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Ab,\'ll'tlCI 

Naw South JVales Cim i!tJtmt'nli~· i 99S wa/(!r reform pt·oposal.\~ inr:fudad scvara! 
envirommmtt~l }low policies atnwtl ~u improving watc:r quality ml(/ the river ecos)wtams. In 
cwdualing thesa policias a JWmhcr of d[fibrcnt riwwjlow objectives were tr"otlSiderr;d some of 
which rfl.mltcd in a rcdur;,t/on in tit,~ water availubililyfor irrigtUed agricultm·e. This paper 
discusses .the metlwdologr and modelling frmw.r.w>rk adopted to mmlyse tha economic 
impacts ofl.mvironmcma/Jlow zw/iciqs on tlw Afucquarltt regionalaconomy cifNS1V. 

An ecmwmic model (Catchment f,cmmmic. llnpact Alodol) was devclop(!d to estimate the .. ~e 
impacts. This model combines Ji}tlro/og_}~ sfmtt/(ltivn spreadsheet and lilwar pragrammiltg 
app/icti:mns. The objeclil~e flmclion qf tha lfnear programming model is to mn.Yfmisc the 
towr gross margUM' .hr the raglan. Constrailtl.\' include pricej~ costs. lcmd, labour a11d water 
availubility. The model provides economic impacts 111 the format of dascrljJtlva statistics o.f 
total ragion(t/ gross /n({rg;n, total lrr/gcttad rt1giont:tl gross margin, prasent wrlue o.flotttl 
regional gross margin over a 30 yam· period mul changes in Cl'Op areas under different 
em~ironmcntal.flmv ol~iectivcs. 

Four di)ferrmt river jlow objectives representl!d bJ' si.r- hydrology scenarios were considered 
in this anal):sis. Tha. results (~(theprclimintU')" mwlysis qfthaso objectives trre (1/So d/squsscd 
in thfs paper. 

K.EY TJIORDS: Environnumtcll F'low~~ ,Atf(tctjU4rie J..fmwhes·, A1odelling. Lmcar Ptogramming, 
Simulation. 
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MODELLING T.liE ECONOMIC IMPACT OF ENVlR.ONM£NTAL 
FLO\V POLlCIES ON THE MACQUARIE .REGIONAL ~£CONOMY 

l. INTRODUCTION 

In 1995 the New South \Vnles (NS\V) Govertm1ent introduced a water reform pnckage, Two 
objectives of this pnckngc \Vcrc to improve water quulity nnd the nuturnl habitat of river 
ecosystems. There arc two stages of hnplementntion of' the water reform package. The first 
is to produce interim objectives (both water quality nnd River Flow Objectives) for aU 
waterways. tuking into account community prcf'crcnccs, Ctlrnmt scientific knowledge and 
broad economic analysis. Stage 2 will involve an indepcndet1t public inquiry process to help 
establish wnter quality ol~ectivos for priority catchments. These inquiries will Involve 
detailed community consultution ns well as the collection of' scictttific and economic 
information relut.ir1g to catchments. Only by having this information nnd carrying out 
research can a better water policy be implemented. 

In developing interim River Fln\V ObJectives the following principles were adopted: adaptive 
management (tlcxibility); a total catchment apptm\ch: recognition. of socioeconomic impacts; 
maintaining naturnl flow regime; higher level of protection for rivers which hav~ not been 
seriously impacted by human usc; at1d rcstorntion of degraded d'vcr systems. 

The major irttpacts of River Flow Objectives (ctwirortmental flow objectives) on the 
environment are improved wuter quality by tcducing the h1cidence of blue gtcer1 algae and 
diluting salinity in the \vat.er clrtd n1ahttaining suitable environment for fish migration and 
spawning. These improvements in the environment increMe recreational opportunifie::; 
Moreover, these flows may incrcuse .grazing land by increasing duration and frequency of 
wetting \vetlnnds and consequently increasing income from grazing. However, identifying 
and quantifying the cntchn1ent specific effects of these improvements is difficult. 

The main costs of \.Vater diversion from extrnctive users to the envitonment are impacts ott the 
inigated agriculture !lnd town water supply. Reduced water (.),Vailahillty encourages fartt1ers 
to select different crop mixes and areus, niodify irrigation intensity or methods or change the 
source of water. Such changes~ patticularly a chang~ from htigation farming to drylar1d 
farming will tesult in reduced agricultural ittcome. 

Empirical studies ort estimating net benefit of environtnetttal flows seems to be limited. A 
number of rcscntchcts have attempted to esthnnte l'ecreational ben.cfits of environm.entnl 
flows, patticuh~dy benefits of recreational fishing, The impacts ort agriculture have been 
studied by Bosch and BroomhnJl (1990) .tones et al (1992) and ('latawara and Hill, 1996) by 
using statistical und linear programming approaches. 

A number of River Flow Objectives were proposed to be implemented in controlled and 
uncontrollrrJ inland river regions ht New South Wales. The Resource Econon1ics Unit of the 
Department of Land ~nd Water Conservation (DLWC) was c:ommissioned to carry out an 



analysis of the eCOI\OJUic impacts of hnph~tm~ntfng vur\ous cnvirontttClital t1ow poUcics Otl 
regional economics. ln order to auulys~ the impnct of ditletct1t River Flow Ol~ectives on 
seven regional economics with different tlgriculttn·ul ctltctptises, a generic model was needed. 
For thh purp\1Se ml appropriate l1ll1dclling fmn1cwork .aud sttbscquciltlY the Catchtn.cnt 
Fconomi~.- Tmpnct: Ivlmt~l (CEJM) wns developed~ 

This paper presents the modcllitig tipprouch ndoptcd n.w analysing th<l impn~t .. of dUlcrcnt 
cnviron~m~ntal fltlW policies on New South \V~tles regional CP(Hl<Hllics. Thc.Ct:!lM was used 
to undertake u ~..;tlsc study~ the tvlncqunric rcgim\ in NSW~ Tht! results of this ~~1sc stlldy arc 
nlso presented und discusst!d itt this pnpcr. 

Water prices nnd qu::mtitics hnvc bccJ\ st1 heavily regulated in NSW thM ccmtomt:ttric 
estimates derived from histodcnl data ate l.l\)t thnt uscl\11 in c\:nluntil1g the cons<!qucnces of' 
various wntcr policies. The usefulness of liuenr pi'Ogtammlng J1)r unnlysiug this type or 
problcr't1s has been demonstrated h1 pl'c\lnus rcsctwch (ABARH~ 1.986). This ttpprmtch allows 
returns to the ••most linliling· tesourcc to b<: maximised. 'This nppmuch nlso provides the 
most JFnctical method fhr simultntlcously determining tho:;,} cttterpdscs nttd technologies that 
nrc both technically m1d economically most eflkicnt rAOAtU~. 1986). To determine the most 
pwfitat')Je enterprises t1~1m ~t tcgiounl viewpoint. n. rcgioaullinellt t'mgtnmming nppmnch was 
used it' this analysis. 

Since the water nvnilubility \Viii he vuricd utldQr diffbrunt River Plow Objectives (hydrolotw 
option;) it is impmtrmt t<.) dctcnnin¥.'! the optimal return ~md prc,ductiotl actiVities f<)r these 
hydrology options. A linear pJ~c~grmnming model is used to cstimnt¢ the optimal ~mnual. llet 
return•' (in terms or gross .llldtginsJ from irrigated ngdculturc for diflercnt hydrology 
scenarios. 

2. i. IVfOO~:L I}J~SClUPTJON 

lhc c.~atchmcnt Economic ltnpnct ~lodcl i~ n comhiuntion of hydrolc>gicnl shuulath:m. 
spreadsheet and Hucnr progrnmming models. The objective fonclion in tho model is the 
rnaxirnisat.ion of th~ totttl gross murgln for the whulc tegion tbt· a given yefit subject to given 
resource availability (\Vater, ltmd" Jnbour etc), 1·he ltlQdcl is desirztv;cl to ensure that the 
sequential irrmncts or !cmg tcnn weather cycles arc r~tlccted in the regional ~grlcultural 
produ,ction pMterns. Hence. the optimisati()tl l>toc~ss is c~1rried <mt for CQCh year that 
corrc"tponds to annual wnt.e.r diversions provided by the .Hydrology Unit of f),LWC. 1'he 
optimisation process is carried out using Jfl/wts Best! softwaro }lnckuge. 

The model is cupublc or analysing up to l4 crop types with varyiug proportions of irdgttt~d 
and .!ryJa.nd crops~ up to 13 cnvironmcmtal policy objectives (hydr('togy options) nud: up to 
los years of simulated hydrology data simuhancously, 

rhc CEIM tn),es us part ofltl:i input tho 102 year simulated hydrology datn froJ\l the Dt,fwc•s 
lntegrnted \Vater Quantity and QunHty Model (IQQM) for different water nianagement 



scenarios and ar\nlyses ~he: ccom.)tnic in11'uct oi" the changes in the scet\nrios. 111e sh1.ll.dUted 
hYdrology d{\tn bns been. obtained from the lQQt\1. The lQQM h; u generalised hydrol(")gy 
simulation pucknge which is capnhle ofnppHeution to regulated at1d t.Hlr\~guluted stremns, nnd 
i!' de:dgned to he copuble ot addressing. wutcr quality and environmet1tnl issues. the IQQM 
ntodel operates on n contitluous hnsis und cnn be \JScd t~·l sh11Ulate river system behaviour for 
periods ranging up to hnndrcds or yenrs. lt is designed to operate at a dnily time step but 
s-.)mc processes cm1 he simuhncd ot t.imc stet's down to one honr. 

l'hc major procvss simulated hl the IQQM includes: Plow touting i.n rivers; c:ftlut!nt systcm.s 
end irrigation chnnncb: reservoir opcrntiotl: resource nsscssn1.ent; irrlgnliom urbnn \Vutel' 
~ upply and other consumptive uses; tmd wet lund ond et~· imnmcntnl flow requirements. 

fhc optimisation p.:occdure in the model gcmcratcs n series of toml regional gt<>ss murgins, 
total irrigated gross murghls anJ cropping puucms. The output (sct•ics of regional gross 
rmu·gins) of the optimisntion procedure becomes nn h1t>Ut to tl distributi<m model which 
;~cneratcs prnbability distri.hutions for r~specttvo outputs nnd nssists ill the tmnlysis or the 
·.::hangcs to farmer inc:nme and Joug term Hmu viability. 

The model gencrntcs dcscdplive stntistics for: 

.. total regional gross margins (dry land nnd irtigntcdl 
• totnl irtigut~d regional gross nmrgins 
e changes in nnnual reginnal gross margins; nnd 
o changes in entcrpris~ mix. 

Annual total regional gross mnrgJns are then nmdysed as a series of 30 yenr .tolling cnsh nows 
discounted by tho nt>prOJ>rinte discout1t rntes. The descriptive sft!tistics and entet!JriSe mix 
estimated m the nbscnce of the propc..)sed policy changes nrc Ctlh1pa.J·cd to those that could 
occur with the inttoduction <)fa new po!icy. 

The results of the model (value of lost ugricuH;,ttc}can nlso be used it1 JnpuVOutput models to 
anal>sc the indirect tf1ovv· on) ctrccts of these ngl'ieultural it1eotne losses on the regional 
economics. The structure of the C'EIM is prcsetUed in. figure 1. 
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3. THE CASl: STUDY: lMI,ACT ON MACQUARlE ltEGlONAL 
ECONOMY 

3.1. CHAI~AC1'Jt!JUSTlCS O't~ 'tHE REGION 

The Macquaric Region (Cutchtmmt} is locntcd in ccnttal to Jmtth.iowcstcttt NSWand is made 
up of the Cnstlcrengh, Macqunde nnd Dogmt River systems~ The Macquade Cntchment 
encompasses the Austrnlinn l3tm'!aU of Statistics (AilS) statistical local areas of Dubho, 
Narrominc, Worren, Bngan, Uathutst, Oranget I3ourke, Btcwatrinat CootUU11ble, GUgandra 
and Coonnbarabra.n. 

Currently about4200 ttgdcuJtural establishments arc in th¢ Macque\dc Catchment., Grazing is 
the dominattt laltd use bt the table lctndst hilly areas of the South and East ~nd in the dry 
North .. west. ln the centre of the catchmclit bothdryJand and irrigated cropping con$tltutc the 
agricultural activities. The area ofirtigated agriculture dudng 1993 year wa.'l92.370 hectares 
in the Macquarlc Catchmentsf Irrigated cntton is tbc foten.tost ittigated crop type. accoundt),;t 
tor approximately 44% of total irrigated ~'re.a. Other important irrigation activities include 
wheat. lucct1lt!t pastures and vcgett1bles~ 

The tt)tal value of~gricutture in Macquari~ Catchfi.lcrtt Jn 1993. ttccotding to the AilS's IROU 
Database~ was ¢sthntlted to be worth $785 million and accoumed for about l2o/t> .of the total 



ngriculturn, productio11 in New Sotlth \Vales. The vnlue ()f r.rops nnd i}j~\Stm·.cs ·wHs 
approximately $447 m.iBion. Mnin I!Otlttihutors to the vnlut! (lf crop ngdcuHw·c were cotton 
and cereals fbt gmin. 

There arc t\vo nu\ior dm11s in the cntchmcnt.~ H\m:cnd~)t1g Dmn on the l\1ncqunric tivcr amt 
\Vindarmcrc Dmn (}\l the Cudgcgong riV!.!t. About 7()1>·!} ()f the NlilC()lH1t'iC river•s now tlt'C 
trapped or l"ricfly detained hy the nun·cndonp, Dam. rhis causes a rcdu¢tkm in flt;;:,d heights 
and the n·cquenC)' ~)r small to medium nm)iiS in the Hood pl(tins n.flhe Mncquntic ttnd Bogan 
ri\'crs ., 1d effluent creeks. including Mncqmwic Mt1rshcs. lnflo\VSt() M.t1cqunric ~1urshcs ht-lvc 
been greatly reduced h> diVCl1Sions JlH· irrigation of most of the: ~to red water' und some (lflhe 
ll(n\ s of uncontrolled Ll'ihutiwics. ·rhis has ctmscd s<!rious dcgtndnti(Hl of the wetlands and 
decline of wildlif:b populnthms Several hltctim t·ivcr l1o\v WCt¢ introduced whh the aim or 
comhatmg th~sc pr:ohlctns. A hnsc case,. (W(t Rivet· Flow Ol1jcctivus nnd n combination <)f 
thl'se t\\O (1hjcctivcs \\ere pmp(.'\Sl"d lbr cconontic cvtdtJatif\ll.. 'fltGsc River Flow O~jcctives 
represented by si'\. h~·dt\llllg) upth.ln~ induding the hasc cttsc. ·rhe River 1-'tnw Ohjccti\CS 
mcludcd in the analysis urt! pr~scntcd in tht! tublc 1. 



llVl>l~Ol.fO<";Y \VAtl~ll ~1ANA~Ei\lENT l\UL.~S 
OPtiON 

----+---------~~~---~ ~~~------~~· Rase Can! 

tl 'urrcnt level) 
nnsc Cusc 9Jf94l~vcl t~f irrigation devckl}lJJ\~til and on-.fnrtl1 

nmnngcn1cnt. Stnrugc.'s ~nd \VCirs opcrat~d in 
nr.cordnnca \vlth the t'ulcs }>not· to the lrnroducdo11 
of the Sct1tcmbct' lt)~)S Water RcJbrm Package 
pnwisions. 

~,~.u~.-~,~~~';41!'1;.(:-m.f.<•"'"~'"'"'''"'''•""""·--~·'""_..~---~~~:tt~·~j'~,w ~· .·~~~ ··~~"' 

RF'O 2 Opthm '1 llun·endong Dnm ~~n·mlsparcnt~~ * \ll~ to inflows of 

rr===;::;;::::: . .,..;.,;,.,~~ 
I Pwtcct t1o\\s durmg 
natural lm\ no\\ 
periods. 

!:::m:== -=~"''i;;, 

15 tvfL t~cr da)' dul'ing lll1l1 .. irrigatinn months (fr<Jtn 
Jun~.1 .. ()ctnb~r inclusivch 

~·---- -----·~~---~~-~-··--*--~~~-~-~-~--~~~----·----~-·~-~~--~· R FO J l >ptio.n 2 nrransluccnt.~' ** Burrcndm1g Dnm release t'ulcs 11!-

100° ~ ._)finf1o\VS passed in the spccit1cd .t·.ange: 
~ .. ~. 

Protect or J'CSh'l"C an 
appt'oprinte 
proportion of n·cshcs 
and floods. 

Option 3 

No ·wildlife ntlncotim1 is included becnuse this 
upthm is nn alternative tll the \Vil~life .AJiocmion. 
lnt1t1Ws intn the storage tlmt wmlld" tmdcr natural 
••nnditions~ }1t'OVide f\.1otshcs inflOWS are l>aSSCd 
thrmtgh the dnm with the addition of irtigatitm 
water l)rdcrs. 

·~--lt.t.l''P?'I'fJt'P_F/' 'I ~~.t.'._,l' i r:· ''t$¥ol\l~!" 

93!94lcvcl of iltigntinn devclor.~mcnt and tm-ra.rm 
manngt!mctat. System t)pcr~tt,Jd hi nccordnnce with 
the 1996 ~1·ncqum!c ~1arshcs \Vater Management. 
l?lnn. 

·-----~ .......... -+·--... -~ .. , ______ .. _, _,_., _ .... __ """"""""_"'"i 
Rl·'() 2 and 3 011thm 4 \V.indnrnm·c Darn. HttattSl'nrcr.~''* up tl1 inflows t1f 

1~200 !\1t. J1cr dny durittg all rnont'hs Chrigatiot't 
t'clcnses twe in uddition to innow:l V()JUrtle 
tcJenscs). 

~-·~----~~----~-----~·----------~~~"~~ Option .5 \Vh1dant~re Darn HtranspMetU'll• up to inflows of 
600 Ml., per day dtlring all mcmths {irrigatimt 
releases,. arc h1 addition to inflows' Vlllumc 
t'Cieascs)t 

*Trnnsp:u·cnt Oam~ D.am relenses are equal to in.Oows (up to n d~tined threshold); 
**Translu~~nt :J>.-m: Dam teleascs ttt~ prnporlionaJ to inflows with n, target range ~n the 
same defined down stream site. · · 



The ncccssnl) datu nnd Jnlbrmution for this ~mul~·sis w¢r~ ,·,btnined from the Dt)NC. farm 
hudgcl hnndbooks of the NS\\! J)eparun~nt ot Agticul.tur~ tNSW Ag. l nml fRlJB dntub~tse. 

The ~imulutcd hydrt:tlogy data .fhr si·s different h}~dn~.togy options wore lWOVfdcd by the 
ll}drolng> Pnit nf thu Dl.\VC The uesca+ipthc statistics fnr slnmlntcd hydrology duta ·tor· 
!vtncquari.c Catchments nrc presented in the tuhle 2. The ll~tse Cuse sim.uh:ucs the current 
cnndltions in the cntchrmmts. All ~Hhcr scenarios m~e cmtlparcd to the buse cusc. 

l able 2 shows the sun.unary stntistks fiw t:ntnl annual dt\<m~iuns to l\1acqunrie Cntcbmcnt 
irrigation undl!r ea~h h~dwlug}' upurm 'J'hcse stmistic~ silO\\, thm Ol'Jtiun 2. has the la.rgcst 
nt·gati\ c impact nn the amount uf \\tttcr nvuHnhle th1· irdgnt.inn .. rectlJ!!Ul!J the un.nunl avortlSC. 
amount of \VUtcr mailahtc h) ,~.~~88$ tvtt or l4°to The le"A<it reduction 1h Wtllcr nvnilable for 
1rngation \\ill nc~;.·ur under ~~crmrin 1 with n 7~5 't-.fL reduction tn wo1~r ~~.vnilubility. The 
stundard de\ iation is \Cl) smul~~r .in nH casC"i ft\l'Wcvcr option llms the gt·cntest st;:mdtttd 
dcnntion at 218~151 !vU ·.md upttllll $ ha:-t thesnmllest \\Jth l96S59 Ml .. 

-- - --Average :185Ar11 .1X~t143 33L581 344,033 338.837 342.400 

17~$} cs:ts&Sl c4lA3St (46.631) (431058) 

s~. Dcvbttiort 206Jrt7 205.00& 218,7.$1 J '19 .• 796 197~336 196,559 

Minimum 36.329 35.457 .38,264 36.576 37A02 38.004 

Maximum 770,J18 78lJ~7 76L.l45 76'7'1521 104.551 694,671 
~~~ 

..._ __ 
~--.... -

• The figures .in the par.cmh~sis nrc the di rtbrcnccs from, the Bnsc cas¢ 

Source: Hydrology Unit, Department .ofLntid und Wmer Conservation 

Extent of different crops and pnsturesf total crop tmd rmsture ntcus and total labour 
availability in rvta.cquuric Catchment were obtnincd from the lRDit O.thcr farm .level d~ittt 
sL:ch as crop gross tru.ugins~ crop \vntcr requirements. )about requirem~nts nnd cost or lnbour 
were obtnined from the Farm ll'~ndbooks or the NSWA.gdculturl:!. Tho' O!~,WC provided the 
water charges ti:1r general .itdgatfon security H~cnces in the M~equari~ Cnt<:htn¢t1t'.. 

,J 



4. RI!:SlTL'fS AND 'l>lSCUSSlON 

The CEIM pmviucs gmphs und tnbhts of tcsults with descriptive stotistics for the options 
considt!rcd. For Hlusu·u.·tive pntflt1S~ tmly two itldicutor!:t: clmttgc in irrignt¢d. anms; nnd 
changes ill rcgimml irdgnted gross. murgins tn·c discussed here. 

The totul irrignted nrcu und~r ouch orHh.m resulted h1 the tltdct· or (.mvironm(.!ntul .flt1W options 
from Jcnst l~,ss (cost.} to high~st loss (cosn~ upUon 1. option 3. (lptimt 5. optfon4t\t1d option2 
Clu.hlc 3). The nnlximum reduction in irrigntcd nt<.m from the Hose Cnsc wns 6~o8l2ha, this 
o~~urred under optn.m 2. Option l hns tht: hmst nmmmt c1f reduction in tu·cn irrigutcd: with the 
average nrcu i.tdgntcd b~ing 68.9\>0 Htt. Option 2 not only ]ms tnc lurgc:n reduction in 
hcctnrcs bttt nlso has the hip.hcst stnnunnl dcvinl.iun (highest vnrinbility) nf'30.037 hectut·qs. 

Tnblc 3. Ar~n h'rh~tlted Ubdcr J)iffcrcnt tth~~-· t~1tow Objectiv~s, lJJi 

,. nusc Cn~c Hi~O 2 nf'O;---......,-.--,u-~~(-)-2 -& 3 

HYI>ROl..~OOY Ons~~ Cnsc · Clptinn l 
OJ•TIONS -·· o!o:W' .... ~~~· - ----~------~~~----~~~ 
AVERAGI!: 69.140 68 .• 990 62J28 63.417 62~792 63y204 

ST. Dl~V. 28.4·72 28.:19$ 30.0:\7 2.7.459 27,380 27.l76 

~11NIMUI\t1 l6.RO~ l6,696J 11.047 16.836 

MAXIMU~l 110.252 ll0t252 ll0.252 110!12$2 
11'~ ... ~~~~, ... ~,..,. 

l6S>39 L 7t0l4 

ll 0,252 ll 0~252 



Fi~urc ::! illn~tmtcs thu importm1cu nf watct' nvnUnbilit> to lhe t.nodel ns lt shows thnt the 
regional gross marghlr.; lhltnw u shnilnr pnttcrn tn the wuter diverted under the Base Cuse. 
rhts r~sult sho\vs Lhnt \\-t\tur is a :1cnrce resource whcm uny d~crense in its nvnUnbiHty will 
have u direct imrm~t on 'fhrrncr decision mukiug nnd the returns· from itl·igmed ugdculturc in 
th~ region. 

I 

Jll 
The descripti\e swtistics fbr tmnual rcgion:d gross rnargitts in the Mucqunrie Catchment arc 
presented in tu.hlo 4. Th~ irrigated regional gross m'*rgin for the l3asc Cas~ in the catchments 
is $56.67 million. Optton l in incurs the hmst cost to the cntchrnent with a rcgimml gross 
margin or $56.63 tnillion. This option ulso hus the; l'owcst stundnrd deviation iudicnting that 
return~ to rug,imml gross margins will remain rclntivcly stable. 



Tnblc 4. ltllf)tl~f ···f nur~~·~:;t ;'"~.¥{'!'' 1\"low Objc~th'~S on the Mn~qn~•·ic -~~ginrud 
Ecnnomy"'losN~~s ht h•J'ignt~d ~~ r;~'s •nnrghu; · 

($ million~) 

~lyd I'OIO!l)' 
Otltions 

St. Ocvintion 

Minimum 

Maximum 

56.67 56.63 

( ().(}4) 

17.10 17.10 

( 1.62) 

l ~.95 I S.RS 

73.55 73.55 

51.48 

{5.19) 

18.67 

(6.68) 

16.18 

7:1.5S 
~~~.,;,-.~WI! 

53.53 53.16 53.52 

(3.14} (3.5) (3.15) 

.17.68 17.77 17.61 

{4.28) (4.65) (4.{3'7) 

15.98 16.08 16.1.5 

13.55 73.55 73.55 
~,~.,~:.#!! ~j(;'~~~';.~.rf!: );"*"·~,.~~ ...... ~~ 

* The t1gurcs in pm·cnthcsis nrc the diffcrcn<:t~S fmm the Uosc Cnsc (impnct on the Rcgiorml 
Fconomy). 

( lighcr standard devintion indicutcs the higher flttm income VUtittbiUty. fflCl'CCtSC h1 the 
standard dcvintio11 between th~ l1~1sc '~osc nnd with the Implcmeruntion of River Flow 
Ol~jcctivcs infors that introducing cnvironmcntnl flow policies would inm'Ct~SO tha likelihood 
of farm inoon1c vnt'iabili~y. Tho dccrcaso in the tumunl vuluc of total rcgionnl gt•oss mtn·gin or 
$5.19 milli<>n nnd nn incrcnsq in tho stnndnrd dcviuti011 rn $6.68 nilllion tmch;.w Of)tion 2 shows 
that this option will hove the g1·catcst ncgtxtivc inlprtct on irrigntud agriculture for the 
Mncquaric Cntchmct1ts \~ilh tho highest lncomo vm·iabiHty .. 

The impacts ofval'ious opti.ons nn the regiomH ccL1nomy cn11 n.lso be ilJustN1tcd tm UrJ nvcmge 
fm·m basis fm· the 4~168 ngricultm·nl establishments in tho Mt1cq~mde Cut¢hment. 
lmplcmcntMion of options 2 may reduce U1c· annual grnss mm·git'l nt; Jbti.U level by $1245.20. 
< >ption 3 results in a taduction of $753.36 to the gross mnrgin pm· nu·m. Shnilndy~ Ot~tion 4 
and 5 had reductions in the ~ross mm·gin of $8:39.73 ttnd $755.76 pet' nwm t•cspcctivcly. 
llowcvcr, these cstitnatcs may no~ show the true imrmct on farms or with vat>yins sizes nnd 
linuncinl situatitms. If different farm sizes nnd t.hcit flmmcinl $\tuutions wet¢ r~ndiJy 
a\ailahlc, n moro comprohonslvc n.trm level analysis could have hc\ln ttt1dcrtnkcn. 



rh~ c ,utcluncnt l·:cuuomh: Impact nmdet u:~HIMl nnd t.ho modelling n·nmcwork presented in 
this pnpcr pnn. id~ lt us~;.~l\11 m~illlS of nsscs!ilng the economic. hnp~,~~t of tlU'Ibnmt: 
cnvit·onmcntnl flow J1olich.'s (Rivet Fhnv Objc~Uvcs} on tho t·cglomH GCot.mmies. 'fhe CElM 
i'i u gcJwtic mmlcl thnt cnn be used .lht sitnHnr policy onnl~'sis nw different 
~..·at~:hrncnt'i/rc~'imw with \nt')·ing ngr·iculturnl ~mtct'l11'iscs. The model ptovidcs the hnpnct. of 
lhl·~~ polich~s 011 the rcgi.nnnl CCO!Hllllil~s in t~l'll\S o(' fnsq 01' reduced t;cglonul gi'OSS llll\tgins 
and changed .:roppi.ng pnucms. The distribution gynphs ur g1·oss mnrgh1s which shmv the 
\ariubili'~ :;.td the sk~\\ncss is ohm n twmJul.!t nf the mndi!L These poruntclci:H ·we usolhl tiw 
identifying the incunl~ vnrinbility mulct• dil'f\m.mt hydrolog)r options of River Flow 
Objccti vcs. 

l he model ''ns usud for a cas~: study in th~: tvtncqmli'Ie t ~otchmcnt. Thu dcsct'lpUvc stntlslics 
or total regional ~1·uss mnrghis shnw t.hnt: lhc lnrgcst negative impm:t tn lht! Mucqumie 
< 'ntchmcnt (l'l.lgiun) wns nssm:intcd \\Hh h)~drulog.y opLion 1.. Thu tutnl trl'igutcd ntctt 
dccrcnst~d liJRlct• this option lhnn the Bnse Cus~Z ur {)9~140 hcctni'CS to 62.\:l2H ht:ctnn~s. This 
urcu wus nlso lowc1: tlum th~ ~Mtitnulc nw upti.oll I (RFO 2l which wns 68.990 hcctm'l.~s. U wns 
also shown thm if Ul1tiun J is ndo)'1l!.!d it will hn.\·e nn ~slimntcd cost of' $5.2 million Jn tut·ms 
nf loss of regional gross t.nnrgius in the cntchmunl pot· tnllllHl1. l'hus, Rivet' Fluw CJhjccl.ivc 2 
vvhich is r~p1·escntcd by tho hydt•ology uptinn 2 rusulls hl the lcnst nmount of loss lt> the 
ngrkulturnl industt'y in the lVtucqum·ic Cntc1Ul1Cilt. Although the CFlM model is dcsigt1ctl t.u 
unalysc impact of CllVh'Ul)lllCI1ltll iloW pulklcs, ll [l!Jm provide!\ n SUitnbJc AVUilUC fCn• 
uddressing shnilm· issues or wnhn·rcfhnu pulicics. 

The results oflho model ctHl ulsn he used i.lllnput/OutptU mmlcls to unnlys~ the indirect {flow 
on) I.'ITccts of these ngt'lcultuml incomo losses on the l'cg;loiH\l cconmulcs. 

6. LU\tfiTA1"1<>NS OJr ''fill~ STtJl))' 

One of the mnjor lintltntimJs ()f this mmlysis is that it is not fbm>iblc w ittcurpotatc h1W tile 
annlysis the ptlssibhJ cnvil·onmcmul bum~lits from the Rl:os such us: cnntmHing. dver nlgnc 
blooms; stream sulinity mm1ngcmcnt; mHiv<J !ish tmmugl!mt.mt; nnd nntivc wntPt' blnl 
breeding. 

The modc.~lliug fnuuework discussed nbovc is nut spr;cifi~all>' designed w en tel' flw hnl;ncts nn 
farms v.rilh vnrylug sizes nnd nnnnclal slnmtions, lhmce, it bus bceu considered tn cxtoud the 
current modt~l to nnulysc form level impncts ~J1 dctnll, ht nddHioth the curn:nt npr>rouch could 
be developed fitrth~w lo incorpcuantu the following uspccts: yield tCSJ'onses to difrcrcnt wntcr 
avnilubilitics nnd soH types; clmngus in cmmm)dhy .nnd il1f1Ut pttcos ovet~ n time t1ctiml. 
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