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The irrigation industry in the Murray-Darling Basin is an
important economic resource in terms of Australian agricultural
production and rural emplovment. However, the sustainability of
irrigation industries in the region is impeded by the uncertainties
associated with the aging irrigation infrastructure, evolving
instinutional arrangements and growing resource degradation
that impact on productivity. Industry reforms intended to relieve
structural and behavioural impediments require wider
participation of stakeholders, significant investments and
commitment to change. The economic success of such policies will
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 permit the treatment
of economic efficiency goals within specified environmental
constraints. ABARE proposes to use this modelling framework in
assessments of water resources policies, technology adoption.and
infrastructure replacement options.
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1 Introduction

Efficient and sustainable water use is a national goal endorsed by all current federal and
state Australian governments. In 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 Water Resource Policy Secretariat 1994). It
is also generally accepted that significant structural adjustment leading to more efficient
resource use systems may be necessary to achieve long term sustainability objectives
{Industry Commission 1992).

Important reform 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 water is 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 sustainable water industry through:

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

— moves toward institutional and organisational reforms with greater user involvement in
water administration;

- 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. Morcover, the changes
associated with the water policy reforms themselves can be expected to affect both
consumptive and environmental water demands, and hence demands for associated water

supply infrastructure.

states, adoption of blanket polxcxes and umform measures to taéx,xtate the rrefo
may be unviable. For example, water transfembxhty has been dllo” ed i So ith




for over a decade and there are significa
of irrigators between states.

Issues such as the total extent of the available water resource within the mahagemem {
region, likely magnitudes of competing demands and net transfers of watéﬁ“'bét‘ween
competing needs are also likely to affect the implications of altematxvo mfrastructure :
refurbishment options,

The cost incurred by stakeholders in the irrigation communities of meeting ainfraStmoture
refurbishment will impinge on the profitability of the enterprises ‘usingWate'r, asa
productive input. Therefore, the commercial viability of irrigators aad:.th@éusrain:xbilj’;y~‘
of their operations in the face of irrigation policy reforms and emerging *éx"w’ironmental
considerations are key issues that relate to the investment merits of altcmauva
infrastructure refurbishment options.

As Musgrave and Bryant (1993) observe, all adjustment options need fo« be carefully
examined with their associated economic and social costs and returns. ‘The scope for
government(s) to influence these processes is considerable and its involvement is almost | o
certainly desirable. Such intervention raises important issues of efficiency and equity, the:
definition of which would greatly aid the selection of optimal 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, technological and
marketing environments. '

ABARE’s IMMS model (Integrated Murray-Murrumbidgee Systemmodel) (,Hall Poulter' |
and Curtotti 1994) provides a framework to assess some on-farm and: off-farm. chan' es,
mc]udmg changes in rules governing tmdmg of water allocauons. However, th mo lel is

structural adjustment paths
model MIPMOD (Ma}lawaarachchz, Hall and Phllhps 1992) neth ;
a framework to analyse longer term investment options. The ‘malg‘ natio)
models could prov:de a robust modellmg framework to ek e

modellmg techmques Lhat can sxmultaneously handly tb
dimensions. g




research. While the vision for future model developments
identifies in particular the developments carmarked ove

ability of regional irrigation industries to finance various infrastructure refurb
options, including the costs involved in maintaining the existing irrigatio

In this paper the issue of structural adJustmem is revisited in relation to curren" tmgat d‘

farming structures and operating environments. This is followed by a dlscussno ' :
framework to address the investment issues related to structural adjustmcm ptions.
including an assessment of the capacity of ABARE’s current IMMS model to handle such’

analysis. Finally, proposed additions and amendments to conceptually integrate IMM
MIPMOD models to enable multiperiod investment analysis are deseribed. -

2 Structural adjustment in the irrigation industry

The irrigation industry of the Murray-Darling Basin represents apprbximétély"th‘ré{
qianer of Australia’s irrigated crop land. It supports a quarter of the nation’s cattle: he
ha.f the sheep flock and half the crop land. The major 1mgation developments arel :
southern basin. The first of these developments were established over 100 years. ago”
Murra: and Murrumbidgee Valleys. At present, the southern basin has over (
hectares of irrigated land using, on average, nearly 8 million ML of water a year (Lyle] .
1994),

As identified by the Industry Commission (1992) structural adjustment in ¢
industry may be necessary to meet economic efficiency and environmental co ;
These two objectives are embodied in the national policy agenda f;cc,egﬁy o)
COAG (1994). Scoccimarro, Young and Collins (1994) suggest that.
adjustment may be significant, and this is likely to have a bearing on
pay for new investments in infrastructure.

2.1 Technology and farm performance
There are wide disparities in farm yi
this yanal;xht,y may be ,ex,pl,‘amed-by di
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chmce of mchnolow and t‘cchnologmal mvestmeﬁt&,
fqrm si'zc, cnst:esavings fm'm the, new technology

capital to finance required investment, as well as the strength pff’nv, ilabl
those wishing to leave the industry. Gerritsen (1992) saw ‘this*i a8 a "pmb"
sequencing, which has impeded structural adjustment. ’I‘o be eff ‘ c'mfe ‘the:
instruments together must provide the necessary stimulus for rcfmm to ti
unhindered manner.

It is therefore important that policy analysis fully incorporates the different. ’
the costs of structural adjustment in order to arrive at efficient and equ:tw
outcomes.

2.2 Water charging for full cost recovery v
Traditionally, charges paid by farmers for accessing water for irrigation'c
cost of water to the water authorities. Also, because suchchm;gés,.ammm;' flec
productivity of water in alternative uses, they do not represent the opportunity costo
to society or to the irrigator.

The ongoing irrigation industry reforms embrace a policy of full
there are several difficulties associated with the definition of ¢
prices. The issue of sunk capital and recurrent oparatxngcosts i
of the infrastructure which determines the delivery




ABARE CONFERENCE PAPER 95.3

dwelopmmt of ufﬁcu_m walw mm‘kats.

2 3 Tr-xdable water e’ntitlements or all‘ocnﬁﬁns

value use. South Austmlin led the dcregulduon of water rlgh(s zldccade a !
has the largest number of market transictions of irrigation water among ;any of
Australian states.

Water tramfcrability between irrigators facilitates exchange of ‘water 4Cross il

expemd to reflect thc willingness to pay, based on thc margmal producm '
each respective use. The shifts in water use toward high value enter

However, for water transfers to become an efficient instrument for inc
efficiency, clarification of water rights and the associated issue of water

necessary. e
FaF

be traded, or offered as collatem! to secure ﬂnanc:e for fa ‘
way, however, will be discounted to the extent to which the la
due to the separatior: of the water right.

2.4 Environmental considerations
Environmental considerations are increasingly bi i
goals. For example, COAG (1994) agreed *
use including appropriate allocations to-the enviro)
health of the river systems’. |




2.5 Investment in infrastructure
Pursuance of economically efficient water use syst

addressed in jndividual commercial or Jocal decisions are required
between economic efficiency, equity and environmental objectives,

3 A proposed modelling framework

Economic models designed for policy analysis are generally used
effectiveness of policies through an examination of target group response toj
could be achieved through simulation, forecasting or scenat (
the modelling technique employed and the nature of data, resource:
available.

Modelling involving long term policy and investment

policy makers include a choice among a set of altern
resources, environmental concerns, time frames anc




in Australia. The main types of production, which are excl
grapes, dried vine fruits, citrus, apples and pears and stone fruil
also undertaken to support prime lamb and milk production, The
major jrrigation areas as 18 regions, using data averaged over each

of feed is a constraint on livestock activities; the feed pools determit
constraint. Water flows, and the level and cost of salinity in the river
represented in the model,

The IMMS model is static and the unit of time is a full year, D
to represent seasonality in the use of jrrigation water,
water flow patterns would allow examination of'is

effects of changes in water use on water table
alternative infrastructure refurbishment options.
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modelling system.

3.1 Model description

The amalgamated model will be built around a spatial equilibrium model desxgned to
represent the main irrigation areas and river pumpers of the southern Murray-«Darlmg
Basin. Each irrigation region will be modelled using a linear program. The regional models
will be linked by a model of the river system and a model of produet supply and demand,
Water trading, changes in water use in each region, theireffeot on the salinity of the Murray
River and the cost of this salinity to the economy will also be modelled. ‘

Technically the model variables will include crop and livestack production, crop mixes
and rotations, irrigation development, river pumping, water trading, water table depth
management, salinity management and river flow management. The model constraints will

relate to the land, labour, machinery, seasonal water and input usage, water balangey el

taxation and environment use limits. The objective will be to maximise the expected
regional welfare as measured by regional net farm income subject to also meeting k:,thc; :
constraints designed to represent environmental objectives and urban water consumers’

requirements.

3.2 Model structure ‘
The proposed model structure will incorporate all the modules illustrated in figure 1, The
principal venue of interaction is a farm unit, where a mix of enterprises are mauagedzin»anf
economic environment within a set of constraints designed to represent aitérnat’ii}d ;
resource, institutional, environmental and other relevant policy-constraints. chhﬁ”,‘ ical
and price coefficients that relate to alternative production: techmques,l investmeng opuons
and development possibilities will be represented in the model. ‘ '

The model will incorporate a suite of modules nested
authority and the primary producers (figure 1), The
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hpecxfymg ‘;ltemmwe pohcy setting
redevelopment.

The primary producer/consumer response module will incorporate the curtent-and '
potential irrigators, who operate under the policy settings coming from the poh cy module,
Their domain of activities will also be restricted by their resource endowment, prior -
commitments such as debt, and the availability and access to capital from theirown savings
and through barrowing from the capital market. ‘

Figure 1; Components of the multi-level programming model

The modclhng systcm includcs Acvcral dvffcrcmm : ponen cor
model. While hicrarchically the Poliey motule directions
adjustment path-aiso-subject (o the gonsiraints imposed by other
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A separate module formulated as a's
will include flow dynamics, dehvary losses, riv
considerations such as river salinity and environt
simple modules will represent the urban water dem
They will all be linked to other models through built-in interactions,

rading,

The modelling system will follow the hierarchical decision making framewgrk Smcefthe ) e s
models would be nested through interactive activities they will also represent a multi-le j
programming formulation (Candler and Norton, 1977), The model which will be
developed initially as a recursive nested model, will permit examination of the inﬂuengp ,
of resource endowments on changes in technology and institutional set up ovm lime,
Initially the model will be developed as deterministic, although attempts w:ll be made toh ,
incorporate the elements of financial risk on alternative paths of adjustment .md 3
refurbishment options.

The production response possibility set in the Primary Production module will r‘c,ﬂc&:t‘input‘
substitution between activities based on scarcity and efficiency of input use, Spatial
variation in agricultural production is incorporated together with the differences in
resource characteristics including natural and physical constraints, Variables are also
specified for factor acquisition and disposal possibilities such as hired labour, machinery,
irrigation water and purchasing or selling land, ”

3.2,1 Temporal interactions
The complexities involved in the adjustment process relate largely to the ex:stence of
dynamic interactions between economic agents and events.

Two options are primarily available for the treatment of intertemporal variability in
programming models. The most widely used option is the multiperiod fonnulanon thle
it is the most appropriate way of formulating the model to incorporate two~W'1y mteractxon
between static and dynamic variables acruss time periods to reflect rational e'(pectanons
assumptions of adjustment, for reasons of practicality and simplicity it is less attracuve :
lor models with several dynamic variables.




modc,l wuh suecessive substi(uuon of vaitxes for: the se :

run,

effects of policy changes on farm production patterns, and hence farmi ngomgi,(gwmm
and MacAulay 1994), it does not permit exploration of all the épos';ibl(':‘z‘xdjustméntp*iths' ‘
given the knowledge about likely behaviour of variables as embad;ed in the teﬂbnologﬂ,_“
and economic coefficients used in the model,

The optior cii sen for this model development is to first work with the assumptio
adaptive expectations, where major variables (both price and behavioural) that drive the
intertemporal adjustment paths are identified and their movements through successive time
periods are traced using a recursive formulation. Movement toward a dynamic formulation
may be possible once the basic model structure is developed, ‘ ‘

3.2.2 Spatial interactions ‘
Differences in resource attributes between regions could have a significant bearing on the
viability of investment as the expected profitability of enterprises can be affected by the
quality and availability of resources. For example, the level of river salinity increasesasit
passes through irrigation regions and with that raises the costs to irrigators, other water 4
users and the environment, Moreover, differences in farm attributes such as soil
characteristics, the depth of the water table, proximity to the markets and location of the
farm in relation to the distribution network also affects the homogeneity assumptiOnSfu}sgd

in LP models. '

The standard practice in modelling regional responses is to ignore spatial le’mblll !
to use a set of representative farm models to jointly reﬂect the components of rchoual
production relevant to the study. Alternatively, accounting for spatial variation in
programming models is possible through disaggregation, A, gregt_t:r~1tgval,gﬂ-di‘s'aggrégafiqn;
however, could lead to aggregation errors when model results are added up over the
modelling regions (Day 1963; Onal and McCarl 1991). ’Fhe,reforc. ways to mmxmxsethe .
level of disaggregation while still reflecting the variation in regxonal SOUrce ¢ 65
are required. An approach incorporating the weighted distribution of fari
multivariate analysis of farm attributes will be used in this model developme;
will not fully meet the criteria for exact aggregation (Onal an




nevertheless improve regional representation over the use of a single representative model
for a region. The selection of the distribution weights will be based on multivariate analysis
of ABARE survey farms in the basin.

4 Model implementation

The modelling framework introduced in this paper offers a means to incorporate strategic
and sectoral concerns into 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 beyend the limits of resources available for this project.

The model implementation would therefore concentrate on the infrastructure 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 Hall et
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+Byg.

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

(2) Max I[1=¢q'(a + 0.5 Bg) - c(g)

subject to o B T

() Ag=h,
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where a is an N X | vectorof constants. Bisan Nx N matrix of demand coeffic ients and
clq) is an N x | vector of total cost functions and ¢ £ 0. A is an M x N matrix of resource
coefficients and b is an M X 1 vector of resource availability levels.

The Kuhn-Tucker necessary conditions for this constraint optimisation problem includes
(3) plus,

4 p-clg-rM<0,

(5y [p-c'(q)-AA)lg=0,and

(6) MAg~b}1=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) costs of inputs
as subsumed in the vector of cost functions ¢(¢) 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.

Representation of water trade, investment and land buying and sellmg activities ¢an 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'activifies | RHS
Good I Good 2
Objective function =Cy; —€3 Wy Wia ““",21 Wﬁ o £max)
Income constraint -Cy —Cyj e “
Commodity balance 1y,
Commodity balance 2 Yo

Demand constraint 1

Demand constraint 2




illustrative case of two commodxtlee w:th sepamble demands (Duloy 2

The modelling system thus becomes a predictive tool also suijtable for sc':e'nagiQ :.anmys}s o
for examining the producer reactions to policy changes; Some of the ou‘tpur ofithe ‘P’r’imary .
Production Module will recursively be used in the Policy Module to exammc dltematwe‘ :
policy options.

5 Concluding comments

The modelling framework introduced in this paper offers a means to incorporate sf‘,trafg‘gi‘g‘
and sectoral concerns into a policy model in a simple and direct way. The model, “fo"r*
example, will be able to be used to provide guidance for collective investment decxslons‘
in the basin by irrigators, water authorities and government agencies,

The modelling advances address the issues of concurrently incorporating spatial and

intertemporal dimensions as well as economic and environmental considerations. In
particular, the framework has the capacity to simultaneously address the ccamplcx issueS; :
of efficiency and interdependence of water resource investments and the structurals,; -

adjustment of the irrigation industry driven by the water policy reforms. Compen g o

demands for water, such as from urban and environmental uses, will also be modelled‘ ‘:; 15
examine the implications for the rest of the system. The possibility of developmg thc mode} o ’
within a multi-criteria decision analysis framework will be investigated once: Lhe purnary ~
model development objectives have been met.
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