprqbleml$ 1~3~J'JQ~fQr 
tQPs()IUn~ tbpnfQrhm4tQtmhl".lnf»tb~ ;ben~nqQPd; .CQsts pf tQPsoIUnlW"§ Uk~lY ·tq 
QCQJ.ttuvera ~ul>.3tpnt.~nY' $hQr~ tJmt,; hprJ~on! 
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Tllbf~, Al~ A.$s~ilAM!~y;~ble Crpp.¥leJdM4PPltgr~ ,PtP49~tlpn, :M....,~J§ 'IQr 
l4m,~f~ 'J-m4: .Ngil""L~mU'Qtmed ~fJ1QqJ;$ 

'oJ" .... '0', ' "'. ",' '" , . 

,AchJ~yphl~ "J~lJl 
Crop Qr "P~ture ff¢14 '.' 

Un.t 
Ngn~ LAA~fQrmetl 

,Lnnafprm~ L»YQut 

I LaYQqt I 
~-' " .. ,," 

Rice sod sown tibet Ston 9.00 
Rice ~erial sown tIbet 8.5Q 9.00 
Wheat sod sown t/ha 1.75 2*50 
Wheat combine sown tlha 3,25 4.00 
Annual pastt~re - ~utumn (LSM~/ha) 15.00 35~90 

- winter (LSMa/ha) 78.00 85.00 
- spring (LSM~/ba) 90.40 122,40 

a Livestock months 

'; 

TBble A2: Assum~ YJeld LeveJs for Pond-PtQne. Artms Qf Non ... Lul1(1fonned Layouts 
In Abnonnally Wet. Yean; 

Crup or Pasture Yield as Proport'Qll of Non-

J~andronned AchJev~ble l..evel 

Rice sod sown 1.00 

Rice aerially $own 1.00 

Wheat s04 sown 0.50 

Wheat combine sown 0.50 

Annual pasture - autumn 0.80 

.... winter 0.50 

- spring 0.80 
.. 

A • 
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YclUt'ne 'or',~ 

MQv~ 

~.' '(n{'/"a) 

200 
350 

5001 

'~rtl .. :ot 
AdJiev~bJe ¥'eld 

'AttJll~'ln'FJqtY~' " 

" 
9$ 

:85 

10, 

MarginIJl'RateofReal,POJt ... Tq 
income Tu" latere$tRate (", P~ •• ) 

o 3.48 
10 2~46 
15 ~95 
20 1,,44 
25 O~93 



· .C~orPriQt· 
;1d1oPt 

.(~~ ·tg··laMfom' 

UW(:Q$t 
:M~~ .. t 
'JnBl1·c»f~ 

O,ltegory of Prior 
t.alQUt 

(~t tclandfwm) 

f;1,310 
60,284 

'. fJ',160 

lAlw(!OIt 5.68 
)tf!4f~ COGt ·3.1)7 
ll.p .~t 3,96 

,,, .... 

69,09.4. 
·63,562 
82.621 

2 

5.73 
4.10 
3.90 

",.' 

65,455 
59,966 

, 76,254 
; 

:I 

5.,$8 
3,95 
3,15 

63/319 
$6)234 
69.11«1 

.. 
5.42 
S;.76 
3,,55 

23/712 
~14j91$ 

'\ 15.980 

1,i 

2,59 
1.73 
l~60 



,. M. , 

C~~Pf1 QfPtlQr 
bl19"~ 

(~.Q&t 'wt~fotm) 

·LQwC()$t 
Medl~e«it 
HlgllCQ$t 

• 
905: 

~,148 
559 

"2' 

799 
1,194 
1,291 

Table AS: ~fit...cost·rustlO$ for Topsollfng 

Cat~gory of PriQr 
Ltlyout 

(cost tolandf(mll) 

LoW CQ6t 
Medfum,~t 

Uigl1C06t 

1 

1.41 
1.33 
1.05 

2 

1.37 
1~28 
1.10 

3 , 

I~O,"l 
~?402' 
~,a$Q 

3 

J.48 
1,37 
1.23 

4, 

hl9~ 
2:,776 
4t)'17 

" 
1.55 
t.43 
1.34 

44S 
644 
~Q4 

1.~20' 
,1.10; 
'1.00 

., ' 

i 



T~le,Mb :'M~I.1n@~ tax ~t:C··~·Ne.~ 'Pr~t'YpJ~ot~fQrmJ"r W'~qt 
T()ptQJIfn~ 

C~~~ry f>fPrit:tr 
l.PYUllt 

(~tto ;1~rQnn) 

',toWCO$t 
Mr.4Jum~t 
nigh CO$t 

....... 

C$tegor,y .of Pflpr 
LvoQt 

(cost .tQ l~ronn) 

wwcost 
~edl1JPl~t 
flJgb·~t 

0 

·60.773 
51,253 
7~,952 

928 
2,135 

43 

10 

65,1($2 
,57'~287 
:fU,S20 

10 

916 
~i15. 

401 

15 ~o 2$ .... " ... ". 

G7,3'13 .69,.'a98 7l,'385 
. 6P;~a4 \63,232 . :66,..094; 
85,760 a~~~U5 93.l~ai 

. ..... " ..... . 

15 ~o :2ti 

90S 890 870 
2,'148 2,132 2,t04-
5S~ 7Ql a~6 



Ct~·.()'PtlQr ,~ut! ' 
(CQ$~whm4fQtm.)· 

J,.Q".~t: 

M~JQ"'.~ 
'Hi~'(:Q$t 

'~~'W1~t 
,~ntM' 

(28. a): 
(33,6} 
,(33!9): 

U4,t) 
,(l·t~Q· 

:UOO~7) 

1@1" Al2.: ·J!:ffeetQfl~UIPb.Uo/ tot ·Cg~IQnAJCrOOit QIl. 'N~t;~eV.J~ pf 
~PrmInJ '~QffTQp601lmg 

.C$te[f)tyQfPt'PfY1Qut 
(~~t:o J~fqrm) 

;,tpw~t 

. M4!dJyglc::()at 
, }lJgb~t 

J..apcJfonmpgwltllOgJ; 
t(Jp&Qllbtl 

(1.3) 
(2.1) 
(2~1) 

b bracketadenote .neg~tlve'Valu~ 

U4.~l) 
(l1~9) 

(131.4) 



c - , 

1Jl\l~1\.3;JUf~9r.t~u~bl"trtWJpCQ~.1"M·~billo/Qf:tQndfOlWn~ 
'~l~ .QR. :N~t ~t cV~~Qf~tltDdQg .i;tM.. pf'~~il1n' 

·CQte8QtY .()fP.rlQfLay~p~, 
(~t 'tqlap(Jfcmn) 

'LQw~t 
"M~mn,~t 

8igbcqElt. 

'·~.c~m.NPV·'~fl\~W,l~ n"lt.~entQ( 
I~~g .' . ' 

~~witlJQut 
t:c)~UiQa 

(2t Sl 
(4.9) 
(4!S) 

<~?~5) 
(4lt:l) 

(3,16,1) 

TJWl~ Al4:mf~t pfR~tioQ ·pr i,.eqgt:buf Pl~m,( !fQrlzQntq,JQ: Y~un;N¢t 
F~t VJ\IQe:Qf ~rQrnun.. "Md,ijfTq~nmg 

CQ~gC>r;Yof Prior~1qJJt 
(cost to ,18JldfPJ."RJ) 

Lpw~t 

Me4Ium~t 
High ~l: 

~~wt~"t 
tt)J)SQUiQg 

(52;f) 
(~3.1) 
(04~6) 



'I 

'0' af"· ,,"D.o1 ,La' '.. . .1;t,gqqQ!; If';, ,or ..fQll~ 
( .. t ....... 1"'R"'''' . . \ .CQG .... ~. CM~~I 

'~w~tr· 
M~lumC9St 
;JJJ8h,~t 

(~3,$) 
, (23.4l 
(ao~a) 

Ta,b.~ AU$:mfectqnNet~~~·V~JUi)qr.~fQrmmlJ. ~4~fTqP4Q~lmlP' 
~~lll' ~QYJpI CQstapf~~rQrmlPi~To~ •• m.~y.2Q 
P¢rC¢Jlt 

CJlteIQt:,yQfrtlor Y)'OQt ' 
,(~t··to t~Qdfprm) 

. Low '(:()S~ 
Me4i~l~t 
".gb~'t 

'" , .. 

·~CbaQpm:NPV ,~.ated::w.gtr~~;~~t. of 
lAPdlQJ'tQlQa' ' 

LMdf'prmm, vdt.M1Jt 
ml*lUng 

(S~.J) 
(~,3) 
(5.2) 

IT: ··ut·· 'fPPM't-l', PI 

(34.9) 
144 .. 1) 

(33&.9)-



.CAtegory cof .PtiQt<~yqlJ~ 
(~tto .Iandtopn). 

Y,WCQSt. 
M~lurn~t 
HigbCOtit 

Lmt4fpn,tPl1g'wltbQut. 
Wp$plUi)i 

-(62~7> 
(69~1~ 
(47.4.) 

{i'S;.9) 
'~2.0) 

(l6~l~1l 

Ta1l1Q AIS; .~rfect «JANet Pr~t Y~lue pf J,.Qil4fpmP~S Q-nd qf Tg~lUp~Qf.~qClpJ 
Yjel.asln YeAr FQUAWlns~"dfQnnln&"1··10rcrceIJ~g~ :PolnfllJlotl, 
DelqyiQg AttJliJlIDent· QfAcbiev@bJeYieldlllfPJfWtber Ymw 

CQte~ory QfPrJe)J;' LJJYf.)U~ 
(~t tQ.·hmgf(nm) 

LPw,CQ$t 
·M.~IPm~t 
JtJg~~t 

~ CbmJie:mNPY~QCiated': WJE? finlt·lncrem~nt:()r 
lQQdfonnirnJ . 

LanaCqrmblKwlthQqt; 
t()p$Qlllng 

(9,~) 
(la,S) 
(lO.f3) 

196.2 
163.7 
843.3 



·C~~aQ"'· pfPdpr~)'QPt 
(CQ$t:. ttl.13pdrorm) 

lAwCQSt" 
Mpdimn~t 
lngb~t 

Lmtdtgtmml,lvJthqU~ 
~psglUQg 

,(4;Q). 
(4.2) 
(~.2) 

lOO'~Q 
~3.a 
Ui.7 

TableA20; EftectQQ Net.~nt lip) ~1pfMm4fculnJpgt\pa :gf'1()p$QUm,qflteaucipg 
Jtll~ or fieJ4· :Eftlt;J~ ,~F.QlIQWiP8 LamlrQ~fll bl'~Q p~C(mt 

Ca~ggryQf PrJnrLayput 
.(Ciost.· tQ hmdfQrn..) 

LQW(!Q$t 
. M'mllgmcost 
'IIJIll. CQ4t. 

~.Change In NPV ~.~J~ted ·WI~fJn;t. J~~t q'f 
JJmdCmmtng 

l...;m4t(u"mlns wttbput 
~f.)~JlJng 

(3.5) 
(7.4) 

(15.3) 

Q.O 
0.0 
0.0 


