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Abstrac.t 

Jn February 1994, the Council of Australian Governments (COAG) endofsCd a strategic 
framework for water sector reforn1 in Australia to be implemented by the year 2001. In 
response to the COAG strategy, a project was initiated in association with the NSW 
Agriculture and the Victorian \Vater Bureau to assess the economic welfare effects of 
different water policy refonns. A spatial equilibrium model was developed to facilitate 
evaluation of policy measures. 

The purpose of this paper is to report on the development of a spatial equilibrium model of 
the Victorian irrigation sector. At this stage, only a basic set of results frot11 the model has 
been presented. Howeverl three interesting observations emerge. The first is that the 
relatively abundant supply of water in Victoria limits the ability of markets to discover prices 
for water. Trade in water is dominated by only a few demand and supply centres Which rnake 
up over half of all water transacti<:ms. Finally, water .movement constraints are re~ponsible 
for a prediction that the traded price ofwater will vary between two .regional trade blocks. 
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Water Policy Rctbml In Victoria: A Spatial Bquilibrium Approach 

l. Introduction 
This paper reports Qn a significant work progt~un in water economics developed by the 
Victorian and NS\V Departments of Agriculture. 11tc aim of this work program has been to 
move the irrigation .reform process from the broad view of what is desirable in the irrigation 
sector (the COAG agenda), to specific consideration and comparison of altcmative 
institutional. pricing and tari.fT strttctures tor water. The key tool which has been developed 
in this process has been a spatial equilibrium model of the inigation sectors in both Victoria 
and NS\V. This paper reports on the development and initial results of this work program for 
the Victorian irrigation industry. 

2.. \Vate.t' PoHcy in Victoria 
lt is widely rccognh ed that the size and location of irrigation infrastructure has been 
significantly influenced o: social and political objectives. \Vith changes to the Australian 
economy. particularly the move to improve economic cft'iciency through microeconomic 
rcfbrmt and broad community concerns about environmental degradation. there has been 
considerable attention focused on improving the process of resource allocation in the 
irrigation industry. \Vhcre possible. this has involved the substitution of market based 
mechanisms to replace the highly regulated approaches of the past. Substantial investment 
has also been made in salinity control and river environment p;0tection. The following 
discussion provides a brief summary of policy and administration dumgcs \Vhich have shaped 
the irrigation sector in Victoria. 

In the development phase of the Victorian irrigation industry, a range of measun~s were 
introduced to dcul with key resource aUocation questions. One of the lll~)st sig11itlcant 
irrigation management tools which has been used in the Victorian irrigation sector is the 
notion of a right to water. The water right has its origin is the \Vater Act, proclaimed in 1905. 
This Act introduced for the first time the concept of a 'compulsory~ water right for each 
irrigation district (lrr.igation ,Management Study 1986). To guarantee financial security .of the 
system, the Commission rated all properties and introduced a ~c:ompulsory' rate for the water 
irrespective of whether it was used or not. For the last nine decades, this twin concept of a 
~water right~ and a 'water rate' has been the basic management tool of the irrigation industry 
in Victoria. 

In addition to a 4COmpulsory~ water right, the Water Act also provided for an "extra' water 
right to be apportioned to lands under intense culture, as well as a 'sales, water component in 
excess of water right (lMS 1986). ·n1e consequence of these allocations was a massive 
expansion of irrigated agriculture, with severe repercussions in the drought years of 1938-39 
and 1944-45. Following the drought years, quotas were introduced for sales water to ensure 
sufficient reserves were available to meet future dtought.conditions (lMS 1986). 

The completion of the Eildon reservoir in 1955, once more· raised the issue of how best to 
allocate additional water. The emphasis again fell·on 'equity' issues raiherth~n oh economic 
efficiency. According to \Vatson, such bureaucratic approaches were initially adopted to 
facilitate development of resources under conditions of a .relatively abundant water supply 
(W(ltson 1990 in Pigram 1993). The availability of irrigation was seen as an avenue for the 
redistribution of land and incomes through soldier settlement schemes, decebtralisatiotl of 
population and the development and promotion. of t\gricuhural exports, Furthert11ore~ such an 
approach may have also been due to a lack of .confidence in the ability of markets to ml!ke 
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allocation choices (Millington 1991 in Pi gram 1993). The end result oftfle.se decisions led to 
~formula type~ allocations. with successive f\)rmu)ae being implemented as additional 
storage's were completed. Today these allocations fonn the basis of an irrigation districCs 
water right, a legal entitlement attached to each holding based on a 1964 Jbrmu1a as defined 
in schedule JB of the \Vater Act of 1958. 

The decision making fbnnn for water allocations during this stage was an all .. party 
Parliamentary Public \Vnrks Committee (PP\VC). The Committee operated from 1944 to 
1982, and some of its major recommendations included constructionlcnlargcmcnt of storage 
at Caim Curran, Tullaroop, Eildon and Eppa)ock, extension of the Gonlburn Murr(ly 
Irrigation District (Gt\1ll))t increased water allocations and extension/construction of 
diversion stntctures at Goulburn \Veir, Torrumbarry and MmTa)1 River. Rapid developments 
of this nature were bound to cause environmental problems as noted by Barr and Cary: "with 
hindsight we can surmise that irrigating this country was bound to cause salinity problems. 
The first settlers learnt about the land through experience~ but they had no experience of 
salinity." (Barr and Cary 1992). 

By the early 1930's, salinity was a serious problem in much of the irrigation country around 
Tragowel. Plains and Kerang (.Barr and Cary 1992). Fifiy years later it was estimated that 
nearly tbrt)' five percent of all irrigated land in Victoria were potentially sal.inc (ACll .. 1983). 
The pressure to restrict fut1her expansion in irrigat.ion was evident to ensure the sustainabHity 
of the natural resource base. 

In November 1982. the Public Bodies Review Committee (PBRC) tabled its report on 
~·Irrigation and \Vater Resource Management". The recommendations of this Committee 
placed strong emphasis on the application of economic principles in future water allocation 
decisions. A significant recommendation of the PBRC \Vas that the existing nexus between 
land 0\\11ership and water right be broken to Htcrlitate the transfer of water right from low 
value uses to high val.ue uses. 

At about the same time as the PBRC made its recommendations, the Parliamentary Joint 
Select Committee on Salinity (which replaced the PP\VC) reported on its inquiry into water 
allocations in Northem Victoria. One of its key recommendations was to freeze all district 
aJlocations at existing levels. The Salinity Committee, also reinforced the recommendation of 
the PBRC to amend the \Vater Act to allow for transferability of water entitlements in the 
GMID. This would give flexibility to irrigators with high water use to meet their demands in 
the absence of additional allocations. 

Following the recommendations of the various Committees, a limited fonn of temporary 
transferable water entitlement (TTWE) was introduced in the 1987/88 season in the GMID. 
However, it was not until the enactment of the Water Act of 1989 that trade in water really 
commenced 1• The first transfers occurred in 1989/90 with 430.transfers totalling 21 ,927 ML, 
Although the number of transfers reduced between 1989/90 and 1993/94, the volume of 
transfers increased by about one third to 30)000 ML in the GMlD. ln 1994/95 there was 
significant increase in TTVlE to 2,268 transters totalling 192,493 ML. Relaxation of!trade 
conditions and droqght are probably responsible for this massive increase (Office of Water 
Refbrm 1995). Trade volumes for the period 1991/92 and 1994/95 are .shown in:t~ble l 

1 
Section 224 of the Water Act of 1989.· set, out.the conditions under which temporary .trnn$fcr o.f~w~t<!r 

entitlement may occur. The Water (amendment) Act of .1995 sets out further condition~ inchidihg· triln~fers 
inter .. state. 
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Gt,~ll burn-f\•1 urrny Gippsland Southern Sunraysin 

Season No. Volume No. VohHnc No. ·vt1Jumc l'J(). • Votun1c· 

1<)89/90 430 21.927 

1990191 400 31 }>55 

1991192 406 32,148 

1992/93 258 22.829 35 1.678 

1993194 375 29.961 45 2,736 

1994/95 2.268 I 92,493 54 2.722 2 25 3 

Source; Otlkc t11 Wntcr Rcfonn 199.5 

Pcnnancnt trnnsfcr of wnt.er entitlement (l>'l'WE) came into t~ffcct in n restricted fonn in 
1991192~. Altho\1gh the volume of PT\VE increased by more than thrccf())d from 2610 M[. tO 

9800 tv1L in 1994195 in the GMlD. it is well within u two percent limit placed on such 
transfers (sec table 2}. The reusons tbr the rdntivcly low level of trade in water may be due 
to n number of factors inc.luding: poor definition of water property rights, unocrtqinty about 
future water tariff and pricing arrangements, and the impact of other economic rcftlml 
processes which arc cun·cntly under Wtly. The most recent phase of water policy 
development has been aimed at reS()Iving these key issues. 

Table 2. Jler111ancnt Transfer of \Vatc.r Entitlements by \\~atc.r .o\uthority 

720 

Goulbum-Murray Gippsland Southern Sunraysia 

Season No. Volume No. Volume No. Volume. No. \f()1Uti1c 

1991192 50 2,610 

1992/93 141 8,226 1 50 

1993/94 115 6.399 
.., 

315 17. ..) 

1994/95 164 9,844 5 265 21 

"'· Source: Office ol w,,~cr Rctom1 1995 

2 ·n,e Water (Pennancnt 'l'ransfcr of Water Rights)Rcgulatitms l99l, Ar:Ocndilicot R~!Wht~itm$l994, .. ~qd 4te 
1995 Water (Amendment) Act. scr out the conditions underwbith pcrmancnl'tranl!fcr ofwatcrcnlitlcnl~t1ts.lltily 
ta}<eplacc. 

... 

2310· 

4,26(l 

i 
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:f3e:ginning in 1990. the water ind\sstry in Victoria (tmd rmtionaUy) has bQcn S\lbjectto sct"Utiny 
t<lHowing. a nwnbe:r of reviews and reports. 'the first of those w·as the lnve Year Busi•n~ss 
Plan announced by the then Rural \Vater Commission (R\VC). l'hc J)lan proposed a 
rcductiot'l in the government's contribution to hcndwork's maintcnmicc~ the ap,plication of 
current cost depreciation principles to value R\VC assets, and an increase in wa.tcr pdcc$,, 
wlth the objective of fhll <.:~ost recovery within tlvc years. This Plan was rejected by the 
Victorian Farmcr·s Federation and f()Jlo,~dng. other politicnl pressures, the 0C)V¢mmct1t 

announced a full review of the fmurc management arrang.cu~cnts C) I' the R\VC. ·n1c resulting 
report, t.hc ~'1cDmmld Review ( 1992) reconnncndcd rcgiomtlisndt'll of Victoria's itrig.ation 
st.~PtO.r and n 2 percent increase in water pric.cs. \Vmcr mnrkc.t rcforrns to achieve the objective 
of~conon1ic efficiency were not addressed by these two reviews,, 

tn St~ptembc,r 1992. the Industry Connnission ·s Rcp(>rt. nn \Vater Resources and \Vasto \VMcr 
Disposal was ~lensed. ~rhe report· s rt.~comme.ndath:ms <m irrigation industry n~fonns 
emphasised ·user pa~'S • pdcing and tn1dcnble water entitlements~ management and 
irtstiunionnt amtngennmts. Meanwhile. the Office of Sune Owned Bntcrprises in Victoria 
produced a report t.'>n ··Rc:i~1rming Victnrin ·s \Vntcr h1dustry'\ which ncct)rdlng to \V:atson, did 
not add anything n"~w to whm had already been recommended in the ~1cl)onald rcvic.w 
(\Vntscm 1995). \Vatson further adds: .. the short separate section on Rural \Vater Sc,rviccs is 
strong on describing tht1 .steps that have been taken to introduce administrative refom1s~ but 
Cl.'ltnmcntary on the thct)rcticai nnd empirical pn,hlc,ms ()f water pricing is weak, virtually nt)n .. 
existcnf·. 

The Hilmer Rcp()rt tln National Compctitltm Policy (lhhnc.r 1993), on the other hand, 
addressed utility reform in very gcncdc tenus with no specific mention of the water indnstcy. 
Nevertheless. there wt~rc profound implications fbr the water sector regarding pricing and 
management reform arising from the Hilmer Review nlthough no spcc,if1a timctablc for the 
rcfonn process was identified. 

At its June 1993 meeting,. the Council of Australian Governments (COAO} set. up an 
ind~pcndent \Vorking Group or.l water resource policy to prcp+tre a strategic framework for 
the cffident and sustnim1blc rcfonn of the, \Vmer industry.. COAG; at its meeting in P~bruary 
1994~ endorsed the \Vorking Group~s strategic framework and a timetable Jbr implementation 
by the year 2001. The salient fenturcs ,of the. fmmcwork relating to rural water supply \Vere,: 

• thnl charges and costs for wntc,r be progressivc.ly rC\ficwcd to C()nlply with the principle of 
full cost recovery by 2001; 

• future invcstt·1cnts be subject to rigt)rous ectmomic and environmental appraisal; 

• t.o in)plemcnt comprehensive systems of water allocations or cntitlem.cnts backed by the 
SQparation of water property rights from land title and the cl¢ar$pcciftcaHon pfcntitlemcnt 
in tenns of ownership. Vt">lumc, reliability~ trnnsfcrabilit)~' and .ifappropdnt¢; qtiality; 

• by 1998 steps be tak¢n to specify water cntith;ments so a$ to facilitate tr~qipg; and 

e Whf!re cross..;b()rder trading is fcnsiblc, trading arrangements be consistent to facilitate Stich 
trade. 

Implcrncnting the COAO refonns tlcccssihlt~s signific~nt changes to .U}C. l~gislatNe and: 
institutional arrangcnwnts that currently Cl)nstrain the r~(onn proccs~~ Victoria, :ry~$ 'p1~~¢ 
major advances in legislative refom1s with the Water At:t of 198.9 ana :SMbs~g~~nt 



OJll¢ndlncms to the Act in l99~ 'l"ho A.et t\Od Hs umeruhl\(tlltS ~dlnw fhr t.c.tnpornry ,nud 
pcrtlUH\(,mt Htmsfbrs of' Wot<.'!r dght within irriBntlon diStricts, b<:tWCCil irt•ignttoh dlstticts, 
·between. irrigution dlstric1s nnd rivet divcrtcrs nnd ror tcn\{l()('tlt)' trtttlsfcrs ltdct~snnu. 
Ahhough~ H1cse h.tgishHive rcft.mns lmv<~ rcumv~d srun.u of' thu bntTicts tlmt ptcvh:msly 
e:cmstmiued the sp~•tlnl Jnnvcmlmt. ofwnt.cr~ to cupilnlise r•n the cfl'icic.ucy gnius oftrnde t.wo 
tHl1cr clomct.Hs ort• vitol: clctwly dc:flncd .pi·op,~ny right~ nnd a ratiomllbntltnl \1f pricing 
stn.letttrt$. \Vhllst th~ currently ut~ceptcd dt~ttnidmt of n prupcny right f'bt r~OJ'tll wmcr is the 
~wnlt~r right' ns dellnud in tho \Vmcr Act t989, the stmus of· sulos \~~Iter righC is lc.ss clct\rly 
defined. no the other hond. the C(:tnc:eptual iqsue~ tclotcd to pticin~ rtdhtm hnvc t.hoit' nw'tt 
compHcutions(~cc \Vmsrn\ 1995) 

AhhdUS,h the hf"(lnd din:t\~tiun of cht1ntte propns~~d (hr H>e irrigntion industfy under· COA(J is 
\vidtly acct!l:'llt.:d~ m I~Nun hy (."cumm\hns. U.1<m~ arc n. tllltllhcr of iUlJmrmnt cnncuptunl~ pru<!tiool 
oml mun.ngcr11~~~lt issues wlnch require ciwefhi nttt!intiuu ·r.hc S\leccss r\r futuro chqugcs tt) UlC 
irrigation l.n<htslry will rl!ty heavily nu du: ~kill \\-<hh whic.h these issues nn:~ nddressed (tnd the 
pr~lctict\lit~ of ftuut·c (.~)umge~ An ct~Olltltlli1.; tnndcl \'>f the Vit~tUI'Wn irrigttthHl industry~ 
dcscriht.;'d in the li\Jlt1Winp. st~tlion. ha~ hccn ~pcctficnll) dcsi~ucd to fl$Si.st in mlttlysing the 
impnL"t t)l' t:hungc~ to tlu;~ price .. turHT nnd pmpc.J·ty dght stru,~l\lrcs fbr itrign:t.km wmut in 
Vit·•oriu 

3.. 1\~lodc.Uing the \1ictorhtn irr~ig:ttion iudusf'r·y 
\Vnt .on f l ~J9)) idc.mtificd that mnximJ!)Ution or nutlonaJ puyntT frcun t.ntgution wnt.c.r should 
be th"· overriding JJlotlvutinn fbr the itriGntjon indu£tr}~. <.'hlHlflCS being •. ~{lt\sidctcd to the 
cx1stinp. itlfmsttllcturc sh(wJd, thcren.,.rc~ uin1 tn huprovc cc(mmnic <~Jl1cicncy. Spminl 
equilibrium model.s tlrc a paniculnrly uscl\d method oJ invcshgmiuy this cbt)ngc; prnoess. 
Bm:dslcy. Daniel nnd \VUco~ ( 1994 > thr c~u,nplc. used u Sf)tninJ cquilib.-~iu.Jn nmdul. 10 
cstinmtc tho cctmmuic cfllc.kmc:y gains. duanncs in production und ttudt1 ,,~hioh wmtld result 
rrom chttngcs, t(l dniry industry polic)' '11turc lmvc been r~Joti\ uly f~w nppliCHI.i(;HlS of sp~•thd 
equilibtitnn m.ut.lysis to n·rigt,Ui.un Jssucs m AustmUa. Guise und Flinn (l(Y/tJJ developed n 
model of the Murnunhidgcc frrig~ttion Artrn of NS\V 1.(> cvahuuc pricing nud allocation 
decisions tvhwc recently. Bnll~ PouU\;r nud Ct.n1ntti (1994) developed n uiodut or the 
southern Mu.rrny~Dnrling Busiu {(:\ cxurninc issues rehu.ing to tn:tdeublc water entitlements. 
Despite its limited np!Jlit:illh:m tn irriJ,~nHon t·cfonn issues. sputial c.quUibrium mndeJIJng hos 
signiflc~tnt. tmtQntitll t.•·) examine issues such us property ri.ght tJptinns for water. crwitOJ1111cmal 
nHocnthm .• transfbnJhility <)f entitlements and wntcr price rcJbnu. 

A srnphionl UJustrntitm of the spudul equilibrium prnblum is Jlt'Cscntcd in flgure f. ·rhis 
dlog.mm rt .. prcscnts a two region c.conomy with surmly and dcm~inu sohcdtdcs identified b~~ 
SL S2 tmd lll ~ D2 rcspccti vcly. Trade wiU occur bclWCcn lhc l\W> rttgions whctu excess 
supply c<ttwtcs to excess dcnmud. !~cgion 2 hns the highe.sl pdc¢ hm,m:zcru P.2thotcfbt'\! the 
excess dcnH:u\d curve will be bnscd c:m this region's dc;~ftlttnd curve. Shnih1rly rcgJutl 1 cnn 
stmpty at u !ower prh~t:.t ond dtcrcrorc will dctcrmh~~ l~xcc$s S\tpply. Jn figt.\rc l, this occurs u.t a 
prlc.c J~t with the quumhy traded cqtwl to Qt. ·rhe dircctinn of trndt:t '"ill be from the lowct 
.priced n:~giou to the higher priced rcgiun us Jt)ng tts the price difference bctwc.;co tht:, two 
rt:t,;i<>Os is greater thnn transport. ttnd tr~ul*'o1it)n C(.)Sts. 

Spnlhtl .. eqt!ilibrhlln tnt1dcls. represent trOd¢ probl.::llls in a purtit\1 ~qnUtbdnttl frt\t11~WOt~ 
~''here the imp1tcl of ch+mt:tc i.s rcs\ric.ttcd t<> a pttrtilRihtt scctnr oft he econQrnyt ,in this ·CXlllll(>'e 
the water industry, with {\II other fitClf.)($ hcJd. C()ilstnm. '·J~hc disndvantngc ()fthis anpr()t.\Ch ,j's 

G: 
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th~lt it sttpprcl\scs the hmN'nt~Uon between uotnmndhics thnt nrc Uuk~d by }1\tbstHttthm J.\J\d· 
cmnp~~t.ita(Ht T'horc tttc~ .lH\Wt•vtJI\ u munhcr of ndv;nttttgcs (:lftho llOrtinl t<lHHihd\Htl ntmn.m~h 
(llouck 1986) For spt~cHlc pnli~:)~ S\.~honws nnd itH<.l!'VGnlinns it p~·ovid~~ c.tc~l•' res,ths Hmt 
highlight i.tttp(Jftnnt (Ht'fet<:m~cs nmJmU poltcy mcusntus. h ig c~trcrm.dy us·eful f'bt ussessiug 
th¢ dtrcct mHl imnlcdtuh;: <.amnmnic hnpm~t$ t.>f poU(~)' HH~tVctHion sutth m; ~:JUOHts, :mbshHC$ 
and nHwr trudc n:~;tulotit\1\S f\Hd ntstric.th)t\$. 

I Sl. 

/ 
Pt 

3.1. A S()ntinflt~lJUilibrhuu l\1odd ot' Uu.' lrrignthu~ St,~ctor h• V.tttorh• 
'l'lris seclkul of tlw t1npcl' t'.ontnins n b~·icf dcs(;nption of the ~tntchtrc und spccificnthm of (h~ 
spatinl equilibrium tnnd~d fbr the Viclnt'iHn lnigorhm sector. 'l'his nH)(kll hns been <lcv~lof10d 
to represent l4 i.trig•ltkm rt..~gion$ us iHustrnted in Figurt> 2. l'wo nltcrunt.ivc StleeiHcaHons of 
the spatiul cquilihrimn model, the ,,wmtily und t1rk~o H.u·mubtUon.sj W(H'C. prcsc.nt,~d hy 
Tnknynmn und Judge c I ')71 ). The npprrmch ndoptcd In this study is lho qmu1ti.ty thrnwlntitm. 

Limmr progrnmming tLP) Hrdmiqucs were used tn sol vc this mod~~l using the lfthot's lltM·liKO 
snOwurc packnt;te. 'The tnodct is solv,1d us a qtmdrntic progrnnHninu problenl ('l'hknyt\nm nnd 
.Jndg'' 19(,4) whh nn objective runction which mnximiscs net so(:inl wc.Hhr(~. Ncl so,~hd 
wclfJuc is mcmmrcd as Um nrcu under the excess :;upply or dcmnnd curve.. Tnkts~mmu nnd 
Judge ( 1971) t(tnn~d thi.!\ objective as qunsi wctfhrc. The ubj~~cttvo f\mc.tion cnn bd 
l'CfU'CSt.mtl.~d ns: 

tvtnx. Z f..'y .. v'x .. y'!'ly .. x'Hx .. T• 

Wllcl'C, 

x,y ttrc levels or Stllll)l)1 nnd dc~mmd rcsp~:ctivcly, 

fl,ll nrc .cocf11chmts ot'supply rn\d dctmmd I'C$J)c(!liv"1ly tmd 

r i.s H ll\hll'tX. of tnli\Sptlrt Cr'~~ts. 

The ol>.}ecti.vc f\mution ()f n mnthcnmticr,t pt·o~rnurmins .n1odcl or th¢ stmthtl:.t;(l~'Uibrhun 
model prublcnl is quntlrntiu in tlmn~ 'l'wo tti\Qnmt\vu spccifi~;•timJsnf~·th~ o~>.foctJve lJHlCtton 
nrc the qunsl .. wclfhrc fimction •t·nk,\ynmn uu~f Ju(Jgl~ {J97t} nnd 'he net .soci;ll '*"-W~mic 
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o~jcctivc function (r..1'ncAulny, Battcrham and Fisher 1988). The laHc.r has been ad<mted in 
this study. 

Price 

tmntuv 
, Transport Cost · Price 

c 

m 
• 

Qili\rttit)' Traded 

Figure 2. Net Rc,·cnllc i''1a~iinisation 

Using the l\·1acAulay. Battcrhum and Fisher approach, the vertical difference bc.twcen the 
e,xcess supply and demand curves is plotted against qttantit} traded, as shO\\ftl in the middle 
part ofFigurc 2. The resulting relationship represents the demand tbr transfer services. 1Ihts 
curve is dowl)Ward sloping since it relates the qwmtity t1r goods that would be shipped at any 
level of difference in prices between the two regions up to the point where no trade would 
take place or the direction of trade would be reversed. The gross revenue to be g(lincd by 
arbitrage at C\!Cry level of trade (bottom part of Figure .:2) is derived by niUJtipJying the price 
difference by the level of trade nnd is quadratic in tbnu. Net social revenue is derived by 
subtracting the totnl transportation costs. An importat~t feature of this model is the 
assumption that arbitrage bids away any profits to be made in transferring the goods so that at 
equilibrium the net sodal revenue is zero. 

Generally a primaJ .. dual fonn is used for the, spatial cquilibrhun modeL This simply m~ans 
that to fom1 the primal-dual objective function~ the dual. objective tl.Jnctll!n is subtract¢~ from 
the primal and the con~'~aints fron1 · bQth the primal and dual. arc used. Properly sp¢ci tied, this 
ensures ·that the value oi the, objective function. will be .. zero at the optimum. Speqificadon. of 
the spatial equilibrium. tnodel is as follows: 

L~l i,j denote the r~gions which .:omposc the discrete hut divisible production and 
~onsumption locations. Transport·costs per unit ate expressed ast 
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Uj ~ 0, for an i ~mdj. 
The typical linear d~mtmd i\mction \Vill bo represented is: 

fl) pi = l~i .. (tliyi~ for all 1. 
where pi is the demand price in the ilh rqg,km. yl is the quantity demanded in the ith region 
and i~i > 0 and coi > 0. 

the typical linear Stlppl) function is: 

(2) pi = vi + llixi~ for ani. 
where pi is the supply price in the Hh region. xi is the quantity supplied in the ilh region ar1d 

lli > 0. 

These functions cnn be more compactly expressed in matrix tbnn as 

(3) Py = t .. ~ ~ly 

(4) Px:::;:: v + Hx 

For each reg.ton i.t is assumed that the quanthy actually constnncd, yi, is less than or equal to 
the quantity shipped into the region from aU supply regions~ 

where xji ~ 0 is the quantity shipped from the jth to the ith region. 

The actual supply quantity1 xi~ is assumed to be greater than or equal tQ the effective supply 
from region i to all regions 

tl 

.\'t .2: r .\'u 
(6) , .. , 

where xij 2: 0. The objective is to develop a mathematical programming model which will 
yield a competitive spatial equilibrium and allocation solution. The resulting model is to 
maximise 

(7) Z = /...'y - v'x ~ y'Qy - x'Hx - T'X 

subject to 

(8) 

and 
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3.1.1. •~stirnntcs of SUJlJll)' ~uul dcn1nnd for wut~r 
One key dntn requirement fot ::;pntlnl models is inlbrnuttion on supply und demand schedules. 
Because the irr!gmion industry in Victoria has fhr many ycnrs OJ10rntcd i.n ~l t·cguhitcd~ tathcr 
than n fret~ murkct onvironm<.mt, price nnd qnnntity dnta t{)t wntcr nrc not nvtdlnblc to cst.itnnte 
supply mui dcmnnd flltlct.ions. To overcome this problem~ excess demand nnd c~ccss su},ply 
rohttionships have been cstimmcd using regional LP models nf itrigntioo fhrms. l.,.P nl<Jd41s 
were developed fbr cnch of the J 4 irrigation regions: Bm>rt~ CaHvilt Cnmpaspo~ Cohtma~ 
Dingee.~ Kcrnt1g, Mtttray Volley, Pmllllcd l)\stdct, Rochester, Rodney; Shcupart(m. Swm1 
Hill, Tongahtt Ttr1gowct Plnins idcntincd (sec Figure 3 below). 



'PC'"'''•''~''"<<'C''C'"'"'' '<'·<"""C''''''"~'''·'""'"'''''" ,,,,-,,, ''·'"~ ""'<>''"'~' ,,,,,,,,,,,~?--, '"'>''"' --·-•"""' .. ,,,",,~,---,,,,,, '""''"- ,, ..• ,_,, ,,,,,.,.,,,?"•'''<''''" 

~--\ 
- '\ 

~~~~ BOORT l.,. -
IIICAMPASPE 1 
1-:-t-.. -;-------~-·C .. O. H-UNA . j .. CAltVtl -~ ,_ 

CJ DINGEE --~--.. ··---- _) 
- KERAr<~' ...__ - ~-I / 
... ;-~1P(o ·, 
(~lMU RAY V Llf.Y '\\ 

c:J SW N- HI .L ' --
... PYR v1 ~Tfiil -~----~'--- f~---~ 

=rn:· .·- eer-. c_ T E R ( 
• ROOrjEY """''- ,_ 

• SHE ~ARTOtJ'-,... ) ., 
Mii11· TONGXLA ~-- Figt~e J. Victoriant7rigatio 

.\ 
·, 

/ 

,..... 



\Vater Policy Refonn In Victoria: A Spatit\1 Equilibrium Appro~tch 

There arc a range of dcf1cicncics nss()ciatcd with using linear programming m~!thods (sec 
Hnrdnkcr 1971, and Dent, Hnrrison and \Voodfbl'd 1986). These inc:Judc the assun\ption of 
linearity. perfect divisibility, and nn ol1iectivc functhm whid1 maximises profit (in this case) 
where other objectives such ns the mlnin1isntion of risk and ncctunulntion of wealth could be 
equally nppropriatc. The rcgionnl models nrc short .. nm and dctcrministi.c in ru\turc and 
nssumc risk neutrality. KingwcH (l 994) nrguc.s that these assumptions can be expc.ctcd to 
lend to S()tllC overestimation of supply. 

An ad,•nntngc of using n programming model npproach to estimate water supply and demand 
is that possible cun·c shifters. such as changes in cnpitnl infrnstn.lcturc (channc.l cnpucity) and 
nltcmntivc wntcr policies (speci fh~nlly wnter prices, allocution nnd transferable water 
entitlements) can be takct1 into nccount nnd modil1cd to cxuminc their pact of change. 

A number of stud.ics have used linoor programming methods to estimate dcmund relationships 
for water including: Moore and Hedges ( 1963 }. Gisser (1970), nnd Oisscr and Mercado 
(1972). In Austrahn, Flinn ( 1969) estimated the regional demand flmction for water by 
aggregating the demand f\tnction determined n·om five individual fhnn linet\r progt•nnuning 
models of the Ynnco Irrigation Area. iv1ore recent studi~;"'s hnve been conduct.ed by Briggs, 
C1nrk, tvtcnz: nnd Frith { 1 986), Chewings and Pascoe (1988), and Reed nnd Sturgess and 
t\ssociates ( 199 t ). Essentiully these studies usc pnrmnctric linear programming to determine 
dcmtmd functions for irrigation water. 

1:.~\·tbtratil,g t!.~ce.\:\· tlemlllul - Excess demand fbr water has been estimated as the ammmt of 
water which cnn be prolitably used by fhrmers but which is in exct.~ss of the water currently 
(lVailable. Diagrammatically. excess demand for water can be represented on Figure 4 as the 
section ah of the demand curve D. This represents the demand for water in excess of the total 
quantity of water available (Qo) bmmded by the point where the dctnnnd schedule cqw:ttcs to 
the cost of water 1~1: Qf is the maximum amount of water which will be demanded because 
the marginal cost of water exceeds the marginal revenue earned beyond this point. The 
volume of water Qo represents the stun of water right (Qs) and sales water (Qo·Qs). 

The first step in estimating excess demand for water· was to estimate the demand for water. 
Linear programming (L.P) models for each of these regions were specH1ed to include the 
differences in soil types, irrigation technologies, enterprise differences~ environmental 
restrictions~ wntcr allocation limits. sttpply system constraints. labour availability etc. Hnch 
regional LP model inchtdcs a range of activities including dairy, mixed farming nnd 
horticttlturnl enterprises. Other activities included lucen1e, hay makh1g, livestock, labour 
hire, crop selling and various season feed pool trnt1sfers. t\1ore details of the speeificnti<ln and 
technical cQe(fiaicnts ccmtnincd in the models can be fmmd in 13rnnson Ulld Higeilranm 
( 1996). A parametric technique was then used to cstin1nte the relaticHlShip betwee.n the price 
of water and quantity constn11ed by irrigution Hmns ·in each of the 14 regtons. OLS 
regression analysis wos then applied to the resulting stepped ftmctions to estimate a linear 
demat\d function. The function estimated through this nonnative process is rtn unconstrained 
demand ftmction in an unregulated market. Bxccss demand was then estimated using the 
above method. It should be t1oted th~\t the. current configHration ofr~gional irrigation model$ 
generate short-run estimates. 
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Price 

Pt 

p 

Qf Qunntity 

l~ignn~ 4. Uctc.rmhmtion of the ltxct\SS SupnJy aud .l)~m~Uld 

~~~timnlhtg e.c(u!.~~.; suppf.p ... Excess supply f\f water is dcflncd m ntt prices as the rcsjdual 
nmount of total wntcr not damnnd¢d hy the r~.gion. For example, lf snlcs wrHet' is announced 
at t 20~Vo, excess supply nt prtcc Ps will be the quantity se. nnd nt Pt oxcoss supply \Viii cqtud 
.~h Using the ostimntcs of itdgntion wmc-r dcmnnd~ as noted nbfwc\ excess supply quantities 
hnvc been donned nw each price of wmcr. Again these estimates of excess supply &to short 
term since they represent only the quantities which \ViH be released ~thovc the quantity 
denulndcd. Longer tcm1 estimntos of supply would involve considcrntl<m or lhe costs 
associated with increasing the supply of tot.al wntcr nvnilnbte for irdgntion rather tlum simply 
the scope to ralensc w~ner from each rcginn. 

J11ty,s·Jc;al Constrrdlll.\' .. A rnngc of constraints limit the direction and qunnthy of trade in the 
irrigntitm system. Some of these constraints are modelled in the rcgiom1l LPs and otlu.ws in 
the spat1at modal. 

The rcgiomtl models explicitly include nU intm.,.regior1al chnnncl cnpnciUes and constntints on 
a seasonal basis. Thc.rcfore, the derived domund curve estimntes have channel cnpnclties 
impliciUy imposed through the regional models. Neither demand nnr sppply cnn C>{G~.;·od the 
cnnstrui.nts fur· any of the equilibrhtm prices dotormincd with the spatial modeL 

Tl1c trade mm,Jet is solved Jhr water movements given the current intcr .. regk)nnl hydrological 
constraints nnd (,mpucitias of the system. The n1njor (mnsidcration in this respect ~\rc losses 
which occur when water is transported between regi(.)t1s. These losses have been included bl 
tile SpAtial model as u mntrix of tmnsinUon fhctors. Appendix l lists the trnnsltltit)n fitctors 
between aU to_gions. This intbrmntion is derived fnml the RBA.I,M model (Jf tht) in·~gadtm 
system in Victt,tia. The trnn$lntio~1 fitctor·s nrc determined by the losses of wat.et from the 
sourc.ic ~o the t<:gion. P<>r cxnmple. if wr.tet uvnUnbilHy hl Bomt wc:t·e •·educed by 1 Ml~ this 
could be trQmdnted to 1.072 Ml,. of wnter nvnU(lblc in CHHvU or 1 , 143 in Swnn HilL 'rh¢$'! 
tmns.mission factors indictd¢ that wutcr losses arc lower to Swm1 Hill thnn to both C~livU &Jtcl 
tloort .(sec Appendix t ). 
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4. Prelintinary llcsuUs 
Solving the 14 region spatial equilibrium model generates a range of inf<.1nnation about the 
distribution of water, the price at which water is traded and the economic value of any 
restrictions on the usc of water in the irrigation system. At this stage of the project, initial 
validation of the model has occun·cd. but the model has not been used to evaluate the impact 
of changes to key policy instruments. In this paper. a basic set of results are presented along 
with some preliminary intcq)retation of the results generated. It should be noted that further 
validation will be carried out before p<llicy experiments arc commenced. 

A number of observations can be mudc from the prclhninary results generated by the model. 
The first concerns the price at which water is traded under a range Qf asS\tmpti<.ms regarding 
the availability of water (Qo in figure 2).. The t<llal quantity of water (water right plus sules 
water) available for irrigation varies from year to year. This variabHity in water truppcd in 
the irrigation system is accommodated by varying the amount of sales water available. as a 
percentage of water right. ln some ycm·st when there is abundant water~ sales water could 
represent over 200% of water right, while in drought years, only 110% might be available. 
Figure 4 records the relationship between the availability of water and the traded price of 
water f()r two regions a$ estimated by the model. 
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Figure 5. Trade price for water. 

From Figure 5 it can be seen that the trade price of water falls rapidly as the .availability of 
water increases. This means that, from a short ten11 perspective, there will really ot1ly be a 
vigorous market for water in relatively dry years. This result represents a significant contrast 
to the NSW spatial model (Jones and Fagan 1996) because of the relatively abu11d.ant supply 
ofhigh security water in the Victorian irrigation system. 

The second observation which can be made from the results so 'far concerns the direction of 
trade predicted by the model. Assuming an historical av.cn~ge wa~er ~se, where st"tles 
represents 20% of water right, table 3 summarises the trade patterns .predicted by the model! 
As shown in the model, total trade in water has been estimated at 104,047 ~1L or which 
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Rodney is the largest demand region making up 57% of total trade in water. Murray Valley 
is the next largest demander of water mnking up 31% followed by Campaspe, R<>chcstcr and 
Shepparton making up the tcmaining 12%. Boort and Trag,owct plains at.; the largest supply 
regions mr\king up 6 I 04 of tMnl wntcr sold foJl()wcd by Cohunn and Kcrang with 31%. 

Table 3. \Vaccr Tr·aclc Volumes. 

l\1L Dcmumd Campaspc RochcsCcr Rodney Shepparton 'Murray Total 
Supply Valley 
Hoort 1 ~886 ~ 21,854 - - 23,74() 
Culivil 446 173 619 
Uingcc t\714 177 l,89l -Tong11la SASS 5,485 
Tr~gm,;cll)lains 8.115 j 1,196 177 39,487 
Cotmna 17,284 l7,l84 
Kcrang 15~050 l5,050 
S·wan Hill 489 489 -
Total 1,886 8,561 (}0,248 5'27 32,823 104;047 

The third observation from the model thus fhr is thttt the tburtccn irrigation regions clustPr 
into two regions with respect to the trade price of water~ these are the ~1urray Irrigation 
System and the Goulbourn Campaspc Loddon system. l.n the Murray itTigation block~ the 
trade price of water is cstimutcd at $34.93/ML while in the Goulhoum Campaspc Loddon 
system, the trade price was $3 7. 12/M L. Several factors may be responsible for this result. 
The first is that there are physical constraints to trade bct\\'ccn these two blocks. This can be 
observed from the translation matrix contained in Appendix I. Secondly, it is apparent that 
some regions have very generous initial endowments of water which combined with 
restrictions on the flow of trade create regional price differences. The model suggests that the 
trade price of water in the t\1urray Valley systems will be lower than i11 the Goulboutn. 

5.. Conclusion 
The purpose of this paper has been to repor1 on ~he development of a spatial cqttilibrium 
model of the Victorian irrigation sector. At this stage, only a preliminary set ·of results from 
the ·model has been presented. However, three interesting observations emerge. The first is 
that the relatively abundant supply of water in Victoria limits the ability of markets to 
discover prices for water, Trade in water is dominated by only a .ibw demand and supply 
centres which make up over half of all water transactions. Finally, water movement 
constraints are responsible for a prediction that the traded price of water will vary between 
two regional trade blocks. 

Following further validation of the model, it is intended, and where nec~ssary develop1 the 
model to examine a range of water rcfom1s issues. 111ese include the impact of changes to 
water pricing and tariff arrangements, property right arrangements anq a range of adjustl11.t!nt 
issues :including the standard asset problem. 
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5. Appendix l: Translation Factors 

From 

BOORT 

CALIVIL 

CAI\-IPASPE 

CO_HUNA 

DINGEE 

KERANG 

MURRAY VALLF~Y 

SW.ANHlLL 

ROCHESTER 

ROJ)NEY 

SHH;JiPARTON 

S\\'ANHILL 

TON GALA 

TRAGOWEL I,LAINS 

REGION ( I 

lf X 

210.933 

3,0.864 

41 X 

.. ···-"' 510 91~ 
61 X 

71 X 

st X 

910.894 

JOJ 0.95 

Ul 0.93 

121 X 

13T0.935 

1410.933 

N B~ .. X .. denotes that a transfer/trade is not possible. 

2 

1.072 

X 

0.926 

X 

1 

X 

X 

X 

. 0.959 

1.018 

1.007 

X 
i--

1.002 

I 

3 4 5 6 7 

1.116 1.044 1.072 1~044 1.117 

1.08 0.973 1 0.971 1.042 

X. X 0.926 X X ,; 

X X X 1 I.ll5 

1.08 0.973 X 0.973 L042 

X I X X LllS 

X 0.897 X; 0.897 X 

X ] X 1 Lll5 

1.046 0.933 O.CJSll 0.933 0.998 

X 0.99] l.Ul8 0.991 1.061 

X 0.971 1.007 0.971 1.039 

X 1 X l 1.115 

X 0.965 1.002 0.965 1.033 

1.08 0.973 1 0.973 1.042 

8 9 10 ]J 12 1!3 1A 

1.143 IJ18 L0$3 1075 L044 1.07 1.072 

1.065 1.043 o~982 0~993 0.973 0.998 t 

X 0~956 X X X :X 0.226 

1.096 X X X l X :X 

1.065 1Jl43 0.9.81 0.993 0¥973 0.998 1 

1.096 X X X 1 X X 

0.992 X X X 0.897 X X 

X X X X o~9l3 X ([973 

1.021 X 0.94'1 0~961 o~933 K957 0~959 

1.085 1.063 X 1.021 0.991 ).0~7 L0l8 

I ~083 1.04 0~979 X 0.971 0~901 ~1.007 

1 ~096 X X X X X 0~973 

1.057 1.045 0.974 Lll 0~965 X L002 

1.065 1.043 o~9s2 0~993 0.973 0.998 X 




