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The irrigation industry in the /vturray-Darling Basin is an 

important economic resource in tenns of Australian agricultural 

production and rural employment. However, the sustainability of 

irrigation industries in the region is impeded by the uncertainties 

associated with the aging irrigation infrastructure, evolving 

institutional arrangements and growing resource degradation 

that impact on productivity. Industly reforms intended to relieve 

structural and behavioural impediments require wider 

participation of stakeholders, significant investments and 

commitment to change. The economic success ofsuclz policies 'tv ill 

depend on the ability of the stakeholders to pay for those 

investments and the effectiveness of reforms in promoting 

productive innovation and market competitiveness. 

A modelling system to examine the spatial and intertemporal 

interactions of adjustment scenarios, including the evaluation of 

alternative infrastructure refurbishment options for the basin, is 

introduced in this paper. The framework will pemzit the treatment 

of economic efficiency goals within specified environmental 

constraints. ABARE proposes to use this modelling framework in 

assessrnents of water resources policies, technology adoptimumd 

infrastructure replacement options. 

ABARE prQjcct ll03 
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1 Introduction 

Efficient and sustainable water use is ~t national goal endorsed by all.current federal· and 

state Australi~m govemments. ln pursuing this goal, the irrigation industry, being the major 

user of water in Australia, is undergoing significant reforms. The expected key outcomes 

of the reforms are greater user involvement in management, cost recovery based financial 

management and greater environmental responsibility by irrigation industry operators. 

Many of the reforms are designed to address the economic and ecological sustainability 

of irrigation in the basin (Working Group on \Vater Resource Policy Secretariat .1994). It 

is also generaLly accepted that significant structural adjustment leading to more efficient 

resource usc systems may be necessary to achieve long term sustainability objectives 

(Industry Commission I 992 ). 

Important refonn issues identified by the Industry Commission ( 1992) include water 

pricing for cost recovery, institutional reforms to facilitate cost efficient service delivery 

and improved water rights systems to ensure that wateds directed to its highest value uses. 

Following those discussions, in February 1994 the Council of Australian Governments 

(COAG) agreed on a water industry reform agenda. The endorsed policy objective is to 

achieve an efficient and ~Jstainable \\ ater industry through: 

- pricing reform - including full cost recovery and the removal of cross-subsidies; 

moves toward institutional and organisational reforms with greater user involvementin 

water admimstration; 

- deregulation of water markets with transferable water entitlements; 

- clarification of property rights to water; and 

- allocation of water to the environment. 

Much of the reform agenda acknowledges the inadequacy of the current water industry 

arrangements to promote sustainable natural resource use and to provide for the costs of 

refurbishing the existing infrastructure to maintain operations. Moreover, the changes 

associated with the water policy reforms themselves can be expected to affect both 

consumptive and environmental water demands~ and hence demandsfor ~ssociated water 

supply infrastructure. 

However, given the differences in the stage of progress in the r(!forlll 'process ~nd:!fhe 
diversity ofproblems faced by the irrigators and other stak~holctersindiff~r~nto~l.l,stra.lian. 

states, adoption of blanket policies and rmiform. measures to facilitate ':the :refonn:\prope~~~: 
may be unviable. For example, water transferability has been,allowecl ino~o~tP.>t\H~tr,~~a. 
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fot over a decade and there are signH1c~ntdifferences.in wat~;use:~rili'fii~·trrtdl:~~:·;iiri:r$ 
of irrigators between stntes. 

Issues such us the total extent of the available water resource Within the t.nana~emept 
region, likely magnitudes of competing demands and net transfers of water' 'between 
competing needs are also likely to affect the implications of alternative. infrastructure 

refurbishment options. 

The cost incm1ed by stakeholders in the irrigation communities of.meeting'infrasbuctute 

refurbishment will impinge on the profitability of the enterprises using water as a 

productive input. Therefore, the commercial viability of irrigators and ..the sustainabillty 

of their operations in the face of irrigntion policy reforms and emerging environmental 

considerations are key issues that relate to the investment merits of .alternatJV.e 
infrastructure refurbishment options. 

As t\1usgrave and Bryant (l 993) observe, all adjustment options need to be carefully 

examined with their associated ec~Jnomic and social costs and returns. 'The scope .for 

government(s) to influence these processes is considerable and its involvement is almost 

certainly desirable. Such intervention raises important issues ofefficiency and equity, the 

definition of which would greatly aid the selection ofoptimnl public policy {page 2).' To 

this end. economic modelling and analysis can provide useful information about the 
irrigation system and its likely performance under changing :policy, techriological a:nd 

marketing environments. 

ABARE's IMMS model (Integrated ~tiurra,y-Murrumbidgee System model) (l:iaU, i)?ou}ter 

and Curtotti 1994) provides a framework to assess some on.,.fann. and off+fA®:~ha11ges, 

including changes in rules governing trading of water :allocations. However, Uie;mo(lcilts 
designed to represent the short to medium tem1 and does not have the Capacity to tt~c¢ 

structural adjustment 'paths, given different options. A;BA~~s.:multipetiod Jl1v~$tmerit 
model MIPMOD (Mallawaarachchi, Hall~nd Phillips ,l99Z) o!vtfl¢ ·other hanikprqvide~ 
a framework to analyse longer tenn inve.stment o.ptions. The~amaH~4rtliltion QJ..Im,e~)~L'WQ 
models could provide a robust modelling tra:me~wo1~k t<> et1able\~ex~miJ(latllQll :of} 

industry reform options. It could 

modelling techniques lhat can simultan~oti,.sly tliiJadJe>btoUr·$1Jt.t(ti\.I·an,ct:t,ntettempoJ.'~LJ'; 
dimensions. 
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This study is one of a progran1 of.ABARE•proJects d~s'igr)¢d,:t,P:~a<l4r~$&~''the·~yldet1:is~.~i~~ 
of the sustainabiUty of land and water m.~nng(m1ent .. reghnes. J~xisting 'hl()~e'l~ :,~·n4·Jh6 ~ 
modelling systems being developed wUl. b~ t\sed to assist ABA;RJ5':s :lund' and: \Vatet 
research. \Vhile the vision for future model developments is :pro~ided ·hl tlllS p~p~r, ,if 
identifies in particular the developments cannarked over 1995to enable the ex.amin4tion 
of infrastructure refurbishment issues. The primary focus in this study is to ¢>;~mlijelh~ 
ability of regional irrigation industries to finance v&rious itffrastruct11tc rcfurblshtn¢nt 
options, including the costs involved in maintaining the existing irdgation. $ttu0ttires. 

ln this paper the issue of structural adjustment is revisited in relation· to 'Current1trigAt¢d 

fanning structures und opernting environments. This is followed by a discussi6n.pf ,a;· 
framework to address the investment issues related to structural ad]ti$tment .opdoJ:l$~. 

including an assessment of the capacity of ABARE's current IMMSmodel tohandle.$t1¢.h 

analysis. Finally, proposed additions and amendments to conceptually integrate lNfMS ,af1~l .. 
MIPMOD models to enable multi period investment analysis are described. 

2 Structural adjusttnent in the irTigation industry 

The irrigation industry of the Murray-Darling Basin representS approximately thr¢e:

q·I,lrtef' of Australia's irrigated crop land. It supports a quarter oftne.nation"s.c~ttl¢lu~ttW.; 

ha~f the sheep flock and half the crop land. The major irrigation developments ur~ .in the 

southern basin. The first of these developments were established over lOOyears.ngo;inthe 
Murra~ ttnd Murrumbidgee Valleys. At present, the southern basin has ov~r J tnilHPtt 
hectares of irrigated land using, on average, nearly 8 million ML of water. a ye.t1r :(ftyl¢ . 
1994). 

As identified by the Industry Commission (1992) structural adjustment in..theJttig~tion 

industry may be necessary to meet economic efficiency and environmental consid¢r;ations. 

These two objectives are embodied in the national policy agenda reqendy outUned::hy 

COAG ( 1994). Scoccimarro, Young and Collins { 1994) sugg~St that thiS stt'lJCtutal 
adjustment may be significant, and this is likely to have a. beating on{ann¢rs' abiH~y to 
pay for new investments in infrastructure. 
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2.1 Technology ~nd f)trm performallce. . .. • . . . · :·,.:'.> ./;": · :•~: 

T.· .here arewid.e dispari.ties in r..~(Jll y. ield$and fMm~t.·~.· .. n.c .. o.Jn. e.·.··~····.:.a. rn.·.·.· .. ·. <>.··.·····n· g ....•.. ;:t.·.r ..... ·r··:·l·&~~.o. r$\$.;:o.:·.m.\~.··.~.:.gf'.'.·~ ...•. :.:./ .. : "' · .: .... f~',~: 
this v~rin?Uity may be ~1Cp!ained by !lifferen!1¢s in mi!~~&~f»~llt,\P)~~ti~¢~H~~~;~~~(,,;p._ 'i 2'~i 
·-~~-.......... ---~~---......._~ ......... ---~~~~~~~~~~~~~··:.-,·. ''·~'·'~· ~··'·~,;~ .. ~:p:t· ·, .. i. ··:· ;·:,·, .. ~ ·•;y,, 

• .. . ;) ';:;· .. ':.t.:;~.· .. ·.·.·· .......... ·.··:· .• ··.·:····.··· .. :···.·\·.· •. ·.·.···,~ .. ··.·.l··:····.,.··:· .. • .• · •. ·.·.;· .•...•...•.... ·,.·.·.·.· .... :~ ... -., .. ·.·.·.·.:· .. ::,··.·.··:·· .. ~.· ..... :.· ..... · ..•.. ·.' .• •·.· .. :.'.· .. ·.···.:.·.· .... ~: •. , .. ·.·: .•. · .. ~ .•. l.: .. ·.:.:.·.· .... : .. ···,· .. ~ .. ·.·•· .. ;··· ... ·.·.~.:: .... ·· ... :.~ .. "··.·.·.·.:·.·.··.·.:.~ .. :.:.~ .. ;·:··.· ... ·.'.·.·.·.·.··.·\:··.· .. ·.····,;·~·:·.··· .. •.•·· ... ~ .. ·.:• ..•• :.·.:: ...•..•. ',·.· .•. ·.•.· •.. · ; , :: ~ ·- .. ~ .. ·~.:;~ ... ·.·. :.;;:,:·.'.·.·.:.:.,.:; .• :~.'.•.·.: .. ,:'r3:\.:J··~~·•~:r.c.,~:;~~~ }·.,; . , . . .. : ~ .. ; . , : . ',, .,., .. ~,;y:~r:\ ',:<~:~:.:<;:'·::2" ')::·~.·:~~;~:.:?·,,~::~<~:·:',:>: '' ' l'.~·f:J: 
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tecl1nology •wftich •. cijn, ·significnntly··.6haoge.·•p.rofitabi1lty•.·p~·,~r(etln~/;'p:r-p.~t1gJ~~~.¢9~t~~·~ucrc···:·· ·······;,'·Y~.t; 
fntm yields. Mult.iperiod analysis conchtcted ·with ABARE:~$>'Mil?m0b. l~c:U~At~~·:th~t:·. ·•<\,,!•t.\ 

choice of technology and technological investments il; sensbive bH!!e ~pf\1,B!~~~~~P!Jl~!ii , ~~1 
fnrm size, cost-snvings from the new technology and ·the 9p~rat0t'SAtbi1itylo, ,(qnef· 'tij~· 
investments. Improvements in liquidity through ()ff;;.f,\rtu income·of(eted,extrn:fl~xifiili~y 
to fund investments (tvtallawaurachchi, Hall nnd Phillips 199~)~ 

Therefore~ industry's nbility to restructure effectively will d~pend, on th~abiUty:Jo ~ttt~ct 
capital to finance required investment, us wcU t\S tbe strength, of::.rv;tHable~;h1¢entJV¢.s:(o~ 
those wishing to leave the industry. Gerritsen (1992) saw tbjs as a ;ptob.l¢mJnl]Qljqy 

sequencing. which has impeded structural adjustment. To be eff~¢tive~ (l}e ml~:;.of;I?dlJ¢y 

instmments together must provide the necessary sthnulus for refornt:to tal<eypJ;:H;e>in.'un: 
unhindered manner. 

n is therefore important that policy atlalysis fully ineorponttes the differe·nt eJem~ut~ ·Qf. 
the costs of structural adjustment in order to arrive at effic.ient :&nd :equ.ttub~e:.~poli,ey 
outcomes. 

2.2 Water charging for full cost recovery 
Traditi.onally, .charges paid by farmers for accessing waterfor irrlga~iorrt.Io .nqtcr~ll¢ctlh~ 

cost of water to the water authorities. Also, bec~mse such cha~ges .tu;~·notrt:ti~ctN~·.(;>f'tl\~ 
productivity of water in alternative uses, they donor representthe oppoduhity.cost:of\V~ter 
to society or to the irrig;ltor. 

The ongoing irrigation industry refom1s embrace a policy offullco.Sttecovery~ aitboq~h 
there are several difficulties associated with the definiljot1 of c:onsist¢9tft.,tJf;co$'tt¢cov¢ty 
prices. The issue of sunk cnpital and recurrent operating costs anC:i th¢~ge;;Jpd$~tYi.GPPPlnt)T. 
of the infrastructure which determines the dellvecy cost~,. arid.. th~ .p~t!Jre ;pf>bin4ipg; 
constraints such as farm size f,hat determines the e~tenLQfoppQ(tP~ity .cipst$.,1qtn~,fat{n¢f~: 
are some such complexities. 

,"'·, ,, 

·:.',( 



·.• 

'·, '' ' ' ABARE CONFERENCE PAPER 95.3 . . I ' • 

1 1 1 ' , I 

2.3 'l~radable water entitlemcttts or ~ll()cati()ns 
HistoricaUy, rights to use irrigation wnter have hecrttied to speciJig,;pnr¢els. ofJqq~l'~:wt(h 
heavy restrictjons imposed on the transfer ofexUitlemeJns aoross nteas. 'rbeS(~r~i{(tf~tiohs1 
which are being progressively relaxed, may hnve prevented wmer being Qse(lijr~ it$ hi~h~~~ 
value use. South Australia led the deregulation of water rights. ad.cm,de.agO., nod:curr~nt.lr 
has the largest nurnber of market tmnsactions of irrigation w;tter among .any or':(&~· 
Australian states. 

\Vater transferability between irrigators faciUtntc.s exchange ofwatetactoss tr Wld~taqg¢i 
of uses, including .exchange between farm nnd non-farm uses •. Thus, wnter use:¢()ti}q'ibe; 

expected to reflect the \ViJlingness to pay, based On the Imtrginal:pt()dUotiVlty otWi~f~(::jn 

each respective use. The shifts in water use toward hi.gh value ~nterpds~$ t;ogl'cl, 

incrementally drive the opportunity costs of water, which in turn could proVide f4rdl~r: 
incentives to develop more efficient water supply and use systems apross lh~. ·b~sin'~ 
However, for warer transfers to be.come aJl efficient instrtttnent for Jncrem>ing ':\V;.}tepy~~ 
efficiency, clarification of water rights and the associated i~sue of water security Wotdd,'be: 
necessary. 

The detachment of the water right from the land and. Jncreusec1ttP.n$ferability~pf wat¢~ 

rights can enhance the property value of the water right currently .embodied· in tbe.Jp.ijqi 
value. In a well developed market, with clearly defined property tiShts, W.(lter,ri~htS'/m~y. 
be traded, or offered as collateral to secure t1na.nce for farrninves(m~nt. Anyg~JnsJ11tMs 

way, however, will be discounted to the extent to which the lp.nd vqh.teJts~lfi~dimhii~Q~Q: 

due to the separation of the water right. 

2.4 Environmental conside~~.tiops 
Environmental considerations are increasingly belng {tl<!OtJ:>Qr~ted 1fltQI U;nJCI.D4:l.' :P.l~H~;;y, 

goals. For example, COAG (1994) agreed 'to :oro~vme ap¢l1teiJbW.4.flc:~i:n. ~YP.tl~Jtt'¢$~)pt~;.¢c, 
use irtclucting appropriate allocations 
health of th~ river systems,. 

environm¢nt~l uses, tb~Il thls 



2.5 rnvestn1ent in hl(r:J,structurc 

alternative options. including the implications ()f Jottg teon wfltei: ·(l~li:ve~y ·ohrirg~s, 4ncf 
any external costs to the environment or other industries. 

•'1' 

\Vater pricing, trading regulations and project designs together must ~tddr~$5 ~xtef9~Jlu~~ 
nnd other developmem~tl implications to achieve n. sociully opdmal O'Jtcqm~, 'f>toject:. · 
planning techniques tuking account of economic, environmental. and sooial conGerrts :not: 
addressed in jndividual commercial or local decisions are required to enst)r~ a biJlan.p~ 
between economic efficiency, equity and environmental objectives. 

3 A. proposed modelling fran1ework 

Economic models designed for policy tlnalysis are generally used :to ·assess the 
effectiveness ofpolicles through an examination oftarget grou.presponse'topolici~s~tm·s 

could be achieved through simulation, forecasting or scenario evaluatlon, d¢p~ngil),~.f?n .. 
the modelling technique employed and the nature of dat1\, resourc.~.s ~m4;pt;t$())tnel: 
available. 

policy makers include a choic.e among a set 

resources, environmental concerns, tim¢ 'lH·U·HI.!,;l•· ·"''l.l·· 
side, h is ptim~Uy a qt1estion 
the .proposed policles. 
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the evaluation 

to use this fhuncwork in n cnse study of the MtmXtttl~).J(IJ~¢~)J'q~gAti9)j,.;l\:r¢~:.·. 

The irrigation areas included in the lM~1S model contain 'much ofthe~ltri$aUqn:f!Jrhiimr .·· 
in Australia. The main types ofproduction, which ar¢ ~xeJusively ittigate(l;.4re:·r~cz¢~·wln~: 

grapes, dried vine fruits, citrus, apples and pears and stone rrutt .. lrrl~aUon~pfp::tS~9t~~,~s < 
also undertaken to support prime lnmb and milk production. The mad¢1. r~pres~nts ~tt)(} · 
major irrigation areas as 18 regions, using data averaged OV(!,t each regiQ)1, ·1:'hi.$,.!ls'l!·: 
considerable simplification as the regional averages may obscure majordiff~renc.es:wiJbih· · 
regions, including the distributions of fatm cost stmf.:tures, c~pit~t and (J¢bt. 

The production options for each region include both t1roppiog and. Hvestoc~ acti'Vlti~~~ 
Different levels of irrigution1 dry land options in reg· ons where ·this is feasible, .and. a -rA!lge . . 
of cropping options are included in the IMMS model. Enviromneot~l 1lnd r~~opt~~ 

considerations such as sh&llow water tubles, salinity and soil Gonditibns ~are .aJs9: · 
represented separately for irrigated and dryland areas withln each reg'ion,. Theq.~ qre' · 
rotational constraints that affect the allowable combinations of crQ,pping ~wtivide$" T.llete, 
nre also regional feed pools that Hnk feed from pastures to livestock: acdvifj~s~ illh~·AJnP~nt 

of fe.ed is & constraint on livestock activities; the feed pools deteonine the :level 9fjftjs 
cons~raint. Water flows. and the level and cost of salinity in lhe river :$yste.ffi: ate. al'5,9 
represented in the model. 

alternative infrastruoture, reft,trbjshment qptignst 
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effects·of cl1anges in wnter oharg~s .nf1d .. ~Jut~Yt.·.pdces·onb~rtl'cuJ~uhO··farm~f!nv~,s'tQ1~~t;.·.'.r 
in farm development thrmtgh replAnting anU irr.ig<ltion system Jmprov~mcmt$ ifrQm ·fi?P~ 
to drip irrigadon (~1allawanrachchi et nt. 199Z). MIPMOO lncorporttt~s S~PW:4t¢: ¢~p'if;tl 
and recurrent cash now activities with e~plici t ·bundling of incom~ tAX? .d¢bt .x~pay.fu~nt' 
and purchase and sale of land for fnm1 ttdj\Jsttnent. Tbis :ntoelel willb!} .redev¢l~p¢q wJtq 
wider enterprise options to form the basis of the f:lrm level intettempoml s¢gment <:if'the: 
modelling system. 

3.1 Model description 
The amalgamated model will be built around a spatial equilibrium model desigm~d to 
represent the main irrigation areas and river pumpers of the southern Murray ..... t)ti,rllng 
Basin. Each irrigation region will be modelled using aJincnrprogram. Theregionalmod~Js 
will be Linked by a model of the river system and a model of product. supply and dem~nd. 
\Vater trading, changes in water use in each region, their effect on the saHni~y.ofthe Murr~:Y 

River and the cost of this salinity to the economy wlll also be modelled. 

Technically the model variables wiH include crop and livestock production~ crop tnlxcs 
nnd rotationst irrigation development, river pumping, water tra,ding, water tn.ble depth 
management, salinity management and river flow management. The model constra,ih~:will 
relate to the land, labour, machinery, seasonal water and input usage, wat~r pa,l~mc;e, 
taxation and environment use limits. The objective will be to .tm.t.x:imise the expeCted 

regional welfare as measured by regional net ft:trm income subject to alsP meeting th~ 
constraints designed to represent environmental objectives and urban water,oonsumers? 

requirements. 

3.2 1\tlodel structure 
The proposed model structure will inco~onue all the moctules iHQstrat<.!d ln :figure '1, The 

principal venue of interaction is a frtrm unit, where a mix of epterpdses :ate rrm.n~geci in an 

economic environment within a set of constraints designed to represent alternative 
resource, .institutional, environmental and other relevant policy constraints~ T.echnPlo~Hc;~r 
and price coefficients that relate to alternative production techniques, ,i·nves~m¢nt: options 
and devel.opment possibilities will be represented in the model. 

The model will incorporate asuiteofmodules, nest~~t~ollnQ.tyyo·.ge~isionll~~~~{th.~ ~~te,,~ 
authority an9 th~ primary produc!!rs (flgur(:! D, Th~ ppU~y rnodpl~ j$ 'tli(,'! :pl~tfoqp {or 

9 
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specifying nhernutive policy setting$ for wnt;cr ptlcing. WJ\t~r Jrddine· Jtllq:lnfrijstg!q~Ute.i · · 
redevel.opment. 

The primury producer/consumer response module will inoot:pon.1te the eurtc;mt m~d 
potentittl irrigators, who operate under the pol icy settings coming ftotn the poHc;y.tnodUie. 
Their domain of activities will ulso be restricted hy their resource endoWment~ !('>dor 

commitments such us debt, and the availublllty rtnd uccess t.o c~1pitalfrom lh~h: own savings 
nnd through borrowing from the cnpitn.J market. 

Figure 1: Components of the multi~levcl (Jrogrnmmhtg model 

··~ -~ 
-~~ 

4'w._~ 
~~,~ieiea 

··~~ 

·~J:An~P'· 

.... J1br1r MGdll 
·~vaam~or 
.. ~>~ 
·~.,.~· 
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A sepnrnte module fotmulatcd ns a strootutnl moaerw·ru·t4~r¢S¢nt'th~~ ti'Y~t~:~~~$'{;Xfti$ · ·· 
will include Oow. dynnmics, delivery losses, rjver ·pPillPGrS anQ ~J&9 ¢tivir9nrn~tt"t~( · 
considentti.ons such ~1s river salinhy and envirQn•nenmlandurbtm~itoc~ld9tl$,:f\V9S~p~t~l~· 
simple modules wUI represent the urban wnter demand aml.enviromn~nt~t ~lltl~~l(itln:s.: 
They will all be linked to other models thro~•gli built...-tn intetnctlons. lrtPIP~lh&iW~t~rr 
trnding. 

The modelling syste.m will follow the hiemrchicnl decision rn;:tking frumewprk,Sinceth¢ 
models would be nested through interoctive activities they wHl alsotepreSer1tnmt.tlti4¢:Vi!l 
programming formulation (Candler and Norton, 197'7). The mod~l whlp.h wilt:be 
developed initially as a recursive nested model, wUl pcrmitexamimHiotl of the influence 
of resource endowrntmts on changes in technology tmd institutional set liP ovet~ time, 
Initially the model wHJ be developed as determinlsdc, altho~tgh attemptS Willbe made to 

incorporate the elements of finunclul risk on alternative paths of ndjustment and: 
refurbishment options. 

The production response possibility set in the Primary Production module will refle.Gtinput 
substitution be.tween activities based on scarcity and efficiency of input use, Spatial 
variation in agricultural production is incorporated together with the cUJferences h1 
resource charucteristics including natural and physical constraints. VarhtbJes Me also 
specified for factor acquisition and disposal possibilities such as hired labour, machin~cy~ 

irrigation water and purchasing or selling land, 

.. 1.2.1 Temporal interactions 
The complexities involved in the adjus~mcnt process relate largely to the e~istence of 
dynamic interactions between economic agents nod events. 

Two options are primarily available for the treatment of intertemporal varlabifity in 
programming models. The most widely used option is the multiperioo formqlQ.ti()n. \VhHe 
it is the most appropriate wuy of foqnulallng the model to lncorporate two·W4Y interaction 
between static and dymtrnic variables acrv:>s time periods tQ .r~flect. rntionru e~pectati(.)n~ 
~'Ssumptions of adjustment, for reasons of practicality and simpHciW it is les$ utttacdv~ 
j•Jr models with several dynamic variables. 

An alternative way of accommodating iutertemporal vm:iabiJi~y is toformulateare¢Ut$lVe 
model which limits the intertemponll treatmentlo a setofkeyvadabJes., H~r.~theprobl¢1~ 
js modelled essentially as a stnti.a formqhHion,,Gov~rlng a singl¢.Um~ p~dPittJ:fgw~Y~r.,.m~ 
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adjustment path of ~l set of variables (prices) is·tt~GedthtoUgltt¢,p·e~t~4 mhspl;th¢.:st4f{d. 
model with successive substitution of vul~cs forth~ s~le~t(!d v~•rinol¢s from th~;pJ.¢'/h;>.us. 
run, 

While the technique rensonably reflects the bchuvloul' ofeconorttic ttgent.s with t\d.~·p:Uv¢ 
expectations (m n myopic manner) and 'simplit1es the processofconsldetirtg·th~ clynamics 
effects of policy changes on fttrm production putJerns,.and hencefurmJn:c.oro~'·.(Bntteth~m 
and MacAulay J 994). it does not permit. explorntion of all the :posslble n(ljustm,¢nt·pntbs 
given the knowledge about likely behnviour of variables as embodl~d Jnthe t!!.Pbnolo.glcmi 
and economic coefficients used in the model. 

The optior· du .. mn for this modt"!l development is to first work with the as~umptltm of 
ndnptive expc~;t~nions, where major variables (both price and beb;tvioural) .thnt drive th¢: 
imertemporal adjustment paths are identified and their movements throughst•ccessivedme 
periods are traced using a recursive formulation. Movemen~ toward a dymunlc fotmUlAdPn 
may be possible once the basic model structure is developed. 

3.2.2 Spa.tial interactions 
Differences in resource attributes between regions could have a signif1cant bearing on the 
viability of investment as the expected profitability of enterprises can b~ affected by the 
quality and availability of resources. For example, the level of river salinity inctenses·a,s jt 
passes through irrigation regions and with that raises the costs to irrigAtors, other water 
users and the environment. Moreover, differences in farm nnributes StlPh: as soH 
characteristics. the depth of the water table, proximity to the markets and locution Q'ftbe 
farm in relation to the distribution network also affects the homogeneity assumptions.us~d 
in LP models. 

The standard practice in modelling regional responses is to ignore sputi~ ·vnt.itlbiHty An4 
to use a set of representative farm models to jointly reflect the gompoP~nts o.fr~~iooal 
production relevant (o the study. Alternatively, accounting for spatial vAriation in 
programming models is possible through disaggregation, A.greAt~d~vel<Jfdlsgggr¢g~fiop, 
however, could lead to aggregation errors when mod¢! res~lt$ ar¢ .qdded up over lfiP 
modelling regions (Day 1963; Onal and McCarl 1991). Therefore, ways to :minimis¢4h~ 
level of disaggregation while still ref~ecting the variation ln .regional. resoiJtP~ Atttlbut~s · 
ure required. An approach incorporating the weighted, 9isttibutiop, ·of {9trrtS:\l)~$~Q. Qn 
multivariate analysis of farm attdbt.ttes wm b¢ usecJ in this mod~ld~v~J~~m~n~~.~h!t~.J~'·; 
will not fully meet the cdterln for exact oggregqtion {Om~l JH1A M'9eAtl lQfH); lt;,w,iH ~ · 
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nevertheless improve regional representation over the use,ofa single representatiVe<model 

for a region. The selection of the distribution weights will be based on multivariate analysis 
of ABARE sunrey farms in the basin. 

4 Ivlodel in1ple1nentation 

The modelling framework introduced in this paper offers a means to incorporate strategic 

and sectoral concerns mto a policy model in a simple and direct way. Relating water sector 

developments to the overall development goals of the basin allows the assessment of the 

effectiveness of alternative policies in a meaningful manner. This is being achieved through 

incorporation of linkages and interactions between different policy goals within the 

modelling framework. Analysing all the issues mentioned in the paper, however, is an 

onerous task, which is beyond the limits of resources available for this project. 

The model implementation would therefore concentrate on the jnfrastructure renewal in 

the basin through the development of a case study of the MIA. Modelling work currently 

being undertaken will be used in this case study which is expected to be completed within 

the next 12 months. The primary objective of the case study is to analyse the ability of 

MIA irrigators to finance the refurbishment of the existing irrigation structure and to 

develop and examine the viability of alternative infrastructure refurbishment options under 

various policy scenarios. 

Mathematical model 

The basic quadratic programming model is a modified version of the one used in Hallet 

al. ( 1994) and closely follows Duloy and Norton ( 1975). Assuming the competitive market 
environment, where producers act as price takers and equate marginal costs to the prices 

of products, and a linear demand function of the form 

(1) p=a+Bq. 

The objective function for the static formulation is of the fortn: 

(2) Max n = q '(a + 0.5 Bq)- c(q) 

subject to 

(3) Aq $ b, 

13 
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where a is an N x 1 vector of constants~ B is anN x N matrbu:>fdemand coeffic 1ents and 
c(q) is anN x l vector of total cost functions and q ~ 0 . A is an 'Nf x N matrix of resource 

coefficients and b is an }.;/ X l vector of resource availability levels. 

The Kuhn .. Tucker necessary conditions for this constraint optimisation problem includes 

(3) plus, 

(4) p-c'(q)-MSO. 

(5) fp- c'(q)- Ni}q = 0. and 

(6) it[Aq- b] = 0, 

where A is the vector of dual variables to the LP. 

Equation ( 4) states that the profits must be non-negative. Unit profits are defined as prices 

less marginal costs, where costs have two components~ the explicit (market) coStli of inputs 

as subsumed in the vector of cost functions c(q) and the economic rents which accrue to 

the use of the fixed factors (land and water, for example) represented by the vector b. 

Equations (5) and (6), respectively, are the complementary slackness conditions for 

activities and the constraints. 

ReprF!Sentation of water trade, investment and land buying and selling activities can be 

incorporated into the model structure in the usual way, through the definition of.additional 

Table 1 : LP Tableau with separable demands 

Production activities Selling activities 

Good 1 Good 2 

Objective function -c,i -c2j w,, Wt2 W21 lY22 (max) 

Income constraint -c,J -(.'2j ru r,2 ,.2.1 'r22 .~~.o 

Commodity balance 1 Yv -q,, -q,2 ~0 

Commodity balance 2 Y21 

Demand constraint 1 

Demand constraint 2 
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activities analogous to 'production~ and ts~Uing' ~A6tivhies·:~~ 'ciutlln~d: .th·>·t~~i~rf:}6~'~ri 
illustrative case of two commodities with separable dem~ncis (Dilloy anei Norton :1915). 

The modelling system thus becomes a predictive tool also suit~ble for scenapo an.a]ysis 
for examining the producer reactions to policy chartg9s. Some .oft he .output: ohhe l?timacy.· . . ' ' 

Production Module will recursively be used in the Policy Module to examimHillernatlve 

policy options. 

5 Concluding com.tnents 

.... '< .: ,. r;;·~·~~1i 

·~~.::}· •. ~,oc::• 

The modelling framework introduced in this paper offers a means to lncorpot:atQ strat¢gic . 

and sectoral concerns into a policy model in a simple and direct way. The moctel, .fot 
example, will be able to be used to provide guidance for collective investment decisions 

in the basin by irrigators~ water authorities and government agencies, 

The modelling ndvanc·..:g address the issues of concurrently incorporating Sp<lti11l and. · 
intertemporai dimensions as well as economic and environmental considerations~ In 
particular, the framework has the capacity to simultaneously address the compleX' is.sues 

of efficiency and interdependence of water resource investments and the strtJctyr~l 

adjustment of the irrigation industry driven by the water policy reforms. QomJ?etii}g 

demands for water, such as from urban and environmental uses; will also .be modeUed >to · 
examine the implications for the rest of the system. The possibility ofdevelopingth~mod~I 

within a multi-criteria decision analysis framework will be investigated once the cpriml,lry 

model development objectives have been met. 
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