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ABSTRACT 

Derermining tJppropriate enviromnentai n.atcr allocations or "blwlronmental Flows 'l to 

maintain the natural ecosystem is a major issue among irtigarors. politicim1s. 

environmcntalisls. ecologists and ec::onomists. As the State's water manager. th(! ;VSW 

Depanment ofLand and Water Cons·ervafion {DLJl'C) flllocates water among the mtJ}ar user 

groups. Asse~-sing optimum volumes of environmental flow allocation is a significant problem 

for rhe Depcwmumt. 

Empirical economic studies on evaluating benefits of environmental flows are limited. Rimce, 

this p ... pe: utt(, .npts to review existing economic studies on this issue. ami to identify and 

develop a suitable methodology to evahmte costs and benefits of environmental flo'u'S. The 

paper will apply this melhodolog,v for optimum em,ironmental ·water allocation to a case 

slt(cly, the Gwydir JVetlands in NSJf!. 

K1iY fVORDS: Environmental Flows, Wetlands; Environmental Benefits~ Valuation 

• Economist . anci Senior Econo01ist, l>ei?~rtmertt ot La.nd and. Wt~ter Cons~..V~H()n, NS\\l 



Introduction 

\Vater allocation for the environment or 4~Environmcntal Flows" can be simply defined as the 
volumes of water allocated or released from other uses to maintain the .patural cco$yshml. 'fhe 
"natural ecosystem'' includes the river environment, flora and fauna, .riparian l~d and 
wetlands. 

\Vater aHocation for the environment has been a .major issue among many people; politicians; 
irrigators, envir.omnentalists, ecologists, economists etc. As the State's water man~ger, the 
NS\V Department of I .... a~1d and \Vater Cor)scrvation (DL\VC) allor:ates the water .among U1c 
major users. Detcnnination ofthe appropriate flow levels. for the environment is a significant 
problem. l11e DL\VC has adopted a resource management based approach instead of a truly 
scientific one. ll1is approach incorporates a risk sharing concept and operates on. hydrologic 
data. However, environmental, economic and social infom1ation arc also incorporated in the 
final stage. 

The Cl.lrrent process of.estabHshing environmental flo,vs consists of two stages. These are as 
follows~ 

Stage 1 will establish interim flow objectives, and take into account l.!omnmnity preferences, 
current scientific knowledge and economic analysis. 

Stage 2 involves an independent public inquiry process to help establish water quality and 
river flow objectives, initially for priority catchments. 

TI1e Gwydir \Vet land case study is to assist in the development of interim flo,vs. The ahn of 
setting river flow objectives is to protect and rehabilitate riverine ecosystems through the 
management of river flows. In deveh)ping river flow objectives, the following principles will 
be adopted; 

• adaptive management when the management of the flows sho1lld be flexible and staged to 
accommodate; 

-e>;panding knowledge 
-results of river health monitoring 
-changing community and river health values 

• tailoring t<> each ri· ,r system /catchment, to provide. an effective and practir;alflow regime 

• the development and implementation of river flow objectives should consider the 'soci~l 
and economic impacts on current water users 

• water flows should be based on the natural t1ow regime which incluges variability an4 
seasonal patterns offlow 

• environmental floWS should provide prOlCQtion for riverS \\'bo~e :floW r¢,giroe ~d .fiVerine 
ecosystem$ h~ve not· been .seriously impacted by ,p~ople. ]Jwre: Will :also: be :PI'P&rams. :to 
restore degraded river systems. · 
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Figure l iHustr~tcs various impacts 9f envirpnm.¢r)tal fl()WS on ·the enVit9l1ID.~nt: ·and 
agticult~tre. Diversion of \vater {rom cxtt-active: users to the envlront1Jent. Jll~Y i{}ffectoth¥ 
irrigation. industry adversely. R<!<htccd water ~vail~oilit>~ ml\Y :enco\ltili:W fatm¢t:s.:.to •CPbV¢tt· 
thci.r irrigation f<tm1ing to non,.in-~gatio11 farming tully or panty, resulting ill: reduced· yi'eJd 
and fbml it1comes. Futtber~ dcJ?cndil1g onth~ climatiq, and agronomic fa~tors:they m~Y tcnd:to 
grow crops which require Jess water but \viU1 low values. 11lis also leads to reductions tn 
fam1 incomes. 

One of the impacts ofenvironmcntal Oo\VS on the cnvironl1Jcnt is improved water. QJJ~Hty· by 
red1Jciug the incidence of hlue green algae and dihtting sa.Bnity In the wat¢t~ · .e$JJ¢(!ially 
outside the itrlg~tion season. Maint:.\ining a suitable environment for fish migratior1 :aud 
spa\~lting is also a benefit ofenvironmcntal flows. These improvements in the e.llviron.tncnt 
eventually increase rcoreud.onal benefits in the valley. l~\1t1her, enviromne.nt~l·f1ows m~y
incrcasc grozit1g land by wetting; wetlands and conseC}llently increasing incorne ftom gr;lting'~ 

\Vith the current appreciation of the rights the environment has to its water, the dcpartmcnlts 
faced with finding a solution that. will minimize costs to <mrrent wat.erusers and u:m:<imize.the 
benefits to the environment. The environment as a user includes flora, fauna, and fish~ 
through rivers and wetlands. as well as estt1aries. Ideally the natural regime before lhe 
building of dams a11d wcit , could be replicated to retu.tll water flows to their original 
frequency. To do St) would impose considerable costs ~o some other users. Considering 
methods to determine the extent of those costs is one of the objectives oft.hispaper. 

The .empirical ec(momic studies on bcnefhs of environmental flows are limited. This pa:per 
reviews existing economic studies on allocation of water for the environment to identify a 
suitable methodology to ev•dl1ate the benefits of cnviro.nmental flows· in NS\V, Australia. The 
paper will apply this methodnl<»gy for optimum environmental water allocation to a .ease. 
study, the G~wydir \Vetlands in NS\V. 
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Ahlmugh crnpi.rical st~djcs on cstimatirlg net benefits, of cnviromncntal flows :.s¢Grtl to b¢ 
Umltcd~ •nany tcse~\te:!hcrs have! attempted to ¢Stimate recrca,tional ,be.ncflts~ rmcti.cula,tly~ 
bennflts of rcen~aHonnl .fishing of instrcam riv~r now.s. 1'he impact ofcnvJronm¢nf(\l !lows 
on the. agcleul ture has also been stUdied :by fcv{ authors~ AJt attempt w~s •~k¢n ,bet¢ to tcVi¢.w 
some of these studios (see also Hill 1994). 

J. Loomis (19.87) rcv1iawed sever;tl studies iJIQstradng how tx>th the trave.J cost method 
(l'Clvt) and contingent. vuh.atior1 mcth<ld (CVM) estimates of b<!ncfits ~ould be lf¢d ·tl.-r now 
levels to . calculate n marginal wHiirtgncss to pay for alte.rnatlve flow t~wets. .. 11lc .p~per 
documented both the TCf\:,1 aod CVM dcri vcd demand curves based on utility maxlmi1,atlon 
ofinstrcnm flow users. 

\Vru-d {1985~ reviewed in I .. oomi.s 1987) utilized th¢ TCM to estimate angler nn('t whit~ \\'at.c.r 
boating benefits on. the l~ic) Choma River durir1g. the summer of 198:2~ 1~o link rect~~liop 
benefits to ~lternative levels of instrcam flo,v, Ward estimated seven separate demand 
cqLtations,. one ft)r e.ncb of seven different seasonal flow levels. He esrim~u:d a s¢p~m(e. 
equation \Vhid>related combined river rc~reation benefils as a f\mction t)fJlow a.ndth<mused 
.this equation in a dynamic programming model to detennine the optfrnaJ timing ofr<.:leases 
from the drun into the Rio Chama River. In a sirm.thnion run fbr hnc sumn1ert \Vard estimated 
a combined \Vllrth of water in the strenm to anglers a.nd boaters . 

.Daubert eta! ( 1979, reported in Loomis 1987) applied the CVM to valuing per~ctay recreation 
benefit.') of three different types of recreation on the heavily visited J.>ot~drc River in Northern 
Colorf!do. For the first time they linked alternative levels .of nuw and rect¢<ltiOh ,b~ocfits 
explicitly. ln contrasJ. to Daubert et al, au instream now study by \Valsh et c1l (1980~ also 
r(!poncd ·in l .. o<>mis 1987) ut.ilizcd CVM and ~ncompas.sed both changes in valves per d~y of 
existing use at}d changes in days per season due to variations in instrcam Jlow levels. 

Unlike the I)'lubert et al (1979} ~ppro~ch, a :Study of instream ,now b~n~fits in Utalt 
{Nan~YAnan C!f al 1983; Arnirfathf et .al 1984} .e~timated the ch~l1g<! in valu~ oflnstre~fil :fl,(JW 
dpe solely to a; change in use days ofcurrent.anglers. 'Htcy utilised a TCM d¢mat14,mod¢lto 
cstim~te <Z.urrcnt angter benefits for three rivers in ibe Cahce VaHey region of nonhero . .Ut~h. 
The authors then a$kcd a form of CV question: che1Qge in current anglers' visit~tiont if 'flP\V 
was reduced from th~ peak 1982 levels {a high .f1ow year). · 

T:he study of Bosch and lJroornhall (1990) :prescnt¢d methods for detcrrninhm how:n\lnhnufi) 
instrearn- flow (MlFJ st:.1nd~rds affected. crop yjdds from rlpadan: irrigation. tb¢ ;methotls 
were applied to wwAlershed of easten1 Virgioi;I. ~n; $tao£i~rds oflP~ 20 ·a)Ja$0. ~per:~entQf 
.mean ~nn.ual Hows, 10 percent of mean monthly Oow£, find the minim~rn 7~4tiy~verag~·iflow 
per lO--year period (7-Q-lD) were !.Walt,Jated t<J detemtine.(heit effe~ts .. <.m imgatcd;:com.:MU 
soybean ·retttlns, 



The estimated losses report.ed ~~ this stugy were LJl¢ulated:i(lSsUmiQg,JhaJ \Vflt~rwas aJlo~::~tCQ' 
\Vith the riparian doctrine meaning that short~~es were~bared ~qvaUy ·b)''till users •.. The'·I.OS$<!S 
\'t1ould be ditJerem if other insHtution(ll mechanisms were ~st!d to ~llo~~te Wttt(!r. ~.For 
cxtlmple, a market system might reduce the e~onomic loss~s from imposition of a N1JI? 
sta.nd~rd by aUocadng scarqe supplies more 'efficiently ·than underthe riparian ~system. 

Loomis and Cooper (1990) presented a .simultaneous system of dem:lnd and: :proc.fU9tion 
equations that explicitly incorporated :an instream Oow variable and measured tbe elr<!9t on 
recreationists~ bencf1ts of a clumge lnlnst.ream Oow. The economic benefit of maintaining 
instrcam now was measured as visitot1 S consumers st~rplus or net wHlin~n<!sS to ptty.. t(J 
esthntlte the changes in stream now in the single-site formlit~ a s.inglc~she pooled tixne~seri~s 
cross section ~taveJ cost model was esiimated. A c~se study modeled this rel~fionship 
between river flow and fishing trips· to the North Pork of CalifornhJ's Peather R:iver witb 
results indfcadng a statistically significant relationship between Oow and C(ltcb. 

A study by Jones ct af (1992) ~~sed linear programmmg with a hydrolog)' slmt!hHlo.n mod¢l 
developed by the OL\VC to determine the average annual inct)mc and inPome vari~nae of 
altcmntivc irrigation water allocations and ass<:)Ciated suppJ>r reliabiHt)' in the ~1lutumbiclgcc 
Vall¢y. ln this study deterministic Uncar programming was used to c~lc.ula,te opthnal annual 
net returns from irrigated agdcuhurc t.br a variety ofw:~ter allocation SG"enmios. '1'bls analysis 
assumed that the agricultural plans for each irrigation season were independent of the 
preceding season, which m:ay nnt be strictly correct ifrotati"'mS wer~ considered~ 

As d1e Htcralun~ survey revealedt two major analytical approaeh~s are ~v.aUf!ble for analyzing 
hnpact of environmerm:tl nows. rhese are focused on anal~~z:ing benefits cmd costs or the 
negative impae~ of cn'lironmenud flo\vs. In order to anal;1zc the recreadonal benefits~ travol 
cost and conlingcnt valuation metht">ds were mainly used The impetc.ts on agr~cuttu~e. or the 
net facrn income were estimated through linear programming a,nd statistical approaches. 

M.ethod ology 

The DL WC currently use1; a combination of hydrology simulation and spre~ctsheet models to 
at'lalyzethe economic impact of.different environmental waterflow allocations. 

The hydrology data wen~ obtained using the lnt~grated W~ter Qlmntity ~ncf Quality Model 
CfQ~M) developed by the Hydrology Unit of the 01 ... \VC. This mod¢1 is l!SCd in planninS and 
evaluat:inG water resources managGment policies. This is a gener~lizecf ·hydrat)li¢ shnul~tion 
pa<::kage which is ~apabte of appH~ation to resulated antl unresl.llated streams, .. and Js. c!esignc.d. 
to address water quality atld cnvlronmcntaJ issues as well as water quantity issues ... 

'the in~stream w1\ter qJJamily component. ofth~JQQh4:h~ qifferentprocess~s: ·flow rout:q~; 
re$~rvoir operation; resourc.e asse!isment; irri~~th>n ·~n<l od1~rf~t1tur~s~ ~~~~~lion is one of the 
mosJ ggmplcx and \1a.dabte·process incluti~cl··in·t}Je. 1QQM:.antt'lh(!; most impQr(~t ~nmpon~rtl 
fore~onomic evalttftdon. · 



ass~ssrn<!IU ~'f av&lHable rcsoMrcc:; (soil moisture m~coiJn\ir)g); 
area plantins dccisloit(mod~line,;:trnnge ofd,iffcrcnt ctQp ~ypcs)~ 
irr.ignli<ln d.~matid ·(simuladng dcci$ions of fanners ·regarding nrea of~rop. to pl;ult ·and 
hrigtlt;c); 
demHed mod~ ling of on.-fhnn sJomges; ilntl 
hrigrttion appli~ation (nccoumhlg for W4l.tcr use in rclathm to entitlement and .off.., 
aiJocadOtl q<;qcss). 

13ecause of .inclusion of the, irrigation module, the IQQM is ~bleto estim~~a the area to be 
pln.m¢d. for each crop t)'p(! based on the resource availability and the other input.data: :licen~>ed 
volumes; maxinl\llll potential hTig.ablo area; irrigation developmem factOr; crop typ¢s 4nd 
crop fa~tors; pan cvaporatitm; and expected rninfnH. 

The current mo(lcl uses ;1 statistical approach with hydrolt1£$Y data simulated over 102 yeats. 
This model can be used lbr csdmadng the direct imp~1ct ofenviromnemal flows .OJJ the farm 
income. TI1e crop areas produced b)? the JQQJ\1 for the simuJadon period ( 102 years} {br e.ach 
scenario or aBocation strategy ate used in the cc.onomic spreadsheet mod¢1 lo evaluate th~ 
qiff~rcnt. scenarios. Although this ~l)proach takes farmers decisions on crop a.re~s to,pl;mt a,.nd 
(rdg~te into c;.onsidcrution (in the lQQ~~n, the market driven in1lucnccs ~uch ~s commodity 
prices ~nd change i.n variable costs arc not incorporated in the <.!ceSsion or sel<!<:JUn~ .an<i 
planting giffercnt crop t:yp~s. 'l11is type of problem can he solv~d by 1,1si,ng linctir 
programrning~ particularly a dynarnic programming rnethod. 

Tile economic mod.el csthm~tcs the value of each crop ba,scd on the areas plt,ihtcd .g¢tlcratcg by 
the JQQJ\;1 and the gross margins of the crops for each year over·thc simulation pAdod. 1'hcm 
the ~bMJge in gross margins .(difference between the base (!CiSC ancl different scco;lfiQ) Js 
csdrnated. This information is used in e.stimating the mcMJ and standard deviatiQn of n~t 
fam1 income t~nd present v~due of net income over a 30 year .p~dod. 

Th~ curren~ mod<!l provides only possible: dir~cl effects on the a~ri¢\llt-ure undC!r ~lvcn poH~y 
sqcn~rios. :lienee, a different m~thodology which could incorporate. the .effect$ on .th<! 
agriculture as well as benefits to the cnvironm~nt <tbe DLWe is being propos~ci~ . thts 
approaP.h would be a combination of hydrology sinl\llfition (IQQM), linear or dynamic 
programming, non .. mar:ket cvalt~ation (CV)and ~conomic spr¢adsheet models(fj~utc 3.), 

CutrenUy the Oepart.ment is workins on this mcthociology. J:Ju¢ .to H1ck of information, 
e$p~ciaJly on th¢ b~nefits of environmen~al flows, the 4:}Urrent mc~hodol~SY' Wa$ Y$~<i!(9 
Mt,ilyze tbe impact .of various environmentCil flow polit;y Qptions on Ute ~gr:icuftpr~ ;jn t-he 
Gwydir VaHey. 

··~ 



RI(;t:JI~.E2~ _ Dt;,\tC CURRENT' 1\'JETHQDOLOG¥ OF''E~ALIIATING:'ENVlRONr\'IEN~1\:L\;f'£6WS· 

[cl>lHerentHy.ctr~lo,gy 
· Stenados 

'OL:W:c. lQQM 
MQd~J 

1' H~w:Rou:t•~t~ 
i!. R-e.hrt,_o.a ()peut-t~n 
~ R•s.o.u•~•·-••s•um•nr 
~. ot!\<tt-Fo~iiWnt\ 

!\. lulgulon ., 
•JUl!Utm~tnto.tau.!l.•tHet.UQ~>tt• 

· at~:ac !1-f'~l'!.HflG. d.i~,C:Ui.fQ11 
• iU~<Jtllm 4•.!lti'H>4 
• lttJQ-.aiion .. 111n o«f•u-
• <l!J•latm 'tO'tltQI> oP•rt.-l!ons 
• itnlja!\Ott •P~lt.llo-n 

Chang~m 

~•Total trrlgatian 
Area 

Curren.f Crop 
Mt:-: 

• 

GtQS-S 

, Margin 

.. 
Chan-ge in 

Oiffere.nt Crop 
Areas 

>-.. 
• 

Cod otEn:vfronrnent•i 
Flow~ (Ro-dU:t<~d In 
Va.tuu ot tWt&t_.nt 

Crota} 

... 
Smt-ulat!on Cash Ffow Analysis 

Pr•-•ntVfllue,()f'NetF'ar.m !n,coma 

liCOJ!J/OAUCS OF Er\'!1lR.OJ!J/Mif!N1',tt F(:O!I'SM CAS!iSXttQUNTJIE(;JI<WDfJfiJI'E:T.MfiJJ,NSJI! 1[!1 

-(l.L,W·-e:-1~c:o.itt1~m~i~~:.~-J 
;M~o·cte·t" 

.I 

L~---- . _ ·-(C.ro. P ___ -_._v __ r_._·:)ds _-___ • a net 
Prices 

t 
~~ 

CflanQ!JlnTota.l 
Gross,. V,lllue.of 
-~grl(:ul(ure.tor 

different sc:an•rJos 



Fl01lRE a« 'DL\Y€ PR020SEDN1EID1IODOLOG¥~0F'EYABtl~mn~G ENYIJ{()ISMEllS:t:\I;,:~ELOWS 

:0 !fl•r,nt;f{y:d«:<tiO,g¥ 
' Se•tta.rJo• 

y· 

Change m 
,..... 'fntaJlrclgation 

Area 

liNEAR. 
PRO~ftAr.IM.ING 

~ C::t~~M4 

..-..., 

III.A R.K:El' 0 ~ 
N.O.N•MARK.S.T 
E.VA4tfA'ttO N 

METtiOttS 

~ 

.,.. 

INC~E~~ED V~l.UE: 
Of"W'~T:t.AHO 

GRAZING. 
llfD.t,;W,«:; l~QII 

•Qdel 

• 1< f"';itltovtw~ 
Z Jt•••r ... ofdl"'l!'5,lil:>flt 

Gross 
Matgin 

..... 
Change-In 

OUter-ant Crop 
Areas 

~ 

• 
t 
i 
i 
i 

/, 
/ 

I 
/ 

/ 

~~4.~·1l··.·¥·.1·,··.·.?)J.cfs,····· ~tnd 
Prien 

.•.. .....-
:)' ·R••ali~•;U$1Jtsl;tU!H 

· •· o.m~¥·fiul10rit¥ 

$.lu:t5J•tlo.n 

• ... , 
c•U.jo\tif».*"'t (tJ.l>••if;ol)ltltllt<!'.t-;e.• 

••it•·l>l•f!t•n~<l'•t..hl~~ 
• Uf:tO•t.C:!< G:•m.a,~ 
• 'fl~•boll' ·••1•~'11«1•!'.-
, 0.11~f01~ '~"':!', o~:~••ta.toot>t 

.• nho•t!ott •#~f<~:x~ 

Cost.of'Env.lronment.t 
Pto. ... • tR.equc:ed tn 
V.afu&.~ of Qlffotlel'lt 

C.r.:>p'J} 

.. y 

y " lhneflta.Qf 
En"!lronmental Fluvn 
(fnere ase d: recutation~t 

bene !Its} 

l 

i-. 
Sunufafltlcn Cash Flaw· Analysis 

r 

~....,_,.__~~ ........................................................... _____ ~ ............... -----............... rn 
.ECQN0~1ICS:QF£NJ1lROXtfEiflTAL Fl;QJJIS:A:C4SESTl1P¥1JY'THliGWl;DIRJJ'BTUNQ;.N.$Jff ..... . 

I .,, 
¢hl!hge 1~. Total 
Gr0,u .. Vllu•:c:if 
At;tlclllh-! re'for, 

dllfir6o t; ·~•oa~lo~ 



The Chvyd\r wetlands. are located in northern inland New South WalGs w~st of Mor~e ~nct 
cover an ~xtensive area, The. OlnSh~nt and l,~ow~t Owydlr V/9tercp'J.tscs are: th(;} ·most 
VP.l\!ablc and unique pprt.: of:the total arcrt Th~ current land tenur~ is freehortt And·JiUld \1~~ is 
~attic grazing. T.h~ Ct\vy(Hr .wetlands tlf'C ornntionnl slgnificunc:sc and w~r~renpwn~d.for··their 
bird breeding habilnh w.hich is linked to ·Oood·. events~ Howevcrf they baY~ snffer~d from· lh~· 
dlverslon of water t() irrisat.ion. The weHaml vcgetfttion hns ~Jso b«:!(,i:n a.h~red ovettime1 ;W}fh 
an inonms~ in weed .invasion of.periphct~•J areas andJl retiuction.in the Abl.ln£1.~rg~epff~umt, 
The decHnc in Hooding fteqlJency has contributed to the declinci,nthe wetlands. Jlecause .. of 
this there has b(!.¢n n d~~linc in stock carryh1g c~pacfty of 3(] .. 50% .(Hermett ~n4 <Jrccm. Jf/99). 
It is lhC!se f.ssm~s \Vhich the cnviromn<mtnl flo\vs projcctnddrcsscs, 

'The ~on1pletion <lf~Copeton Dam in the upper catchm~nt in 1976 en~bledthe est}lbHslun~nt of 
an irtigatlon industry nn the t.ower Chvydir l~iver floodplain nt!i~r Moree. OcH)r(' ·Copeton 
and subseq.nent river regnlatJon aU fi•cshcs and minor flood•, tetmlnated in either the Glng;ham 
or I~ower Gwydir water course wetlands. The transfer of thcsefreshcs and small floods from 
the <:Jwydir syslem to the irrigr-tt.ion ind~lStry bec;tme a major jssue for tbe water users 
(~1cCosker and Puggln 1993). 

The Wt=;tlands provide grazing, particularly when surrounding ate.as are d~~. Th¢y ar~ alsQ 
valuable fbr Oood rnitigqdon, reduoi.ng Oood peaks further downstr~am in th~ Jlanvo.n 
Oatling System. Possibly they act tts a water purH1cr and prevent the Oow o.f nutrient rl¢h 
water to the Barwon~Darling systctn,reducing the UkeHhood <)falgae·btoorns. 

In order to halt the decline of wetlands the Dl .. WC introdut.!ed new Qnvitonmental tlow 
policies, giving priority to watering ~)f prirnury wetland Areas. Any r¢~allooaJion.o.r :.Oows 
baPk to the wetland wm incur some Joss ()f production capacity for lrrigMh;m farm~rs. T:hc 
.PL\VC analy~ed the impact of three. different policy options on the OwYdir irrfglldon 
~gr1culture» These options includ(!d the existing flow levels (fla$C Casf})1 no access ·to 
trlbut~zy ancl ofl~nllocation~, (Qpti<>n J )$ no off~allocation ~.xtraction (option Z), an~l $0% of 
off~-alJocation extr·action limit (option .3). 

Th~ ba$e c~sc r~presented flows under existing operations where the flow in ·the rfv~r is 
suppJem~nlt;d by releases from the .dam. to su.pply order$. As ·well, Wh~r¢ th~ floW 
downstream of the oam is in c.xcess of ord~rs th~ W!;!lCr could be 4eclarect offaJl9¢Atf9n:and 
its u.s~ 9o.es not get debited t1gainst the; irrigrttPrs aUo¢aUons. Qption, l r¢pres¢nt$ the mo$t 
extreme~$ilU.at!~m for increases ln environment~l flows, wh~re a~tw~ter'PPl1lil1~ into:th(}:dv~t 
sys~~m 4ownstrcam of the d(lm. (tributaries} P~n not ;p~ ps~d for. irrlgation"cith~r ~ .on 
~Uo~mtion or off allocation water. Thus aJJgni~rs ~re met from :the dam. lJnq~r·pption :? 
tributary flows can he used as part of lhc on ~liOPaUon MtAt~r but no JdbQt~ry tlo\\f:> ~iiD b.~ 
~~~d for ofT lllloo:1tfon •.. ·Option 3 puttl baAk thP yse o.f pff ~IJot::f.ltion ,ys~ tP SCl~: of·~[C 
~JJoqfition (of what would hAve been available ttn9~r.tht:!· PP§¢·~~$e)for qff,alJog~don:i~!H:l 
SO% avaH~ble for use. 

As Jh~ Wal¢r to thc- erwirornmmt tnpr,gp.scs, {r~m, opUPtl ·3 l9 qptioJlS· :4 !ih9 1!, 'l¢~$. ~~w4t¢r is 
av;Jilabl~:to th~ otb(!r watGr users, esp(!chlllyto,irri~EitPrs. 



l'his ma,y ndvers~ly p.ffect th~ r~~ionts agrJctthtnf.ll indnstry .. rn the Chvyqi~ V"ll~¥'t~¢~J~A\l 
ru·e~l of craps ami pasttm;!s in 1993 \~tas S29,l2l hectares which accounted: :for 6b9\lt :\9~$ 
percent of~he total area ofngri9u1t\Jml.hQlding hlth~ vnll~y. Wuclngthisye~J\Unr··t91IJJ:m-ca 
irrigated' was .abogtl4.0 p~rc~m oflhc.! total arefl under crops amlpa$tures •.. 11Jtc.:_mo$tl)''.~rown 
crop wa.s wJwat for grain {224;03 8 ha} which was followed qy cottOJl (1 02,920 h~) ~gg:;b~lt:Y 
for grain wit.h 83,93.3 h~ (AJlS" lRDJl. 1995). ln terms of,sross optpu~lhe Owydlr '"~H~¥ 
bm~cd c::;otton huiustry is the most significant contributc.w to the .loqpJ~economy. 

1:'hc cnrrum r.nethodt)lagy was used ·in the annlysis and focused on ·the impaM QJl n~t G~tm 
inQame and gross VAlue of agricult\tml production. No attempt Wl!s m.~de to f!.StimPtc the 
downstrenm c:ffect ~mchns increased snlinity run off, on fan11 recycling cost~hnor downstn:~am 
benefhs such ~s rccre£tdonnl bnnQfits nnd wetland grazing. The rcstdts of qpplying ·this 
cmTcnt methodology in the Owydir VaHey are presented in the following section. 



~~~h~ chang.o ln vm~inbilJty on disqounted nc.t fil.nn incom~ ns nr~suh of' JmpJ¢mentlng the 
propost,ls wns csthm1tcd b\f using H 30 ycor ptoduQtiotl period. The w~nther <;onditions wcr~ 
asslHrr~d t,t) be simUnr to nny 30 )'CUr period over fh.e last 102 )'QOrs~ rrhc uveroge. present. 
vallle of 'he nmnml net. fnrm in<Jomc., mcd.inn ltonunl net iiHJc>mc 1md stnnd~~rd dcvimion for 
the bns!l cnsc nnd the three proposnJs nro pres.cntcd ln tnbl~ J. Under th~ btlse cnsc the Pr4scht 
value of nv'm~gc nel fm·m hlcmnc wns $880 u1iJUon whb n swndnrd dcvh~.don of$92 miJHon. 
This implied that tho ~o1mml n4t inomnc should Ho in the mnsc $788 to $972 million, ffthe 
<'lima tic C<mdiUons pr¢vniJcd ns have dmte over the hlst I 02 yenrs nnd prices ~H.~ rcnndn 
C()fJI)tntH ovur the 30 y~ar .pc.dod. Th(! prQSGIH vuluo of reductions fn JlGt mrn1 Jn~<>me mnge 
from $l34 m1Hion to $l96 rnUJitm under option 1. The values for option4 ttnd S rnn~c from 
$41 tn $77 mJlliorl nnd $4 to $20 million rc:spcctively. According to Hleso results optkm 3 
(wh~ro .50o/o of off....,nl.loention would be t\Uoont.ed) would ru.dua<; the Htrm net incom~ by $1 Z 
mHlion, which is tho toost reduction nrthese optkms. · 
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'"fhe impact o.f Uw three proposnta (options) on t.he gross valu~ of:~~gd~uHur~d pmdu~tlon was 
ulao estimated in this unal.ysls.. Result$ in tnblc 2 iJiustmtc the impngt of ftn.PIGmcnting 
different poli~y omions on the net fitrm income (L)n .. ~c Cnse). As the r~sults show~ the. ~wqrn(!c 
anmmf nGt ft1rm income or $154 mi!Jf<:m (in thQ 13as~ Case) would be rc:dtl¢ed by $27 mHHon 
undGr option l, $ 12 million und~r option 2 and $2 million ut1dcr lhe third .optiotl. 
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l'his mPdeJ hns not lncPrpc;mHcd the d,o\vnstrc;~m ~ffepts ~mch ns htor~:~s~d s~lintty .run~c.n~ 
incrc1.1scd on furm recycling c.osts, or rcdttQtion in vnrinbJc 90$tS <htc to l~$s water us+tgGt No.r 
were the downstream benefits of hwrcas<!d Wcthmd grqzing Jtnd incrc~~c9 T¢¢rt;!Adon~l 
beneO.ts incorporntQd in thls .modcl. ·· · 

A$ iodicnted cnrHer, the c~wrent model providc,:s only possibJ~ direct ~ffectR Qn :the ngrfpylf.urG 
unttPr given policy scQnrtdos. Hcnpc~ n mcthodolosy has beGll prQposcd wh1Ph .could 
incoq')omte et:fcq,ts on th¢ ngri.ctJlture ns well AS ·b¢.ncfits to the environment. 

Conclusions 

This paper r~;J;ve~lls tha.l the existing economic studies on (he impact of cnviro.rtmcntaJ flows 
mainly foc:uscd on .~vahmting rccr(!:nti(mol bcncfltfi of flllc~;nuve instrcMn flow levels ~nc:J 
c;i(ltcrminJng their economic effects on irrig~ltion incornu. 11he bcnct1ts h~ve been efitimated 
by mfopting non .. mnrk9t ~tnd mfu·ket eve1Iuntlon methods~ mninly the travel CO$t tnethod nnd 
4ontingcnt valuation methnd. The economl~ effcPl {cost) on the ~grUmlture h~s been 
~stimated using stndsdc!ll nod/or optimiz~tion methods. 

Th~ curnmt. model usc~ a smtisticnl approach with hydrology q11m simulated over 1 02. yca,rs. 
'rhis model can be used for estimnting the dircot impact. of environmental flows on the farm 
income. Although this appmach takes imo considemtion farmers~ deo:isfons on crop areas to 
plant nnd irrigate <m rhc JQC)lvl)* the markQt drlv~n influences snch as commodity nricos and 
changes in varinbltJ costs are not incprporatcd in the decision of selecting and phmtins 
d\ifft:!rent crop types. Th1s type of problem can be solved by llSing linear progr4mmlng, 
particularly dynamic prognunming. 

1'1he proposed modo! which is an cxtonsion of the Purrem model) would be a ,combination of 
hydrology sitnul'ltion, dynamic progrAmming, sprcodshcet models.~ nnd n non'!.trmrkct 
evaluation. The proposed model is intended to incorpomte farmers' d.ecisions in planting uncl 
irrlsaUng different <:lrops (depending on water avaflabUity, commo~Hty prfces, ~mq. othQr 
finonciat fcrctors) by using a linear or dynamic progmmming technique. The benefits of 
qnvirommmt;:tl flows esdrnated through an qppropriate survey metho.a will be incowor~t¢d 
jmo the proposed modeL The proposed mQthodology whi~h jp(;tludes ~ompone.nts for 
~stirm~tins both costs And ben(! fits could undert~ke t-uU coonomio analysis ofenvironmc:!nt~l 
now poJlgy options. 
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