|

7/ “““\\\ A ECO" SEARCH

% // RESEARCH IN AGRICULTURAL & APPLIED ECONOMICS

The World’s Largest Open Access Agricultural & Applied Economics Digital Library

This document is discoverable and free to researchers across the
globe due to the work of AgEcon Search.

Help ensure our sustainability.

Give to AgEcon Search

AgEcon Search
http://ageconsearch.umn.edu
aesearch@umn.edu

Papers downloaded from AgEcon Search may be used for non-commercial purposes and personal study only.
No other use, including posting to another Internet site, is permitted without permission from the copyright
owner (not AgEcon Search), or as allowed under the provisions of Fair Use, U.S. Copyright Act, Title 17 U.S.C.


https://makingagift.umn.edu/give/yourgift.html?&cart=2313
https://makingagift.umn.edu/give/yourgift.html?&cart=2313
https://makingagift.umn.edu/give/yourgift.html?&cart=2313
http://ageconsearch.umn.edu/
mailto:aesearch@umn.edu

SAGWAMS: Resource Policy and Optimal Management

of an Irrigated Farm
by

Nick Milham'
Mike Bryant
Warren Musgrave
Randall Jones®
Centre for Water Policy Research

University of New England, Armidale

Paper presented to the 37th Annual Cenference of the Australian
Agricultural Economics Society, University of Sydney, Sydney,
9-11 February 1993.

Abstract

A study was conducted in the Benerembah Irrigation District to determine the possible responses
of irrigators to selected water management policies, and to investigate the potential cffects of
these policies on their economic viability and water-use efficiency. The approach was to develop
an integer programi ng model of a representative farm (SAGWAMS) and simulate the
cconomically optimal pattems of resource use and production under assumed policy scenarios.
The policy options modelled included relaxing the constraints on farm size and rice production,
and introducing tradeable permits in licensed allocation. Some of the results, which are

preliminary in nature, are presented here.

'Current location: NSW Agriculture, AGCOST Unit, Parkes,
*NSW Agriculture, ESU, Orange.



Intreduction

Irrigation farmers in the Murrumbidgee region of New Sohth Wales are being inkcrca,singly
confronted with problems associated with rising watertables, lWatetlogging, and land salinisation.
For example, prior to irrigation, ground\#atcr Jevels m the Murrumbidgee Irrigation Area were 20
to 30 metres below the ground surface. Now, more than 200000 hectares of shallow watertables
(less than two metres from the soil surface) occur in the Murrumbidgee and Murray rc’gioné of
New South Wales. This is forecast to double by 1995 (Grieve et al. 1986). Watcrtables are rising
primarily due to increased groundwater accessions through percolation of water from irrigation of
crops and pastures, and seepage from irrigation supply and drainage channels (Irrigation Farm
Working Group 1986).

Waterlogging and salinisation lead to lower productivity of horticultural, cercal and pasture
crops. Waterlogging can cause yicld losses of up to 50 per cent in cereal crops, and a significant
reduction in growth of pastures. And, although comprehensive analyses have not been completed,
it appears that salinisation can have similar detrimental cffects (Grieve et al. 1986). Waterlogging
in paddocks also interferes with the execution of management activitics such as cultivation and
crop spraying (GHD 1985). The potential losses from waterlogging and salinisation have been
estimated as amounting to over $14 million per annum in the Benerembah, Berriquin and

Wakool Irrigation Districts alone (Grieve et al. 1986).

There is considerable pressure for water resources to be supplied and allocated on more of a
cost-recovery, economic efficiency, basis. Managers of public irrigation facilities are having to
deal with rising maintenance costs and the questions of whether or not to restore, upgrade,
abandon or privatise sections of the now aging irrigation infrastructure. Off-site costs and

degradation of environmental resources are important clements ir this debate.

There are a varicty of altern “tive resource management policies that managers of irrigation
schemes can implement to address the above problems. These include, for example, user/polluter
pays, transferable water entitlements, and deregulation of land~use and commodity output
constraints. The proposed policies tend to focus on changing watcer-use by irrigation farmers,
Under some circumstances, some of these policics may lead to reductions in the extent of some

agricultural enterpriscs and declines in farm incomes. In turn, these could lead to financial stress



and reduced employment opportunitics. for both urban and rural workers throughout *e region.
There is thus a need to evaluate the likely re'sponSéS' of irrigators to alternative water
management policics and to investigate the potential flow-on effects to the local and regional

communities.

The objectives of the study underpinning this paper were to examine the possible impacts on
imrigators, and likely environmental implications, of alternative institutional arrangements for
irrigation arcas and districts in the Murrumbidgee Region of Mew South Wales. These
arrangements included the use of transferable water entitlements, changing water allocation
entitlements and the price of those entitlements, and changes in land control measures, such as
rice area quotas. This paper describes the structure and operation of a model that was developed
to examine these impacts, and discusses the results obtained when some existing institutional
constraints were relaxed. The implications of imposing new constraints or increasing water prices
are not discussed. The Benerembah Trrigation District was selected for the study site as it

encompassed the salinity and waterlogging problems mentioned above.!
The Benerembah Irrigation District

The Benerembah Irrigation District (BID), located to the south-west of Griffith in
southern New South Wales (see Figure 1), is 44225 hectares in arca, of which 39830
hectares have been developed for irrigation. A minor portion, some 2428 hectares in arca,
is located to the cast of Griffith. Therc arc 135 individual holdings in the BID, with a
‘standard' farm comprising approximately 435 hectares (Jones 1991a). The major
agricultural activitics arc rice and wheat cropping, vegetable growing, and shecp

centerpriscs based on annual pasture rotations.

The original concept of the Benerembah District was to utilise surface drainage from
the Murrumbidgee Irrigation Area, to provide only sufficient water for limited irrigation

to stabilise production on existing, relatively large holdings. Because of the intended low
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Figu:ef 1
Benerembah Irrigation District Locality Plan
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irrigation intensity, drainage of the land was not considered of great importance and no
surface drains were constructed. However, since the BID was gazetted in 1936, the
eiigmal holdings have been extensively subdivided, additional water entitlements have

been allocated to the new holdings, and imigation intensity has increased (subs,tantia‘lly;.

In 1986, the Water Resources Commission (now the Department of Water Resources)

-reported that, duc to the intensity and extent of irrigation in the BID, the watertable was sising
rapidly (0.5m/yr), and that waterlogging and land salinisation werc affecting 20-25 farms in the
District (WRC 1986). By 1988, the watertable was within two metres of the surface on 27000
hectares within the BID (WRC 1988) and, by early 1991, some 2000 hectares were reported as
being significantly affected by waterlogging and salinisation (Department of Water Resources
1991). It has been estimated that the conscquent decline in productivity has caused a loss in farm
income, on average, of $9000 per farm (Grieve ef al. 1986). Furthermore, unless remedial action
is taken, it is forecast that as much as 25 per cent of the District could become totally useless for

agricultural purposes within 30 years (Department of Water Resources 1991)
Data

Primary information and data on farm enterprises and management practices in this District
were collected during the course of several meetings with local farmers. The major secondary
sources of information and data for this study were Crean (1991) and Jones (1991). This
information covered the areas of:

*  commodity production and land-use constraints within the BID;
*  District regulations on the supply and use of irrigation water, and physical capacity
constraints;
*  the cost of irrigation allocation;
*  monthly percentage allocation availabie on average;
*  the cost of upgrading undeveloped land;
standard production enterprises and practices (c.g., livestock, crops, crop and pasture
rotations, water requirements etc);
variable production costs and farm-gate returms;
per cent of rainfall and irrigation water lost as surface run-off; and,

* monthly rainfall and evaporation.



The numeric data were current in the 1990 c;ilchﬁar ycaﬁ.
The SAGWAMS Model

Mathematical programming was sclected as the analytical :tcchnfquc because of its ability to
gencrate economically optimal pattems of resource use in xcspbiise tO:'chaf;ggdf ijn\étitlu‘t,ionél,
economic and physical constraints. This technique enables determination of the likely impacts on
input requirements, i.c., land, water, labour and capital, as well as p‘rdVidiﬁ“g &stimaté:s of
agricultural output. The approach taken was to develop a model of a ;rg:p’rescnia,tive farm on
which to simulate farmer responses to a range of scenarios. |

The management objective assumed throughout this study was that of maximisation of net
farm income over the short to medium—-term. Dumsday and Edwards (1990) identificd this as an

objective widespread amongst Australian farmers.

In its current form, the Surface and Groundwater Modelling System (SAGWAMS)? is a
mixed-integer Jinear programming model. It is designed to select the combination of resources
and activitics that maximise annual net farm income within the constraints that could be imposed
by the physical and regulatory environment. It has been coded for solution by the Generalised
Algebraic Modelling System (GAMS) software package, which is available for both mainframe
computers and DOS-based personal computers.

The data input file for the model comprises a text file that can be edited using any word-
processing package. It contains 335 variables and 383 functional relationships and constraints.
SAGWAMS is extremely flexible and versatile in form and its parameters and constraints are
casily adapted to suit required specifications. Verification and validation (Mihram 1972; Naylor
1971) of these relationships and constraints were integral, on~-going aspects of the development
process.

“ major component of the model concerns water availability, usage and storage. In particular,

the model can optimise storage design in terms of volume and surface arca and associated

P1he enterprisc-options used in SAGWAMS were derived from an earlier modch developed by Jones (foncs 19914b). So. far, SAGWAMS only
encompasses surface-water modeHling, Extension of the model 10 incatporate groundwater will be dependent on the availability of research funding.



pumping infrastructure, Allooatmn is: recem:d and utxhsed on a monthly | 'as:s‘ Accommodated

here are options for the construction of an on-farm storage facshty, together with th costs
incurred, storing allocation water and stormg and rccyclmg ramfall and ungatxon nm—off 2
Transfer of water between mqnths is also allowed. Evaporatxon from tht, storage is taken mto
account and depends on the time of ycar, and the aréa and: depm of thc water m ‘he, storage
Construction costs vary with the capacity of the storage and the height of thc cmbankmcnt The
sclection of the size and number of pumps associated with the storage is ‘endogcnoys to the
model and depends on the maximum volume of water to be ‘pump‘éd in any one penod and the
costs of purchase and instalfation.

SAGWAMS has been designed and developed in this fashion to allow the investigation of the
question of what farms in the BID might be like under altemative regulatory and management
conditions. It was thus necessary to provide maximum flexibility in water management and to
allow the potential for on~farm water management systems not currently evidenced in the
District. In practice, a lack of suitable, impermeable, soils may rule out the option of an on=farm

storage for some farmers.

The quantity and quality (productive capacity and suitability for irrigation} of the land asset is
also dealt with in some detail. Land is divided into four primary categories being dryland area,
non-~landformed contour bay area, landformed contour bay arca and rice Iand. Rice can only be
grown on areas categorised as rice land. The rice land category, which is also landformed
contour bay area, is an artifice to account for the restrictions placed on rice production, 1t can

also be used for purposcs other than rice production.
Experimental Design

The iritial resource allocation and constraints on the representative farm are shown below:
* 435 hectares of land, being 50 hectares of undeveloped dryland, 290 hectares of
landformed contour bay arca, of which 70 hectares could be used to produce rice, and
95 hectares of non~landformed contour bay area. Land can be neither traded nor

upgraded. The constraints on the maximum permissible arca of rice production and on

Ian smportant aspect of these-provisions in (he model §s that totab suiface run-off exiting the farm v expliciily calculated in the model, Thus, if
1equited, quotas or charges on this discharge could be-casily incorporated in the optimisation. process.



: ‘Iand tmdmg and upgradmg can b::: rclaxad as mquucd ‘

* 9 ,,Oimc P,almes of al]ocmuon water, swhzch cost $IB~98 per mcgamrc and could not be
'tradcd There were no fo-allccahon ﬂcws, Thcre was a monthl} channcl capacxty
constraint of 480 mcg'ihtrcs and there Was no on-fam'. water storagc There is
provision in SAGWAMS fo relax the c:onstramts on lradmg in allocauon and on-—farm
water storage, If- tradmg in allocation is permmcd purchasc and sale pnces of water
licenses are assumed to be $350.10 and $350 per megalitre, respectively, When water
storage is permitted, the options of mr'xstmct‘ing a storage, pumping allocation direct to
storage and intercepting rainfall run~off and irrigation tail 'wmer then become
available. Construction of the storage and pump station, and the cost of the additional
pumps required, are capital costs. The per litre cost of pumping water into the storage
and the time taken, i.e., the monthly maximum that can be pumped, both vary
depending on the size of the pumps used. Water in the storage is subject to
evaporation. The storage competes for land with the dryland production activities: the
trade-off betwecen storage area and crop area is optimised in the model;

* 600 hours per quarter of operator labour. Unlimited casual labour was available at a
cost of $10-00 per hour;

* It was assumed that the business had $50000-00 liquid capital (cash), which could be
invested in either on-farm capital or off-farm financial assets. Off—farm assets
vicided a real retumn 4.5 per cent per annum. No borrowing was allowed, The
constraint on borrowing can be relaxed as required. Loans attract a real interest rate of
11.5 per cent per annum. Loan capital forms part of the liquid capital pool and can
only be expended on capital investment;

* §200000~00 of farm machinery and equipment. Excess machinery and equipment can
be sold to provide additional liquid capital, but none can be sold. The constraints on

sales and purchases can be reluxed as required;

Operating surpluses are not available for expenditure on capital items or for financial

investment. That is, they do not contribute to the pool of liquid capital.

Possible agronomic activitics on the farm are limited to various pre~specified rotations of
irigated rice, wheat and pastures, or dryland pastures. There are 38 alternative crop rotations
accommodated in the model (see Jories 1991a). Pasture, which is produced on a scasonal basis,



can be camcd forwaxd in the form Of hay, and hay can bc bcmght and sold if :cquxrcd Possmie
animal pmductxon acnvmes mclude a sclf—-xcpldcmg Menno flock, ,Mcnm wcthers, two 1i irst—
cross activities (Merino x Dorset Hom and Mcrmu x Bordcr Lc:ccstcr), and a sccm.\ ~CIosS
prime lamb activity, The variable costs of 'amduchon, graxn fonnage produced and the: ‘number of
head in cach flock, for the selected combination of cmppng and livestock activities. are each
calculated for a total rotation. ‘

Wheat and rice are assumed to yicld market retums of $111 and $120 per tonne, respectively.
The per head net income from the sheep activities are: |

* $41.00 for the Merino breeding flock;

* $23.34 for the Merino wether flock; ,

* $29.82 for the Merino x Dorset Horn flock;

* $33.36 for the Merino x Border Leicester flock; and,

* $27.20 for the second-cross prime lamb flock.

Water Trading:

One option available to the managers of the BID is to allow farmers to trade in water
allocation. That is, permit farmers to buy and scll allocation at a market~determined price.
Individual farmers would set their buying price at, or below, the marginal return generated from
the additional volume purchased (Jones 1991b). Thus, allocation would have a capital value
independent of the land snd would tend to be reallocated to the most profitable and water--
efficient enterprises. This would facilitate industry adjustment and benefit both the farmess and

the cconomy as a whole.
Restricting Water Allocations:

A further policy option is to simply reduce the total volume of water allocated to irrigation
farming. A reduction in allocation would force farmers to usc the available water more
efficiently, either through different irrigation methods or improved timing and control of water
applications, or to switch production to commaditics requiring less irrigation. This could be

*Hoonomic eificiency means that the highest-possibie profit per-unit of § npuy is being obtained at the masgis. Technical efficicncy means that the
higheat possible oulput per unit of dnput is being, achieved atthe margin, Foonomic efficiency:thus subsnmes technical efficiency.
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expected to le.d fo a reduction in :iot.al} dccessions to the watertable across the District, and to
mitigation of many of the current drainage and waterlogging problems. ‘

A related option, fo be evaluated in a subsequent study, it olvz  scasonal adjustm‘chts, of
water allocations to farmers in response to chahging; water table .ovels, Farmers who are
producing crops that lead to high water tables or those who are suffering higher than usual water
tables as a result of scasonal conditions could cxpeet temporary restrictions to subsequent water
allocations, ‘

Rice Area Constraints:

The control of rice area also leads to some inefficiencies in resource use, including licensed
allocation. Farmers whose holdings have substantial arcas of the better rice growing soils are
prevented from increasing the area under rice production above 71 hectares, while other farmers
may be growing rice on land that is only marginally suitable. Relaxing this control in
conjunction with the introduction of more appropriate allocation pricing or quota arrangements,

could Icad to aggregate rice production in the BID being more water-efficient (JAC 1987).
Water Pricing:

An alternative to the quota-type regulations proposed above is to increase the price of water
allocation to a level that reflects the total cost of delivery to the farm or, at least, the variable
costs of irrigation plan management.® It has been suggested that total cost recovery, including
socia! and cnvironmental costs, would make most irrigation farming in the MIA uneconomic
(Watson and Rose 1980; WRC 1988). However, the lesser penalty of increasing allocation prices
to reflect the marginal cost of delivery, and/or some component of environmental costs, would
still induce more economically efficient water use in a social sense. Total use of water for

irrigation purposes could be expected to decline (FAC 1987).

Fhese casts are gencrally nof fully covered by dard charges for inigalion water (IAC 1987),



u

Home Maintenance Areas:

Relinquishing the Home Maintenance Areas policy, which restricts maximum farm size, is a
further policy initiative. "This allows some farmers to take advantage of economies of size to
improve water-use efficiency and their prospects for long-term cconomic viability. It also allows
those farmers who are unable to maintain cconomic viability to more rrcadily realise their land
asset and adjust out of the industry, Removing these restrictions thus appears to have substantial
potential bencfits in terms of more cfficient water use, and cconomic and social adjustment and
growth (IAC 1987).

From a farm management perspective, introduction of some of these options may require
significant adjustments to management practices and to the mix of commodities produced.
Possible physical changes to the farm layout could include landforming of suitable areas to
improve irrigation efficiency and drainage, construction of an on-farm water storage to enable

recycling of surface run~off, or the installation of more efficient irrigation equipment.

In light of the alternative policies described above, a range of experiments were designed and
conducted with the SAGWAMS model. The design and outcomes of four of these experiments

are discussed below.
Scenario 1:

The first experiment, reported as Scenario 1, related to the initial resource allocation and
constraints specificd for the representative farm. In brief, this involved a given land area of 435
hectares, which could be neither traded nor upgraded, licensed allocation of 2120 megalitres,
which could neither be traded or stored, a $200000 stock of machinery and cquipment, which
could be sold if in excess of requirements, and $50000 in liquid capital. Investment of up to
$50000 in financial assets was accommodatcd, but no borrowing was allowed. This model was
the most constrained and the results obiained from it served as a benchmark, or control, against

which to compare the outcomes of the other scenarios.
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Scenario 2:

In the second scenario, upgrading and trading of land was permitted but the maximum area
was still constrained to be 435 hectares. The model was specified such that any unused land
would be sold. That is, the optimal farm plan could not include any cxtra land, Thc agsuimed ‘per
heetare purchase prices of the various categorics of land were: $1400 for non—landformed
contour bav; $1800 for landformed contour bay; $1800 for rice land; and, $1700 for dryland.
Thus, in effect, it cost $400 per hectare to landform contour bay area and $500 per hectare to
upgrade dryland to landformed contour bay arca. Trading in licensed allocation was also allowed,
with the maximum additional supply being 1000 megalitres. Allocation was assumed to cost
$350 per megalitre. Additional machinery and equipment up to $100000 in value could be
purchased. This experiment was designed to provide insights into the optimal combination of
land types and the optimal consumption of allocation under conditions of transferable water

entitlements.
Scenario 3:

The third scenario was basically the same as the second but with the restriction on on-farm
water storage removed. That is, under this scenario, water storage and recycling were allowed
and the temporal cfficiency of water use could also be maximised. Only if the vpportunity costs
of obtaining additional allocation were high, or if the desired level of supply was unavailable at
certain times of the year, would it be economic to constiuct a storage. It should be noted that,

other than the pumping cost involved, recycled water is free.

3 . . » \ . .
The analysis of this scenatio included an estimate of the break-even rate of interest on
financial investments. This break—cven interest rate was, in cffect, an estimate of the real rate of

return on capital.
Scenario 4:
The final policy scenario was one in which the sestriction on the maximum size of the farm

was removed. In effect, this was equivalent to removing the regulations pertaining to the Home

Maintenance Areas. In all other respects, this scenario was the same as Scenario 3. The results of
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this case indicated the optimum farm size, and maximum net farm income, under completely

deregulated conditions,.
Results

Befere reporting and discussing the results obtained from these experiments it is important to
note that these results are preliminary only. The information and data used in the model are now
two years old and would require some revision to reflect »cxiét’ixig economic conditions in the
BID. Thus, these results are best regarded as being indicative of the power of the SAGWAMS
model for investigating the potential farm~level effects of alternative management policies.
Notwithstanding this, some interesting and enlightening conclusions can be drawn from the

results.

The four charts on the following pages comprise a summary of the results obtained under
cach of the four alternative policy scenarios posed above. Figure 2 contains details of the optimal
mix and physical output of agricultural commoditics, and the consequent level of net farm
income. In Figure 3, the optimal use of licensed allocation and stored water, together with the
volume of drainage discharged from the farm, is shown. Total farm area, the arca under rice
production and the arca of non-landformed land, are shown in Figurc 4. Figure 5 depicts the

optimal level of off-farm financial investment under each of the scenarios modelled.

From Figure 2, it can be secn that net farm income rises by almost 30 per eent following
relaxation of the constraints on land upgrading and trading in water licences (Scenario 2).
Marginal increases in net income are also achieved with the progressive deregulation represented
by Scenarios 3 and 4. Underlying these changes arc adjustments in the level of off-farm

investment and the mix of commodities produced,

Rice production rises by about 10 1er cent from Scenario 1 to Scenario 2. This is cnabled
primarily by increasing the intensity of irrigation (see Figure 3), with the optimal arca of lan  d
under rice increasing by just two hectarcs to 72 hectarcs (Figure 4). Water application rises from
4.9 ML/ha under Scenario 1, to 5.0 ML/ha under Scenario 2 and 6.3 ML/ha under Scenarios 3
and 4. Closer analysis of this result reveals that further expansion of imrigation effort is

prevented by the limited supply of licensed allocation in the summer months. However, as
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constraints on management are reduced, the optimal arca of rice production declines and
stabilises at 65 hectares, a lower level then is optimal under the initial scenario. This implies
that, in a dercgulated operating environment, rice production would not be likely to exceed the

maximum level currently enforced by regulation.

Net farm income per megalitre of water applied closely tracks the arca of rice production,
rising from $38/ML (Scenario 1) to $47/ML (Scenario 2) but stabilising at the lower level of
$43/ML under Scenarios 3 and 4.

Due to the large proportion of non-landformed contour bay and dryland, there is a large
sheep activity under Scenario 1 (Figure 2). As the restrictions on land and water use are relaxed,
it is profitable to landform more and more of the farm arca (Figure 3) and shift production away
from sheep into irrigated wheat (Figure 2). For Scenarios 3 and 4, under which the entire farm
arca is landformed, the optimal sheep activity is some 32 per cent smaller, and the optimal wheat

activity almaost 200 per cent larger, than for Scenario 1.

The increase in the profitability of the farm enterprise is such that off~farm investment,
which is cptimised at its constrained maximum of $5000( under Scenario 1, declines to $37000
in Scenario 2 and tn zero in Scenarios 3 and 4 (Figure 5). That is, under deregulated conditions

it appears to be at least as profitable, if not mere so, to invest on-farm than off-farm.®

Environmental concerns also appear to be addressed more successfully in the scenarios
representing a less regulated operating environment. In Scenarios 3 and 4, the total use of
licenscd allocation is about 3 per cent lower than in either of Scenartos 1 or 2. (About 30-49
megalitres are sold.) Drainage discharge from the farm is also substantially reduced. (See Figure
3.) These benefits are attributable to increased temporal cfficiency in water use made possible by
the construction of an on~farm water storage facility.” The optimal capacity of this reservoir is
estimated as being about 150 megalitres. Offsctting this is the increased intensity of irrigation
noted earlier.

£0f courke, off-fam nvestment is oftca azisk management sctivity, This analysis js based on optimising a point estimate of net farm incume and
hence implicitly assumes risk nevirality (Anderson: 1976).

TAn issuc that arises here that warrants further investigation is that of accessions 40 groundwater from the rescrvoir,



- Figure 2 ‘ ‘
Commodity Output and Net Farm Income under Four Policy Scenarios
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Optimal Water Management under Four Policy Scenarios
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’i?ifgure 4

Optimal Land Management under Four Policy Scenarios
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Off~farm Financial Investment under Four Policy Scenarios
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,hcctarcs,, margmally lcss than that in Sccnanos 1 and 2 'nms, under relaxcd msutu :onal

arrangements, economlcs of size. do not appear to ex:st m the BID, Rather, land qualny and
temporal effi iciency of water use seem to bc: the. major mﬂucnccs on farm profitabxhty, ThlS
result suggests that the Homf* Mamtenance Ands rcgulatmns are havmg little cffect and that the
puxp,osc for which the regulations were instituted would, in any case, be ,achxcvcd without them,

Conclusions

The major implications of removing existing institutional constraints on irrigation farming in
the BID are:

(i) Farmers will direct more financial resources into farm investments, suck as

upgrading land and water harvesting;
(ii) Farm profitability will rise significantly;
(iii) Use of allocation water will not change significantly on a per hectare basis;

(iv) Water harvesting will provide a significant addition to total farm water

supplies; and

(v) Where water harvesting facilities are used, substantial volumes of surface run-
off watcr, previously discharged into surface drains, will be held on~farm for

irrigation

In the short term, farmers will be better off financially but there will be little impact on the
total use of allocation water. Other policies will need to be considered if it is found that the



amount of allocation water used must be reduced to relfeve pressure on ising water tables
Future Applications

The SAGWAMS model, and the methodology underlying its development, is alrcady a

powerful tool for analysing the potential impacts of water management and cénvi’rgs\nm“cnia!
~ policies in irrigation farming areas. However, if research funding became available, this fesearch
could be readily extended to encompass a much wider range of fesource management issues.

Specific areas identified for further research using the SAGWAMS approach inél‘mie:
- Generalising SAGWAMS to other irrigation arcas.
- Incorporating groundwater components and soil propertics in SAGWAMS.

f

Investigating the potential responses to quotas/charges on drainage discharge from
irrigation farms.

i

Investigating the potential responses to quotas/charges on groundwater accessions from

irrigation farms.

i

Determining the farm-level impacts of altemative irrigation technologies and
management practices.
Further analyses of the cconomic and environmental impacts of on-farm water storage.

- Scaling up the research to investigate regional socio-economic impacts.
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