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Disclaimer 
This document has been prepared for the Murray–Darling Basin Authority and is made 
available for general use and to assist public knowledge and discussion regarding the 
integrated and sustainable management of the Basin’s natural water resources.  The opinions, 
comments and analysis (including those of third parties) expressed in this document are 
for information purposes only. This document does not indicate the Murray–Darling Basin 
Authority’s commitment to undertake or implement a particular course of action, and should 
not be relied upon in relation to any particular action or decision taken. Users should note that 
developments in Commonwealth policy, input from consultation and other circumstances may 
result in changes to the approaches set out in this document. 

The Murray–Darling Basin Authority commissioned this report, amongst a number of 
consultancy reports, to examine a range of different aspects of the socio-economic 
implications of reducing current diversion limits. These studies were conducted at specific 
points in time during the development of the proposed Basin plan and aimed to analyse the 
likely implications of a range of potential scenarios for reducing long-term average diversion 
limits in order to inform the MDBA on options for setting Sustainable Diversion Limits and 
other aspects of the proposed Basin plan.
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Summary 

This report provides an economic analysis of the effects of the proposed sustainable diversion 
limits (SDLs) in the guide to the proposed Basin plan prepared by the Murray–Darling 
Basin Authority (MDBA). The MDBA requested that ABARE–BRS identify the socioeconomic 
implications of the proposed Basin plan for the Australian community, economy, people and 
communities located within the Basin, regional economies and industry sectors within the 
Basin, and regional communities and economies outside the Basin that depend on Basin water 
resources.

The Murray–Darling Basin
The Murray–Darling Basin (MDB) covers an area of more than 1 million square kilometres 
in south-eastern Australia. Irrigated agriculture is the primary user of water in the MDB, 
accounting for more than 80 per cent of consumptive water use. Irrigated agriculture accounts 
for only a small proportion of MDB agricultural land use (2 per cent in 2005–06), but a 
significantly larger proportion of the region’s gross value of agricultural production (37 per 
cent in 2005–06). In 2005–06 the gross value of irrigated agricultural production (GVIAP) in the 
MDB was approximately $5.5 billion, representing around 45 per cent of Australian irrigated 
agricultural production and around 14 per cent of total Australian agricultural production. 

The total size of the MDB economy (in terms of gross regional product) was around $59 billion 
in 2000–01, representing around 8 per cent of Australian gross domestic product. In 2006 the 
MDB accounted for approximately 10 per cent of total national employment. Employment 
in the MDB was approximately 920 000 people in 2006, with around 96 000 engaged in 
agriculture. 

The Murray–Darling Basin plan
The Commonwealth Water Act 2007 was enacted so that the Basin’s water resources could be 
better managed in the long-term national interest. The Murray–Darling Basin Authority is the 
statutory authority responsible for implementing the rules and provisions of the Act.

A key responsibility for the authority is to develop a plan for managing all of the Basin’s water 
resources (MDBA 2009a). Central to this Basin plan will be setting limits on the quantities of 
surface water and groundwater that can be taken for consumptive use—known as sustainable 
diversion limits or SDLs. Sustainable diversion limits will apply to the Basin’s water as a whole, 
as well as at sub-regional levels.

Water for the Future
The Australian Government’s Water for the Future plan (WftF) includes two main components: 
a water entitlement buyback (Restoring the Balance in the Murray–Darling Basin Program) 
and an infrastructure investment (Sustainable Rural Water Use and Infrastructure Program or 
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SRWUI). The buyback and infrastructure programs are currently in progress and are likely to 
secure significant amounts of water before the introduction of the SDLs. Effectively, water 
secured for the environment though the WftF programs will reduce the gap between existing 
(historical long-run average) use and the new lower SDLs. 

This report is focused on estimating the economic effects of the full reduction in 
water availability relative to long-run historical levels imposed by the SDLs. Further, any 
compensation to entitlement holders under either the WftF buybacks or any additional rounds 
of buyback is not taken into account. In addition, any water savings or regional economic 
stimulus arising from public investment in water infrastructure under the WftF or any other 
government programs are also not taken into account. 

The costs and benefits of the Basin plan
The SDLs will restrict the volume of water that can be extracted from river systems for private 
use and, in effect, define the proportion of total water resources that will be available for 
environmental purposes. From an economic efficiency perspective, SDLs should achieve 
a desirable balance between these two broad uses of water. The new SDLs will improve 
efficiency where the environmental benefits achieved outweigh the costs imposed on other 
water users such as agriculture.

Ideally, the Basin plan would be subject to a cost–benefit analysis, with the net benefits being 
expressed in dollar values. However, in practice valuing non-market environmental benefits 
remains a difficult task. This report focuses on estimating the costs of restricting access to 
irrigation water, and makes no attempt to value the benefits from providing additional water 
for environmental assets. 

Method
The analysis involves using an internally consistent modelling framework to estimate the effect 
on irrigators’ incomes and the value of irrigated activities of restricting access to irrigation 
water, and flow-on effects on regional economies. The analysis involved the use of a number 
of economic models, including ABARE–BRS’s Water Trade Model (WTM), representing irrigated 
agricultural industries in the Murray–Darling Basin, and AusRegion, a national computable 
general equilibrium model. A summary of the structure, assumptions and data sources 
underlying each model is provided in the report. 

As with all modelling estimates, the results in this report need to be treated with caution. While 
model estimates provide a guide as to the potential magnitude of effects in different regions 
and industries, actual effects will depend on a number of uncertainties not incorporated into 
the modelling. In the context of the Basin plan, key uncertainties include future changes in 
commodity prices, the effects of other government polices including the ongoing buyback 
and infrastructure investment programs, and the way in which the Basin plan is implemented 
at a jurisdictional level. Future irrigator responses to reduced water availability are also 
uncertain and will depend on changes in technology, prevailing climate and levels of water 
availability, and the effects of climate change. 
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The Basin plan scenarios
This report considers three Basin plan scenarios developed by the MDBA: 3000 GL (gigalitres), 
3500 GL and 4000 GL. The scenario names reflect the total volume of consumptive surface 
water diversions returned to environmental use. For each of the three scenarios, the estimated 
percentage reductions in surface water diversions, relative to historical long-run average levels, 
were provided to ABARE–BRS by the MDBA. The MDBA also provided estimated percentage 
changes in groundwater extractions. For ease of communication, the report focuses primarily 
on the 3500 GL scenario. The modelled 3500 GL scenario involves a reduction in surface water 
use of 32 per cent relative to the baseline and a reduction in groundwater use of 11 per cent.

Short and long-run effects
The effects of the SDLs may vary over different time scales. In this report, modelling results 
(from both the WTM and AusRegion) represent long-run estimates unless stated otherwise. 
The short run is often taken to refer to the period of time over which certain key factors of 
production remain fixed. By definition, the effect of a given shock is expected to be higher 
in the short run than in the long run, given the reduced flexibility of individuals, firms and 
regions.

However, in the case of the Basin plan, reductions in water availability will not all occur at one 
time. Given ongoing and expected future government buyback programs, as well as Basin 
plan transitional arrangements, it is likely that the transition from historical long-run average 
diversions to SDLs will occur gradually over a long time period (at least until 2018–19). Further, 
the irrigated agriculture industry is accustomed to adjusting to substantial short-run changes 
in water availability as a result of climate variability.  

3500 GL Basin plan scenario: effects on irrigated agriculture
The ABARE–BRS WTM has been used to estimate the direct economic effects on irrigated 
agriculture of reductions in long-term water availability as a result of the SDLs, by region and 
agricultural industry for the MDB. 

At an aggregate level, it is estimated that the 3500 GL Basin plan scenario (comprising a 
29.1 per cent reduction in total water use) will reduce average annual GVIAP in the Basin 
by around 15 per cent (approximately $940 million) relative to the baseline scenario, with 
interregional water trade. Average annual irrigation profits are estimated to fall by 7.8 per 
cent under this scenario. 

At a regional level, with interregional trade, it is estimated that the largest absolute reductions 
in average annual GVIAP occur in the Murrumbidgee, Gwydir, Goulburn–Broken and Murray 
NSW regions. Annual irrigated broadacre activities generally incur the largest reductions in 
GVIAP, whereas the decline in the value of horticultural activities is relatively modest. Under 
the interregional water trade scenario, the most significant trade flows include trade of water 
out of the Murrumbidgee region and trade into the Murray Victoria and Murray South Australia 
regions.
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3500 GL Basin plan scenario: effects on non-irrigated agriculture
Any reductions in regional GVIAP may be offset by increases in non-irrigated agricultural 
production. However, the gross value of non-irrigated agriculture per unit of land is 
substantially lower than that of irrigated agriculture, particularly within the MDB, given the 
relatively modest rainfall in many of the Basin regions. The WTM provides estimates of the 
effect of changes in irrigation water availability on dryland or non-irrigated agricultural 
production. An increase of $68 million in non-irrigated agricultural GVP across the Basin was 
estimated for the 3500 GL Basin plan scenario, assuming interregional water trade.

3500 GL Basin plan scenario: economy-wide effects
WTM estimates from the Basin plan scenario (with interregional water trade) were entered 
into AusRegion in order to estimate the flow-on economic effects for regional economies. For 
the MDB as a whole, the 3500 GL Basin plan scenario was estimated to lead to a 1.3 per cent 
reduction in gross regional product (GRP). At a national level, the SDL scenario is estimated to 
lead to a 0.1 per cent reduction in gross domestic product (GDP), compared with the baseline 
scenario. These small percentage changes are to be expected given the baseline size of the 
MDB ($59 billion) and Australian ($760 billion) economies relative to the change in GVAP 
(around $870 million).

The AusRegion estimates suggest that NSW Riverina (Murrumbidgee/Murray NSW) will be 
most affected by the proposed SDLs (2.6 per cent reduction in GRP). The relative size of 
the estimated changes in GRP across regions within the MDB depend predominantly on 
the estimated change in irrigated agricultural production and the significance of irrigated 
agriculture to the regional economies. 

Relatively smaller percentage reductions in employment are estimated by AusRegion, with a 
0.10 per cent reduction in employment across the MDB as a result of the Basin plan, relative 
to the baseline. This small change in employment largely reflects the long-run nature of the 
AusRegion model, in which labour markets are able to adjust and displaced agricultural labour 
is able to gain employment in other regions and/or industries.

Variability scenarios: effects on irrigated agriculture
The variability analysis included separate dry and normal year scenarios, intended to represent 
the effects of the 3500 GL Basin plan scenario under dry and normal climatic conditions. While 
this process provides an indication of the effects of SDLs in the context of variable water 
supplies, it is subject to a number of limitations and should be treated with caution. First, the 
future effect of SDLs on variability, under real world conditions, remains uncertain. Second, the 
modelling of variability in this study is subject to a number of conceptual limitations.

In the dry scenario, reductions in water use result in larger reductions in GVIAP and profit, 
relative to the normal scenario—that is, the marginal value of water increases as water 
becomes more scarce. This effect is most evident in the percentage changes in profit, which 
are higher under the dry scenario (10 per cent) relative to the normal scenario (8 per cent), all 
with interregional water trade.



Environmentally sustainable diversion limits in the Murray–Darling Basin     ABARE–BRS      report to client

5

While the WTM estimates (both variability and Basin plan scenarios) suggest that the effects 
will be greater in irrigated annual broadacre activities than in horticulture, these estimates 
do not fully account for the effects of water supply variability. If SDLs were to increase water 
supply variability, it is possible that this would, in the long run, lower the relative profitability of 
perennial horticulture and encourage substitution toward annual cropping. 

Town-level effects
In this study, an analysis of ABARE–BRS irrigation survey data and irrigation farm expenditure 
was used to identify towns that may be particularly reliant on irrigation activity. The survey 
data identified 88 towns across the Basin reliant on expenditure by irrigation farmers during 
the survey year (2007–08). If data for a more representative sample of years were available, the 
town identified may be different.

The towns identified as reliant on irrigation expenditure were evaluated in the context of the 
WTM results, which estimated the Murrumbidgee, Gwydir, Goulburn–Broken and Murray NSW 
regions to be among the most affected by the 3500 GL Basin plan scenario. These towns were 
also evaluated in the context of agricultural land use within the Basin regions. The introduction 
of SDLs was estimated to result in greater reductions in annual cropping activities over the 
short to medium term than perennial activities such as horticulture. Therefore, it is expected 
that towns in areas dependent on annual cropping may be more affected. 

The effects of SDLs on downstream processing of agricultural outputs
Any decline in irrigated output as a result of the Basin plan may have implications for the 
amount of downstream processing undertaken in some regions. The WTM results suggest 
that annual activities such as irrigated rice, cotton and dairy will experience more significant 
declines in GVIAP than perennial activities. Significant downstream processing of rice occurs 
in southern NSW, cotton processing occurs in a number of northern Basin regions, while 
dairy processing is concentrated mostly in northern Victoria. Predicting the likely effects on 
processing facilities is difficult given the uncertainties involved.
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Introduction

The Murray–Darling Basin (MDB) covers an area of more than 1 million square kilometres (ABS/
ABARE/BRS 2009) in south-eastern Australia. It extends across four states (as well as including 
the Australian Capital Territory), includes a population of around 2.1 million and in 2006 
employed around 920 000 people (ABS 2009).

The Basin is an important agricultural region, particularly for irrigated agriculture, with more 
than 80 per cent of its consumptive water being used by the agriculture sector in 2004–05. In 
2005–06 the Basin accounted for around 20 per cent of Australia’s total agricultural land area and 
around 65 per cent of its total irrigation land area. The Basin also accounted for around 40 per 
cent of Australia’s gross value of agricultural production (GVAP) and 45 per cent of its GVIAP. The 
value of irrigated agricultural production in the Basin was equivalent to around 14 per cent of 
Australia’s total GVAP in 2005–06 (ABS 2009) (table 1).

The volume of water extracted for consumptive use in the Basin increased from around 
2000 gigalitres a year to more than 10 000 gigalitres a year between the early and late 1900s 
(Productivity Commission 2010). Much of this increase was used to expand the irrigation sector. 
Rising water diversions have come at a cost, with many of the Basin’s rivers and groundwater 
systems now stressed and over-allocated (MDBA 2009a).

The recent prolonged drought, particularly in the southern Basin, has resulted in historically 
low inflows entering river systems and water storages, adversely affecting both river 
ecosystems and consumptive water users. Water allocations to irrigators have been 
significantly reduced and water use restrictions have been imposed on many industries and 
urban communities in the Basin. In the longer term, the CSIRO is predicting that, under its 
median climate change scenario, surface water availability will decline by around 11 per cent 
across the Basin by 2030 (CSIRO 2008).

The Commonwealth Water Act 2007 was enacted so that the Basin’s water resources could be 
better managed in the long-term national interest. The Murray–Darling Basin Authority (MDBA) 
is the statutory authority responsible for implementing the rules and provisions of the Act.

A key responsibility for the authority is to develop a plan for managing all of the Basin’s water 
resources (MDBA 2009a). Central to this Basin plan will be setting limits on the quantities of 
surface water and groundwater that can be taken for consumptive use. These enforceable 
limits—known as sustainable diversion limits or SDLs—must be determined by the MDBA to 
be environmentally sustainable (MDBA 2009b). Sustainable diversion limits will apply to the 
Basin’s water as a whole, as well as at sub-regional levels.

In developing the Basin plan, the MDBA must consider the potential socioeconomic 
implications of possible changes in future water availability. To do this, the MDBA 
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commissioned ABARE–BRS to provide socioeconomic advice, including modelling and analysis, 
of the potential effects of proposed SDL options.

Study scope and objectives
The MDBA’s ‘statement of need’ for this project required that ABARE–BRS identify the 
socioeconomic implications of the Basin plan for the:

• Australian community
• national economy
• people and communities located within the Basin
• regional economies and industry sectors within the Basin
• regional communities and economies outside the Basin that depend on Basin water 

resources. 

The statement of need also required that research be delivered in a manner that establishes an 
enduring framework for determining, recording, describing and communicating the social and 
economic implications of changes to water availability and security; and, where appropriate, 
supported by social and economic decision support and modelling capacity. 

In addressing the MDBA’s statement of need, ABARE–BRS attempted to:

• estimate the direct economic impacts of reductions in long-term average sustainable 
diversion limits on irrigated agriculture, by region and agricultural industry for the MDB

• identify the potential for other industry sectors within the Basin and regions outside the 
Basin to be directly affected by changes in SDLs

• estimate the flow-on economic effects of changes in irrigated activity associated with 
changes in SDLs on regional economies.

• estimate the effects of changes in SDLs on employment at a regional, Basin, and national 
level

• identify the major implications of a potential change in the variability of irrigation water 
supplies

• identify regions and towns that may be particularly reliant on irrigation activity.

Organisation of report
Chapter 2 of this report includes some background information on the MDB, the SDLs and the 
purpose and scope of the economic analysis undertaken for this project. Chapter 3 contains an 
outline of the study methodology, including an overview of the modelling techniques applied. 
Results and accompanying discussion are provided in chapter 4, while chapter 5 contains 
conclusions based on the results of the analysis.
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2 Background

This report contains an economic analysis of the effects of the proposed SDLs in the draft 
Basin plan prepared by the MDBA. By reducing water available for private consumptive use, the 
SDLs may have a range of effects on the regions, communities and individuals that consume 
water resources in the Basin. 

This section provides some contextual information on the MDB, the Basin plan and other 
related government water policy initiatives. In addition, this section includes a discussion of the 
different effects that may be associated with the new SDLs and how the analysis undertaken in 
this study provides insight into the potential nature of these effects. 

The Murray–Darling Basin in context
Irrigated agriculture is the primary water user in the MDB, with more than 80 per cent of 
consumptive water use in the MDB occurring in the agriculture sector in 2004–05 (figure 1). 
Irrigated agriculture accounts for only a small proportion of MDB agricultural land use (2 per 
cent in 2005–06), but a significantly larger proportion of the region’s gross value of agricultural 
production (37 per cent in 2005–06). 

In 2005–06, the GVIAP in the MDB was around 
$5.5 billion, representing around 45 per cent 
of Australian GVIAP (table 1). The significance 
of MDB irrigated agriculture compared with 
national agricultural production varies by 
commodity. For example, MDB irrigated 
production accounts for 100 per cent of 
Australia’s total rice production, 85 per cent of 
the value of cotton production and 52 per cent 
of the value of total Australian grape production. 
However, for many other commodities, MDB 
GVIAP represents a much smaller proportion of 
national GVAP. In total, MDB irrigated agricultural 
production accounted for approximately 14 per  
cent of Australian agricultural production in 
2005–06.

Table 2 contains estimates of gross regional 
product (GRP) and agricultural output for 

the MDB, which were drawn from the ABARE–BRS AusRegion model baseline (regional 
definitions are shown in figure 6 in, chapter 4). The MDB accounts for approximately 8 per  
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2 ABARE–BRS AusRegion model baseline 2001–02, selected estimates  

 GRP agricultural share of output
  

 $ billion % of GDP % 
Region
Northern NSW 15.4 2.0 17.6
Riverina NSW 11.3 1.5 26.8
Western NSW 1.5 0.2 25.2
North East Vic 8.6 1.1 12.7
North West Vic 10.9 1.4 17.0
Queensland MDB 7.9 1.0 14.5
South Australia MDB 3.3 0.4 30.9
MDB total 59.0 7.8 18.3
  

Australia total 759.2 100.0 3.6
 

Note: Data represent model baseline values estimated from various data sources, see ABARE (2010b).

cent of Australian gross domestic product (GDP) (MDB excluding the ACT and based on 
the ABARE–BRS AusRegion model baseline estimates for 2001–02). Within the MDB regions, 
agriculture represents a significantly larger proportion of output than that observed at a 
national level. Agriculture accounts for 18 per cent of output in the MDB, ranging from 30.9 per 
cent in South Australia, to 12.7 per cent in North East Victoria.

1 Value of Basin and Australian agricultural production, 2005–06 a  

    MDB GVIAP 
    as proportion 
 MDB GVIAP MDB GVAP Australia GVAP of Australia GVAP
 $m $m $m %
  

Cereals  180 3 436 7 320 2
Cotton 798 861 933 85
Dairy  901 1 070 3 341 27
Fruit and nuts 1 011 1 111 2 627 38
Grapes 721 777 1 378 52
Hay 161 697 1 451 11
Meat cattle 593 2 789 7 685 8
Other broadacre np np 1 379 np
Rice 274 274 274 100
Sheep 143 1 742 4 216 3
Vegetables  555 602 2 923 19
  

Total 5 522 14 991 38 482 14

a GVIAP is gross value of irrigated agricultural production; GVAP is total gross value of Australian agricultural production. 
Source: ABS 2009. 
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3 Employment MDB and Australia, by sector, 2006    

 Murray–Darling Basin Australia 

 number proportion of number proportion of
 employed total employed employed total employed
 no. % no. %

Agriculture 90 520 9.8 245 730 2.7
Services to agriculture 5 690 0.6 18 180 0.2
Manufacturing 83 760 9.1 997 150 11.0
Electricity, gas and water supply 8 470 0.9 70 930 0.8
Retail 128 740 14.0 1 299 210 14.3
Government administration and defence 94 710 10.3 429 870 4.7
Education 71 550 7.8 677 550 7.5
Health and community services 97 270 10.6 975 290 10.7
Other industries 340 590 37.0 4 375 840 48.1
  

Total employed persons 921 300 100.0 9 089 750 100.0

Source: ABS Census of population and housing 2006.

Table 3 shows employment by industry sector for the MDB and Australia. In 2006 the MDB 
accounted for approximately 10 per cent of total national employment (and 37 per cent of 
national agricultural employment). Employment in the MDB was approximately 920 000 people 
in 2006, with around 96 000 engaged in agriculture (including services to agriculture). More 
than 30 per cent of the region’s manufacturing employment occurs in the food processing 
sector (see table 28 in chapter 4 for more detail on food processing sector employment).

ABS agricultural employment data are not reported separately for irrigated and non-irrigated 
sectors. Given employment data by agricultural activity and the irrigated proportion of GVAP 
by industry (table 1), an estimate of irrigated agricultural employment in the MDB can be 
derived, given the highly simplifying assumption that employment per unit of GVAP is equal 
across irrigated and non-irrigated production of each commodity. Using this method, direct 
employment in irrigated agriculture in the Basin for 2005–06 is estimated at around 30 000. 

The SDLs in context
It is necessary to consider the MDBA SDLs within the context of the Australian Government’s 
Water for the Future plan (WftF) (DEWHA 2008). The WftF plan includes two main components: 
a water entitlement buyback (Restoring the Balance in the Murray–Darling Basin Program) 
and an infrastructure investment (Sustainable Rural Water Use and Infrastructure Program or 
SRWUI). The buyback program involves the purchase of $3.1 billion of water entitlements on 
behalf of the environment. The infrastructure investment program involves a total investment 
of $5.8 billion in water saving infrastructure.

The buyback and infrastructure programs are currently in progress and are likely to secure 
significant amounts of water before the introduction of the SDLs. At this stage, the total 
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volume of water that will be obtained 
for the environment via the buyback 
and infrastructure investment programs 
in each MDB region remains uncertain. 
However, data are available on the 
volume of water that has already been 
acquired for the environment, through 
WftF and other Australian Government 
and state programs (table 4). 

Water secured for the environment 
though the WftF programs will reduce 
the gap between existing (historical 
long-run average) usage and the new 
lower SDLs. The Australian Government 
has recently committed to address any 
remaining gap between the volumes of 
environmental water secured through 
the WftF programs and the volume 
required to satisfy the SDLs, through an 
additional round of water entitlement 
buybacks (ALP 2010). 

This report is focused on estimating the 
economic impacts of the full reduction 
in water availability relative to long-run 
historical levels imposed by the SDLs 
and not on the potential gap. Further, 
any compensation to entitlement 

holders under either the WftF buybacks or any additional rounds of buyback is not taken into 
account. In addition, any water savings or regional economic stimulus arising from public 
investment in water infrastructure under WftF or any other government programs are not 
taken into account. 

Equity and efficiency effects
In economic terms it is useful to draw a distinction between the efficiency effects of the SDLs 
and the equity effects. Economic efficiency refers to the extent to which society is maximising 
the total value of available resources. Equity relates to the fairness of the distribution of 
resources across members of society. 

The efficiency implications of the SDLs can be divided into two categories. First, there is 
a trade-off between the private use of water (in industries such as irrigated agriculture) 
and the environmental use of water. A second issue is the efficient allocation of the total 
water remaining for private use. The SDLs may also have important distributional or equity 
implications by altering water allocation and associated economic activity across regions and 
individuals. 

 4 Environmental water available for 
offset at 30 June 2010 

 environmental water available for offset

  % of long-run
 LTCE (GL) average availability

Condamine 1.0 0.1
Border Rivers (Qld) 4.0 1.8
Border Rivers (NSW) 0.0 0.0
Warrego 8.0 17.8
Paroo 0.0 0.0
Namoi 6.0 1.7
Macquarie 56.9 13.4
Moonie 0.5 1.7
Gwydir 63.8 19.6
Barwon–Darling 30.0 15.2
Lachlan 45.0 14.9
Murrumbidgee 64.0 3.1
Ovens 0.1 0.2
Goulburn–Broken 107.0 6.3
Campaspe 5.0 6.3
Wimmera 0.0 0.0
Loddon 3.0 6.3
Murray (NSW/SA/Vic)  309.0 7.6
Lower Murray–Darling 0.0 0.0
Eastern Mt Lofty Ranges 0.0 0.0

Total 703.3 6.5

Source: MDBA 2010a.
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Managing the trade-off between private water use and the  
environment 
The SDLs will restrict the volume of water that can be extracted from river systems for private 
use and, in effect, define the proportion of total water resources that will be available for 
environmental purposes. From an efficiency perspective, SDLs should achieve a desirable 
balance between these two broad uses of water: one which minimises any difference 
between their respective marginal values. The new SDLs will improve efficiency where the 
environmental benefits achieved outweigh the costs imposed on other water users such as 
agriculture.

Ideally, the Basin plan would be subject to a cost–benefit analysis, with the net benefits 
being expressed in dollar values. However, full cost–benefit analyses are often infeasible, 
especially when dealing with conflicts over natural resource access. This is because one of the 
alternative uses for many natural resources is conservation and there is generally no market for 
conservation services. 

While there are a number of methodologies (such as choice modelling) available for estimating 
non-market values, these methods require careful application if they are to generate reliable 
estimates, and accurate studies are costly. In the absence of this information, the fallback 
position is usually to estimate the opportunity cost of restricting access to a resource for 
commercial use, and to use some alternative measure to estimate environmental benefits. This 
alternative measure should be based on scientific data that identify the ecological response of 
environmental assets to additional flows.

This report focuses on estimating the costs of restricting access to irrigation water, and makes 
no attempt to value the benefits from providing additional water for environmental assets. The 
analysis involves using an internally consistent modelling framework to estimate the effect on 
irrigators’ incomes and the value of irrigated activities of restricting access to irrigation water, 
and flow-on effects on regional economies. 

The models used in this analysis can estimate economic costs for a range of SDL scenarios, 
allowing an examination of the sensitivity of costs to different water access regimes, which 
offer more or less protection to environmental assets. 

Maximising the value of available water resources
Given the level of environmental water use determined, a further efficiency objective is to 
maximise the value of water resources remaining for private use. Key requirements include 
well-defined water property rights, with free and open markets, such that trade in water rights 
between users can direct water to its highest value use. The introduction of SDLs, by reducing 
the volume of water available for private use, will only increase the importance of efficient 
water markets. 

The introduction of SDLs is likely to have an effect on the relative marginal values of water in 
different regions and therefore on regional trade flows. Economic modelling undertaken in 
this study provides an indication of potential trade flows resulting from a given set of SDLs, 
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in particular the trade flows between different irrigated agricultural industries (for example, 
crops) and between different regions (for example, catchments). 

The connected nature of the Murray–Darling Basin, particularly the southern Basin, complicates 
the setting of catchment-level SDLs. In some connected regions environmental water may 
be needed both for within catchment environmental requirements and for downstream 
environmental requirements. This raises the issue of how these downstream requirements 
should be shared among multiple connected upstream regions (such as those connected to 
the Murray River).

In the absence of efficient interregional water trade markets—where barriers to trade have 
been removed and transactions costs are low—the setting of the SDLs across connected 
regions may involve efficiency implications. For example, there might be a case for varying 
SDLs across catchments so as to minimise economic costs—that is, placing lower SDLs in 
regions with lower marginal values of water. However, such a centralised approach would 
have limitations, including significant information problems. Given the variability in returns to 
water use among irrigators within a region, this type of approach is not feasible as it would 
require substantially more information than is currently available. Whether one allocation of 
SDLs across regions was more or less efficient than an alternative would always be subject to 
great uncertainty. In addition, it is likely that the efficient allocation of SDLs among regions 
will change over time as the relative returns to water use in alternative activities and regions 
changes.

Preferably, an efficient interregional market for water would be available, ensuring an efficient 
allocation of water across regions regardless of the pattern of SDL reductions across regions. 
While interregional water trade is currently subject to a number of artificial constraints, 
removing constraints and otherwise improving the efficiency of the market remains a focus of 
future reforms. A suitable interregional water market would also require sound trading rules 
to ensure the environmental objectives of the Basin plan are maintained irrespective of trade 
flows. The continued reform of water markets and the design of trading rules in the context 
of the Basin plan and SDLs is important to ensure the value of available water resources is 
maximised.

While an efficient interregional market for water would imply that the distribution of SDLs 
across catchments would have minimal efficiency implications, the issue of how effects are 
distributed across regions would remain (equity effects).

Identifying potential equity effects
The introduction of the Basin plan SDLs will have various equity effects across regions, 
communities and individuals. Direct effects on water entitlement holders will depend on 
the size of SDL imposed reductions in water availability in each region and the extent of 
government compensation, and will be largely independent of water trade flows. Given 
the government’s commitment to address any gap through entitlement buyback, water 
entitlement holders are expected to be fully compensated for the direct effects of the SDLs. 
However, water entitlement holders may still be subject to some indirect effects, such as any 
changes in input or output prices arising from the Basin plan.
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Flow-on effects on regional economies will depend on agricultural production levels, 
which are linked to broader economic outcomes, including through processing agricultural 
outputs. Regional agricultural production will be affected by changes in regional water use 
and, as such, will depend on both the distribution of SDLs and associated water trade flows. 
Modelling undertaken in this report provides estimates of the changes in the amount of 
irrigated agricultural production in each region, both with and without potential interregional 
trade flows. These agricultural production estimates are combined with general equilibrium 
modelling to estimate the extent of flow-on economic effects in regional economies. The 
flow-on effect estimates presented in this study do not take into account any offsetting effects 
that payments for irrigation entitlements or investments in irrigation infrastructure may have 
on economic activity within and outside the Basin. 

The distribution of economic effects across towns and communities within in any given region 
is likely to vary substantially. Towns and communities most dependent on irrigation are likely to 
be affected more significantly by the proposed SDLs. While modelling local effects with a high 
degree of accuracy is difficult, this study provides an indication of the potential town-level 
effects by drawing on evidence from ABARE–BRS irrigation survey data.
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3Methodology

Overview of approach
The quantitative analysis in this study is primarily based on a two-stage modelling approach. 
The first stage involves using ABARE–BRS’s Water Trade Model (WTM) to estimate the direct 
effects of changes in SDLs on the GVIAP by sustainable yield region. The second stage involves 
feeding these GVIAP estimates into a computable general equilibrium (CGE) model of the 
Australian economy, AusRegion, to estimate flow-on effects to regional, state and national 
economies. While large-scale economic models are suitable for analysis at broad regional (for 
example, catchment) levels, they are limited in their ability to provide accurate estimates at 
smaller geographical scales. For this reason the GVIAP estimates for sustainable yield regions 
are aggregated into larger regions for the CGE analysis.

ABARE–BRS has responded to this limitation by undertaking additional regional analysis using 
a combination of regional GVIAP estimates, irrigation survey data on the amount and location 
of irrigation farm expenditure, and spatial data on irrigated land use. The purpose of this finer-
scale analysis is to identify towns that may be particularly reliant on irrigation farm expenditure.

Modelling approach

Water Trade Model
The first stage of the modelling work used ABARE–BRS’s Water Trade Model (WTM) which is a 
stylised representation of irrigated agriculture and water markets in the Murray–Darling Basin. 
Technically, the model is a comparative static partial equilibrium model of irrigated agricultural 
industries (including water markets). As a hydro-economic model, it uses inputs on water 
availability to estimate changes in irrigators’ incomes and land use by region and activity.

Modelling process2

Baseline assumptions
and Basin plan 
scenarios

Changes in regional
agricultural output

Water Trade Model

 of irrigated agricultural  
 production

 water use in irrigated 
 agriculture

AusRegion

 regional product

 domestic product
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The WTM was designed principally to estimate the economic effects of reduced water 
availability and to evaluate alternative institutional arrangements to share the limited water.

The model uses a nodal framework, which tracks water flows from upstream to downstream 
regions for those regions that are assumed to have a hydrological connection. For example, 
regions in the southern Basin are mostly assumed to be connected (with the exception of the 
Wimmera and Eastern Mt Lofty Ranges), while it is assumed that regions in the northern Basin 
are disconnected from one another and from the southern Basin. This reflects the fact that 
interregional trading opportunities are in practice limited in the northern basin regions, given 
the common lack of hydrological connectivity between the major rivers of different catchments.

The physical availability of water is determined by the sum of local surface water run-off, 
surface water from upstream connected regions, and local groundwater. Interregional water 
trade is only permitted between hydrologically connected regions.

The model can be run assuming unrestricted trade or restricted trade. The unrestricted trade 
version allows interregional trade in water between connected regions, subject to hydrological 
and environmental constraints. This version assumes there are no institutional constraints on 
water trade between regions or across state boundaries. In contrast, in the restricted trade 
version of the model, water can be traded within regions, but not between regions. 

There are 11 land use activities specified in the model, including cereals, cotton, dairy, fruit and 
nuts, grapes, vegetables, hay, meat cattle, other broadacre crops, rice and sheep. The model 
is calibrated to the baseline scenario data for each region and activity, using the positive 
mathematical programming technique of Howitt (1995), with a quadratic cost function. 

The model allocates land and water (and other inputs) between the 11 land use activities in 
a way that maximises returns to land and water. In the no trade version of the model returns 
are maximised for each region, whereas in the trade version returns are maximised across the 
Basin assuming water can be traded between regions where this is possible. This optimisation 
is subject to constraints on the availability of suitable land and water—not all land is suitable 
for irrigation.

A particular feature of this model is the inclusion of concave yield functions for irrigated 
activities. Parameters for the quadratic yield response functions were derived from price 
elasticities of demand for irrigation water estimated by Bell, Gretton and Redmond (2007).

The regions used in the model are based on those defined by CSIRO (2007) in its Sustainable 
Yields Project. For the purposes of this project, ABARE–BRS modified two of the 18 CSIRO 
regional boundaries to facilitate analysis at a state level (the Border Rivers and Murray regions 
cross state jurisdictions). This involved splitting the Border Rivers region into Border Rivers 
Queensland and Border Rivers NSW and the Murray region into Murray NSW, Lower Murray–
Darling (NSW), Murray Victoria, and Murray South Australia. 

For this project, the Murray Victoria and Murray NSW regions in the WTM were further divided 
to take into account the Barmah choke. The Barmah choke is a narrow section of the Murray 
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River, near Deniliquin and Echuca. Limited volumes of water can pass through this point in the 
river without flooding the surrounding Barmah-Millewa forest. The Barmah choke is therefore 
a significant delivery capacity constraint, which limits downstream interregional water trade 
from locations above to below the choke. Both the NSW and Victorian Murray regions are split 
into above and below Barmah sections. The WTM therefore encompasses a total of 24 regions.

Refer to Hafi et al. (2009) for detailed information on the WTM.

AusRegion
The estimated changes in the value of irrigated agricultural output derived from the WTM 
are used as inputs into the AusRegion model. AusRegion is a computable general equilibrium 

Regions in the Water Trade Modelmap 1



Environmentally sustainable diversion limits in the Murray–Darling Basin     ABARE–BRS      report to client

18

(CGE) model of the Australian economy and allows economic effects to be analysed at 
national, state and regional levels. Economic effects are generally stated in terms of changes 
in gross domestic product at a national level and in gross regional product at state or regional 
scales.

AusRegion, like other CGE models can be used to estimate how a change in one or more parts 
of an economy (in this case, in the agriculture sector) will affect the rest of the economy. The 
changes for any given sector are applied to the model as exogenous shocks to the status quo. 
The results arising from an exogenous shock can then be compared with the baseline scenario, 
where the baseline reflects what would have occurred in the economy in the absence of the 
shock.

AusRegion has four factors of production: land, labour, capital and natural resources. These 
factors are used to produce 31 commodities, including 16 agricultural commodities and 
four related processing commodities. The number of commodities and regional settings are 
customised to meet project needs.

The seven MDB regions used in AusRegion are based on aggregations of sustainable yield 
regions. These regions are Queensland MDB, Northern NSW, Riverina, Western NSW, North 
East Victoria, North West Victoria and South Australian MDB. There are also 8 regions outside 
the Basin. The base data used in AusRegion have been sourced from the MONASH model 
(Centre for Policy Studies) and data generated using ABS 2000–01 Agricultural Survey data and 
ABARE–BRS farm survey data.

Refer to ABARE (2010b) for detailed information on the AusRegion model.

Additional analysis
Scale is an important factor when analysing effects on regional communities, with the 
robustness of CGE analyses declining as the geographical scale at which the analysis is 
undertaken becomes finer. The data needed to undertake CGE analyses for small regions are 
usually not available or, where some data are available, they are usually less reliable at this level, 
having adverse implications for the robustness of estimates. Moreover, as the model analyses 
comprehensive interactions within a given economy, its capacity to analyse a large number 
of small regions at one time is limited. This is the reason GVIAP estimates for sustainable yield 
regions were aggregated into larger regions.

Many of these larger regions contain a mix of small and medium-sized towns, as well as larger 
regional centres. The larger regional centres tend to have a broad economic base, which will 
cushion the effect of a decline in irrigated activity. However, some of the smaller towns may 
be less resilient to a decline in irrigation activity, with some communities concerned that such 
a decline could not only lead to reduced economic activity but also to a loss in local services, 
including access to health and education services. Hence, the effects of the sustainable 
diversion limits are likely to be more substantial in smaller regional towns than in larger 
regional centres. 
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To obtain an indication of the potential effects on rural communities at a finer scale, 
ABARE–BRS has analysed data collected in its survey of irrigation farmers in the MDB. The 
survey collected data on the type and location of expenditure by irrigation farm households. 
This includes expenditure on household goods and services, farm inputs and capital items. 
Expenditure by farm families in country towns is an important source of income for many 
non-farm businesses, with these businesses in turn likely to be a major source of employment 
for town residents. The analysis involves combining irrigation survey data on the amount and 
location of irrigation farm expenditure, to identify towns that are highly dependent on these 
expenditures with estimates of reductions in GVIAP (by region) associated with proposed SDLs 
and spatial land use data on irrigated agricultural activities. 

Scenarios

WTM baseline scenario
For this project ABARE–BRS used available data sources to construct a baseline dataset to 
represent long-run average irrigation land use, water use and GVIAP in the Basin. 

The most recent comprehensive ABS irrigation dataset available is for 2005–06. Unfortunately, 
2005–06 is not an accurate representation of average historical levels of irrigated agriculture in 
the MDB, with water availability and use being substantially lower than the long-run historical 
average because of drought. An ABS dataset is also available for the year 2000–01, in which the 
observed levels of water availability were more representative of the long-run average levels of 
use. However, the 2000–01 data are less comprehensive in coverage; in addition, the pattern 
of land use has changed significantly since 2000–01. In particular, there has been a significant 
increase in perennial horticulture. 

For these reasons it was necessary to construct a baseline from a variety of sources in order to 
represent long-term average irrigated agricultural activity in the MDB. These sources were as 
follows:

• ABS irrigated land use data by crop and region were available only for the 2005–06 year. 
Total irrigated land use data by region were obtained for 2000–01 from the Australian 
Collaborative Land Use Mapping (ACLUMP) dataset (BRS 2010). For all annual crops ABS 
2005–06 land use numbers were scaled to match total regional irrigated land use in 
2000–01, while horticultural land use was held constant at 2005–06 levels. 

• Water use per hectare data for 2000–01 were available by industry but not by region. 
Hence, disaggregated water use per hectare data by activity and region for 2005–06 were 
scaled to match 2000–01 average levels by crop. These ratios were then multiplied by the 
baseline land use data to get baseline estimates of long-run water use per region and crop.

• Per hectare gross value of production data by region and crop were available only for 
2005–06. These data were multiplied by baseline land use to obtain baseline GVIAP data. It 
was assumed that GVIAP per hectare during 2005–06 is representative of long-run GVIAP 
per hectare.
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5 Baseline scenario total water use (including groundwater and surface 
water), land use and GVIAP by activity  

 water use land use GVIAP
 GL/year ‘000 ha $m/year

Cereals 763 260 184
Cotton 2 633 405 1 293
Dairy 1 173 212 905
Fruit and nuts 469 74 1 006
Grapes 587 105 716
Hay 806 208 169
Meat cattle 660 182 610
Other broadacre 156 41 41
Rice 2 420 178 478
Sheep 539 181 151
Vegetables 169 37 656

Total 10 375 1 884 6 207

Baseline data for land use, water use and GVIAP by industry are shown in table 5. Baseline 
estimates for long-term average annual irrigation water use (both surface and groundwater), 
irrigation land use and GVIAP for the Basin are 10 375 GL, 1.9 million hectares and $6.2 billion, 
respectively. Additional baseline information is contained in appendix A. The baseline dataset 
for the unrestricted trade version of the model differs slightly from that of the restricted 
version (shown below). For more detail see appendix A.

Comparison between WTM baseline and MDBA hydrological models
Table 6 contains a comparison of the WTM baseline water use with the long-run average 
water diversions estimated by MDBA hydrological models. Although there are some significant 
differences between the two sets of figures, these differences should be considered in context.

The MDBA numbers are estimates of water diversions—water diverted from rivers at the point 
of diversion, typically the point of a major storage. In contrast, the WTM estimates represent 
on-farm water use. The MDBA focus on water diversions is necessary given their task of 
estimating changes in environmental (river) flows in each region. The WTM focus on water use 
is necessary given the task of estimating changes in irrigated agricultural production. 

Significant differences are expected between diversions and farm water use for a range of 
reasons, including delivery and storage losses and non-irrigated agricultural water use (for 
example, stock and domestic use or town water use). For these reasons, farm water use figures 
are expected to be less than diversions at a Basin level. Diversions and use may also differ 
at a regional level, where water being diverted from rivers in one region is transferred and 
used on-farm in a neighbouring region. For example, some water used in the Loddon and 
Campaspe regions is diverted in the Goulburn–Broken region.
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6 WTM baseline total water use and 
MDBA modelled diversion levels by 
region (surface and groundwater)

 WTM baseline MDBA model
 long-run average long-run average 
 water use  water diversion
 GL/year GL/year

Condamine 458  885 
Border Rivers (Qld) 216  234 
Border Rivers (NSW) 245  219 
Warrego 11  45 
Paroo 4  0.4 
Namoi 581  575 
Macquarie 465  535 
Moonie 63  32 
Gwydir 575  359 
Barwon–Darling 480  198 
Lachlan 249  397 
Murrumbidgee 2 818  2 385 
Ovens 26  39 
Goulburn–Broken  735  1 226 a 
Campaspe 148  397 a 
Wimmera 6  76 
Loddon  441  370 a
Murray (NSW)  1 355  1 844 
Murray (Vic)  989  1 666 
Lower Murray–Darling 65  57 
Murray (SA) 364  741 
Eastern Mt Lofty Ranges 79  29 

Total 10 375  12 309 

a MDBA diversions adjusted to reflect water diverted in the Goulburn–
Broken for use in the Loddon and Campaspe regions.

The two datasets are also generated 
using different assumptions and data 
sources. The MDBA estimates represent 
long-run average modelled diversion 
levels over a 114-year climate sequence 
with current levels of development. 
The MDBA models include a range of 
assumptions regarding water availability, 
water sharing plans, storage polices, 
water entitlement volumes, irrigation 
areas and water use rates. 

In contrast, the WTM baseline figures 
are calibrated to ABS water and land 
use figures for two representative years: 
2000–01 and 2005–06. The overall level 
of availability in the WTM baseline is 
representative of 2000–01, which is 
considered to be a relatively normal year. 
However, given the annual variability 
of inflows, significant differences at a 
regional level are expected between 
2000–01 water availability and long-run 
averages. For example, given the highly 
variable sub-tropical inflows in the 
Condamine region, long-run average 
availability is substantially higher than 
median availability and that observed in 
2000–01. 

While there remain some significant 
differences at a regional level between 
the two baseline figures, these 

differences have minimal implications for the results presented in this report. For this study it 
is assumed that percentage changes in diversions estimated by the MDBA (for example, as a 
result of SDLs) are expected to result in equivalent percentage changes in water use.

WTM Basin plan scenarios
This report considers three Basin plan scenarios developed by the MDBA: 3000 GL (gigalitres), 
3500 GL and 4000 GL. The scenario names reflect the total volume of consumptive surface 
water diversions returned to environmental use. For each of the three scenarios the estimated 
percentage reductions in surface water diversions, relative to historical long-run average levels, 
were provided to ABARE–BRS by the MDBA. The MDBA also provided estimated changes in 
groundwater extractions. These groundwater changes remain constant for each of the three 
scenarios. The changes in water diversions under each scenario are summarised in table 7.
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7 MDBA Basin plan scenarios, 
reductions in surface and 
groundwater availability

 long-run average water diversions
  

 current sustainable
 diversion diversion
 limit limit % change
3000 GL scenario  
Surface water 10 883 7 907 –27.3
Groundwater 1 514 1 328 –12.3
Total water 12 397 9 235 –25.5
  

3500 GL scenario  
Surface water 10 883 7 410 –31.9
Groundwater 1 514 1 328 –12.3
Total water 12 397 8 738 –29.5
  

4000 GL scenario  
Surface water 10 883 6 913 –36.5
Groundwater 1 514 1 328 –12.3
Total water 12 397 8 241 –33.5

Note: Figures exclude surface and groundwater diversions for the 
following MDBA regions: Kiewa, ACT, intersecting streams, Nebine 
and Marne Saunders. Excludes water interception for all regions. 
Groundwater diversions exclude stock and domestic use.
Source: MDBA 2010a.

For ease of communication, the report 
focuses in detail on the 3500 GL scenario. In 
the remainder of the report, the term Basin 
plan scenario is taken to refer to the 3500 GL 
scenario unless stated otherwise. In each of 
the Basin plan scenarios, reductions in water 
availability differ between regions. Modelled 
water use percentage reductions for the 
3500 GL Basin plan scenario by WTM region 
are shown in table 8.

For this study it is assumed that percentage 
changes in long-run average diversions 
translate into equal percentage changes in 
long-run average water use. The assumed 
Basin plan changes in water availability 
shown in table 8 differ slightly from those 
estimated by the MDBA (see appendix A3). 
For each WTM Basin plan scenario, regional 
surface water reductions are scaled to ensure 
that the total basin percentage reduction 
in surface water use is consistent with the 
MDBA estimated total basin reduction. This is 
necessary because of the relative differences 

between the regional levels of surface water use in the WTM baseline and the MDBA long-run 
average diversion figures.

Variability scenarios
The above scenarios focus on changes in long-run average water use. However, rainfall 
and inflows, and hence water diversions and water use, are highly variable between years. 
The variability of inflows is important in estimating the economic costs of reduced water 
availability. In particular, the marginal costs of reduced access to irrigation water will be higher 
in dry years, especially for activities with substantial fixed costs, such as perennial horticulture. 
How reductions in water use are distributed across different years will have a significant effect 
on the overall economic costs. A more detailed discussion of variability issues, including a 
review of existing literature, is contained in appendix D. 

In this study variability has been incorporated into the modelling analysis in a simplistic way: by 
considering three separate representative years (or inflow states)—a dry year, an average year 
and a wet year. For each of the three representative years, both a base case and a Basin plan 
scenario were constructed, involving estimates of base case and Basin plan diversion levels 
in each of the defined dry, average and wet years (inflow states), as well as the probability of 
observing each of these three representative years. 

For the variability scenarios, the WTM was altered slightly to better reflect the short-run 
(annual) effects of supply variability. In particular, the area of land committed to horticultural 
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activities was assumed to remain fixed at normal (average) baseline levels, while land use in 
annual activities was allowed to vary in response to changes in water availability. The short-run 
version of the WTM was run separately for each of the representative years for both base case 
and Basin plan scenarios. 

A summary of the variability scenario assumptions is contained in appendix A.

Limitations of variability analysis
While the variability analysis provides an indication of the effects of SDLs in the context 
of variable water supplies, there are a number of important limitations and so the analysis 
should be treated with caution. First, the effect of SDLs on the variability of water availability 
will depend on how the SDLs are implemented in each jurisdiction, as well as the extent of 
any temporary water trade between environmental managers and irrigators and the nature 
of storage capacity access rights (carryover rights) available to irrigators and environmental 
managers. The future effect of SDLs on variability under real world conditions remains 
uncertain.

 8 WTM Basin plan scenario (3500 GL), assumed reductions in water use 
relative to WTM baseline  

 WTM baseline WTM Basin plan scenario (3500 GL)

 surface groundwater % change in % change in
 water use use surface water use groundwater use
 GL/year GL/year % %

Condamine 279 179 –33.4 –30.8
Border Rivers (Qld) 205 11 –21.8 0.0
Border Rivers (NSW) 236 9 –23.4 –0.4
Warrego 11 0 –39.7 0.0
Paroo 4 0 0.0 0.0
Namoi 349 232 –23.9 –17.3
Macquarie 355 110 –27.9 –24.9
Moonie 63 0 –39.7 0.0
Gwydir 542 33 –32.0 0.0
Barwon–Darling 479 1 –25.0 0.0
Lachlan 154 95 –18.6 –31.3
Murrumbidgee 2 495 324 –37.5 –0.9
Ovens 13 14 –39.7 0.0
Goulburn–Broken 564 171 –32.3 0.0
Campaspe 148 0 –34.5 0.0
Wimmera 4 2 0.0 0.0
Loddon 437 4 –34.2 0.0
Murray (NSW) 1 232 123 –32.0 –0.4
Murray (Vic) 979 10 –31.0 0.0
Lower Murray–Darling 63 2 –33.2 0.0
Murray (SA) 287 76 –30.2 0.0
Eastern Mt Lofty Ranges 50 29 0.0 –8.5

Total 8 950 1 426 –31.9 –11.1
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The ABARE–BRS Water Trade Model was originally designed to handle long-run average 
scenarios. Some changes were made to the model for this analysis. However, its ability to 
estimate the complete effects of supply variability remains limited. For example, the WTM at 
present does not account for the possibility of long-run (threshold) yield effects in permanent 
horticulture.  

The model also does not take into account uncertainty in farm decision-making. The 
relationship between uncertainty (induced by supply variability) and irrigation farm decisions 
is complex and difficult to model completely in large-scale economic models. Changes in 
variability have implications for short and long-run farming decisions including: crop planting 
decisions; capital investment decisions; and decisions over different farming activities, 
particularly between perennial and annual crops. Such effects were not incorporated in the 
analysis of variability undertaken in this study. A more comprehensive analysis of the effects 
of changes in water supply variability on irrigated agricultural activity, in the context of the 
SDLs, remains a subject for future research. A more detailed discussion of variability issues is 
contained in appendix D.

Sensitivity analysis scenarios
Sensitivity analysis was conducted to allow the sensitivity of economic costs to different 
water access regimes to be examined. Eleven scenarios were run in addition to the Basin plan 
scenarios. Average Basin-level cuts in surface water availability ranging from 20 to 70 per cent 
(table A6) were estimated in 5 per cent increments, with the distribution of cuts between 
regions being identical to that of the 3500 GL Basin plan scenario. Groundwater cuts for each 
sensitivity scenario were held constant. Additional detail on the sensitivity analysis scenarios is 
contained in appendix A.
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4 Results and discussion

Basin plan scenarios: effects on irrigated agriculture
The WTM estimates for the irrigation sector include changes in GVIAP, profit, water use and 
land use by region and industry as a result of the Basin plan scenarios. Two sets of estimates 
are presented for each scenario, one assuming no interregional trade and the other assuming 
interregional trade. 

Since the trade results assume no interregional trade in the northern Basin, and no trade 
between the northern and southern Basin, the results for the trade and no trade simulations 
will be the same for regions located in the northern Basin. In contrast, with the exception of 
the Wimmera and Eastern Mt Lofty regions, which are assumed to be physically disconnected, 
the trade results for the southern Basin do assume interregional trade in surface water, subject 
to the Barmah choke constraint. 

The trade simulations include additional trading rules, designed to ensure interregional 
trade does not undermine the environmental requirements of the Basin plan. These trade 
rules include restrictions to satisfy in-stream flow and in-valley environmental asset watering 
requirements, as well as transmission efficiency factors being imposed to account for 
differences in relative water losses between regions. A summary of the assumed trading rules 
are contained in appendix A.

All model results, both with and without interregional water trade, allow for intraregional 
water trade between activities within a region. The ability to trade water between activities 
significantly reduces the effect of a reduction in water availability on the value of irrigated 
activities, as it allows water to be traded away from lower value activities to higher value 
activities. Similarly, the ability to engage in interregional trade can also reduce the overall effect 
of lower SDLs on GVIAP in the southern Basin, compared with no interregional trade. 

While interregional trade can offset the effects of SDLs on GVIAP in some regions, it can 
exacerbate effects in other regions, depending on whether regions are net buyers or sellers 
of water. Significant reductions in access to irrigation water are likely to create differences in 
the marginal returns to water use across regions, which in turn will create an incentive to trade 
water out of those regions where irrigators are heavily engaged in lower returning activities 
into regions where irrigators are focussing on higher returning activities. 

Simulation results are described below, with additional detail in appendix A.
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9 Effect of the 3000 GL, 3500 GL and 4000 GL Basin plan scenarios on basin 
average annual GVIAP and profit, with interregional water trade 

 baseline basin plan % change value change
3000 GL Basin plan scenario  
Water use GL/year 10 403 7 736 –25.6 –2 666
GVIAP $m/year 6 220 5 415 –12.9 –805
Profit $m/year 1 956 1 833 –6.3 –123
 

3500 GL Basin plan scenario  
Water use GL/year 10 403 7 311 –29.7 –3 091
GVIAP $m/year 6 220 5 280 –15.1 –940
Profit $m/year 1 956 1 804 –7.8 –152
  

4000 GL Basin plan scenario  
Water use GL/year 10 403 6 895 –33.7 –3 507
GVIAP $m/year 6 220 5 145 –17.3 –1 075
Profit $m/year 1 956 1 773 –9.4 –183

Note: All model results, both with and without interregional water trade, allow for intraregional water trade between activities within 
a region.

10 Effect of the 3000 GL, 3500 GL and 4000 GL Basin plan scenarios on basin 
average annual GVIAP and profit, without interregional water trade 

  baseline basin plan % change value change
  

3000 GL Basin plan scenario  
Water use GL/year 10 375 7 769 –25.1 –2 606
GVIAP $m/year 6 207 5 331 –14.1 –876
Profit $m/year 1 955 1 826 –6.6 –129
  

3500 GL Basin plan scenario  
Water use GL/year 10 375 7 360 –29.1 –3 015
GVIAP $m/year 6 207 5 184 –16.5 –1 023
Profit $m/year 1 955 1 795 –8.2 –159
  

4000 GL Basin plan scenario  
Water use GL/year 10 375 6 952 –33.0 –3 423
GVIAP $m/year 6 207 5 030 –19.0 –1 178
Profit $m/year 1 955 1 762 –9.9 –193

Note: All model results, both with and without interregional water trade, allow for intraregional water trade between activities within 
a region.

Basin plan scenarios, with interregional water trade
• Table 9 shows the Basin-wide WTM results for the 3000 GL, 3500 GL and 4000 GL Basin plan 

scenarios, with interregional water trade.
• At an aggregate level, it is estimated that the 3500 GL Basin plan scenario will reduce 

average annual GVIAP in the Basin by around 15.1 per cent. Average annual irrigation profits 
are estimated to fall by 7.8 per cent under this scenario.

Basin plan scenarios, without interregional water trade
• Table 10 shows the Basin-wide WTM results for the 3000 GL, 3500 GL and 4000 GL Basin 

plan scenarios, without interregional water trade.
• Without interregional trade, the effect of the 3500 GL Basin plan scenario on average annual 

GVIAP and irrigation profits are reductions of 16.5 per cent and 8.2 per cent, respectively.
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11 Effect of Basin plan scenario on GVIAP by region, without interregional 
trade  

  baseline basin plan % change value change
  $m/year $m/year % $m/year

Condamine 457 387 –15.3 –69.7
Border Rivers (Qld) 245 224 –8.6 –21.2
Border Rivers (NSW) 185 160 –13.1 –24.2
Warrego 7 6 –11.8 –0.8
Paroo 6 6 0.0 0.0
Namoi 332 273 –17.7 –58.9
Macquarie 275 226 –17.8 –48.9
Moonie 40 25 –37.1 –14.8
Gwydir 321 237 –26.1 –83.6
Barwon–Darling 172 134 –22.1 –37.9
Lachlan 165 149 –10.0 –16.5
Murrumbidgee 889 708 –20.3 –180.6
Ovens 57 55 –2.4 –1.4
Goulburn–Broken 691 604 –12.5 –86.5
Campaspe 134 109 –18.1 –24.2
Wimmera 13 13 0.0 0.0
Loddon 268 216 –19.2 –51.5
Murray (NSW) 414 346 –16.5 –68.4
Murray (Vic) 798 669 –16.1 –128.6
Lower Murray–Darling 71 55 –23.2 –16.5
Murray (SA) 507 418 –17.5 –88.5
Eastern Mt Lofty Ranges 163 163 –0.5 –0.8

Total 6 207 5 184 –16.5 –1 023.1

3500 GL Basin plan scenario regional results, without interregional trade
• At a regional level and without interregional trade, the largest reductions in average annual 

GVIAP are spread throughout the northern and southern Basin. The largest absolute 
reductions in value occur in the southern Basin, in the Murrumbidgee, Murray (Vic), Murray 
(SA) and Goulburn–Broken regions. However, the largest percentage changes occur in the 
northern Basin, in Moonie and Gwydir.

• As expected, in the absence of interregional trade, the regional pattern of reductions in 
GVIAP is similar to the regional pattern of reductions in access to irrigation water, with a few 
notable exceptions: 

– The reduction in GVIAP in the northern regions of Moonie, Gwydir, and Barwon–Darling 
is high relative to the reductions in water use. This is because of a relatively undiversified 
land use pattern, with cotton representing more than 80 per cent of total irrigated land 
use in these regions.

– The reductions in GVIAP in the Ovens region are low relative to the reductions in surface 
water use, as this region uses a high proportion of groundwater which, in this region, is 
not reduced by the SDLs.

• Annual irrigated broadacre activities incur the largest reductions in GVIAP (both in 
percentage change and absolute terms), whereas the decline in the value of horticultural 
activities (both annual and perennial) is relatively modest (table 12).
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12 Effect of Basin plan scenario on GVIAP by activity, without interregional 
trade  

  baseline basin plan % change value change
  $m/year $m/year % $m/year

Cereals 184 108 –41.2 76
Cotton 1 293 997 –22.9 296
Dairy 905 783 –13.5 122
Fruits and nuts 1 006 947 –5.9 59
Grapes 716 634 –11.4 82
Hay 169 78 –53.8 91
Meat cattle 610 541 –11.3 69
Other broadacre 41 24 –41.0 17
Rice 478 334 –30.2 145
Sheep 151 105 –30.8 47
Vegetables 656 634 –3.4 22

Total 6 207 5 184 –16.5 1 023

• Cotton is the least affected broadacre activity, with an estimated 22.9 per cent decline 
in GVIAP. Livestock activities are estimated to be variously affected, with sheep GVIAP 
being reduced by 30.8 per cent and meat cattle and dairy by around 14 and 11 per cent, 
respectively.

• The industry results reflect within-region water trade flows from lower value annual 
activities to higher value horticultural activities.

• In considering the results in table 12, it is important to note that maintaining horticultural 
crops at the expense of broadacre crops is based on an assumption that the SDLs do not 
affect the variability of water supply (only the long-run average level of availability). Any 
effects on variability will influence the viability of perennial horticulture, given the need for 
a highly reliable water supply (see appendix D for more detail).

• Changes in regional and industry average annual profit estimates are shown in tables 13 and 14. 
The percentage changes in profit are estimated to be lower than changes in GVIAP, consistent 
with a greater percentage decline in costs relative to revenues.

• In the no interregional trade case, estimated changes in regional and industry average 
annual profit estimates follow a similar pattern to reductions in GVIAP. 
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13 Effect of Basin plan scenario 
on profit by region, without 
interregional trade 

region % change
  

Condamine –6.4
Border Rivers (Qld) –2.7
Border Rivers (NSW) –4.4
Warrego –7.4
Paroo 0.0
Namoi –5.5
Macquarie –6.5
Moonie –17.1
Gwydir –10.1
Barwon–Darling –8.6
Lachlan –3.8
Murrumbidgee –14.9
Ovens –0.6
Goulburn–Broken –6.5
Campaspe –10.6
Wimmera 0.0
Loddon –12.3
Murray (NSW) –8.1
Murray (Vic) –6.9
Lower Murray–Darling –9.4
Murray (SA) –6.6
Eastern Mt Lofty Ranges –0.3
Total –8.2

14 Effect of Basin plan scenario 
on profit by activity, without 
interregional trade 

industry % change
  

Cereals –29.7
Cotton –7.7
Dairy –4.4
Fruits and nuts –1.0
Grapes –3.7
Hay –45.2
Meat cattle –6.0
Other broadacre –34.1
Rice –18.9
Sheep –22.2
Vegetables –0.4
 

Total –8.2

3500 GL Basin plan scenario regional results, with interregional trade
• Compared with the no interregional trade scenario, the introduction of interregional trade 

reduces the overall effect of reduced access to irrigation water on the average annual GVIAP 
in the Basin by an estimated $83 million a year (table 15).

• While interregional trade reduces the overall effect on average annual GVIAP, it exacerbates 
the effect in some regions (such as the Murrumbidgee) and reduces the effect in other 
regions (such as Murray South Australia).

• In the Murrumbidgee, GVIAP declines by an estimated 25.3 per cent with trade, compared 
with a decline of 20.3 per cent under no interregional trade.

• In the Murray South Australia region, GVIAP is estimated to decline by 5.8 per cent with 
trade, compared with a decline of 17.5 per cent under no interregional trade.

• The results suggest that the percentage reduction in the average annual value of annual 
broadacre irrigated activities will be greater than for horticulture (table 16).

–  Consistent with water being traded away from lower value activities to higher value 
activities, the largest reductions in average annual GVIAP are estimated for rice, 
hay, irrigated cereals and other broadacre. The lowest reductions are estimated for 
vegetables, fruits and nuts, and grapes.
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16 Effect of Basin plan scenario on GVIAP by activity, with interregional trade 
 

  baseline basin plan % change value change
  $m/year $m/year % $m/year
  

Cereals 185 101 –45.2 –84
Cotton 1 293 997 –22.9 –297
Dairy 909 816 –10.2 –93
Fruits and nuts 1 006 975 –3.1 –31
Grapes 715 679 –5.1 –36
Hay 171 87 –49.3 –84
Meat cattle 612 553 –9.7 –59
Other broadacre 41 23 –44.2 –18
Rice 476 301 –36.9 –175
Sheep 155 106 –31.5 –49
Vegetables 657 643 –2.1 –14
  

Total 6 220 5 280 –15.1 –940

15 Effect of Basin plan scenario on GVIAP by region, with interregional trade 
in water  

  baseline basin plan % change value change
  $m/year $m/year % $m/year
  

Condamine 457 387 –15.3 –70
Border Rivers (Qld) 245 224 –8.6 –21
Border Rivers (NSW) 185 160 –13.1 –24
Warrego 7 6 –11.8 –1
Paroo 6 6 0.0 0 
Namoi 332 273 –17.7 –59
Macquarie 275 226 –17.8 –49
Moonie 40 25 –37.1 –15
Gwydir 321 237 –26.1 –84
Barwon–Darling 172 134 –22.1 –38
Lachlan 165 149 –10.0 –16
Murrumbidgee 890 665 –25.3 –225
Ovens 56 54 –3.5 –2
Goulburn–Broken 704 621 –11.8 –83
Campaspe 134 118 –11.6 –15
Wimmera 13 13 0.0 0
Loddon 284 226 –20.3 –58
Murray (NSW) 409 330 –19.3 –79
Murray (Vic) 779 713 –8.5 –66
Lower Murray–Darling 71 66 –6.6 –5
Murray (SA) 514 484 –5.8 –30
Eastern Mt Lofty Ranges 163 163 –0.5 –1
  

Total 6 220 5 280 –15.1 –940
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17 Effect of Basin plan scenario 
on profit by region, with 
interregional trade 

region % change

Condamine –6.4
Border Rivers (Qld) –2.7
Border Rivers (NSW) –4.4
Warrego –7.4
Paroo 0.0
Namoi –5.5
Macquarie –6.5
Moonie –17.1
Gwydir –10.1
Barwon–Darling –8.6
Lachlan –3.8
Murrumbidgee –14.6
Ovens 0.3
Goulburn–Broken –6.9
Campaspe –9.7
Wimmera 0.0
Loddon –13.4
Murray (NSW) –6.6
Murray (Vic) –5.9
Lower Murray–Darling –6.8
Murray (SA) –5.3
Eastern Mt Lofty Ranges –0.3

Total –7.8

18 Effect of Basin plan scenario 
on profit by activity, with 
interregional trade 

industry % change

Cereals –29.4
Cotton –7.7
Dairy –4.2
Fruits and nuts –0.8
Grapes –2.8
Hay –43.7
Meat cattle –5.7
Other broadacre –34.2
Rice –17.6
Sheep –22.0
Vegetables –0.3

Total –7.8

–  Interregional trade tends to reduce the effect of lower water availability on the value of 
most irrigated activities, with the exception of rice, irrigated cereals, other broadacre and 
sheep. The cushioning effect of interregional trade on the value of irrigated activities is 
essentially achieved by water trading away from rice, irrigated cereals, other broadacre 
and sheep to other activities (tables A12 and A16 in appendix A).

• Tables 17 and 18 show estimated changes in profit with interregional water trade.
• These profit estimates include revenues/costs from water trade, which act to increase profits 

in regions trading out water and decrease profits in regions trading in water.  

Interregional trade flows (3500 GL Basin plan scenario)
• The direction of net interregional regional water trade flows are shown in table 19. The key 

results are:

– Water trades out of the Murrumbidgee, the Murray NSW and the Ovens regions.
– Water trades into the Goulburn–Broken, Campaspe, Loddon, Murray Victoria, Lower 

Murray–Darling and Murray South Australia regions.
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19 Effect of Basin plan scenario on net interregional water trade   

  baseline % net trade  net volume
 surface water use a relative to baseline b traded in (imported) c
  GL/year % GL/year

Murrumbidgee 2 495  –8.6% –214
Ovens 13  –29.5% –4
Goulburn–Broken 564  5.9% 33
Campaspe 148  12.0% 18
Loddon 437  6.4% 28
Murray (NSW) above Barmah 1 102  –3.0% –33
Murray (NSW) below Barmah 131  –31.8% –41
Murray (Vic) above Barmah 316  10.3% 33
Murray (Vic) below Barmah 663  9.0% 60
Lower Murray–Darling 63  19.5% 12
Murray (SA) 287  20.4% 59

a Restricted trade baseline surface water use volumes. b Net trade percentages calculated relative to restricted trade baseline surface 
water use volumes. c Net trade volumes equal, Basin plan surface water use with trade less Basin plan surface water use without 
trade.

International trade flows, which are calculated based on changes in water use levels, do not 
sum to zero across all regions, because of transmission efficiency factors being applied to 
interregional water trade. For example, for water trades from the Murrumbidgee to South 
Australia, the reduction in water use in the Murrumbidgee region will be greater than the 
increase in water use in South Australia because of assumed delivery losses.

There are a number of constraints in the model, which influence the amount of interregional 
trade in water. Constraints embedded in the model include bans on trade from above the 
Barmah choke to below the choke, owing to capacity limitations. In addition, there are trading 
restrictions aimed at satisfying in-stream flow and in-valley environmental asset watering 
requirements associated with the SDLs. These restrictions limit (upstream) trade into tributary 
regions connected to the Murray (such as the Goulburn Murray region).

The Barmah choke constraint limits the Murray NSW (above Barmah) region to selling water 
to the Murray Victoria (above Barmah) region. Beyond the choke, by far the largest exporter 
of water is the Murrumbidgee region, with the largest importer (in absolute terms) being the 
Murray South Australia region.

As with all model estimates, the estimated water trade flows should be treated with a degree 
of caution. There remain real world institutional constraints on trade, such as the 4 per cent cap 
on trade in entitlements outside an irrigation region, which are not included in the model. The 
trade results may therefore be interpreted as allowing the maximum volume of interregional 
trade possible in the long run, subject to the hydrological and environmental constraints 
noted in the preceding paragraph. The restricted trade results represent a more pessimistic 
scenario, where for whatever reason (such as institutional constraints and high transaction 
costs) it is assumed that no water can be traded outside a region. 
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20 WTM baseline non-irrigated land 
GVP per ha  

 non–irrigated average GVIAP
 GVP per ha per ha
 $/ha $/ha

Condamine 106 4 028
Border Rivers (Qld) 145 6 348
Border Rivers (NSW) 145 4 049
Warrego 15 3 747
Paroo 80 6 602
Namoi 200 2 752
Macquarie 127 3 310
Moonie 109 3 627
Gwydir 165 3 285
Barwon–Darling 25 2 487
Lachlan 147 2 934
Murrumbidgee 189 2 149
Ovens 488 7 025
Goulburn–Broken 461 4 496
Campaspe 546 4 142
Wimmera 291 4 813
Loddon 366 2 236
Murray (NSW) 79 1 702
Murray (Vic) 79 4 261
Lower Murray–Darling 79 7 024
Murray (SA) 79 9 176
Eastern Mt Lofty Ranges 411 8 241

Total 184 3 295

Basin plan scenarios: effects on non-irrigated agriculture
The WTM also provides estimates of the effect of changes in irrigation water availability on 
dryland or non-irrigated agricultural production. Changes in irrigated agricultural production 
(because of reductions in water availability) are associated with reductions in irrigated land use 
as shown in table A14 (appendix A). For example, the Basin plan scenario (3500 GL) is estimated 
to lead to an 18 per cent reduction in irrigated land use (with interregional water trade). The 
WTM assumes all land that is withdrawn from irrigated agricultural production reverts to 
non-irrigated agriculture.

In practice, many irrigation farms typically operate a mix of irrigated and non-irrigated 
agricultural activities. Broadacre farms, in particular, often have the capacity to vary the 
proportion of land that is irrigated significantly between seasons, depending on prevailing 
water availability. A more significant substitution of land from irrigated agriculture to 
non-irrigated in the long run may involve further farm adjustment, including changes in 
activity mix, potentially the decommissioning of on and off-farm irrigation infrastructure, and 
the disconnection of individual farms from irrigation networks.

Any reductions in regional GVIAP may 
be offset by increases in non-irrigated 
agricultural production. However, the gross 
value of non-irrigated agriculture per unit 
of land is substantially lower than that of 
irrigated agriculture, particularly within the 
MDB, given the relatively modest rainfall in 
many of the Basin regions. 

Table 21 shows the WTM baseline 
non-irrigated GVP per hectare by Basin 
region, in comparison with the average 
GVIAP per hectare. These non-irrigated 
baseline estimates are derived from 
ABS 2005–06 agricultural census data. 
Non-irrigated GVP per hectare represents 
the average across all commodities 
for each region. This assumes that 
land moving from irrigated to dryland 
production maintains the region’s existing 
non-irrigated agricultural commodity mix.

Table 21 shows the estimated Basin-wide 
effect of the Basin plan scenario (3500 
GL) on non-irrigated agricultural GVP, in 
comparison with the effect on GVIAP. 
The estimates suggest that the increase 
in non-irrigated agricultural production 
will be small relative to the size of the 
reduction in GVIAP.
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Table 22 shows the estimated effects on non-irrigated agriculture at a regional level. The 
Murrumbidgee region experiences the greatest increase in non-irrigated agriculture, given the 
significant reduction (35 per cent with interregional water trade) in irrigated land use in the 
region. 

21 Effect of Basin plan (3500 GL) on GVP of non-irrigated agriculture, with and without 
interregional water trade 

 non–irrigated GVP GVIAP  GVIAP and non–irrigated GVP
   

 value change % change value change % change value change % change 
   % of   % of  % of
 $m/year baseline GVIAP $m/year  baseline GVIAP  $m/year baseline GVIAP 
With interregional water trade   
3000 GL Basin plan scenario 55 0.9% –805 –12.9% –750 –12.1%
3500 GL Basin plan scenario 68 1.1% –940 –15.1% –872 –14.0%
4000 GL Basin plan scenario 81 1.3% –1 075 –17.3% –994 –16.0%
   

Without interregional water trade   
3000 GL Basin plan scenario 57 0.9% –876 –14.1% –819 –13.2%
3500 GL Basin plan scenario 69 1.1% –1 023 –16.5% –954 –15.4%
4000 GL Basin plan scenario 82 1.3% –1 178 –19.0% –1 096 –17.7%

22 Effect of Basin plan (3500 GL) scenario on non-irrigated GVP by region 
 

 with interregional water trade without interregional water trade 
 

 value change % change value change % change
   % of  % of
 $m/year baseline GVIAP $m/year baseline GVIAP

Condamine 2.9 0.6 2.9 0.6
Border Rivers (Qld) 0.7 0.3 0.7 0.3
Border Rivers (NSW) 1.0 0.6 1.0 0.6
Warrego 0.0 0.1 0.0 0.1
Paroo 0.0 0.0 0.0 0.0
Namoi 3.3 1.0 3.3 1.0
Macquarie 2.0 0.7 2.0 0.7
Moonie 0.4 1.0 0.4 1.0
Gwydir 4.1 1.3 4.1 1.3
Barwon–Darling 0.3 0.2 0.3 0.2
Lachlan 1.3 0.8 1.3 0.8
Murrumbidgee 27.5 3.1 21.6 2.4
Ovens 0.0 0.0 –0.2 –0.4
Goulburn–Broken 10.9 1.5 12.9 1.9
Campaspe 2.1 1.6 4.0 3.0
Wimmera 0.0 0.0 0.0 0.0
Loddon 10.6 3.7 12.0 4.5
Murray (NSW) –0.4 –0.1 –0.6 –0.2
Murray (Vic) 0.7 0.1 1.7 0.2
Lower Murray–Darling 0.1 0.2 0.3 0.4
Murray (SA) 0.4 0.1 1.0 0.2
Eastern Mt Lofty Ranges 0.3 0.2 0.3 0.2

Total 68.3 1.1 69.0 1.1
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Sensitivity analysis
Sensitivity results at the Basin level indicate an 
almost linear relationship between average 
reduction in water availability and the economic 
effect on GVIAP (figure 3). As more water is 
removed from the Basin, the cost of removing 
additional water increases because lower value 
activities are affected by reductions in access to 
water first, followed by higher value activities. For 
additional results, refer to appendix A.

Variability scenarios: effects 
on irrigated agriculture
The assumptions underlying the variability 
scenarios are outlined in appendix A. The baseline 
scenarios were estimated using modelled annual 
time series diversions figures provided by the 
MDBA. The dry baseline scenario is representative 
of average regional water availability during the 
driest 28 years from a 114-year sample (implying 
a probability/frequency of around 25 per cent). 
Similarly, the wet baseline scenario is based on the 
wettest 28 years (see figure 4). The dry baseline 
involves a total baseline water use of 8281 GL, 
compared with 10 375 GL in the normal baseline 
scenario. 

While a wet scenario was constructed, the 
WTM was unable to generate reliable results for 
this scenario and, hence, these results are not 
reported. Ideally, estimating a wet scenario using 
the WTM would involve calibrating the model to a 
wet baseline, with land use, water use and GVIAP 
data for a representative wet year. More detailed 
consideration of variability remains a potential 
subject for future research.

Substantial uncertainty surrounds the potential effect of the Basin plan on the variability of 
water supply. Time series outputs from MDBA hydrological models provide one possible 
representation of the potential effects on variability for a historical climate scenario. However, 
actual effects on variability will depend on a range of factors, including how the SDLs are 
implemented at a jurisdictional level. For the purposes of this analysis, the dry, normal and 
wet Basin plan scenarios are assumed to involve percentage reductions in water availability 
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23 Estimated effects of Basin plan variability scenarios on Basin GVIAP and 
profit   

 baseline % change value change
   

  dry normal dry normal dry normal
No interregional trade   
Water use GL/year 8 281  10 375  –28.3 –29.1 –2 347 –3 015
GVIAP $m/year 5 507  6 207  –16.1 –16.6 –884 –1 030
Profit $m/year 1 855  1 955  –10.4 –8.2 –192 –160
   

Interregional trade   
Water use GL/year 8 313  10 403  –29.4 –29.7 –2 446 –3 092
GVIAP $m/year 5 557  6 219  –14.5 –15.2 –803 –943
Profit $m/year 1 862  1 956  –10.0 –7.8 –185 –153

equal to those specified for the long-run average 3500 GL Basin plan scenario. A more detailed 
discussion of potential variability effects is contained in appendix D.

Table 23 shows dry and normal baseline figures, with estimated percentage and value changes 
for the dry Basin plan and normal Basin plan scenarios (relative to the dry and normal baselines, 
respectively). The results for the normal scenario differ slightly from the long-run average 
scenario, as a short-run version of the WTM was used to generate these results—with the 
assumption that land use in perennial activities remains fixed. The Basin plan normal scenario 
results in a reduction in GVIAP across the Basin of 15.2 per cent, compared with 15.1 per cent in 
the Basin plan long-run average scenario.

The assumed dry and normal Basin plan scenarios both involve a reduction in Basin surface 
water use of 31.9 per cent, compared with their respective baselines. Given that groundwater 
cuts remain constant under each scenario, the dry scenario involves a slightly smaller 
percentage reduction in total water use (groundwater and surface water). 

The Basin plan dry scenario results in a reduction in GVIAP of 16.1 per cent without 
interregional water trade and 14.5 per cent with interregional water trade. In the dry scenario, 
given reductions in water use result in larger reductions in GVIAP and profit relative to the 
normal scenario. That is, the marginal value of water increases as water becomes more scarce. 
This effect is observed in the percentage changes in profit, which are higher under the dry 
scenario (10 per cent) relative to the normal scenario (8 per cent) (all with interregional water 
trade). 

The percentage changes in GVIAP between the dry and normal scenarios appear to contradict 
this result. This contradiction is explained by both the smaller percentage change in water 
use under the dry scenario and the substantial differences in the baseline levels of water 
use and GVIAP between the normal and dry scenarios, which make the percentage change 
results more difficult to interpret. The value change results are then easier to interpret—the 
dry scenario involves a much smaller absolute reduction in water use (2446 GL), but a higher 
reduction in GVIAP per unit of water use reduction of $328 per megalitre, compared with $305 
per megalitre in the normal scenario (all with interregional water trade).
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24 Regional aggregations used in the 
AusRegion model

CSIRO sustainable yield region a AusRegion

Border Rivers (Qld) Queensland MDB
Condamine–Balonne Queensland MDB
Moonie Queensland MDB
Warrego Queensland MDB
Paroo Queensland MDB
Border Rivers (NSW) Northern NSW
Macquarie–Castlereagh Northern NSW
Gwydir Northern NSW
Lachlan Northern NSW
Namoi Northern NSW
Lower Murray–Darling Western NSW
Barwon–Darling Western NSW
Murray (NSW) Riverina
Murrumbidgee Riverina
Goulburn–Broken North East Victoria
Ovens North East Victoria
Murray (Vic) above Barmah North East Victoria
Murray (Vic) below Barmah North West Victoria
Campaspe North West Victoria
Loddon North West Victoria
Wimmera North West Victoria
Murray (SA) South Australian MDB
Eastern Mt Lofty Ranges South Australian MDB

a The CSIRO classified the Border Rivers and Murray regions as single 
regions. For the purposes of this analysis, these regions have been 
disaggregated to account for state borders. 

At a regional level, the Loddon region is the most significantly affected (in percentage 
change terms) in the dry scenario, with an estimated 32.9 per cent reduction in GVIAP with 
interregional water trade (relative to the dry baseline). At a crop level, hay experiences the 
largest percentage reduction in land use, with an approximately 53.4 per cent reduction in 
land use under the dry scenario (relative to the dry baseline). More detailed results from these 
variability scenarios at a regional and crop level are contained in appendix A.

Economy-wide effects
The economy-wide impact estimates presented below were derived using AusRegion, a CGE 
model of the Australian economy. These estimates were in turn based on changes in GVIAP and 
the changes in non-irrigated GVP as estimated by the WTM. The AusRegion results shown in this 
section are based on the changes in agricultural production estimated under the 3500 GL Basin 
plan scenario assuming water can be traded in the southern Basin. AusRegion results for the 
3000 GL and 3500 GL scenarios are contained in appendix G.

This analysis excludes the effects of 
other government policies, such as 
water entitlement purchases and 
infrastructure investment programs 
on regional economies. Map 2 shows 
the boundaries of the AusRegion MDB 
regions, in comparison with the WTM 
regional boundaries. Table 24 shows a 
comparison between the AusRegion 
regional boundaries and the WTM 
regions. 

Estimated effect on gross 
regional product (GRP)
While the introduction of new SDLs 
in the MDB have the potential to 
significantly affect some towns in the 
Basin, the overall effects at a broad 
regional level are likely to be small 
relative to the total size of these regional 
economies. For the MDB as a whole, 
the proposed SDLs are estimated to 
lead to a 1.3 per cent reduction in 
gross regional product (GRP), while at 
a national level they are estimated to 
lead to a 0.13 per cent reduction in gross 
domestic product (GDP), compared 
with the baseline scenario. Regional 
estimates are presented table 18.
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25 Change in real GRP/GDP and 
employment 

region GRP employment
 % change % change

Northern NSW –1.1 –0.17
Riverina NSW –2.6 –0.16
Western NSW –2.0 –0.30
North East VIC –1.5 –0.06
North West VIC –1.1 –0.04
Queensland MDB –0.8 –0.09
South Australia MDB –1.5 –0.03
 

MDB –1.3 –0.10
 

Australia –0.13 –0.03

These estimates suggest that the Queensland MDB region will be least affected by the 
proposed SDLs (–0.8 per cent change in GRP), whereas NSW Riverina is likely to be the most 
affected region (–2.6 per cent change in GRP). 

The extent to which GRP will be affected by the Basin plan will depend on the effect SDLs 
have on regional agricultural production (as estimated by the WTM) and/or the share that 
agricultural and regional processing activities comprise of total regional output. For example, 

although South Australia faces relatively 
smaller percentage reductions in GVIAP, its GRP 
declines by 1.5 per cent. This is because irrigated 
agriculture in the South Australian MDB region 
is a relatively high proportion of the regional 
economy, compared with the other regions.

Table 26 displays results at a broad sectoral level. 
Changes in output for non-agricultural sectors 
are relatively small; in general non-agricultural 
sectors in the Basin experience a modest 
increase in output, with the expectation of 
manufacturing in the Victoria, Queensland 
and South Australian MDB regions, which 
is predominately the result of a decline in 
downstream (food) processing sector output, 

AusRegion MDB regions in context with WTM regionsmap 2

water trade model regions
irrigated land use (NLUM 2005–06)
eastern Victoria
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26 Change in sector output    

region agriculture fish/forestry mining manufacturing services
 % change % change % change % change % change
   

Northern NSW –3.9 0.3 0.3 0.2 0.05
Riverina NSW –6.1 0.4 0.3 0.2 0.07
Western NSW –5.1 0.5 0.6 0.4 0.17
North East VIC –6.0 0.2 0.2 –0.7 – 
North West VIC –3.4 0.2 0.1 –0.3 – 
Queensland MDB –3.3 0.2 0.1 –0.1 – 
South Australia MDB –2.6 0.1 0.1 –0.3 – 
   

MDB –4.3 0.2 0.3 –0.2 – 

Note:  – denotes negligible impact, less than 0.05 per cent.

particularly in North East Victoria. Potential effects of the Basin plan on downstream processing 
sectors are considered in further detail later in the report.

It should be noted that GDP and GRP estimates are only partial estimates of changes in 
welfare, and do not include any social costs or benefits associated with the new SDLs or any 
environmental benefits from increased environmental flows.

Estimated effect on employment
Relatively smaller percentage reductions in employment are estimated by AusRegion, with 
just a 0.10 per cent reduction in employment across the MDB relative to the baseline, as a 
result of the Basin plan. The largest percentage employment effect is estimated to occur in the 
Western NSW region. As a long-run model, AusRegion allows for movement of labour between 
industries and regions. In all regions, the AusRegion-estimated effect on regional employment 
is more moderate than on regional economic production. While production and employment 
in the agricultural industries declines, other industries in the region absorb much of the labour 
released from the agricultural industries. 

Changes in employment at a regional level do not necessarily correspond with changes in 
GRP, given differing labour intensities across industries and regions and the potential for 
labour migration between regions. In practice, movement of labour from agriculture to other 
industries within a region may coincide with migration from more remote smaller towns into 
larger regional centres. A relatively large employment effect is observed in the Western NSW 
region. In this region, agriculture is a high proportion of total output and the model predicts 
displaced agricultural labour to migrate to other regions to find employment. 

While the long-run effect on employment of the Basin plan is expected to be small relative 
to total MDB employment, the estimated employment changes remain uncertain, given their 
relatively small size and the limited accuracy of the model. The results estimated by AusRegion 
depend on a range of assumptions, including those about the extent to which displaced 
agricultural labour in a given region will find employment in other industries within the region 
or migrate to other regions inside or outside of the MDB.
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27 Projected changes in GVIAP from 
the long-term historical average 
for the most affected irrigation 
districts in the Basin 

region change in GVIAP change in GVIAP
 $m/year %
   

Murrumbidgee –225 –25.3
Gwydir –84 –26.1
Goulburn–Broken –83 –11.8
Murray (NSW) –79 –19.3
Condamine –70 –15.3
Murray (Vic) –66 –8.5

The AusRegion employment estimates represent long-run predictions, in which displaced 
individuals and firms have time to adjust to the change in agricultural output. It may be that, 
in the short-run, employment effects may be more pronounced. However, it should be noted 
that the MDB irrigated agriculture and associated processing industries are accustomed to 
significant year-to-year fluctuations in water availability and output, particularly for broadacre 
cropping activities such as cotton and rice.  

Recent years have seen favourable labour market conditions across Australia and 
unemployment rates within the MDB have been comparable to the national average (5.0 per 
cent in 2006, compared with 5.1 per cent nationally). Under these conditions, labour displaced 
by changes in agricultural output would have less difficulty gaining employment in other 
sectors/regions, relative to a situation in which unemployment was higher. Finally, actual 
employment effects will depend on a number of uncertainties that are not incorporated into 
the modelling, such as changes in commodity prices, effects of other government polices and 
prevailing seasonal conditions.

Town-level effects 
The sub-regional analysis included in this report was undertaken in three stages. The first stage 
involved using GVIAP estimates based on the Basin plan scenario derived from the WTM to 
identify regions that may be at risk of significant reductions in irrigated activity because of the 
introduction of new SDLs. As was the case for the AusRegion analysis, the GVIAP estimates 
assumed that water could be traded between regions in the southern Basin.

Table 27 identifies six sustainable yield 
regions where the Basin plan scenario 
(3500 GL) is estimated to lead to a 
reduction in the value of irrigated activity 
of more than $60 million a year. The 
WTM results suggest that GVIAP in the 
Murrumbidgee, Gwydir, Goulburn–Broken 
and Murray NSW regions will be most 
affected by a reduction in water availability. 

A reduction in irrigated activity is likely to 
be reflected in a shift away from irrigated 
agriculture to dryland agriculture. Since 
irrigated agriculture is more input-intensive 

than dryland agriculture, a shift toward dryland agriculture is likely to be reflected in lower 
farm input expenditure within a region.

There are two main uncertainties that should be noted. First, actual trade flows may differ from 
those estimated, particularly given the possibility of institutional constraints on interregional 
water trade that are not included in the model. Second, both the WTM and AusRegion 
modelling exclude the effects of other government policies, particularly water entitlement 
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buyback and infrastructure investment under the WftF initiative, which are likely to affect 
regional and local economic effects.

The second stage of the sub-regional analysis involved using ABARE–BRS irrigation farm survey 
data on the amount and location of irrigation farm expenditure to try to identify towns that 
are highly reliant on this expenditure. For more details on the ABARE–BRS irrigation survey, see 
Ashton et al. (2009). This analysis made use of survey data for the year 2007–08. The irrigation 
survey covers most of the major irrigation regions within the Basin, but excludes the Gwydir, 
Moonie, Warrego, Paroo, Barwon–Darling, Wimmera, Campaspe and Ovens regions (see map 3). 

This process involved estimating irrigators’ expenditure in towns of differing sizes, then 
dividing this by the town’s population in order to identify the reliance of these towns on 
irrigators’ expenditure. This analysis identified 88 towns in the Basin classified as highly reliant 
on expenditure from irrigation farms, and thus likely to be sensitive to potential reductions 
in water availability. Towns classified as highly reliant in this assessment included towns with 
irrigation expenditure per resident of around $2000 or more. A list of towns classified as highly 
reliant on irrigators’ expenditure is contained in appendix C.

When considering these results, there are a number of factors that should be noted. One 
limitation is that the estimates are derived from a single year of data (2007–08), and that in this 
year many regions were significantly affected by drought. Given that drought conditions may 
have more significant effects on certain industries (in particular, annual cropping activities such 
as cotton and rice), the towns identified and their relative rankings may be different in a more 
representative (or average) year. 

Map 4 shows the location of all towns identified. These towns tend to be concentrated in the 
southern Basin, especially above the confluence of the Murray and the Darling Rivers. When 
estimates of reliance are combined with GVIAP estimates associated with new SDLs, many 
highly reliant towns appear to be located in regions where GVIAP is estimated to decline 
significantly. For instance, 16 highly reliant towns are located in the Murrumbidgee region, four 
are located in the Murray NSW region and eight in the Goulburn–Broken. 

A comparison of irrigators’ expenditure in each town with total expenditure in that town 
should provide some indication of the possible effect of reduced irrigation expenditure in 
each town. Unfortunately, total expenditure data are not available at the level required. In 
the absence of these data, data on disposable income for the statistical local areas (SLAs) 
that corresponded to the towns included in this study were used. The analysis revealed that 
irrigators’ expenditure represented more than 15 per cent of disposable income in 37 per cent 
of the SLAs that contained towns nominated as places of expenditure.

To understand which towns may be most affected by changes in water availability under 
the new SDLs, WTM estimates of changes in GVIAP by irrigated activity (for regions where 
irrigated activity is estimated to decline significantly) were compared with agricultural land use 
data. WTM estimates suggest that irrigated annual cropping and activities involving irrigated 
pastures are likely to decline more significantly than horticulture production, as a result of 
reduced diversions. This result is conditional on the WTM assumptions, which exclude the 
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possibility of threshold yield effects in perennial agriculture and do not fully incorporate the 
effects of any changes in supply variability. 

Map 5 contains a representation of land use in the Murray and Murrumbidgee regions. This 
map shows that towns in the upper Murray area, including, for example, Deniliquin (NSW 
Murray), Coleambally (Murrumbidgee), Kerang (Murray Vic) and Numurkah (Murray Vic), may be 
particularly affected because they are not only located in regions where GVIAP is estimated to 
decline significantly, but are also surrounded by irrigated cropping and pastures. 

The analysis also suggests that towns surrounded by a more diversified crop mix, such as 
Griffith, are likely to be less affected than those that are surrounded by irrigated annual 
activities. Towns further down the Murray, around Mildura and Robinvale, are likely to be the 
least affected, as they are surrounded by horticulture, which is estimated to be least affected 
by reduced diversion limits. 

Irrigation survey reporting regionsmap 3

Note: The hatched areas are regions not covered in the survey.
Source: Ashton et al. 2009.
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Land use in the Condamine–Balonne, Gwydir and Namoi regionsmap 6

other land uses
4.2 irrigated modified pastures
4.3 irrigated cropping
4.4. irrigated perennial
       horticulture

4.5 irrigated seasonal horticulture
5.1 intensive horticulture
5.2 intensive animal production
CSIRO sustainable yield regions

< 1000 persons

1000 – 5000

5000 – 10000

> 10000

Towns with high reliance on irrigated agriculture

Agricultural land use (CLUM secondary level) 
in the Condamine–Balonne, Gwydir and Namoi regions

Note: In the CLUM land use dataset for Queensland, the ‘intensive animal production’ category includes some livestock pasture areas 
(in all other states all pasture areas are classified separately). 
Source: ABARE–BRS, Catchment Scale Land Use Mapping for Australia, update March 2010 dataset.

Map 6 contains a representation of land use in the Gwydir, Condamine and Namoi regions, the 
regions in the northern Basin where GVIAP falls most. A number of towns in these regions are 
located in close proximity to irrigated cropping (principally cotton) areas. Compared with the 
southern Basin, there tends to be less diversity in irrigated activities in these regions so effects 



Environmentally sustainable diversion limits in the Murray–Darling Basin     ABARE–BRS      report to client

47

are expected to be spread more evenly across irrigation areas and associated towns. While the 
irrigation survey did not cover the Gwydir region, towns located near irrigated cropping areas 
in the Gwydir (Moree and Collarenebri) have been include in map 6.

The above discussion is intended to provide an insight to some of the factors likely to influence 
effects at a local level. It is not intended to provide a list or ranking of towns likely to be most 
affected. Towns in regions not included in the above discussion may experience significant 
effects.

While the above analysis provides an indication of the types of towns in the MDB which may 
be effected by the SDLs, in practice the future of individual Basin communities will depend on 
a range of variables—many external to the basin plan—such as changes in commodity prices, 
the effects of other government policies, demographic changes and prevailing local climate 
conditions.

Other approaches to town/community-level analysis
There are a variety of other approaches that can be used to analyse the potential town/
community-level effects of charges in water availability. For example, work undertaken by 
ABARE–BRS (2010) developed a measure of community vulnerability to changes in water 
availability based on the Intergovernmental Panel on Climate Change (IPCC) vulnerability 
framework. This framework defines vulnerability as a function of a system’s exposure, 
sensitivity and adaptive capacity.

ABARE–BRS (2010) derived composite indices to examine differences across regions and 
communities, and these were mapped at the Basin scale. The work applies the concept 
of sensitivity, which in the context of their report is a measure of the reliance of Basin 
communities on irrigation water and their dependence on associated agricultural and 
processing employment. A composite index of community vulnerability is then developed by 
overlaying this sensitivity measure with a measure of the adaptive capacity of communities to 
manage or cope with change.

The results show that community vulnerability to changes in water availability varies widely 
across the Basin, depending on the different adaptive capacities and sensitivities of particular 
communities. There are two large regions in the Basin with high to very high community 
vulnerability: in the Border Rivers, Gwydir, Namoi and Macquarie–Castlereagh regions in the 
north-east of the Basin and in the Lachlan, Murrumbidgee and Murray Basin plan regions in 
the southern Basin.

Communities in these areas have a combination of higher sensitivity to changes in water 
availability (that is, very high dependence on water for agriculture and high agri-industry 
employment) and limited adaptive capacity (that is, low levels of human capital, social capital 
and economic diversity) in comparison to other areas in the Basin. This means communities in 
these areas are more likely to be affected by changes in water availability.
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28 Employment in food manufacturing industries, by region, 2006 

   fruit   total
 meat and meat dairy and vegetable grain mill other food food 
 products products products and cereals products products

Paroo 0 0 0 0 0 0
Warrego 163 0 0 0 16 179
Condamine 2 564 116 60 83 781 3 604
Moonie 6 0 0 0 3 9
Border Rivers 470 15 15 3 157 660
Gwydir 101 0 12 0 71 184
Namoi 862 19 3 156 328 1 368
Macquarie 720 22 415 127 947 2 231
Barwon–Darling 15 0 0 0 22 37
Lachlan 417 0 148 167 352 1 084
Murrumbidgee 1 871 242 295 451 1 118 3 977
Murray 759 1 275 822 420 1 796 5 072
Ovens 139 30 23 274 256 722
Goulburn–Broken 416 617 1 403 29 850 3 315
Campaspe 296 239 129 19 304 987
Loddon–Avoca 1 435 201 84 107 800 2 627
Wimmera 244 7 16 53 135 455
Eastern Mt Lofty Ranges 793 165 67 30 329 1 384

Total MDB 11 271 2 948 3 492 1 919 8 265 27 895

Source: ABS 2006, Census of Population and Housing.

Downstream processing effects
The new SDLs will lead to a decline in irrigated output, which could have implications for 
industries, such as food manufacturing, engaged in the processing of agricultural outputs. In 
2006 approximately 27 900 people were employed in the food manufacturing industry within 
the MDB (table 28). The WTM results suggest that annual activities such as irrigated rice, cotton 
and dairy will experience more significant declines in GVIAP than horticultural activities such 
as fruit and nuts and vegetables. This section further explores the potential effects of the Basin 
plan on the cotton, rice and dairy processing industries.

Effects of changes in water availability on processing facilities such as cotton gins and rice 
mills are complex and may be subject to various threshold effects. For small changes in 
water availability, processing facilities may be able to lower production by reducing variable 
inputs (for example, lowering labour demand). In response to larger changes, facilities may 
temporarily shut down production (especially in the case of drought), while in the long run, 
more significant effects may lead to permanent closures. Temporary closures may occur where 
the seasonal revenues are expected to be less than seasonal variable costs. A processor would 
be expected to close down permanently where the expected present value of future profits 
from the operation is less than the salvage value of any plant and equipment that can be sold 
off if the plant were decommissioned. 

The discussion below draws on MJA 2010. 
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Cotton
Cotton growing is an annual activity, where the area planted can vary substantially between 
seasons in response to fluctuations in water availability. Drought conditions in recent years 
have resulted in a significant reduction in the areas of cotton planted and cotton production 
across the Basin. Cotton is grown in the Queensland Condamine, the NSW regions of Gwydir, 
Namoi, Macquarie and Lachlan, and the Border Rivers regions in NSW and Queensland. While 
effects on downstream processing sectors are complex and may depend on a range of factors, 
changes in cotton production as estimated by the WTM provide an indication of locations in 
which downstream processing may be affected.

The ABARE–BRS WTM results presented in appendix A indicate that water use for cotton will 
fall on average by 23 per cent under the Basin plan, resulting in a 23 per cent reduction in 
the average annual gross value of irrigated cotton produced in the MDB (table 29). This is in 
contrast to recent experience during the drought, in which cotton production in the MDB in 
2006–07 was 59 per cent lower than in 2000–01.

The recent run of poor seasonal conditions has been reflected in ABARE–BRS irrigation survey 
data, with a limited number of sample farms reporting that they planted cotton (2 per cent in 
2006–07). The effect of the drought has also been reflected in financial performance, with an 
estimated mean net return for cotton of –$1286 per hectare planted in 2006–07 (Hughes et 
al. 2009). This negative return per hectare planted reflects poor yields owing to the drought 
conditions. While estimated, average enterprise returns are significantly negative for cotton, 
whole of farms returns were still positive, as farms with cotton generally undertake a range of 
other cropping and livestock activities.

The MJA (2010) report identifies a number of cotton gins in the Basin that have been noticeably 
affected by reduced water availability during recent years. MJA (2010) notes nine gins in the 
Gwydir region are currently running well below optimum, including the Collymongle gin at 
Collarenebri, which is said to have become unviable since Twynam sold their water to the 
Australian Government. 

29 Effect of the Basin plan scenario with interregional water trade on cotton 
GVIAP in key cotton growing areas 

region baseline basin plan % change value change
  $m/year $m/year % $m/year

Condamine 191 145 –24.1 –46
Border Rivers (NSW) 105 85 –18.7 –20
Border Rivers (Qld) 96 78 –18.9 –18
Gwydir 288 211 –27.0 –78
Namoi 256 211 –17.4 –45
Lachlan 26 22 –15.7 –4
Macquarie 137 104 –24.1 –33

Total MDB 1 293 997 –22.9 –297
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The MJA (2010) report focuses on cotton in the Macquarie region. One of five gins in the region 
is reported to have closed because of the effects of the drought and only one of the remaining 
four has operated consistently through recent seasons. Cotton processing in the region has 
traditionally provided skilled employment in the more remote communities based around the 
gins and has been a major source of investment. Three of the gins are moth-balled, with an 
expectation that they will reopen when water allocations return to normal. 

MJA (2010) considers likely changes in economic activity by region for a range of different water 
reduction scenarios. It is suggested that, for the Macquarie region, a reduction in diversions 
of more than 40 per cent would be likely to result in all gins closing and processing being 
consolidated in neighbouring valleys. In the Lachlan region, cotton processing at the Hillston 
gin would be expected to decline in all water availability reduction scenarios. Under a 20 per 
cent reduction, the Hillston cotton gin is expected to reduce capacity. Under a 40 per cent 
reduction, the gin may become unviable and be closed permanently or temporarily. Under a 
60 per cent reduction the gin would close permanently (MJA 2010). 

Rice
Rice crops are significant in the Murray (NSW) and Murrumbidgee irrigation regions. Like 
cotton, rice is an annual crop and planted areas vary significantly depending on water 
availability. The ABARE–BRS Water Trade Model (WTM) results indicate that water use for rice 
will fall by an estimated 37 per cent on average under the Basin plan, resulting in a 36.9 per 
cent reduction in the average annual gross value of rice produced in the MDB. As a result of 
the recent drought, rice production in the MDB in 2006–07 was 84 per cent lower than in 
2000–01.

30  Irrigation survey data: selected estimates, cotton growers, Murray–Darling 
Basin, 2006–07   average per farm

  cotton
  enterprise estimates  
Cash receipts $/ha 3 696  
Cash costs $/ha 4 982  
Net return $/ha –1 286  

  whole farm estimates
  (all farms with cotton)
Area of cotton ha 220  
Cotton receipts $ 791 100  
Total cash receipts $ 1 796 626  
Total cash costs $ 1 524 275  
Farm cash income $ 272 351  
Farm business profit $ 92 581  
Rate of return a % 4.0  

a Excluding capital appreciation.  
Source: ABARE survey of irrigation farms in the Murray–Darling Basin.
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The drought conditions have been reflected in ABARE–BRS irrigation survey data, with only 3 per  
cent of sampled farms in 2006–07 reporting having planted rice. A mean net return for rice of 
–$1022 per hectare planted was estimated in 2006–07 (Hughes et al. 2009). This negative return 
per hectare planted reflects poor yields owing to the drought conditions. As with cotton, whole 
of farm returns were still positive on average, given that farms with rice generally undertake a 
range of other livestock and cropping activities.

The low production of the past seven years has had significant flow-on effects for processing 
facilities, with a number of rice mills and many of the rice storage depots being placed under 
care and maintenance. This has significantly affected employment. According to MJA (2010), 
employment in Australian rice storage and processing decreased from around 1300 at the peak 
of production in 2000–01 to 400 in 2009–10. MJA (2010) also suggests that a return to long-
term average production will be likely to result in full utilisation of all facilities.

Before the drought, the rice industry operated rice milling facilities at Griffith, Leeton and 
Coleambally in the Murrumbidgee region and Deniliquin in the Murray (NSW) region. The 
Griffith mill has since been decommissioned and the Leeton facility is the only mill currently 
operating. The ABARE assessment of the Australian Government’s water purchase program 
(Hone et al. 2009, pp 45–46) considers the rice processing industry in some detail.

31 Effect on rice GVIAP in key rice growing areas of the Basin plan scenario 
with interregional water trade  

region baseline basin plan % change value change
  $m/year $m/year % $m/year

Murray (NSW) 140 96 –31.0 –43
Murrumbidgee 326 199 –38.8 –127

Total MDB 476 301 –36.9 –175

32  Irrigation survey data: selected estimates, rice growers, Murray–Darling 
Basin, 2006–07    average per farm

  rice
  enterprise estimates  
Cash receipts $/ha 2 874
Cash costs $/ha 3 896
Net return $/ha –1 022

  whole farm estimates
  (all farms with rice)
Area of rice ha 75  
Rice receipts $ 219 185  
Total cash receipts $ 797 930  
Total cash costs $ 785 807  
Farm cash income $ 12 123  
Farm business profit $ –85 586  
Rate of return a % 1.9  

a Excluding capital appreciation.  
Source: ABARE survey of irrigation farms in the Murray–Darling Basin.
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33 Effect of the Basin plan scenario on dairy GVIAP in key dairy growing 
areas, with interregional water trade  

region baseline basin plan % change value change
  $m/year $m/year % $m/year

Campaspe 54 47 –11.7 –6
Goulburn–Broken 291 253 –12.8 –37
Loddon 76 63 –17.2 –13
Murray (Vic) 243 220 –9.5 –23
Murray (NSW) 85 80 –6.8 –6

Total MDB 909 816 –10.2 –93

Hone et al. (2009) note that the combined processing capacity of the Leeton, Coleambally and 
Deniliquin mills is around 1.2 million tonnes a year. The Leeton mill has a capacity of 200 000 to 
250 000 tonnes a year if operated on a three shift basis, and produces smaller packed products 
mainly for the domestic market. In comparison, the Deniliquin mill is the largest rice processing 
mill in the southern hemisphere and has a capacity of 600 000 to 630 000 tonnes a year. It 
processes rice mainly for the export market. Combined, the Leeton and Deniliquin mills can 
process around 800 000 to 880 000 tonnes a year, which is in line with industry expectations 
for future production.

MJA (2010) notes that, in the past, all rice produced in the Murray NSW region was stored and 
processed within the region, and the majority was exported as labelled supermarket produce. 
However, during the drought, the storage and processing infrastructure has been placed 
under care and maintenance. Locally produced rice is now transported to processing facilities 
in the Murrumbidgee. According to MJA (2010), employment at the Deniliquin rice mill was 
reduced from 400 people to around 80 people between 2000 and 2005, once the mill was 
placed under care and maintenance. 

MJA (2010) suggests that a long-run 20 per cent reduction in water availability would lead to 
significantly reduced product throughput and, hence employment, at processing facilities. 
They suggest that, under this scenario, a number of the regional aerated storages would be 
rationalised and transport requirements would be significantly reduced. The gross domestic 
return from the industry would be reduced proportionately to the reduction in production. 
Under a 40 per cent reduction scenario, MJA (2010) suggests that the rice mill at Coleambally 
would be unlikely to operate, while under a 60 per cent reduction, most rice storage facilities in 
the Murrumbidgee region would be likely to close, with milling only occurring at Leeton. 

Dairy
Dairy farming in the MDB is primarily located in northern Victoria, within the Campaspe, 
Goulburn–Broken, Loddon and Murray Victoria regions, as well as in the Murray NSW region. 
While dairy farming is still relatively sensitive to reductions in water availability, there are more 
adaptation options (such as purchasing feed for cattle) than for rice and cotton growing. As 
such, dairy production is not expected to fall to the same extent as those industries, for a given 
reduction in water use.
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34 Irrigation survey data: financial performance, irrigated dairy farms, by 
region, 2006–07 and 2007–08    average per farm

region farm cash income farm business profit rate of return

 2006–07 2007–08 2006–07 2007–08 2006–07 2007–08
 $ $ $ $ % %

Condamine–Balonne 41 058 69 975 –46 395 24 226 –0.6 3.8
Murray 97 429 128 777 3 134 6 924 1.7 2.1
Goulburn–Broken 17 916 56 225 –62 981 –44 630 –1.7 –0.3
Loddon–Avoca 43 536 95 689 –33 643 26 578 –0.2 3.0
Eastern Mt Lofty Ranges 67 877 189 112 482 79 891 0.9 3.4
Murray–Darling Basin 54 836 91 379 –30 312 –8 178 0.1 1.5

Note: Caution should be used when comparing estimates. 
Source: ABARE survey of irrigation farms in the Murray–Darling Basin.  

The ABARE–BRS WTM results presented in this report indicate that water use for irrigated dairy 
will fall by an estimated 14 per cent on average under the Basin plan, resulting in a 10 per cent 
reduction in the average annual gross value of dairy production in the MDB. 

While dairy production is less variable than cotton and rice from year to year, the industry 
is significantly affected by changes in water availability and milk prices. Recent drought 
conditions have resulted in some reduced dairy production in the MDB. Dairy production in 
the MDB in 2006–07 was 5 per cent lower than in 2000–01.

Significant coverage of the dairy industry is provided by ABARE–BRS survey data, both in the 
Australian Dairy Industries Survey (AAGIS) (see Dharma and Martin 2010) and in the survey of 
irrigation farms in the MDB (see Ashton et al. 2009). A summary of financial performance from 
the irrigation survey is shown in table 34. Much of the improvement between 2006–07 and 
2007–08 can be explained by a significant increase in milk prices. ABARE (2010a) has forecast 
world dairy product prices to remain relatively firm in 2010–11 after rebounding from the low 
prices experienced in mid-2009.

The Allen Consulting Group (2009) provided a detailed analysis of the dairy industry in the 
lower MDB area (the SA, NSW and VIC Murray, Eastern Mt Lofty Ranges and the Goulburn–
Broken, Loddon and Campaspe regions). Their report noted the high costs of transporting 
raw milk. Around 95 per cent of raw milk is generally transported to a dairy processing facility 
within 200 kilometres of the farm-gate, so any effects on dairy processing would be expected 
to occur in relatively close proximity to those regions where dairy production is projected to 
decline the most.

Dairy processors produce a range of dairy products for domestic and international markets. In 
Victoria a high proportion (around two-thirds) of dairy production is exported—in the form 
of manufactured product such as butter, cheese and milk powder—with less than 10 per cent 
going to domestic drinking milk (The Allen Consulting Group 2009).
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There are six major dairy processing companies in the lower MDB area: Murray Goulburn 
Co-operative, Fonterra Milk, National Foods, Parmalat, Tatura Milk Industries and Bega Cheese 
(The Allen Consulting Group 2009). As at 2009, these companies operated 13 dairy product 
manufacturing facilities in the southern MDB. Murray Goulburn is the largest dairy processor in 
the region (and in Australia), and employs around 2500 workers. Murray Goulburn processing 
plants are located at Cobram, Kiewa, Leitchville and Rochester in Victoria, although MJA 2010 
notes the closure of the Leitchville site in February 2010. ABS data show approximately 2900 
workers were employed in dairy processing in the MDB in 2006, with a majority located in the 
Murray and Goulburn regions.

According to MJA (2010), most of the land, water and herd resources owned by dairy farms 
that exited the industry during the 1990s were purchased by other dairy businesses to expand 
their operations. More recently, the resources of exiting farms have been put to alternative 
uses. Lower milk production has resulted in excess processing capacity in the region and 
a rationalisation of manufacturing infrastructure. MJA (2010) notes the scaling down of the 
Nestlé site in Tongala and the Kraft/Bega Cheese Strathmerton site. 

According to MJA (2010), a 40 per cent reduction in water availability could pose a threat 
to towns that depend on dairy, such as Cohuna, Kyabram, Numurkah and Stanhope, by 
affecting local business viability and the viability of services as people move away in search of 
employment. MJA (2010) suggests more significant reductions in water availability could lead 
to closures of dairy production facilities in Victoria. 

The effect of SDLs on other industries
SDLs do not differentiate between industries, but rather between the circumstances under 
which water is taken from a water resource. SDLs will primarily limit the ‘take’ of water for 
consumptive use, which is defined in the Water Act 2007 as the use of water for private benefit 
consumptive purposes including irrigation, industry, urban, and stock and domestic use. The 
effects of the new SDLs are not expected to be confined to agriculture. It is expected that the 
take of water for urban use, as well as for mining, manufacturing and other industries, will also 
likely face reductions. 

The extent to which reductions in allowable extractions affect an industry depends on a 
number of factors. These include the size of the reduction, the marginal value of water use 
within the industry and the ability to offset the reduction by either purchasing additional 
water, obtaining water from non-consumptive methods of use or substituting toward less 
water-intensive inputs of production.

The majority of consumptive water use occurs in agriculture, including forestry and fishing. In 
2004–05, 83 per cent of consumptive water in the MDB was used in agriculture (figure 5). Since 
agriculture diverts substantially larger volumes of water than other industries, it is likely to be 
the most affected sector. 

In contrast to agriculture, the mining industry accounted for less than 1 per cent 



Environmentally sustainable diversion limits in the Murray–Darling Basin     ABARE–BRS      report to client

55

(approximately 20 GL) of total consumptive 
water use in the Basin in 2004–05. The 
majority of this water (80 per cent) was 
sourced from groundwater, while 15 per 
cent came from surface water and 5 per cent 
from mains infrastructure (CSIRO 2009). The 
majority of mines located within the Basin are 
involved in metal ore and coal mining (ABS 
2006).

Similar to the mining industry, the 
manufacturing industry consumed less than 
1 per cent of total water used in the Murray–
Darling Basin in 2004–05. Food production 
makes up a considerable proportion of the 
manufacturing industry within the Basin 
and primarily involves the processing of 
agricultural commodities. In 2006, around 9 
per cent of all people employed in the Basin 
were in manufacturing, with 3 per cent in 

food manufacturing (ABS 2007). Food manufacturing businesses are often situated close to 
the sites of agricultural production to reduce transportation costs, thus contributing to the 
economies of towns within the Basin. 

Food processing is likely to be the most affected manufacturing industry, as it uses significantly 
more water for production than other manufacturing industries. In addition to the direct 
effects of a reduction in water available for use in the manufacturing process, SDLs may cause 
agricultural production to contract. As a result, manufacturing businesses are also likely to 
face flow-on effects owing to lower quantities of agricultural produce being available for 
processing.

Although the tourism industry does not directly consume water, it can be affected by the 
quantity of water made available for environmental assets, as well as the quality of water-
dependent environmental assets. For instance, additional water for environmental assets may 
increase recreational activities such as boating or fishing, while an improvement in ecosystem 
quality could increase the number of visits to these assets.

A larger proportion of consumptive water is used in households than in most industries within 
the Basin. Household use includes water for drinking, food preparation, bathing, washing and 
for outdoor uses, such as gardens and backyard swimming pools. A component of household 
water use is relatively fixed, to maintain population health and hygiene. While the provisions 
for the Basin plan reduce consumptive water use, the extent to which water utilities will be 
affected is uncertain. Traditionally, urban water utilities receive priority over other access 
licenses, as this type of water use is often considered to provide for critical human needs.

Consumptive water use,
Murray–Darling Basin, 2004–055
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If the Basin plan limits the take of urban water, a number of options are available to 
governments in responding to the reduced water supply. Governments may impose 
household water restrictions and introduce programs to encourage the uptake of technology 
that increases household water use efficiency. In addition, increasing public awareness of 
water-saving methods may further reduce household water use. Alternatively, the price of 
urban water can be increased to reflect its relative scarcity, Hughes et al. (2008). 

Figure 6 shows gross value added, per 
megalitre of water used for selected 
industries. Gross value added is a measure 
that covers all inputs, of which water is 
just one, and is expressed as an average 
value rather than a marginal value. Gross 
value added per megalitre is very high in 
the mining and manufacturing industries 
relative to agriculture. In practice, the 
true value of water (the market price) will 
reflect the marginal value of water use, 
which is the value of additional production 
that could be achieved by the use of an 
additional unit of water. Unfortunately this 
measure is difficult to calculate in practice. 
An industry’s marginal value of water 
(willingness to pay for additional water) 
will depend on a range of factors including 
the extent to which other inputs can be 
substituted for water.

Since SDLs restrict the take of water from all sources, they are likely to affect all water-
consuming industries in the Basin. However, the effects of new SDLs on these industries are 
likely to be minimal if affected industries have the capacity to offset reductions in take. The 
ability to purchase additional water (through water markets or otherwise) from other industries, 
including agriculture, would greatly enhance an industry’s ability to minimise the effects 
of SDLs. It should be noted that the mining industry sources the majority of its water from 
groundwater, and trade in groundwater is not possible in the absence of physical connectivity 
between groundwater reservoirs. Where surface and groundwater purchases occur, flow-on 
production effects could be expected for those industries (for example, agriculture) from 
which water is purchased. 

The effect of SDLs on regions outside of the MDB
There are a number of communities located outside the Basin that rely on the use of the 
Basin’s water resources. These include such cities, regions and towns as Adelaide, Ballarat, 
Yorke Peninsula and Whyalla (table 35 provides a more detailed list of affected communities). 
The security of water for household use in these places may be affected by the restrictions 
imposed under the Basin plan.
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The effects of the Basin plan on regions outside the MDB are likely to be mainly concentrated 
in Adelaide. Adelaide had a population of 1.19 million in its metropolitan area in June 2009 
(ABS 2010). In years of low rainfall, the city is especially reliant on the Murray River to supply 
water, with Greater Adelaide sourcing 85 per cent of its mains drinking water from the river in 
2007–08 (DWLBC 2009). Therefore, the effects of SDLs on Adelaide are of particular interest. 
Under the proposed method of implementation, urban water will be characterised as licensed 
take, which requires consent for water interception under state law. 

In light of past, present and likely future water reductions, the South Australian Government 
released Water for Good in 2009—a plan to secure South Australia’s future water supply to 
2050 through diversification of their water supplies and a reduced reliance on the Murray 
River (SAWC 2009). Historically, South Australia has relied on three rain-dependent sources of 
water—the Murray River, Mt Lofty Ranges and groundwater. When there is lower than average 
rainfall, Adelaide relies much more on the Murray River.

Figure 7 shows a 10 per cent difference in the proportion of South Australia’s allocation of 
Murray River water for urban use in Greater Adelaide between drought and non-drought years. 
SDLs may reduce the reliability of urban water supply for towns like Adelaide. However, with 
the introduction of the Water for Good plan, the effect of the SDLs on Adelaide’s urban water 
may be mitigated to some extent through an increase in stormwater harvesting and recycling, 
the use of a desalination plant, an increase in wastewater recycling and the operation of open 
and competitive water markets.

35 Areas and settlements outside of the Murray–Darling Basin drawing on 
Basin water resources

location carrier

Adelaide metropolitan (SA) Mannum pipeline, Murray Bridge pipeline
Port Wakefield (SA) Swan Reach 
Port Augusta (SA) Morgan pipeline
Port Pirie (SA) Morgan pipeline
Whyalla (SA) Morgan pipeline
Yorke Peninsula (including Ardrossan, Kadina, Wallaroo,  
  Moonta, Maitland, Edithburgh, Port Broughton) (SA) Swan Reach pipeline 
Eyre Peninsula (upper central and east—Kimba, Lock  
  and Iron Knob) (SA) Morgan pipeline
Clare Valley (SA) Morgan pipeline
Peterborough (SA) (borderline) Morgan pipeline
Jamestown (SA) Morgan pipeline
Woomera (SA) Morgan pipeline
Keith (SA) Tailem Bend pipeline
Stockwell (SA) Swan Reach pipeline
Bacchas Marsh (Vic) Newlyn Reservoir
Ballarat (Vic) Coghills Creek to Lake Learmonth
Ararat (Vic) Lake Fyans and Mt Cole Reservoir
Woodend (Vic) Campaspe Reservoir
Melbourne northern and central suburbs (Vic) Silver and Wallaby Creek to Yan Yean Reservoir
Lithgow and Blue Mountains (Oberon, Wallerawang,  
  Lidsdale, Portland, Glen Davis, Rydal, Cullen Bullen) (NSW) Fish River Scheme 

Source: ABS/ABARE/BRS 2009.
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South Australia’s use of the Murray River in non-drought
and drought years7

Murray irrigation

South Australia’s use of the Murray River 
in non drought year (2004–05)

with irrigation at 100% allocation

South Australia’s use of the Murray River 
in drought year 2007–08 irrigation at

32% allocation and SA Water customers
at Level 3 enhanced restrictions

Greater Adelaide
country towns

Source: DWLBC 2009.

78%

17%

5%

Murray irrigation
Greater Adelaide
country towns

63%

27%

10%

Water interception activities
The Water Act 2007 states that SDLs are to include water that is taken by interception 
activities (MDBA 2009). The Commonwealth Water Act 2007 defines an interception activity 
as the interception of surface water or groundwater that would otherwise flow, directly or 
indirectly, into a watercourse, lake, wetland, aquifer, dam or reservoir that is a Basin water 
resource. Activities listed in the National Water Initiative as major water interception activities 
include on-farm water storages and plantation forestry. There has been wide recognition of 
the potential for activities such as plantation forestry and farm dams to intercept significant 
volumes of water in catchment areas, reducing the volume available to be diverted from water 
courses (CSIRO 2008; CSIRO 2006; Productivity Commission 2010). 

The CSIRO (2008) considered the effects of expansion in farm dams, plantation forestry and 
groundwater extraction on surface water availability in the MDB. The CSIRO (2008) estimated 
that by 2030 expansion of these activities could reduce run-off by 375 GL a year (28 GL for 
plantation forestry, 170 GL for farm dams and 177 GL for groundwater extraction) leading to 
a reduction in water course diversions in the MDB of 100 GL a year. However, there remains 
considerable uncertainty about the scale of future expansion in interception activities and its 
potential effect on water availability.

The SDLs will define a single limit applying to total water take in each region/catchment 
inclusive of interception activities. However the Basin plan is not expected to require significant 
reductions in levels of average water interception. Reductions in take are expected to be 
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achieved primarily though reductions in water course diversions, as well as some reductions 
in groundwater extraction. MDBA hydrological modelling provides baseline water interception 
for each catchment, shown in table 36.

Effective implementation of the Basin plan will require some management of all significant 
water interception activities. Signatories of the National Water Initiative (NWI) agreed that 
entities engaged in significant interception activities will need to acquire water access 
entitlements if they expand activities beyond an agreed threshold in fully or over-allocated 
water systems. For this to occur, there will be a need to measure major forms of interception 
and their effect on existing water allocations (Hafi et al. 2009). However, the accuracy of 
measurements will vary according to the type of take, with the capture of water on floodplains 
and stock and domestic water use often unmetered and difficult to assess (MDBA 2009b). 

Burns et al. (2009) note that the regulation of interception activities is designed to protect the 
integrity of the water access entitlement system and water dependent ecosystems and, in 
their absence, irrigators and the environment will bear the costs of reduced access to water. 

36 MDB long-run average levels of water interception and water course 
diversions  

region interception surface water diversions total
 GL/year GL/year GL/year

Condamine–Balonne 265 706 971
Border Rivers (Qld) 78 223 301
Border Rivers (NSW) 95 210 305
Warrego 83 45 128
Paroo 10 0.2 10
Namoi 165 343 508
Macquarie Castlereagh 310 425 735
Moonie 51 32 83
Gwydir 125 326 451
Barwon–Darling 108 197 305
Lachlan 316 302 618
Murrumbidgee (NSW) 501 2 061 2 562
Ovens 58 25 83
Goulburn–Broken 152 1 607 1 759
Campaspe 40 115 155
Wimmera–Avoca 62 74 136
Loddon 90 95 185
Murray (NSW) 104 1 721 1 825
Murray (Vic) 45 1 656 1 701
Lower Darling 6 55 61
Murray (SA) 0 665 665
Eastern Mount Lofty Ranges 11 11

Total 2 676 10 883 13 559

Note: Figures exclude surface water diversions for the following MDBA regions: Kiewa, ACT, intersecting streams, Nebine and Marne 
Saunders. 
Source: MDBA 2010a.
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Similarly, Goesch et al. (2008) and Young (2008) assert that interception activities undermine 
water entitlement reliability, in that either water users or the environment will face reduced 
reliability of water supply and overall allocations as a result of interception activities. See 
appendix E for more detail on the water interception activities, particularly farm dams and 
forestry.

Short and long-run effects
The effects of the SDLs may be different over different time scales. The short run is often taken 
to refer to the period of time over which certain key factors of production (for example, capital) 
remain fixed. For example, in the short run irrigation farms may be able to change (annual) 
crop areas planted and water application rates, but perennial areas and irrigation infrastructure 
remain fixed. By definition, the effect of a given shock is expected to be higher in the short run 
than in the long run, given the reduced flexibility of individuals, firms and regions.

The distribution of SDL changes over time
In considering the short-run versus long-run effects of the SDLs, it is necessary to draw 
a distinction between the distribution of changes in water availability over time and the 
short-run and long-run effects associated with a given change. The Basin plan is expected to 
be implemented from 2014 in all states except Victoria, and from 2019 in Victoria. However, in 
practice the SDL-imposed reductions in water use will be gradually distributed across a longer 
period of time. 

First, the Basin plan incorporates transitional arrangements, which involve the gradual 
phasing in of SDLs over a five-year period in each jurisdiction. Second, the reductions in 
water diversions will be achieved through a combination of water entitlement purchase and 
infrastructure investment upgrades through government programs such as the Water for 
the Future (WftF). In effect, part of the reduction in water diversions from historical long-run 
average water use has already occurred through existing government entitlement buyback 
programs. Given ongoing and expected future government buyback and infrastructure 
upgrade programs, it is likely that the transition from historical long-run average diversions to 
SDL diversions will occur gradually over a long time period (at least 10 years). 

Short and long-run effects of a change to water availability – irrigated agriculture
Key factors of production that are likely to remain fixed in irrigated agriculture in the short run 
include perennial plantings and on and off-farm irrigation infrastructure. However, for much of 
irrigated agriculture there remains substantial capacity to adjust in the short run to changes in 
the availability of water. Given the high inter-annual variability of water supply across the Basin, 
both dryland and irrigated agricultural farms are accustomed to responding to large changes 
in water availability—commonly changes of greater magnitude than those imposed by the 
SDLs. Broadacre irrigation farms are particularly adept at responding to changes in water 
availability by, for example, varying activity mix, crop areas planted, the mix of irrigated and 
dryland cropping and water application rates.  
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Another important source of short-run flexibility for the irrigated agriculture industry is water 
allocation markets. In times of water scarcity, temporary markets allow water to flow to those 
farms that have limited capacity to adjust (for example, perennial horticulture) and away from 
farms that do have some capacity to adjust (for example, annual broadacre). The WTM results 
predict limited changes in horticultural activities under the SDL scenario, with more substantial 
changes in irrigated broadacre activities—effectively the result of intra and interregional water 
trade. 

This farm and industry-level flexibility limits the extent to which short-run effects of the SDLs 
will be greater than long-run effects. In the long run, where more significant changes in land 
use and on and off-farm infrastructure are possible, the effects of a given change in water 
availability will be lower. However, given the flexibility of the industry, short-run effects will not 
necessarily be significantly larger than the estimated long-run effects. ABARE–BRS undertook 
an analysis of the short-run effects of the SDLs on irrigated agriculture, using the WTM, 
which is included in appendix F. This analysis involved the assumption that perennial land 
areas remain fixed. The estimated difference between the short-run and the long-run model 
estimates was small. This result depends on a number of important assumptions, particularly 
regarding water supply variability, which is discussed further below.

A related issue is that of productivity improvement. In the long run, irrigated agriculture 
may achieve productivity gains (the ability to produce greater output from given inputs), for 
example through enhancements in technology. While the effect of productivity gains should 
be considered largely external to the effect of SDLs, any productivity gains would, in the long 
run, offset losses of production imposed by reductions in water availability.

Short-run and long-run effects of SDLs  in the context of water supply variability
The main WTM results presented in the ABARE–BRS report and the short-run results discussed 
above are based only on annual average levels of water availability. In a more realistic scenario 
where water supply is highly variable between years and where the SDLs may have differing 
effects on availability under different conditions, the short-run effects of the SDLs may be 
significantly different.

A key assumption made in both the short-run and variability WTM analysis is that the SDLs 
result in equal percentage reductions in water availability under all conditions (for example, 
wet, normal or dry). In practice, the effect of the SDLs under different conditions will depend 
on the nature of the environmental watering requirements, and the way in which the 
jurisdictions satisfy these requirements. It is possible to construct a feasible scenario in which 
the SDLs/environmental requirements could result in very large short-run effects on irrigated 
agriculture. For example, considering the case of a very dry year where the minimum stream 
flow requirements are absolute and non-flexible, it may be that a very high proportion of 
available water is used by the environment, leaving little, or potentially no, water for irrigated 
agriculture. In this event, critical water stress thresholds may be breached, resulting in 
destruction of perennial tree crops.

At present there remains uncertainty as to how SDLs will be implemented on a year-to-
year basis and, therefore, how they will affect water availability under different conditions, 
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particularly during very dry years. Ideally, a flexible approach would be adopted, where 
a degree of short-run environmental water trade is permitted (trade in water allocations 
between the environmental managers and irrigators) to help equalise the marginal value of 
water in irrigation and the marginal value of water to the environment in the short run (for 
example, to avoid a situation where the value of water in irrigation in a dry period is very high 
relative to the value of environmental water). In addition, the nature of storage access rights 
(for example, carryover rights) available to both irrigators and environmental water holders will 
have a significant influence on the way in which SDLs will affect water supply variability.

It is worth noting that any changes the SDLs have on expected water supply variability will also 
alter the nature of the industry’s long-run response. For example, if there is an increase in the 
variability of water supply, this may result in a shift away from perennial activities in the long 
run towards more flexible annual activities. A more detailed discussion of variability issues in 
both the short run and long run is contained in appendix D.

Short and long-run effects of a change to water availability – economy-wide  
effects
From an economy-wide perspective, the short run may refer to a situation in which not only 
some factors of production remain fixed, but also some market prices. A common example 
given is that of labour markets, which can be slow to adjust to changes in the short run. 

For example, the SDLs are expected to lead to a reduction in agricultural employment within 
the Basin by reducing irrigated agricultural production. The AusRegion estimates of change 
in employment presented in the ABARE–BRS report are considered long-run estimates in that 
the model allows for labour to move freely between industries and regions to clear labour 
markets (equalise market wage rates). While production and employment in the agricultural 
industries declines, other industries in the region absorb a significant proportion of the labour 
released from agriculture. It may be that, in the short run, employment effects may be more 
pronounced, given labour markets may be slow to adjust. 

However, the irrigated agriculture and downstream processing industries and their 
associated labour markets are accustomed to significant year–to-year fluctuations in output. 
Further, recent years have seen favourable labour market conditions across Australia and 
unemployment rates within the MDB have been comparable to the national average (5.0 per 
cent in 2006, compared with 5.1 per cent nationally). Under these conditions, labour displaced 
by changes in agricultural output would have less difficulty gaining employment in other 
sectors or regions in the short run, compared with a situation where unemployment was 
higher. Finally, the size of the changes to irrigated production and employment are expected 
to be small relative to the total size of the Basin regional economies. Short-run adjustment 
is more likely to be accommodated by regional economies where the size of the changes is 
relatively small (and distributed over time, as with the SDL effects).



63

5Conclusions

In this report, an economic analysis is provided of the effects of the proposed SDLs set out 
in the draft Basin plan prepared by the MDBA. The MDBA required that ABARE–BRS identify 
the socioeconomic implications of the draft Basin plan for the Australian community, national 
economy, people and communities located within the Basin, regional economies and industry 
sectors within the Basin, and regional communities and economies outside the Basin that 
depend on Basin water resources.

The analysis presented in this report considers the economic efefcts of the full reduction in 
water availability relative to long-run historical levels imposed by the SDLs in the draft Basin 
plan. The effects of other government polices (such as the Water for the Future initiative) 
acquiring environmental water and closing the gap between long-run average use and the 
proposed SDLs are not considered. The environmental benefits associated with the increase in 
environmental water availability provided by the proposed SDLs are also not considered. 

The analysis involved the use of a number of economic models, including ABARE–BRS’s Water 
Trade Model (WTM), representing irrigated agricultural industries in the Murray–Darling Basin, 
and AusRegion, a national computable general equilibrium model. A summary of the structure, 
assumptions and data sources underlying each model is provided in the report. 

As with all modelling estimates, the results in this report need to be treated with caution. 
While model estimates provide a guide as to the potential magnitude of effects in different 
regions and industries, actual effects will depend on a number of uncertainties that are not 
incorporated into the modelling. In the context of the Basin plan, key uncertainties include 
future changes in commodity prices, the effects of other government polices including the 
ongoing buyback and infrastructure investment programs, and the way in which the Basin 
plan is implemented at a jurisdictional level. Future irrigator responses to reduced water 
availability are also uncertain and will depend on changes in technology, prevailing climate 
and water availability, and the effects of climate change. 

Basin plan scenario: effects on irrigated agriculture
The ABARE–BRS WTM has been used to estimate the direct economic effects of reductions 
in long-term water availability as a result of the SDLs on irrigated agriculture, by region and 
agricultural industry for the MDB. The Basin plan scenario details the expected percentage 
reduction in water availability in each region of the MDB associated with the proposed SDLs.

At an aggregate level, it is estimated that the SDLs contained in the draft Basin plan 
(comprising a 29.1 per cent (3500 GL) reduction in total water use—combined surface and 
groundwater—from the long-term historic average) will reduce average annual GVIAP in the 
Basin by around 16.5 per cent (approximately $1023 million) relative to the baseline scenario, in 
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the absence of interregional water trade. Average annual irrigation profits are estimated to fall 
by 8.2 per cent under this scenario. With interregional trade, the effect of the draft Basin plan 
on average annual GVIAP and irrigation profits are reductions of 15.1 per cent (approximately 
$940 million) and 7.8 per cent, respectively.

At a regional level, with interregional trade, it is estimated that the largest absolute reductions 
in average annual GVIAP occur in the Murrumbidgee, Gwydir, Goulburn–Broken and Murray 
NSW regions. Annual irrigated broadacre activities generally incur the largest reductions in 
GVIAP, whereas the decline in the value of horticultural activities is relatively modest. Under 
the interregional water trade scenario, the most significant trade flows include trade of water 
out of the Murrumbidgee region and trade into the Murray Victoria and Murray South Australia 
regions.

Basin plan scenario: effects on non-irrigated agriculture
Any reductions in regional GVIAP may be partially offset by increases in non-irrigated 
agricultural gross value of production (GVP) or gross value of agricultural production (GVAP). 
The WTM also provides estimates of the effect of changes in irrigation water availability on 
dryland or non-irrigated agricultural production. However, the gross value of non-irrigated 
agriculture per unit of land is substantially lower than that of irrigated agriculture, particularly 
within the MDB, given the relatively modest rainfall in many of the Basin regions. An increase 
in non-irrigated agricultural GVP of $68 million across the Basin was estimated for the 3500 GL 
Basin plan scenario, assuming interregional water trade is allowed.

Basin plan scenario: economy-wide effects
WTM estimates from the Basin plan scenario (with interregional water trade) were entered 
into AusRegion, in order to estimate the flow-on economic effects in regional economies. For 
the MDB as a whole, the 3500 GL Basin plan scenario was estimated to lead to a 1.3 per cent 
reduction in gross regional product (GRP). At a national level, the SDL scenario is estimated to 
lead to a 0.13 per cent reduction in gross domestic product (GDP), compared with the baseline 
scenario. 

The AusRegion estimates suggest that NSW Riverina (Murrumbidgee/Murray NSW) will be 
most affected by the proposed SDLs (2.6 per cent reduction in GRP), whereas Queensland MDB 
is likely to be the least affected region (0.8 per cent reduction). Relatively smaller percentage 
reductions in employment are estimated by AusRegion, with a 0.10 per cent reduction in 
employment across the MDB as a result of the Basin plan, relative to the baseline. 

Variability scenarios: effects on irrigated agriculture
The variability analysis included separate dry and normal year scenarios, intended to represent 
the effects of the Basin plan under dry and normal climatic conditions, respectively. While this 
process provides an indication of the effects of SDLs in the context of variable water supplies, 
it has a number of important limitations and should be treated with caution. First, the future 
effect of SDLs on variability under real world conditions remains uncertain. Second, the 
modelling of variability in this study is subject to a number of conceptual limitations.
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In the dry scenario, reductions in water use result in larger reductions in GVIAP and profit, 
relative to the normal scenario—that is, the marginal value of water increases as water 
becomes more scarce. This effect is most evident in the percentage changes in profit, which 
are higher under the dry scenario (10 per cent) relative to the normal scenario (8 per cent) (all 
with interregional water trade).

While the WTM estimates (both variability and Basin plan scenarios) suggest that the effects 
will be greater in irrigated annual broadacre activities relative to horticulture, these estimates 
do not fully account for the effects of water supply variability. If SDLs were to increase water 
supply variability, it is possible that this would lower the relative profitability of perennial 
horticulture and encourage substitution toward annual cropping. 

Town-level effects
In this study, an analysis of ABARE–BRS irrigation survey data and irrigation farm expenditure 
was used to identify towns that may be particularly reliant on irrigation activity. The survey 
data identified 88 towns across the Basin reliant on expenditure by irrigation farmers during 
the survey year (2007–08). 

The towns identified as reliant on irrigation expenditure were evaluated in the context of the 
WTM results, which estimated the Murrumbidgee, Gwydir, Goulburn–Broken and Murray NSW 
regions to be among the most affected by the (3500 GL) SDL scenario. These towns were also 
evaluated in the context of agricultural land use within the Basin regions. The introduction of 
SDLs was estimated to result in greater reductions in annual cropping activities over the short 
to medium term than perennial activities such as horticulture. Therefore, it is expected that 
towns in areas dependent on annual cropping may be more significantly affected. 

The effects of SDLs on downstream processing of agricultural outputs
Any decline in irrigated output as a result of the Basin plan may have implications for the 
amount of downstream processing undertaken in some regions. The WTM results suggest 
that annual activities such as irrigated rice, cotton and dairy will experience more significant 
declines in GVIAP than perennial activities. Significant downstream processing of rice occurs 
in southern NSW and cotton processing occurs in a number of northern Basin regions, while 
dairy processing is concentrated mostly in northern Victoria. Predicting the likely effects on 
processing facilities is difficult given the uncertainties involved.

The effects of SDLs on other industries
Industries such as mining, manufacturing and tourism may also be affected by the 
introduction of SDLs. The magnitude of these effects will depend on the size of any reduction 
in water availability, the marginal value of water use within the industry and whether any of 
the reductions can be offset. Significant uncertainty remains over the extent to which water 
availability in industries other than irrigated agriculture will be limited by the SDLs. Urban water 
utilities may also be affected by SDLs; however, there remains uncertainty as to how changes 
in SDLs will affect urban water availability. 
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The effects of SDLs on regions outside the MDB
A number of communities that are located outside the Basin rely on the Basin’s water 
resources, primarily for the provision of urban water. The Basin plan may limit water availability 
to some regions outside the Basin, such as Adelaide. However, the extent to which the SDLs 
will limit water availability for these communities remains uncertain.

The effects of SDLs on interception activities
The SDLs will define a limit on total water use (take) in each region inclusive of interception 
activities. The Basin plan is not expected to require significant reductions in existing levels of 
water interception. Rather, the SDLs are expected to include a level of interception equivalent 
to long-run average levels of use. Effective implementation of the Basin plan will require some 
regulation of water interception activities. 



67

Aappendi
x

67

Water Trade Model  
assumptions and results 

A1 Baseline scenario total water use (including groundwater and surface 
water), land use and GVIAP, by region, without interregional trade 

 water use land use GVIAP
 GL/year ‘000 ha $m/year
   

Condamine 458 113 457
Border Rivers (Qld) 216 39 245
Border Rivers (NSW) 245 46 185
Warrego 11 2 7
Paroo 4 1 6
Namoi 581 121 332
Macquarie 465 83 275
Moonie 63 11 40
Gwydir 575 98 321
Barwon–Darling 480 69 172
Lachlan 249 56 165
Murrumbidgee 2 818 413 889
Ovens 26 8 57
Goulburn–Broken 735 154 691
Campaspe 148 32 134
Wimmera 6 3 13
Loddon 441 120 268
Murray (NSW) above Barmah 1 217 222 368
Murray (NSW) below Barmah 138 22 46
Murray (Vic) above Barmah 320 67 185
Murray (Vic) below Barmah 669 120 612
Lower Murray–Darling 65 10 71
Murray (SA) 364 55 507
Eastern Mt Lofty Ranges 79 20 163
   

Total 10 375 1 884 6 207

A2 Baseline scenario total water use (including groundwater and surface 
water), land use and GVIAP, by activity, without interregional trade

 water use land use GVIAP
 GL/year ‘000 ha $m/year

Cereals 763 260 184
Cotton 2 633 405 1 293
Dairy 1 173 212 905
Fruit and nuts 469 74 1 006
Grapes 587 105 716
Hay 806 208 169
Meat cattle 660 182 610
Other broadacre 156 41 41
Rice 2 420 178 478
Sheep 539 181 151
Vegetables 169 37 656
 

Total 10 375 1 884 6 207 

Baseline scenario (restricted model version)
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Water Trade Model  
assumptions and results Baseline scenario (unrestricted model version) 

In the unrestricted version of the model, the baseline is slightly different to that for the 
restricted version. The model is initially calibrated to the baseline data under a restricted trade 
assumption. The introduction of trade requires some changes in the baseline to achieve an 
equilibrium point before any shocks are made to the model. Results are presented as changes 
from this unrestricted base, so that results do not include the effects of introducing trade.

A3 Baseline scenario total water use (including groundwater and surface 
water, land use and GVIAP, by region, with interregional trade 

 water use land use GVIAP
 GL/year ‘000 ha $m/year

Condamine 458 113 457
Border Rivers (Qld) 216 39 245
Border Rivers (NSW) 245 46 185
Warrego 11 2 7
Paroo 4 1 6
Namoi 581 121 332
Macquarie 465 83 275
Moonie 63 11 40
Gwydir 575 98 321
Barwon–Darling 480 69 172
Lachlan 249 56 165
Murrumbidgee 2 825 414 890
Ovens 22 8 56
Goulburn–Broken 765 156 704
Campaspe 149 32 134
Wimmera 6 3 13
Loddon 499 124 284
Murray (NSW) above Barmah 1 217 221 368
Murray (NSW) below Barmah 114 20 41
Murray (Vic) above Barmah 320 67 185
Murray (Vic) below Barmah 623 120 593
Lower Murray–Darling 65 10 71
Murray (SA) 372 56 514
Eastern Mt Lofty Ranges 79 20 163

Total 10 403 1 890 6 220
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A4 Baseline scenario total water use (including groundwater and surface 
water), land use and GVIAP, by activity, with interregional trade 

 water use land use GVIAP
 GL/year ‘000 ha $m/year

Cereals 770 261 185
Cotton 2 634 405 1 293
Dairy 1 177 213 909
Fruit and nuts 469 74 1 006
Grapes 583 106 715
Hay 816 209 171
Meat cattle 666 183 612
Other broadacre 158 42 41
Rice 2 409 177 476
Sheep 551 182 155
Vegetables 169 37 657

Total 10 403 1 890 6 220

3500 GL Basin plan  
scenario 
Modelled Basin plan water use 
reductions differ slightly from those 
proposed by the MDBA (table A5). 
For the WTM Basin plan scenario, 
regional reductions are scaled to 
ensure the total basin percentage 
reduction is consistent with the 
MDBA estimated total basin 
reduction. This is necessary because 
of the relative differences between 
regional water use in the WTM 
baseline and the MDBA long-run 
average diversion figures.

A5 3500 GL Basin plan scenario, MDBA 
estimated reductions in diversions 
relative to long-run average 

  MDBA Basin plan scenario 

 change in change in
 surface water groundwater 
 diversion  diversion
 % %
Condamine 33.6 30.8
Border Rivers (Qld) 22.0 0.0
Border Rivers (NSW) 23.6 0.3
Warrego 40.0 0.0
Paroo 0.0 0.0
Namoi 24.1 17.3
Macquarie 28.1 24.9
Moonie 40.0 0.0
Gwydir 32.3 0.0
Barwon–Darling 25.2 0.0
Lachlan 18.8 31.3
Murrumbidgee 37.9 0.9
Ovens 40.0 0.0
Goulburn–Broken 32.6 0.0
Campaspe a 34.7 0.0
Wimmera 0.0 0.0
Loddon a 34.5 0.0
Murray (NSW) 32.3 0.4
Murray (Vic) 31.3 0.0
Lower Murray–Darling 33.5 0.0
Murray (SA) 30.5 0.0
Eastern Mt Lofty Ranges 0.0 8.5
Total 31.9 12.3

a Adjusted to reflect water diverted in the Goulburn–Broken for use in the 
Loddon and Campaspe. 
 Source: MDBA 2010a.
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Sensitivity analysis scenario assumptions 

A6 Sensitivity analysis scenarios  
  

 scenario (regional reductions in surface water use)
  

  region 20 25 30 35 40
 % % % % %

Condamine –20.9 –26.1 –31.4 –36.6 –41.8
Border Rivers (Qld) –13.7 –17.1 –20.5 –23.9 –27.3
Border Rivers (NSW) –14.7 –18.3 –22.0 –25.7 –29.4
Warrego –24.9 –31.1 –37.3 –43.5 –49.7
Paroo 0.0 0.0 0.0 0.0 0.0
Namoi –15.0 –18.7 –22.5 –26.2 –29.9
Macquarie –17.5 –21.8 –26.2 –30.6 –34.9
Moonie –24.9 –31.1 –37.3 –43.5 –49.7
Gwydir –20.0 –25.1 –30.1 –35.1 –40.1
Barwon–Darling –15.7 –19.6 –23.5 –27.4 –31.3
Lachlan –11.7 –14.6 –17.5 –20.4 –23.3
Murrumbidgee –23.5 –29.4 –35.3 –41.2 –47.0
Ovens –24.9 –31.1 –37.3 –43.5 –49.7
Goulburn–Broken –20.3 –25.3 –30.4 –35.4 –40.5
Campaspe –21.6 –27.0 –32.4 –37.8 –43.2
Wimmera 0.0 0.0 0.0 0.0 0.0
Loddon –21.5 –26.8 –32.2 –37.5 –42.9
Murray (NSW) –20.1 –25.1 –30.1 –35.1 –40.1
Murray (Vic) –19.4 –24.3 –29.2 –34.0 –38.9
Lower Murray–Darling –20.8 –26.0 –31.2 –36.4 –41.6
Murray (SA) –18.9 –23.7 –28.4 –33.1 –37.8
Eastern Mt Lofty Ranges 0 0 0 0 0
Basin reduction in 
   surface water use –20 –25 –30 –35 –40   
Basin reduction in  
   total water use –18.8 –23.1 –27.4 –31.7 –36.0

continued
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A6 Sensitivity analysis scenarios  
continued  

 scenario (regional reductions in surface water use)
  

region 45 50 55 60 65 70
 % % % % % %

Condamine –47.0 –52.3 –57.5 –62.7 –67.9 –73.2
Border Rivers (Qld) –30.7 –34.1 –37.5 –41.0 –44.4 –47.8
Border Rivers (NSW) –33.0 –36.7 –40.4 –44.0 –47.7 –51.4
Warrego –55.9 –62.1 –68.3 –74.6 –80.8 –87.0
Paroo 0.0 0.0 0.0 0.0 0.0 0.0
Namoi –33.7 –37.4 –41.2 –44.9 –48.7 –52.4
Macquarie –39.3 –43.7 –48.0 –52.4 –56.8 –61.1
Moonie –55.9 –62.1 –68.3 –74.6 –80.8 –87.0
Gwydir –45.1 –50.1 –55.1 –60.1 –65.1 –70.2
Barwon–Darling –35.2 –39.1 –43.1 –47.0 –50.9 –54.8
Lachlan –26.2 –29.2 –32.1 –35.0 –37.9 –40.8
Murrumbidgee –52.9 –58.8 –64.7 –70.6 –76.4 –82.3
Ovens –55.9 –62.1 –68.3 –74.6 –80.8 –87.0
Goulburn–Broken –45.6 –50.6 –55.7 –60.8 –65.8 –70.9
Campaspe –48.6 –54.0 –59.4 –64.8 –70.2 –75.6
Wimmera 0.0 0.0 0.0 0.0 0.0 0.0
Loddon –48.3 –53.6 –59.0 –64.3 –69.7 –75.1
Murray (NSW) –45.1 –50.2 –55.2 –60.2 –65.2 –70.2
Murray (Vic) –43.7 –48.6 –53.4 –58.3 –63.2 –68.0
Lower Murray–Darling –46.8 –52.0 –57.2 –62.4 –67.6 –72.8
Murray (SA) –42.6 –47.3 –52.0 –56.8 –61.5 –66.2
Eastern Mt Lofty Ranges 0.0 0.0 0.0 0.0 0.0 0.0
Basin reduction in 
   surface water use –45 –50 –55 –60 –65 –70      
Basin reduction in  
   total water use –40.3 –44.7 –49.0 –53.3 –57.6 –61.9
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A7 Regional trading restrictions a 

region trading restriction b

Murrumbidgee 1.16
Ovens 1.67
Goulburn–Broken 1.09
Campaspe 1.18
Loddon 1.10
Murray (NSW) above Barmah none
Murray (NSW) below Barmah none
Murray (Vic) above Barmah none
Murray (Vic) below Barmah none
Lower Murray–Darling none
Murray (SA) none

a Restrictions for trade back into a region after SDLs are 
set, to ensure in-stream flow and in-valley environmental 
asset watering requirements are met. b Maximum volume 
of water use allowed per region as a proportion of SDL 
volume.

A8 Regional water-flow 
transmission factors 

region transmission factor a
 

Condamine 0.20
Border Rivers (Qld) 0.35
Border Rivers (NSW) 0.35
Warrego 0.04
Paroo 0.00
Namoi 0.40
Macquarie 0.19
Moonie 0.25
Gwydir 0.19
Barwon–Darling 0.50
Lachlan 0.00
Murrumbidgee 0.64
Ovens 0.71
Goulburn–Broken 0.80
Campaspe 0.80
Wimmera 0.00
Loddon 0.49
Murray (NSW) 0.87
Murray (Vic) 0.87
Lower Murray–Darling 0.88
Murray (SA) 1.00
Eastern Mt Lofty Ranges 0.00

a Murray mouth equivalent: the expected proportion of 
water that would reach the Murray River mouth.

Interregional water trading rules 
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A9 Effect of Basin plan scenario on water use by region, without 
interregional trade  

 baseline basin plan change value change
 GL/year GL/year % GL/year

Condamine 458 310 –32.4 –148
Border Rivers (Qld) 216 172 –20.7 –45
Border Rivers (NSW) 245 190 –22.6 –55
Warrego 11 7 –38.7 –4
Paroo 4 4 0.0 0
Namoi 581 457 –21.3 –124
Macquarie 465 339 –27.2 –126
Moonie 63 38 –39.6 –25
Gwydir 575 402 –30.1 –173
Barwon–Darling 480 360 –25.0 –120
Lachlan 249 190 –23.4 –58
Murrumbidgee 2 818 1 879 –33.3 –939
Ovens 26 21 –19.2 –5
Goulburn–Broken 735 553 –24.8 –182
Campaspe 148 97 –34.5 –51
Wimmera 6 6 0.0 0
Loddon 441 292 –33.9 –150
Murray (NSW)   
– above Barmah 1 217 864 –29.0 –353
– below Barmah 138 96 –30.3 –42
Murray (Vic)  
– above Barmah 320 222 –30.6 –98
– below Barmah 669 464 –30.7 –206
Lower Murray–Darling 65 44 –32.1 –21
Murray (SA) 364 277 –23.8 –87
Eastern Mt Lofty Ranges 79 77 –3.2 –2

Total 10 375 7 360 –29.1 –3 015

Results – 3500 GL Basin plan scenario, no interregional 
water trade 
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A10 Effect of Basin plan scenario on land use by region, without 
interregional trade  

 baseline basin plan change value change
 ‘000 ha ‘000 ha % ‘000 ha

Condamine 113 86 –24.2 –27
Border Rivers (Qld) 39 34 –11.8 –5
Border Rivers (NSW) 46 38 –15.6 –7
Warrego 2 1 –21.2 0
Paroo 1 1 0.0 0
Namoi 121 104 –13.5 –16
Macquarie 83 68 –18.7 –16
Moonie 11 7 –34.2 –4
Gwydir 98 72 –25.7 –25
Barwon–Darling 69 56 –18.8 –13
Lachlan 56 47 –16.1 –9
Murrumbidgee 413 299 –27.7 –115
Ovens 8 9 5.3 0
Goulburn–Broken 154 126 –18.2 –28
Campaspe 32 24 –26.8 –9
Wimmera 3 3 0.0 0
Loddon 120 87 –27.5 –33
Murray (NSW)   
–     above Barmah 222 233 5.3 12
–     below Barmah 22 18 –16.3 –4
Murray (Vic)  
–     above Barmah 67 71 5.3 4
–     below Barmah 120 95 –21.1 –25
Lower Murray–Darling 10 6 –36.4 –4
Murray (SA) 55 43 –23.0 –13
Eastern Mt Lofty Ranges 20 19 –3.5 –1

Total 1 884 1 547 –17.9 –337
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A12 Effect of Basin plan scenario on water use by activity, without 
interregional trade  

 baseline basin plan change value change
 GL/year GL/year % GL/year

Cereals 763 400 –47.6 –363
Cotton 2 633 2 020 –23.3 –613
Dairy 1 173 963 –17.9 –210
Fruits and nuts 469 431 –8.2 –38
Grapes 587 496 –15.5 –91
Hay 806 318 –60.5 –488
Meat cattle 660 500 –24.2 –160
Other broadacre 156 69 –55.8 –87
Rice 2 420 1 674 –30.8 –746
Sheep 539 329 –38.9 –210
Vegetables 169 160 –5.2 –9

Total 10 375 7 360 –29.1 –3 015

A11 Effect of Basin plan scenario on land use by activity, without 
interregional trade  

 baseline basin plan change value change
 ‘000 ha ‘000 ha % ‘000 ha

Cereals 260 195 –24.8 –65
Cotton 405 340 –16.0 –65
Dairy 212 217 2.3 5
Fruits and nuts 74 74 0.3 0
Grapes 105 103 –1.9 –2
Hay 208 111 –46.7 –97
Meat cattle 182 169 –7.1 –13
Other broadacre 41 25 –39.6 –16
Rice 178 133 –25.1 –45
Sheep 181 140 –22.7 –41
Vegetables 37 39 4.4 2

Total 1 884 1 547 –17.9 –337

Note: Perhaps surprisingly, the model estimates show the area devoted to vegetables and dairy increasing slightly under the Basin 
plan scenario. In the unrestricted trade version of the model, land use for grapes and fruit and nuts also increases slightly. This result 
can be attributed to the substitution of land for water in the production of these commodities. Note that, while land area under 
irrigation for some activities can increase, water use declines, such that water use per hectare declines. The end result is lower 
output (GVIAP) in these industries. In the case of horticulture, the substitution of land for water might be associated with irrigators 
replanting crops with wider row spacing to take advantage of natural rainfall. The WTM is a medium to long-term model and, as 
such, allows for this type of substitution to occur. 
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A13 Effect of Basin plan scenario on water use by region, with interregional 
trade  

 baseline basin plan change value change
 GL/year GL/year % GL/year

Condamine 458 310 –32.4 –148
Border Rivers (Qld) 216 172 –20.7 –45
Border Rivers (NSW) 245 190 –22.6 –55
Warrego 11 7 –38.7 –4
Paroo 4 4 0.0 0
Namoi 581 457 –21.3 –124
Macquarie 465 339 –27.2 –126
Moonie 63 38 –39.6 –25
Gwydir 575 402 –30.1 –173
Barwon–Darling 480 360 –25.0 –120
Lachlan 249 190 –23.4 –58
Murrumbidgee 2 825 1 665 –41.0 –1 159
Ovens 22 17 –19.6 –4
Goulburn–Broken 765 586 –23.4 –179
Campaspe 149 115 –22.6 –34
Wimmera 6 6 0.0 0
Loddon 499 320 –35.9 –179
Murray (NSW)   
–     above Barmah 1 217 832 –31.7 –386
–     below Barmah 114 55 –52.0 –59
Murray (Vic)  
–     above Barmah 320 254 –20.4 –65
–     below Barmah 623 523 –16.0 –100
Lower Murray–Darling 65 57 –12.2 –8
Murray (SA) 372 335 –9.9 –37
Eastern Mt Lofty Ranges 79 77 –3.2 –2

Total 10 403 7 311 –29.7 –3 092

Results – 3500 GL Basin plan scenario with interregional 
trade
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A14 Effect of Basin plan scenario on land use by region, with interregional 
trade  

 baseline basin plan change value change
 ‘000 ha ‘000 ha % ‘000 ha

Condamine 113 86 –24.2 –27
Border Rivers (Qld) 39 34 –11.8 –5
Border Rivers (NSW) 46 38 –15.6 –7
Warrego 2 1 –21.2 0
Paroo 1 1 0.0 0
Namoi 121 104 –13.5 –16
Macquarie 83 67 –18.7 –16
Moonie 11 7 –34.2 –4
Gwydir 98 72 –25.7 –25
Barwon–Darling 69 56 –18.8 –13
Lachlan 56 47 –16.1 –9
Murrumbidgee 414 268 –35.2 –146
Ovens 8 8 0.0 0
Goulburn–Broken 156 132 –15.2 –24
Campaspe 32 28 –14.2 –5
Wimmera 3 3 0.0 0
Loddon 124 95 –23.4 –29
Murray (NSW)   
–     above Barmah 221 233 5.3 12
–     below Barmah 20 13 –35.7 –7
Murray (Vic)  
–     above Barmah 67 71 5.3 4
–     below Barmah 120 108 –9.9 –12
Lower Murray–Darling 10 9 –14.5 –1
Murray (SA) 56 51 –9.1 –5
Eastern Mt Lofty Ranges 20 19 –3.5 –1

Total 1 890 1 554 –17.8 –336
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A15 Effect of Basin plan scenario on land use by activity, with interregional 
trade  

 baseline basin plan change value change
 ‘000 ha ‘000 ha % ‘000 ha

Cereals 261 190 –27.3 –71
Cotton 405 340 –16.1 –65
Dairy 213 221 3.4 7
Fruits and nuts 74 76 2.1 2
Grapes 106 109 2.5 3
Hay 209 120 –42.7 –89
Meat cattle 183 175 –4.3 –8
Other broadacre 42 23 –45.4 –19
Rice 177 121 –31.6 –56
Sheep 182 141 –22.7 –41
Vegetables 37 39 5.3 2

Total 1 890 1 554 –17.8 –336

A16 Effect of Basin plan scenario on water use by activity, with interregional 
trade  

 baseline basin plan change value change
 GL/year GL/year % GL/year

Cereals 770 365 –52.6 –405
Cotton 2 634 2 016 –23.4 –617
Dairy 1 177 1 012 –14.0 –165
Fruits and nuts 469 447 –4.8 –23
Grapes 583 542 –7.1 –42
Hay 816 343 –58.0 –473
Meat cattle 666 527 –20.9 –139
Other broadacre 158 61 –61.6 –98
Rice 2 409 1 507 –37.4 –902
Sheep 551 328 –40.4 –223
Vegetables 169 163 –3.7 –6

Total 10 403 7 311 –30 –3 092
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Basin GVIAP by selected region,
with interregional tradea2
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Sensitivity analysis
The sensitivity results at a Basin level indicate a fairly linear relationship, with the cost of 
reducing water use increasing slightly as additional water is removed.

This relationship also holds at a regional level (figures a1 and a2). However, GVIAP for some 
regions declines faster than others. This is driven by differences in water cuts between regions 
and differences in the distribution of activities within regions.

A17 Percentage change in Basin GVIAP, by scenario  
 

  % change in GVIAP 
   

scenario (regional reduction in total  
surface water reduction) water use (%) no interregional trade interregional trade
   

20 per cent –19.2 –10.4 –9.6
25 per cent –23.6 –12.9 –11.9
30 per cent –28.0 –15.5 –14.2
32 per cent (Basin plan) –29.7 –16.5 –15.1
35 per cent –32.4 –18.2 –16.6
40 per cent –36.8 –21.0 –19.0
45 per cent –41.2 –23.8 –21.5
50 per cent –45.5 –26.7 –24.2
55 per cent –49.9 –29.7 –27.0
60 per cent –54.2 –32.7 –30.1
65 per cent –58.4 –35.9 –33.4
70 per cent –62.6 –39.1 –36.8

Basin GVIAP by selected region, 
with interregional tradea1

0

average Basin reduction in surface water (%)

Murrumbidgee
Vic Murray

$ 
m

ill
io

n 
pe

r y
ea

r

40 50 60 703020

Goulburn–Broken
Murray SA 
Murray NSW 

100

200

300

400

500

600

700

800

900

1000



Environmentally sustainable diversion limits in the Murray–Darling Basin     ABARE–BRS      report to client

80

At an industry level, results are again 
consistent with Basin level results. Figure a3 
shows the results of the sensitivity analysis 
for some selected activities. 

Variability analysis

Variability scenario  
assumptions
Table A18 summarises the variability 
scenario assumptions used in this study. 
These scenarios were estimated by analysing 
MDBA modelled time series diversion levels.

It should be noted that there remains 
substantial uncertainty over the actual 
effects of SDLs on water supply variability. 
The effect of SDLs on the variability of water 
availability will depend on how the SDLS are 

implemented, as well as the nature of storage capacity access rights (carryover rights) available 
to both irrigators and environmental managers. MDBA modelling provides an indication of the 
potential effects of SDLs for a single representative historical scenario. The future effect of SDLs 
on variability under real world conditions remains subject to significant uncertainty.

The MDBA models produce annual time series outputs of regional diversions within the MDB, 
based on the assumption of current levels of development, using a 114-year historical observed 
climate (rainfall) sequence. The 114-year diversion sequence was ranked from lowest (driest) 
to highest (wettest). The dry and wet diversion scenarios were defined as the average of the 
lowest 28 years and the highest 28 years, respectively. 

The ranking of years was based on the total diversions in the southern Basin and northern 
Basin, rather than on individual region diversion levels. For example, the dry baseline scenario 
in the Murrumbidgee region is defined as the average diversions in the Murrumbidgee over 
the southern Basin’s driest 28 years. The probabilities of each scenario occurring (based on the 
114-year diversion sequence) are defined as: dry, 24.5 per cent; normal, 51 per cent; and wet, 
24.5 per cent.

The estimated variability scenarios demonstrate the typical variability historically observed 
across the different regions in the Basin (see table A18).

Basin GVIAP by selected industry,
with interregional tradea3
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A18 Variability analysis scenarios, diversions as percentage of normal  

 baseline diversions

 dry normal wet
 %  %  % 

Condamine 64 100 208
Border Rivers (Qld) 64 100 154
Border Rivers (NSW) 81 100 112
Warrego 72 100 154
Paroo 100 100 100
Namoi 85 100 107
Macquarie 54 100 116
Moonie 51 100 195
Gwydir 47 100 128
Barwon–Darling 86 100 103
Lachlan 57 100 100
Murrumbidgee 81 100 111
Ovens 100 100 100
Goulburn–Broken 85 100 113
Campaspe 76 100 103
Wimmera 75 100 105
Loddon 61 100 103
Murray (NSW)  67 100 110
Murray (Vic) 86 100 107
Lower Murray–Darling 75 100 110
Murray (SA) 94 100 106
Eastern Mt Lofty Ranges 100 100 100

Total 77 100 117

These diversion scenarios were then converted into water use scenarios required for the WTM. 
This involved the simplifying assumption that the long-run average baseline scenario defines 
the normal baseline scenario and, similarly, that the long-run average Basin plan scenario 
defines the normal Basin plan scenario. A summary of the modelled water use variability 
scenarios is shown in table A19. While a wet scenario was constructed, the WTM was unable 
to generate reliable results for this scenario, so these results are not reported. More detailed 
consideration of variability remains a potential subject for future research.
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A19 Variability analysis scenarios, percentage reductions in surface water 
  

 baseline surface water use basin plan surface water reduction
   

 dry normal dry normal
 GL/year GL/year %  % 
   

Condamine 185 279 –33.4 –33.4
Border Rivers (Qld) 136 205 –21.8 –21.8
Border Rivers (NSW) 194 236 –23.4 –23.4
Warrego 8 11 –39.7 –39.7
Paroo 4 4 0 0
Namoi 301 349 –23.9 –23.9
Macquarie 200 355 –27.9 –27.9
Moonie 34 63 –39.7 –39.7
Gwydir 270 542 –32.0 –32.0
Barwon–Darling 418 479 –25.0 –25.0
Lachlan 92 154 –18.6 –18.6
Murrumbidgee 2 049 2 495 –37.5 –37.5
Ovens 13 13 –39.7 –39.7
Goulburn–Broken 485 564 –32.3 –32.3
Campaspe 115 148 –34.5 –34.5
Wimmera 3 4 0 0
Loddon 276 437 –34.2 –34.2
Murray (NSW)     
– above Barmah 765 1 102 –32.0 –32.0
– below Barmah 91 131 –32.0 –32.0
Murray (Vic)    
– above Barmah 274 316 –31.0 –31.0
– below Barmah 575 663 –31.0 –31.0
Lower Murray–Darling 48 63 –33.2 –33.2
Murray (SA) 272 287 –30.2 –30.2
Eastern Mt Lofty Ranges 50 50 0 0
   

Total 6 856 8 950 –31.9 –31.9
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Variability results: without interregional water trade

A20 Variability scenario results: percentage reduction in GVIAP by region 
relative to baseline, without interregional water trade 

  basin plan 
 baseline GVIAP GVIAP reduction 

 dry normal dry normal
 $m/year $m/year %  % 

Condamine 413 457 –14.0 –15.3
Border Rivers (Qld) 212 245 –7.3 –8.7
Border Rivers (NSW) 166 185 –12.3 –13.2
Warrego 6 7 –13.3 –11.8
Paroo 6 6 0.0 0.0
Namoi 310 332 –17.7 –17.7
Macquarie 214 275 –16.2 –17.9
Moonie 22 40 –37.0 –37.1
Gwydir 183 321 –25.8 –26.1
Barwon–Darling 153 172 –22.0 –22.1
Lachlan 148 165 –9.2 –10.0
Murrumbidgee 804 889 –19.1 –20.4
Ovens 57 57 –3.0 –3.0
Goulburn–Broken 654 691 –11.9 –12.6
Campaspe 118 134 –17.4 –18.2
Wimmera 12 13 0.0 0.0
Loddon 212 268 –17.7 –19.3
Murray (NSW)    
– above Barmah 312 368 –15.6 –16.2
– below Barmah 37 46 –17.5 –19.5
Murray (Vic)   
– above Barmah 176 185 –15.9 –14.7
– below Barmah 573 612 –19.0 –16.6
Lower Murray–Darling 61 71 –32.6 –23.7
Murray (SA) 495 507 –18.9 –18.0
Eastern Mt Lofty Ranges 163 163 –0.5 –0.5

Total 5 507 6 207 –16.1 –16.6
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A21 Variability scenario results: percentage change in land use by crop 
relative to baseline, without interregional water trade 

  basin plan  
 baseline land use land use change 

 dry normal dry normal
 ‘000 ha ‘000 ha %  % 

Cereals 224 260 –22.5 –24.9
Cotton 338 405 –21.1 –16.0
Dairy 221 212 –5.2 2.3
Fruit and nuts 74 74 0.0 0.0
Grapes 105 105 0.0 0.0
Hay 154 208 –58.4 –46.7
Meat cattle 178 182 –14.1 –7.2
Other broadacre 30 41 –32.2 –39.5
Rice 154 178 –28.9 –25.1
Sheep 156 181 –29.9 –22.7
Vegetables 39 37 –0.2 4.1

Total 1 673 1 884 –20.9 –17.8
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Variability results: with interregional water trade

A22 Variability scenario results: percentage reduction in GVIAP by region 
relative to baseline, with interregional water trade   

  basin plan 
 baseline GVIAP GVIAP reduction 

 dry normal dry normal
 $m/year $m/year %  % 

Condamine 413 457 –14.0 –15.3
Border Rivers (Qld) 212 245 –7.3 –8.7
Border Rivers (NSW) 166 185 –12.3 –13.2
Warrego 6 7 –13.3 –11.8
Paroo 6 6 0.0 0.0
Namoi 310 332 –17.7 –17.7
Macquarie 214 275 –16.2 –17.9
Moonie 22 40 –37.0 –37.1
Gwydir 183 321 –25.8 –26.1
Barwon–Darling 153 172 –22.0 –22.1
Lachlan 148 165 –9.2 –10.0
Murrumbidgee 769 890 –22.7 –25.4
Ovens 55 56 –2.8 –3.6
Goulburn–Broken 673 704 –12.1 –11.9
Campaspe 127 134 –17.4 –11.6
Wimmera 12 13 0.0 0.0
Loddon 272 284 –32.9 –20.5
Murray (NSW)    
– above Barmah 314 368 –18.2 –17.9
– below Barmah 34 41 –31.2 –32.5
Murray (Vic)   
– above Barmah 172 185 –7.8 –8.9
– below Barmah 566 593 –6.9 –8.4
Lower Murray–Darling 68 71 –5.2 –6.4
Murray (SA) 498 513 –4.5 –5.6
Eastern Mt Lofty Ranges 163 163 –0.5 –0.5

Total 5 557 6 219 –14.5 –15.2
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A23 Variability scenario results: percentage change in land use by crop 
relative to baseline, with interregional water trade 

  basin plan  
 baseline land use land use change 

 dry normal dry normal
 ‘000 ha ‘000 ha %  % 

Cereals 227 261 –29.6 –27.4
Cotton 338 405 –21.1 –16.1
Dairy 224 213 –2.7 3.5
Fruit and nuts 74 74 0.0 0.0
Grapes 105 105 0.0 0.0
Hay 162 209 –53.4 –42.6
Meat cattle 185 183 –11.4 –4.2
Other broadacre 31 42 –49.4 –45.3
Rice 147 177 –36.5 –31.6
Sheep 165 182 –35.0 –22.7
Vegetables 38 37 1.5 5.3

Total 1 696 1 890 –22.3 –18.0
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B Comparison of WTM results 
with other studies

B1  TERM-H2O modelling results – effects of a 25.8 per cent reduction in 
irrigation water availability, 2018

 change in change in value 
region water availability of irrigated output net water imported
 % % GL

Central Murrumbidgee NSW –54.6 –29 –105
Lower Murrumbidgee NSW –29.9 –12.1 –13
Upper Murray NSW –46.9 –24.2 –27
Central Murray NSW –16.3 –6.7 123
Murray–Darling NSW –13.4 –3.5 9
Western Mallee Vic –28.5 –9.5 –21
Eastern Mallee Vic –20.6 –6.2 20
North Loddon Vic –35.7 –15.5 –24
South Loddon Vic –21.2 –7.8 0
North Goulburn Vic –22.9 –8.7 31
Southwest Goulburn Vic –33.1 –13.3 –23
Ovens Murray Vic –27.2 –12.4 –6
Murray Lands SA –19.4 –4.6 35

Total for southern MDB –25.8 –11.8 0

Source: Dixon, Rimmer and Wittwer 2009. 

The literature contains only a few studies that model the economic effects of drought, climate 
change or a change in water policy on irrigated agriculture in the MDB. Moreover, the impact 
estimates modelled in some of these studies are not directly comparable to those derived 
using the WTM because model output is reported in terms other than the value of irrigated 
production. For those studies where the impact estimates are directly comparable, the model 
results appear consistent with WTM results. More specifically, model estimates generated by 
the TERM-H2O and Risk and Sustainable Management Group models are similar at a Basin 
level to those generated by the WTM, despite these models using different datasets, model 
assumptions and modelling methods. 

Dixon, Rimmer and Wittwer (2009)
Dixon, Rimmer and Wittwer (2009) used the TERM-H2O model (a modified version of The 
Enormous Regional Model) to estimate the effects of a government buyback within the 
southern MDB. The scenario they modelled effectively amounts to a 25.8 per cent reduction in 
irrigation water availability in the southern MDB. The results in table B1 can be interpreted as 
the mid to long-term effects of this reduction in irrigation water availability in 2018. 
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B2 GRP reduction from a 30 per cent 
reduction in water availability

region estimated reduction (%)

Murrumbidgee 3.2
Murray NSW 4.4
Mallee 1.8
Goulburn 1.7
Loddon–Campaspe 0.6
Ovens Murray 0.2
Murray Lands SA 1.3
Total southern Basin 2.0

Source: Peterson et al. 2004, Productivity Commisson 2010.

The results indicate that with interregional water trade a 25.8 per cent reduction in irrigation 
water availability would lead to an 11.8 per cent decline in GVIAP in the southern Basin (table B1).

TERM-H2O is a dynamic computable general equilibrium model of the Australian economy 
which uses substantially different regional demarcations than those used in the WTM, hence a 
comparison of results at a regional level can be misleading. However, at an aggregate level, the 
results from TERM-H2O (an 11.8 per cent decline in GVIAP for a 25.8 per cent reduction in water 
availability) seem consistent with results from the WTM (a 15.1 per cent decline in GVIAP for a 
29.7 per cent reduction in water availability).

Peterson, Dwyer, Appels and Fry (2004)
Peterson, Dwyer, Appels and Fry (2004) of the Productivity Commission used the TERM model, 
an earlier version of Dixon et al.’s TERM-H2O, to model the effects of reduced water availability 
on the southern Basin. While a number of the inputs used were similar to those used in Dixon 
et al.’s model, the production functions were substantially different (Productivity Commission 
2010). Peterson et al. modelled across-the-board reductions in irrigation water availability of 
10, 20 and 30 per cent within the southern Basin. Water trade between regions and activities 
was assumed to incur no cost, and movement of capital between regions and industries was 
allowed. 

Larger reductions in water availability 
were estimated to have disproportionately 
large effects on GRP and GDP. GRP in the 
southern Basin was reduced by 0.5 per cent 
under a 10 per cent cut in water allocations, 
1.2 per cent under a 20 per cent cut and 
2 per cent under a 30 per cent cut, when 
trade is permitted. The reductions in GRP 
under the 30 per cent scenario are largest 
in the Murray NSW and Murrumbidgee, 
and smallest in the Ovens and Loddon and 
Campaspe (table B2). In comparison to 
Dixon et al. and the WTM, the Peterson et 
al. results are larger for the same reduction 

in water availability. However, the distribution of the effects among southern Basin regions 
follows a similar pattern to other studies, with the Murrumbidgee and Murray NSW regions 
undergoing greater effects than the Victorian and South Australian regions of the Basin.

One possible explanation for the higher costs estimated by Peterson et al., when compared 
with ABARE–BRS results, is the assumption of limited input substitution for irrigators. Peterson 
et al. assumed that irrigation industries have very little capacity to profitably substitute toward 
other inputs as water becomes more expensive. The more limited the substitution possibilities, 
the larger the agricultural, and hence regional, impacts (Productivity Commission 2010).  
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B3 Adamson et. al modelling 
results – effects of a 15 per cent 
reduction in water use on gross 
value of irrigated agriculture, 
with trade

 change in  change in
 water use (%) gross value (%)

Catchment management  
authority region 
Condamine –20.0 –7.9
Maranoa–Balonne –20.0 –18.2
Border Rivers Qld 0.0 0.0
Border Rivers–Gwydir –4.9 –4.7
Warrego–Paroo 0.7 0.0
Namoi –20.0 –19.5
Central West –5.3 –1.4
Western 0.0 0.0
Lachlan –20.0 –11.1
Murrumbidgee –11.7 –3.0
North East 0.0 0.0
Goulburn–Broken –20.0 –17.5
North Central –20.0 –15.2
Wimmera 0.0 0.0
Murray –20.0 –16.9
Mallee –20.0 –18.5
Lower Murray–Darling –19.2 –0.4
SA MDB –20.0 –3.1

Total Basin –15.0 –7.4

Source: Adamson, Quiggin and Mallawaarachchi 2005.

Adamson, Quiggin and Mallawaarachchi (2005)
In another study Adamson, Quiggin and Mallawaarachchi (2005) used the Risk and Sustainable 
Management Group model (a Basin-wide optimisation model with similar regions to those 
used in the WTM) to model the effects of a 20 per cent across the board reduction in inflows 
in the MDB, resulting in a 15 per cent reduction in total water use. The analysis assumed that 
water could be traded between regions, including regions in the northern Basin. The model 
results indicate a 7.4 per cent reduction in gross value of irrigated production at the Basin level 
(table B3).

Comparison with WTM results for individual 
regions shows some similarities and some 
differences. For instance, while the WTM 
results indicate that the Murrumbidgee will 
be significantly affected by a reduction in 
water availability, the Adamson et al. model 
indicates that this will not be the case. 
Differences can be attributed to differing 
model assumptions, methodology and 
data.

Mallawaarachchi, Adamson, 
Chambers and Schrobback 
(2010)
More recently, the Risk and Sustainable 
Management Group (RSMG) model has 
been used to compare the economic 
returns from irrigation for the baseline 
scenario and the Basin plan. However, these 
results were generated using a different 
SDL scenario and are therefore not directly 
comparable with the results presented in 
this report. Their results were derived using 
the global version of the model, where 
intraregional water trade in Queensland 
and in regions down to the Lachlan in 
New South Wales and inter-regional trade 
in the southern connected system from 
the Murrumbidgee to the Murray South 
Australia is allowed.

In the study, diversions across the Basin 
were reduced by 37 per cent, on average, 
relative to the baseline. Under these 
reductions, estimated water use fell by  
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3746 GL or 35.5 per cent (relative to the baseline). The resulting reduction in GVIAP was  
$1445 million or 16 per cent (relative to the baseline). The reduction in Basin GVIAP estimated 
by the RSMG is relatively comparable to the WTM estimates presented in this report. The WTM 
generated an estimated reduction in Basin GVIAP of 15.1 per cent for the 3500 GL Basin plan 
scenario (which involved a reduction in total water use of 29.7 per cent) 

Wentworth Group of Concerned Scientists (2010)
The Centre for Water Economics and Policy at the Australian National University, on behalf of 
the Wentworth Group of Concerned Scientists, recently developed a combined hydrologic 
and economic model to indicate the economic implications of sustainable diversion levels in 
the Basin. Their analysis assumed unrestricted water trade in the Basin and used largely the 
same regional boundaries as the WTM. Table B.4 shows the estimated reduction in water use 
required in each region to achieve a 30 and 40 per cent reduction in Basin diversions. 

To reduce Basin-wide diversions by 30 per cent, agriculture diversions were estimated to 
require a reduction of 65 per cent in the Murrumbidgee and 39 per cent in the Murray, while 
other regions were relatively unaffected. For a 40 per cent Basin-wide reduction, the regional 
reductions were more evenly spread, with Campaspe and Loddon–Avoca requiring reductions 
in agriculture diversions of 98 per cent and 84 per cent, respectively. The resulting reduction 
in annual net returns, averaged across the Basin, was 9.5 per cent for a 30 per cent reduction in 
diversions and 16.3 per cent for a 40 per cent reduction.

B4 Estimated reductions in Basin agriculture diversions and the resulting 
reductions in annual net returns, according to catchment

 catchment reduction  reduction
 contributions in annual catchment in annual
 to 30% reduction net returns from a contributions net returns from
catchment (%) 30% reduction (%) to 40% reduction (%) a 30% reduction (%)

Paroo <1 – <1 –
Warrego <1 – <1 –
Condamine–Balonne 8 2.0 22 13.2
Moonie 1 0.2 36 34.6
Border Rivers 4 0.7 8 3.7
Gwydir 2 0.4 3 1.3
Namoi 9 2.2 15 7.7
Macquarie–Castlereagh 7 1.4 16 8.2
Barwon–Darling 2 0.5 4 2.2
Lachlan <1 – <1 –
Murrumbidgee 65 25.8 74 32.4
Murray 39 11.5 44 14.3
Ovens 1 0.1 43 10.4
Goulburn–Broken 1 0.3 22 13.8
Campaspe <1 – 98 90.4
Loddon–Avoca <1 – 84 43.5
Wimmera <1 – <1 –
Eastern Mt Lofty Ranges 2 0.1 37 8.1
Murray–Darling Basin 30 9.5 40 16.3

Source: Wentworth Group of Concerned Scientists 2010.
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While the reductions in water use under a 30 per cent cut in Basin-wide diversions suggest that 
reductions in regional diversions should be concentrated in the Murray and Murrumbidgee, 
this result should be treated with caution and considered in the context of all modelling 
results. Under a 40 per cent reduction in Basin-wide diversions, large reductions are estimated 
to occur in many other regions—for example, 98 per cent reductions in Campaspe and 84 per 
cent reductions in Loddon–Avoca.

At a Basin level, the above results are relatively comparable with WTM results presented in this 
report. From the WTM results (chapter 4) the Basin plan scenario (3500 GL), which involved a 
29.7 per cent reduction in total water use, resulted in a drop in basin irrigated profit of 7.8 per 
cent. While the WTM results also found the Murrumbidgee region to be the most significantly 
affected, the WTM results showed a more even distribution of impacts across the regions of 
the Basin with a maximum reduction in profit of 19.5 per cent for the Murrumbidgee region.
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C Towns highly reliant on  
expenditure from irrigation  
farms

C1 Towns that are highly reliant on expenditure from irrigation farms, 
2007–08     

   change in  expenditure total
region town region GVIAP population per resident  expenditure
   % no. $ $

Condamine Cecil Plains –15.3 233 30 635 7 137 839
Condamine Allora –15.3 920 11 955 10 998 306
Condamine Pittsworth –15.3 2 568 8 053 20 679 976
Condamine St George –15.3 2 410 5 289 12 746 394
Condamine Millmerran –15.3 1 225 5 103 6 250 734
Condamine Condamine –15.3 373 3 775 1 408 138
Condamine Dirranbandi –15.3 439 3 722 1 634 041
Condamine Jondaryan –15.3 515 2 946 1 517 339
Condamine Gowrie –15.3 252 2 786 702 085
Border Rivers (Qld) Talwood –8.6 91 27 911 2 539 940
Border Rivers (Qld) Stanthorpe –8.6 4 262 7 128 30 379 621
Border Rivers (Qld) Ballandean –8.6 133 6 945 923 697
Border Rivers (Qld) Goondiwindi –8.6 3 568 3 566 12 724 451
Border Rivers (NSW) Mungindi –13.1 646 2 457 1 587 144
Namoi Quirindi –17.7 2 604 19 329 50 332 169
Namoi Wee Waa –17.7 1 687 7 734 13 046 971
Namoi Caroona –17.7 179 7 194 1 287 653
Namoi Narrabri –17.7 6 115 6 464 39 524 486
Macquarie Trangie –17.8 869 11 826 10 276 785
Macquarie Warren –17.8 877 10 356 9 082 580
Macquarie Narromine –17.8 3 599 4 030 14 504 654
Lachlan HIllston –10.0 502 9 154 4 595 147
Lachlan Forbes –10.0 6 952 2 415 16 787 412
Murrumbidgee Conargo –25.3 188 18 753 3 525 615
Murrumbidgee Coleambally –25.3 656 18 468 12 114 949
Murrumbidgee Oaklands –25.3 238 9 122 2 171 015
Murrumbidgee Balranald –25.3 386 8 346 3 221 598
Murrumbidgee Batlow –25.3 1 001 6 751 6 757 951
Murrumbidgee Griffith –25.3 16 180 4 565 73 864 936
Murrumbidgee Beelbangera –25.3 307 4 475 1 373 850
Murrumbidgee Yenda –25.3 1 065 4 343 4 624 794
Murrumbidgee Berrigan –25.3 895 3 540 3 167 897
Murrumbidgee Galore –25.3 224 3 370 754 916
Murrumbidgee Rand –25.3 210 3 276 687 857
Murrumbidgee Hay –25.3 2 627 2 909 7 642 442
Murrumbidgee Urana –25.3 335 2 742 918 580
Murrumbidgee Morundah –25.3 76 2 630 199 844
Murrumbidgee Jerilderie –25.3 775 2 017 1 563 222
Murrumbidgee Leeton –25.3 6 840 1 965 13 440 532
Goulburn–Broken Katamatite –11.8 212 42 835 9 080 933
Goulburn–Broken Colbinabbin –11.8 112 38 812 4 346 963
Goulburn–Broken Stanhope –11.8 522 18 136 9 467 185

continued...
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C1 Towns that are highly reliant on expenditure from irrigation farms, 
2007–08    continued     

   change in  expenditure total
region town region GVIAP population per resident  expenditure
   % no. $ $

Goulburn–Broken Kyabram –11.8 5 980 7 919 47 355 799
Goulburn–Broken Girgarre –11.8 185 6 241 1 154 674
Goulburn–Broken Shepparton–Mooroopna –11.8 31 811 5 126 163 050 780
Goulburn–Broken Tatura –11.8 3 308 3 634 12 020 776
Goulburn–Broken Nagambie –11.8 1 382 2 218 3 065 856
Campaspe Rochester –11.6 2 825 9 823 27 749 975
Campaspe Echuca–Moama –11.6 12 681 2 755 34 930 956
Loddon Lockington –20.3 418 38 608 16 138 186
Loddon Durham Ox –20.3 25 31 373 784 328
Loddon Boort –20.3 773 14 249 11 014 794
Loddon Bridgewater –20.3 305 9 109 2 778 306
Loddon Calivil –20.3 226 5 966 1 348 379
Loddon Pyramid Hill –20.3 466 2 176 1 014 170
Loddon Dingee –20.3 322 2 056 662 125
Murray (NSW) Wakool –19.3 209 15 263 3 189 927
Murray (NSW) Finley –19.3 2 057 6 997 14 392 726
Murray (NSW) Deniliquin –19.3 7 433 3 378 25 112 019
Murray (NSW) Barham–Koondrook –19.3 1 935 2 426 4 694 600
Murray (Vic) Cobram –8.5 4 108 12 581 51 682 050
Murray (Vic) Cohuna –8.5 1 889 10 306 19 468 468
Murray (Vic) Numurkah –8.5 3 677 6 494 23 878 769
Murray (Vic) Corryong –8.5 1 229 5 917 7 271 514
Murray (Vic) Kiewa –8.5 265 5 907 1 565 244
Murray (Vic) Swan Hill –8.5 9 260 5 481 50 751 745
Murray (Vic) Robinvale –8.5 1 973 5 472 10 796 217
Murray (Vic) Eskdale –8.5 436 5 443 2 372 930
Murray (Vic) Kerang –8.5 3 782 3 563 13 474 245
Murray (Vic) Leitchville –8.5 273 3 555 970 387
Murray (Vic) Nathalia –8.5 1 431 3 515 5 029 464
Murray (Vic) Boundary Bend –8.5 182 2 613 475 482
Murray (Vic) Mildura –8.5 24 015 2 543 61 073 507
Murray (Vic) Red CliFfs –8.5 2 738 2 468 6 756 782
Murray (Vic) Strathmerton –8.5 467 2 214 1 034 041
Lower Murray–Darling Dareton –6.6 567 5 281 2 994 248
Murray (SA) Lameroo –5.8 518 13 438 6 960 848
Murray (SA) Meningie –5.8 939 13 233 12 425 440
Murray (SA) Waikerie –5.8 1 744 7 129 12 433 028
Murray (SA) Loxton –5.8 3 433 4 846 16 635 769
Murray (SA) Barmera –5.8 1 926 4 294 8 269 551
Murray (SA) Renmark –5.8 4 333 4 142 17 949 063
Murray (SA) Berri –5.8 4 018 3 755 15 088 635
Murray (SA) Langhorne Creek –5.8 1 198 2 340 2 803 548
Murray (SA) Karoonda –5.8 356 2 092 744 684
Eastern Mt Lofty Ranges Strathalbyn –0.5 3 894 5 289 20 595 678
Eastern Mt Lofty Ranges Mypolonga –0.5 303 2 557 774 732
Eastern Mt Lofty Ranges Hope Forest 0.5 60 2 365 141 908

Source: ABS 2007; ABARE–BRS irrigation survey data 2007–08; ABARE–BRS WTM estimates of the change in GVIAP based on Basin plan (3500 GL) 
with interregional water trade scenario.
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C2 Town size categories    

town population number of towns a share of all towns
 no. %

1000 or less 110 50
1000 to 5000  65 30
5000 to 10 000  24 11
More than 10 000 20 9

Total 219 100

a Towns identified by irrigators as places of expenditure in 2007–08.  
Source: ABARE 2007–08 irrigation industry survey. 
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DThe effects of changes in the  
variability of water supply

Background

Climate variability
Lower rainfall and higher temperatures contribute to reduced run-off and river inflows 
and are climate characteristics that are projected to affect surface water availability in the 
Murray–Darling Basin. Rainfall in the southern Murray–Darling Basin from 1997 to 2008 was 
more than 10 per cent lower than the long-term mean and has led to extremely low annual 
run-off (Chiew et al. 2009). Cai and Cowan (2008) and Chiew et al. (2009) also found that higher 
temperatures accentuated the effect of low rainfall on run-off and inflows into the Murray–
Darling river system. While the effects of climate change by 2030 are uncertain, the CSIRO has 
projected surface water availability across the Basin to be 11 per cent lower than the long-term 
average under their median climate change scenario (CSIRO 2008a). 

Variability in water supply is expected to increase in the future, with an increased number of 
extreme events. Mpelasoka et al. (2007) project an increase in the severity of droughts and an 
increase in the incidence of droughts in eastern Australia of up to 40 per cent by 2070. Similarly, 
CSIRO (2008a) predicts that drought conditions such as those currently facing the Murray–
Darling Basin will become more common. Changing climate variability and extremes are now 
widely recognised as the greatest source of climate-induced stress affecting most systems 
(CSIRO 2008b). In particular, CSIRO (2008b) mentions that scenarios of climate change indicate 
substantial reductions in mean river flows and higher flow variability. 

Water demand variability
Rainfall in the Murray–Darling Basin is characteristically variable, both within and between 
years. An increase in this variability is likely to lead to an increase in the variability of both 
the supply and demand for irrigation water. Demand for irrigation water in a chosen year is 
influenced by the difference between local rainfall during the season and the water required 
by a grower’s irrigated activities. Holding all else constant, irrigators will use less irrigation 
water in wetter years than in comparatively dry years. Therefore, demand for irrigation water is 
likely to vary inversely to rainfall (and water supply)—as rainfall variability increases, so too will 
demand for irrigation water. However, in practice water demand variability is typically limited 
compared with water supply variability.
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The effects of changes in the  
variability of water supply Water supply variability

Water supply is directly linked to rainfall; therefore, increases in rainfall variability are likely to 
lead to higher variability in irrigation water supply (CSIRO 2008a). However, in regulated river 
systems the variability in the supply of water is also a function of storage capacity and storage 
policy. 

Major water storages smooth variation in the supply of water by creating a buffer stock that 
can be drawn down in dry years. Storage policy effectively involves determining at each point 
in time the volume of water that remains in storage for future use (that is, the size of the buffer 
stock). The management of water storages has significant relevance for water supply variability 
in Australia given the high variability in inflows and relatively large volume of available storage 
capacity. Water storage policy has been considered in detail in previous ABARE–BRS research 
(Hughes and Goesch 2009a). In practice, storage policy is influenced both by centralised 
decisions made by water utilities and by decentralised decisions by water users via the use of 
storage capacity access rights (including, for example, carryover rights) (Hughes and Goesch 
2009a).

The potential effects of SDLs on water supply variability
The SDLs will reduce the average volumes of water available for private consumptive use 
relative to long-run averages. The SDLs may also have an effect on the variability of water 
supply in different regions. The effect of the SDLs on the variability of the water supply will 
depend on a range of factors including the way in which environmental water is acquired, the 
extent of storage capacity access rights (carryover) for both consumptive and environmental 
users and the extent of any seasonal trade in water between environmental and consumptive 
use. 

Environmental water can be obtained in a range of alternative ways, including ‘rules based’ 
environmental water, transferring private water entitlements to the environment or placing 
limits (for example, annual caps) on the volume of water that can be allocated/used against 
private entitlements. Each of these may have different effects on variability. ’Rules based’ water 
(which generally takes priority over other uses) tends to increase supply variability for private 
users. Obtaining environmental water through the purchase of entitlements has a relatively 
neutral impact on variability for private uses, while imposing annual caps is likely to reduce 
variability for private uses.

The way in which water is acquired for the environment will depend on the nature of 
environmental watering requirements (for example increasing minimum stream flows 
or achieving high flow events). Another important factor will be the extent to which 
environmental managers can meet these requirements by making use of storages, which 
will depend on the nature of environmental storage access rights for both private and 
environmental users. Where there are well-defined storage access rights this will minimise 
the effect that SDLs would have on the variability of water supply. Another policy that could 
assist would be an efficient seasonal water market that permitted trading in water between 
environmental and private users. 
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The varying approaches to obtaining and managing environmental water, the design of 
storage access rights and the potential for water trading between environmental and 
consumptive users all remain important subjects for future research. 

In practice, there remains significant uncertainty over many of the important policy variables 
and, as such, the effect of SDLs on the variability of water supply remains highly uncertain. 
While there remains uncertainty over the effect of SDLs on the variability of water supply, it 
is unlikely the SDLs will be completely neutral with respect to variability in every region. It is 
useful then to consider in more detail some of the general effects of water supply variability on 
irrigated agriculture.

The effects of water supply variability on irrigated  
agriculture
It is useful to draw a distinction between the effects of water supply variability in the short run 
and in the long run. The short-run context is where irrigators’ capital investment, crop/activity 
choice or crop area decisions remain fixed. The distinction is not specifically the length of time 
involved but the degree of flexibility possible.

Short-run context
In this context, variability in water supply directly contributes to variability in crop/livestock 
yield and in turn variability in irrigator profit. Appels et al. (2004) note that for most irrigated 
agricultural activities in the southern Basin, rainfall over a growing season is less than the 
quantity of water needed by the plants. As a result, most existing irrigated activities using 
current farming practices could not be maintained in these regions without irrigation. For this 
reason, it is important to consider the implications of potential changes in the variability of 
water supplies on irrigated cropping activities. 

Across an irrigation region the marginal costs of reduced water availability will be greater in 
drier years than in wet years—the costs of drought are greater than the benefits of wet years 
(this follows simply from a downward sloping market demand curve for water). As a result, 
increasing water supply variability (holding mean availability levels constant) will decrease 
average production/profit levels. Additionally, there is the issue of risk aversion: for any given 
average profit level irrigators would prefer less seasonal variability. 

Short-run effects on annual and perennial cropping 
The relationship between water use and yield is very important to irrigators. This relationship, 
in particular the point at which yield declines due to water stress, will vary according to 
crop type. When this threshold is exceeded, an irrigator is likely to incur costs, in the form of 
reduced yield and returns. The damage resulting from severe moisture stress of perennial crops 
can be particularly costly given it can extend beyond the current season. In some instances, 
water stress can lead to the death of permanent plantings. In the short run a trade-off 



Environmentally sustainable diversion limits in the Murray–Darling Basin     ABARE–BRS      report to client

98

exists between the maintenance of optimal yield (maximising revenues) and the marginal 
opportunity cost of irrigation water (the market price of water).

Irrigators facing increased variability in water supplies will need to compare the benefits of 
acquiring additional water in the event of water scarcity with the costs associated with that 
water. Land intended for annual crops can be left fallow or irrigated areas reduced in years of 
low water supply and this land can return to production in the next year of adequate supply. 
In contrast, irrigators with permanent plantings (for example, trees or vines) do not have this 
flexibility because of the long interval between planting and harvest, and substantial sunk 
costs in production. Despite reduced profits, growers of perennial crops are likely to use 
available water to maintain their plantings, even if they cannot produce a crop, provided the 
cost of doing so is less than the cost of replanting and nurturing them to the same maturity 
(Appels et al. 2004).

Many perennial horticultural crops are characterised by a large capital investment and a long 
productive period. Initial costs such as capital purchase, infrastructure and planting costs 
influence an irrigator’s decisions before planting begins but, after this stage, these costs are 
‘sunk’ and do not affect an irrigator’s short-run decisions. Consequently, future decisions made 
by an irrigator will usually be limited to changes in inputs to production. Although farms 
growing annual crops have greater flexibility, they are subject to a similar kind of sunk cost 
problem once crops are planted, albeit to a lesser extent and over a much shorter time frame.

As the growing season progresses and harvest approaches, more costs become sunk 
so irrigators’ responses to changes in water prices become increasingly inelastic. This is 
particularly true of investments into perennial horticultural crops because replanting the crop 
incurs large costs and variable costs are usually small compared with revenues. The estimated 
share of irrigation costs (excluding sunk costs such as farm irrigation infrastructure) as a 
percentage of total activity costs is highest in rice (16 per cent) and dairy (14 per cent), and 
lowest in grapes (3 per cent), vegetables (2 per cent) and fruit (1 per cent) (CSIRO 2002). Appels 
et al. (2004) suggest that this reflects, in part, the capital intensity of perennial horticulture in 
relation to annual cropping, and the labour intensity of vegetables. 

Long-run context 
In the long run, irrigators have full flexibility to alter capital investment decisions, changing 
irrigated areas and crop choice, including switching between or changing their mix of 
perennial and annual activities. Water supply variability implies that all forward looking 
decisions are subject to a degree of risk or uncertainty.

Irrigators need to consider a range of time frames as they make production decisions that have 
short, medium and long-run consequences. Production and trading decisions with immediate 
or short-term effects on an irrigation business can be made with the information available 
under realised or imminent environmental and market conditions. As the period of time under 
consideration is extended, the accuracy of information available and the reliability of climate 
projections with which to make long-term management and production decisions is likely to 
decline. 
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Overall, it is expected that investment and production levels will be lower when made 
under uncertainty than if producers have perfect knowledge of future seasonal and climatic 
conditions. For example Hafi et al. (2006) and McClintock (2009) demonstrate how water price 
variability (largely induced by water supply variability) is likely to significantly slow the adoption 
of technologies that improve water use efficiency.

Long-run effects on annual and perennial cropping
As Brennan (2006) notes, a range of irrigator long-run decisions will be influenced by the long-
term reliability of water supply. These decisions may concern such things as capital investment 
in permanent horticultural plantings, animal breeding stocks and infrastructure. 

The reliability of irrigation water supply is an important factor in determining what cropping 
activities an irrigator should engage in. Under conditions of low reliability of water supply, 
annual cropping has the favourable characteristic of allowing flexibility to vary the size of 
operations from year to year. In contrast, highly variable water supply is a significant challenge 
for perennial horticulture where the costs of a single poor season can be very high. In general, 
an increase in the variability of water supply (all else held constant) would be expected to lead 
to a decrease in the relative mean profitability of perennial cropping. 

For example, Skewes (2010) notes that high security water allocations have been vital in 
encouraging the planting of extensive areas of perennial horticultural crops in the Riverland 
region of South Australia and the neighbouring Sunraysia region on the border of New South 
Wales and Victoria. Since it takes several years for perennial crops to reach full production, 
a reduction in available water for irrigation is a particular risk to their profitability and 
maintenance. Because of significant investments in perennial plantings, perennial croppers 
will reconsider their crop mix at the end of the productive life of their plantings (assuming the 
maintenance of the plantings remains cost-effective).

The long time frame applicable to perennial agriculture creates distinct challenges in the 
context of an uncertain climate. Decisions made in the context of current information 
regarding climate characteristics may not be optimal given the potential for increased rainfall 
variability. Given the long time scales for growth and production of orchards and vineyards 
(approximately 30 years), climate variability should be an important factor in selecting 
perennial varieties and deciding whether and where perennials should be planted (Lobell et 
al. 2006). For example, favourable planting areas may become unfavourable during the life of 
a single orchard or vineyard and the most suitable crop variety for the current climate may be 
poorly suited for future climates (Koski 1996).

Studies estimating the effects of water supply variability

Impacts of climate change on lower Murray irrigation 
Jeff Connor, Kurt Schwabe, Darran King, David Kaczan and Mac Kirby
Connor et al. (2009) explored the response of the irrigated agriculture sector to climate change 
and its resulting impacts for the Murray–Darling Basin, with an economic model that took 
into account the effects of water supply variability on irrigator decisions over the short and 
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long run. A Basin-wide water balance model was used to estimate changes in inflows to major 
dams in the MDB system under different climate change scenarios. An important result was 
an estimated shift away from perennial activities toward annual activities. This result differs 
from that generated by the WTM in this study (a relative shift away from annual activities). This 
difference is directly attributable to the inclusion of variability into the analysis. 

The climate change scenarios used in Conner et al. (2009) varied according to the reduction in 
rainfall and run-off, and increase in temperature. The economic modelling involved two stages: 
the first of which determined the long-run capital investments that remain fixed for a number 
of years, regardless of annual variation in water allocation and prices. The second stage 
modelled the annual decisions concerning water application rates and land area fallowed. 
These short-run decisions were conditional on the level of capital chosen in the first stage. 

The optimal short-run responses associated with up to a 30 per cent reduction in water 
allocation were found to be business as usual except for some slight deficit irrigation/crop 
stressing. Deficit irrigation is an optimising strategy under which crops are deliberately allowed 
to sustain a degree of water deficit and yield reduction, with a view to increasing water use 
efficiency (English et al. 1990). Connor et al. (2009) found that a slight profit loss resulted 
because of lower yields, where growers engaged in deficit irrigation. As water allocations were 
reduced to 70 per cent, deficit irrigation became more widespread.  

Further responses to lower water allocation involve fallowing land previously used to grow 
annual crops, and irrigating perennial crops with the minimum water requirement to avoid 
future yield loss. Revenue decreases substantially, particularly as growers attempt to maintain 
a minimum level of water applications to prevent moisture stress and future perennial crop 
damage. When allocations are reduced by 80 per cent or more, long-term crop damage 
was found to be unavoidable and is observed in losses that are greater than fixed costs. This 
accounts for the opportunity costs of foregone production from perennial crops and results in 
yield and revenue losses that extend beyond the current season. Under these circumstances, 
a perennial cropper may be willing to pay relatively high prices over the short run to maintain 
their plantings and avoid losing their investment.

Connor et al. (2009) also investigated the effects of a change in climate over the long run. For 
progressively more severe climate change scenarios, growers were found to fallow more land 
(including irrigated land), apply less water and generate less drainage. In terms of crop mix, 
there is a shift from perennial to annual cropping as the severity of the climate change scenario 
increases. Connor et al. (2009) suggest that this is driven by the difference in penalties incurred 
as a result of under-watering crops. A larger penalty will be incurred for perennial crops than 
annual crops because of the reduced future yield potential for horticultural and viticultural 
crops when minimum water requirements are not met. As the productive life of a perennial 
crop reaches its end, these irrigators are more likely to shift to annual cropping.

Connor et al. (2009) found that the occurrence of deficit irrigation was affected by the extent of 
reductions in water allocations, which is in turn affected by climatic conditions. As the climate 
change scenario moves from mild to moderate, deficit irrigation increases. However, under 
severe climate change and very low water reliability, deficit irrigation decreases. This is a result 
of a shift from perennial to annual cropping. 
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Declining inflows and more frequent droughts in the Murray–Darling Basin: cli-
mate change impacts and adaptation  
David Adamson, Thilak Mallawaarachchi and John Quiggin
Adamson et al. (2009) considered the effects of changes in the variability of water supply 
owing to climate change, on irrigated agriculture in the MDB. Using the RSMG (Risk and 
Sustainable Management Group) model of the Basin, Adamson et al. (2009) compared the 
effects of two climate change scenarios: a proportional reduction scenario where inflows were 
reduced by an equal proportional amount in each state of nature (that is, dry, normal and 
wet); and a probability change scenario where an equivalent reduction in average inflows was 
achieved by increasing the probability of the dry state occurring.

Adamson et al. (2009) found that the scenario involving probability change generated 
significantly higher estimated costs than one involving a proportional change in inflows in all 
states. In the ‘global solution’ version of the model (water trade between regions is permitted), 
the proportional reduction climate change scenario was estimated to reduce social welfare 
by approximately $250 million a year, while the probability change scenario was estimated to 
reduce social welfare by approximately $800 million a year.

Policy implications
Variability in water supply is an inevitable feature of irrigation farming in Australia. However, 
there are a range of policy instruments that can assist irrigators to minimise exposure to the 
adverse effects of supply variability. The policy implications of water supply availability are 
considered in more detail in Hughes and Goesch (2009a). 

Efficient seasonal (allocation) water markets are of significant importance in ensuring that 
water is directed to its highest value uses under all avaible conditions. For example, efficient 
markets will allow irrigators with perennial crops to obtain sufficient water during dry periods, 
while allowing excess water to be traded to lower value activities during periods of abundance. 
Reforms of water markets will assist irrigators in minimising the costs of water supply variability. 
However, in practice markets are unlikely to be free of all constraints and transaction costs.

High and low reliability entitlement classes may be of some assistance by providing a level 
of reliability tailored to the nature of the activity being undertaken and therefore minimising 
transaction costs of acquiring water via seasonal trading (Freebairn and Quiggin 2006). 
However, systems of high and low reliability entitlements do have a number of practical 
limitations (Hughes and Goesch 2009a).

Storage policy has significant implications for prevailing water supply variability. While 
water utilities may implement centralised storage decisions, a centralised approach to 
storage management is subject to significant information problems. Given these problems, 
decentralised storage capacity access rights are likely to be of value to irrigators (Hughes and 
Goesch 2009a). Decentralised storage rights would allow irrigators to influence the reliability of 
their entitlement by making private storage decisions.
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Decentralised storage rights could include, for example, carryover rights systems similar to 
those implemented in many regions across the Basin. These rights allow irrigators to carry over 
a proportion of unused water allocation for use in future seasons. However, in many regions 
existing carryover rights systems are either poorly defined or subject to significant limitations 
(Hughes and Goesch 2009a). Reform of storage access rights remains an important source of 
potential efficiency gains. Potential reforms include the adoption of explicit storage capacity 
rights (capacity sharing), similar to the approaches implemented in Southern Queensland 
(Hughes and Goesch 2009b). 

The reform of storage access arrangements in the light of the Basin plan, and the increased 
role of environmental water holders more generally, remains an important subject for future 
research. 

The Productivity Commission (2010) considered the issue of storage rights in their report 
Market Mechanisms for Recovering Water in the Murray–Darling Basin. The report noted that 
limitations of existing storage rights systems may limit the extent to which environmental 
water entitlements could be managed to meet temporal variations in environmental 
watering requirements. The PC (2010) recommended a review into alternative storage rights 
arrangements such as capacity sharing and ‘spillable water accounts’.
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E Water interception: farm 
dams and plantation forestry

Many activities intercept surface water flows and affect downstream users—six are listed in 
the National Water Initiative. CSIRO (2008) notes that these activities do not reduce the overall 
volume of water available for use, rather, the water is intercepted before it is able to enter a 
water body for use downstream. Because of the natural water losses occurring across the Basin, 
the volumetric impact of interception activities reduces with the distance downstream. At the 
points of assessment used by CSIRO across 18 Basin regions, interception activities represent 
approximately 3 per cent of total future surface water use.

CSIRO (2008) estimates the aggregate effect of future development of interception activities 
across the Basin to be a 100 GL per year (or a 1 per cent) reduction in net surface water 
diversions. Taking into account increases in interception activities, the total net increase in 
surface water use by 2030 (under the median 2030 climate) is estimated to be 275 GL per 
year. This increase may pose a threat to the provision of water for environmental flows, even 
under average rainfall conditions (Duggan et al. 2008). However, there remains considerable 
uncertainty about the scale of future expansion in interception activities and its potential 
effect on water availability.

Plantation forestry 
While plantation forests can provide a range of economic, social and environmental benefits, 
afforestation can also decrease streamflow, which is of concern in the context of reduced 
water availability (van Dijk and Keenan 2007). The recent expansion of plantation areas in some 
regions has raised concerns about the implications of interception for run-off and groundwater 
availability, and hence for overall water access (Duggan et al. 2008). However, the rate of 
expansion has now declined and is currently negligible in the Murray–Darling Basin. 

Parsons et al. (2007) note that annual crops and pasture use less water than perennial 
vegetation owing to shorter growing seasons and shallower root systems. The canopies of 
native and plantation forests also intercept more rainfall than pastures or other crops, which 
increases transpiration. As a result, run-off and stream flow will decrease following reforestation 
of farmland but the extent of this decrease will depend on rainfall, soil type, topography, the 
position of the plantation in the landscape and annual rainfall distribution.

Of particular importance is the extent of the increase in water interception as rainfall increases. 
The majority of water supplied to the Murray River comes from high rainfall areas in the upper 
catchment that are well suited to plantation forestry and grazing. Young and McColl (2006) 
discuss the hypothetical situation where annual rainfall exceeds 1120 millimetres per year, 
high up in the Eastern Divide, and plantation establishment reduces water yield by around 2.5 
ML per hectare. Assuming that around 80 per cent of this water yield reduction affects river 
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flow, the cost of buying the equivalent water used at $2400 per megalitre of high security 
entitlement is around $4800 per hectare, at 2007–08 entitlement prices (Young and McColl 
2009). However, there remains uncertainty over the size of any expansion of plantation forestry 
into these high rainfall areas.

Barratt et al. (2007) estimated the effect of establishing new softwood plantations in the Upper 
Murray sub-catchment (upstream of Lake Hume). It was assumed that up to 30 000 hectares 
of new plantation would be established in the Upper Murray sub-catchment. The forecast 
increase in plantation forest was estimated to reduce water yield by 25 to 35 GL per year 
under average rainfall conditions, depending on the location of the additional plantations. 
This equates to a reduction in yield of around 1 megalitre per hectare on the pasture land 
that is reforested. In low rainfall years, new plantations were estimated to reduce yield by 12 to 
17 GL per year and in high rainfall years, to reduce yield by 35 to 44 GL per year (0.5 per cent 
to 1.9 per cent of stream flow). However, it now appears evident that an expansion of 30 000 
hectares by 2020 is unlikely. Assuming an expansion of 5000 hectares, the effect would be a 
reduction of from 0.1 per cent to 0.3 per cent of stream flow. 

A key point in considering the effect of forestry on surface water availability is the possibility 
of increased forest plantings as a result of the provision of incentives for carbon sequestration 
(Hafi et al. 2010). Young (2009) emphasises the need for appropriate forest management 
and regulatory measures, in light of the introduction of a greenhouse gas emissions trading 
program where carbon permits can be gained from forestry. In this situation, there is potential 
for significant amounts of water currently allocated to irrigators and the environment to be 
permanently removed from the system. 

The inclusion of afforestation in the existing property rights system effectively requires the 
purchase of water entitlements and will reduce the profitability of converting cleared land 
to forest. Industry groups have cited these costs as being a considerable disincentive to 
potential industry entrants, especially in favourable high rainfall areas. However, as Goesch et 
al. (2008) assert the inclusion of foresters will help protect the rights of existing irrigators and 
improve the efficiency of water allocation. The transaction costs in collecting information on 
reduced water yields and enforcing property rights would need to be taken into account when 
considering the inclusion of forestry in the existing system of water property rights (Goesch 
et al. 2008). Public expenditure on collection of information may be warranted, given the 
significant potential costs to irrigators and the environment.

Farm dams
Farm dams are used to intercept water for domestic supply, stock watering, irrigation and to 
provide an additional water source during short-term droughts. Farm dams act as sinks for 
run-off water, thereby intercepting water that may otherwise reach reservoirs. They can also 
affect the rainfall–run-off relationship by reducing stream flow, altering flow duration and the 
magnitude of peak flows and increasing evaporation losses (Duggan et al.2008). The number 
and size of farm dams can have significant implications for the water generation capacity of a 
major catchment area (McJannet et al. 2008) and Duggan et al. (2008) suggest that the number 
of farm dams has increased significantly over the past 40 years. 
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McJannet et al. (2008) note that farm dams are susceptible to faster rates of evaporation owing 
to the smaller size of the water body and the ease of evaporation from the dam surface, 
compared to the surrounding landscape. As a result, much of the run-off received by farm 
dams will not go on to flow into common reservoirs. In addition, the effect of farm dams 
on storages will be greatest during drought, as dams are more likely to have excess storage 
capacity and intercept any run-off generated (van Dijk et al. 2006). 

Schreider et al. (1998; 1999) conducted an analysis of the impacts of farm dams on streamflow 
in Basin catchments and found significant trends in decreasing streamflow in a number of 
catchments. They conclude that extensive increases in farm dam development over the 
previous two decades could be considered a major land use factor contributing to reduced 
stream flows. Van Dijk et al. (2006) also view farm dams as a threat to the Basin’s water 
resources and estimate a 1900 GL reduction in stream flow caused by farm dams across the 
Basin each year. A recent study by CSIRO (2007) estimated that on average 9 per cent of the 
total flow in the sub-catchments of the Mt Lofty Ranges is diverted into farm dams. This 
finding led the local water management authority to restrict farm dam development to a 
volume equivalent to 30 per cent of the May to November run-off (SAMDBNRM 2006).

Duggan et al. (2008) note that several jurisdictions currently have a licensing/permit system in 
place for farm dams in New South Wales and Victoria, although these systems have significant 
enforcement challenges and inflows are not monitored in practice. McJannet et al. (2008) 
suggest strict management of further dam construction and the application of hard covers, 
wind breaks or monolayers to farm dams to reduce evaporation and maximise run-off to 
reservoirs.

A number of key factors that influence the volume of water intercepted are listed by Duggan 
et al. (2008): 

• volume of surface run-off stored behind dam
• volume of seepage from reservoir bottom and sides to groundwater
• size/depth of dams, which influences evaporative losses 
• temporal changes to dam holding capacity due to deposition of sediment 
• associated water distribution infrastructure (transmission losses) 
• climate variability. 
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F Short-term socioeconomic 
implications of the SDLs in 
the MDB 

ABARE–BRS was engaged by MDBA to provide additional analysis of the Basin plan separate 
to that provided in the above report, relating to the short-run implications of the introduction 
of the SDLs and their potential effect on commodity prices. The below section summaries the 
ABARE–BRS report to the MDBA on this additional work.

Terms of reference
Building on the advice already provided to MDBA, ABARE–BRS has been requested to 
provide further socioeconomic advice, including modelling and analysis, on the short-term 
socioeconomic implications of the introduction of SDLs. 

ABARE–BRS has modelled these socioeconomic implications on the following basis:

• estimation of the short-run effects of the SDLs
• estimation of effects for individual sustainable yield regions across the Murray–Darling Basin
• a range of agreed assumptions set out below
• results will include estimated change in GVIAP and profit by region and commodity. 

ABARE–BRS has undertaken this analysis using its Water Trade Model (WTM).

This section also provides a qualitative analysis of the potential effects of SDLs on agricultural 
commodity prices, taking into account data on the extent of international trade and the 
proportion of total production occurring in the MDB. This report also provides a brief 
qualitative discussion of the potential effects of SDLs on land values.

Assumptions
This work considers two separate baseline scenarios: (1) long-run average; and (2) trend of 
the past five years. ABARE–BRS has used the baseline data set applied in previous analysis to 
represent long-run average irrigation land use, water use and GVIAP in the Basin using available 
data sources. 

No SDL transitional arrangements have been assumed. 

SDLs are assumed to be implemented simultaneously in all regions (Victorian SDLs are not 
delayed).
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The analysis has been undertaken on the basis of assuming (1) no effects of government water 
buybacks or infrastructure investment; and alternatively (2) current levels of buybacks are taken 
into account. 

The modelling has been undertaken for the cases where:

• water trade is allowed (subject to hydrological constraints) between regions in the southern 
Murray–Darling Basin while no water trade occurs between regions in the northern Murray–
Darling Basin

• no (interregional) water trade is permitted between any regions in the MDB. 

Modelling framework
This brief presents results from the ABARE–BRS WTM. Further detail on the WTM is presented 
in the main report: Environmentally sustainable diversion limits in the Murray–Darling Basin: 
Socioeconomic analysis. For this analysis the WTM was altered to be more reflective of the 
short-run (annual) effects of changes in water availability. In particular, the area of land 
committed to horticultural activities was assumed to remain fixed at baseline levels, while land 
use in annual activities was allowed to vary in response to changes in water availability. 

Scenarios

Baseline scenario 
This scenario assumes long-run average levels of water use, land use and GVIAP by region and 
activity across the Basin. This scenario is generated using ABS data for 2000–01 and 2005–06. 
More detail on the baseline scenario, and the methods used to construct it are presented in 
ABARE (2010b).

Dry (past five-year average) baseline scenario 
This scenario assumes water use in each region reflective of average availability over the past  
five years. This scenario was generated by calculating the percentage change in average 
diversions over the five-year period (2004 to 2008) for each region, relative to the long-run 
average, using annual time series estimates from MDBA hydrological modelling. These 
percentage changes in surface water use are then applied to the WTM baseline scenario to 
arrive at the new past five-year average baseline scenario (see table F1). Groundwater use is 
assumed to remain constant at its long-run average.

Buyback scenario
This scenario involves reductions in surface water use to account for water already obtained 
for the environment through government buybacks. These shocks are generated based on 
the data from MDBA hydrological modelling results which show environmental water available 
for offset as at 30 June 2010. These numbers are converted into percentage of MDBA long-run 
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average water course diversions. The buyback scenario is run twice, once relative to the normal 
baseline and then relative to the dry baseline. It is assumed that the entitlement buyback 
results in equivalent percentage reductions in surface water use in the past five-year average 
case as in the long-run average case (see table F2 for percentage changes by region).

SDL scenario
This scenario involves percentage reductions in surface and groundwater use based on the 
MDBA 3500 GL SDL scenario. These percentage changes in water use are equivalent to the 
changes applied in the standard medium-term modelling that ABARE–BRS has previously 
provided to the MDBA. The SDL scenario is run twice, once relative to the normal baseline 
and then relative to the past five-year baseline. It is assumed that the SDLs result in equivalent 
percentage reductions in surface water use in the five-year average case as in the long-run 
average case (see table F2 for percentage changes by region).

Results
Basin-wide results for the with and without interregional water trade cases are shown in tables 
F3 and F4.

The ‘SDL – Buyback’ scenario represents the effects of the SDLs after taking into account the 
existing water entitlement buyback volumes. This scenario represents the effect of the SDLs on 
implementation, given the proportion of the SDL reduction that has already been achieved via 
buyback (the gap), but importantly excluding additional water expected to be acquired for the 
environment via the Water for the Future program. Percentage change results for this scenario 
are calculated by comparing the SDL scenario with the buyback scenario.

Normal baseline 
• The SDL scenario results in a reduction in GVIAP of 15.2 per cent relative to the normal 

(long-run average) baseline. This result (generated using the short-run version of the model) 
is very slightly higher than that generated using the long-run version of the model (15.1 per 
cent) (all with interregional water trade).

• The buyback scenario involves a reduction in water use of around 6 per cent, leading to a 
decrease in GVIAP of around 3 per cent. The SDLs result in a further 25 per cent reduction 
in water use (SDL-Buyback scenario) leading to a further reduction in GVIAP of 13 per cent. 
Combining to give the total impact of the SDLs inclusive of buyback of 15.2 per cent relative 
to the baseline (all with interregional water trade).

Dry (past five-year) baseline
• The total per cent reductions in water use are slightly lower under the dry scenario, given 

that groundwater is a higher proportion of total water use (groundwater is assumed to be 
unaffected by drought).

• In the dry scenario, given reductions in water use result in larger reductions in GVIAP 
and profit, relative to the normal scenario. The marginal value of water increases as water 
becomes more scarce.
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• This effect is observed in the percentage changes in profit which are higher under the dry 
scenario (11 per cent reduction) relative to the normal scenario (8 per cent reduction) (all 
with interregional water trade).

• The percentage changes in GVIAP between the dry and normal scenarios would appear 
to contradict this result. However, there are substantial differences in the baseline levels 
of water use and GVIAP between the normal and dry scenarios so the percentage change 
results can be misleading.

• Table F5 shows the absolute changes in profit and GVIAP as a ratio of the change in water 
use. Under the dry scenario greater dollar reductions in GVIAP and profit occur for a given 
ML reduction in water.

• Note that the $/ML profit figures in table F5 are not to be interpreted as water prices as 
these represent average changes over the scenario range and not prevailing marginal 
responses.

• Regional GVIAP impacts are shown in table F6 (normal baseline) and table F7 (dry baseline). 

Results discussion
The results show that for lower baseline water availability, a given reduction in water 
availability will have a larger effect on irrigated agricultural production. The results also show 
that in the short run (when perennial areas are fixed) a given reduction in water availability will 
have a larger effect relative to the long-run case. However, in both cases the increase in the 
severity of effects estimated by the WTM is relatively small.

This result is conditional on some important assumptions. First, the WTM results are based 
on annual averages and as such do not take into account the effects of between year water 
supply variability. The WTM consistently predicts that reductions in average water availability 
will have minimal effect on perennial activities, since these activities are assumed to have a 
higher marginal value of water use. As such, it is not surprising that fixing land use for perennial 
activities has minimal impact on the results. 

In the main Basin plan report a simplistic variability analysis is provided involving estimating 
the WTM separately for representative, dry, normal and wet scenarios (ABARE 2010b). However, 
as with this short-run analysis, the variability scenarios involve the simplifying assumption of 
equal percentage reductions in water availability under each state (dry, normal and wet). 

In a more realistic scenario where water supply is highly variable between years, the effects of 
the SDLs may be different. If for example the SDLs were to result in an increase in the variability 
of water supply, this may, in the long run, result in a shift away from perennial activities toward 
more flexible annual activities. In this case the SDLs could result in a more significant reduction 
in the GVIAP of horticultural activities in the long run.

A key assumption made in this analysis is that the SDLs result in equal percentage reductions 
in water availability under all conditions (wet, normal and dry). In practice, the effect of the 
SDLs under different conditions will depend on the nature of the environmental watering 
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F1 Surface water use baseline and dry baseline (past five years)a scenarios 
 

 baseline dry baseline change
 GL/year GL/year %

Condamine 279 156 –44
Border Rivers (Qld) 205 116 –44
Border Rivers (NSW) 236 169 –29
Warrego 11 10 –9
Paroo 4 4 0
Namoi 349 178 –49
Macquarie 355 250 –29
Moonie 63 55 –13
Gwydir 542 241 –56
Barwon–Darling 479 373 –22
Lachlan 154 12 –92
Murrumbidgee 2 495 1 564 –37
Ovens 13 13 0
Goulburn–Broken 564 340 –40
Campaspe 148 73 –51
Wimmera 4 1 –66
Loddon 437 214 –51
Murray (NSW) above Barmah 1 102 592 –46
Murray (NSW) below Barmah 131 70 –46
Murray (Vic) above Barmah 316 228 –28
Murray (Vic) below Barmah 663 479 –28
Lower Murray–Darling 63 44 –31
Murray (SA) 287 200 –31
Eastern Mt Lofty Ranges 50 50 0

Total 8 950 5 429 –39

a 2004 to 2008. 

requirements, and the way in which the jurisdictions satisfy these requirements (meeting 
the SDLs). It is possible to construct a feasible scenario in which the SDLs/environmental 
requirements could, in the short run, result in very large effects on irrigated agriculture. 
For example, considering the case of a very dry year where the minimum stream flow 
requirements are absolute and non-flexible, it may be that a very high proportion of available 
water is used by the environment leaving little, or potentially no water for irrigated agriculture. 
In this event, critical water stress thresholds may be breached resulting in destruction of 
perennial tree crops.

At present there remains uncertainty as to how SDLs will be implemented on a year-to-
year basis and therefore how they will affect water availability under different conditions, 
particularly during very dry years.  Ideally a flexible approach would be adopted, where 
a degree of short-run environmental water trade is permitted (trade in water allocations 
between the environmental managers and irrigators) to help equalise the marginal value of 
water in irrigation and the marginal value of water to the environment in the short run (for 
example, to avoid a situation where the value of water in irrigation in a dry period is very high 
relative to the value of environmental water). In addition the nature of storage access rights 
(for example, carryover rights) available to both irrigators and environmental water holders will 
have a significant influence on the way in which SDLs will affect water supply variability.
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F2 Percentage change in 
surface water use relative 
to baseline, buyback and 
SDL scenarios 

 buyback SDL
 % %
Condamine –0.1 –33.4
Border Rivers (Qld) –1.7 –21.8
Border Rivers (NSW) 0.0 –23.4
Warrego –17.0 –39.7
Paroo 0.0 0.0
Namoi –1.7 –23.9
Macquarie –12.8 –27.9
Moonie –1.6 –39.7
Gwydir –18.8 –32.0
Barwon–Darling –14.6 –25.0
Lachlan –14.3 –18.6
Murrumbidgee –3.0 –37.5
Ovens –0.2 –39.7
Goulburn–Broken –6.1 –32.3
Campaspe –6.1 –34.5
Wimmera 0.0 0.0
Loddon –6.1 –34.2
Murray (NSW) above Barmah –7.3 –32.0
Murray (NSW) below Barmah –7.3 –32.0
Murray (Vic) above Barmah –7.3 –31.0
Murray (Vic) below Barmah –7.3 –31.0
Lower Murray–Darling 0.0 –33.2
Murray (SA) –7.3 –30.2
Eastern Mt Lofty Ranges 0.0 0.0

Total –6.5 –31.9 

F3 Results with interregional water trade     

 land use (‘000 ha) water use (GL) GVIAP ($m) profit ($m)

scenario value % change value % change value % change value % change

Baseline 1 890 – 10 403 – 6 219 – 1 956 –
   Buyback a 1 848 –2.2 9 803 –5.8 6 044 –2.8 1 937 –1.0
   SDL – Buyback b 1 549 –16.2 7 311 –25.4 5 276 –12.7 1 804 –6.9
   SDL a 1 549 –18.0 7 311 –29.7 5 276 –15.2 1 804 –7.8
Dry baseline 1 497 – 6 834 – 5 125 – 1 767 –
   Buyback c 1 450 –3.2 6 479 –5.2 5 008 –2.3 1 738 –1.6
   SDL – Buyback d 1 150 –20.7 4 865 –24.9 4 401 –12.1 1 576 –9.3
   SDL c 1 150 –23.2 4 865 –28.8 4 401 –14.1 1 576 –10.8

a Percentage change calculated relative to baseline scenario. b Percentage change calculated relative to buyback  scenario.
c Percentage change calculated relative to dry baseline scenario. d Percentage change calculated relative to (dry) buyback scenario.
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F4 Results without interregional water trade     

 land use (‘000 ha) water use (GL) GVIAP ($m) profit ($m)

scenario value % change value % change value % change value % change

Baseline 1 884 – 10 375 – 6 207 – 1 955 –
   Buyback a 1 846 –2.0 9 797 –5.6 6 012 –3.2 1 935 –1.0
   SDL – Buyback b 1 549 –16.1 7 360 –24.9 5 178 –13.9 1 795 –7.3
   SDL a 1 549 –17.8 7 360 –29.1 5 178 –16.6 1 795 –8.2
Dry baseline 1 464 – 6 855 – 4 989 – 1 749 –
   Buyback c 1 416 –3.3 6 514 –5.0 4 844 –2.9 1 716 –1.9
   SDL – buyback d 1 169 –17.4 4 963 –23.8 4 195 –13.4 1 546 –9.9
   SDL c 1 169 –20.2 4 963 –27.6 4 195 –15.9 1 546 –11.6

a Percentage change calculated relative to baseline scenario. b Percentage change calculated relative to buyback  scenario.
c Percentage change calculated relative to dry baseline scenario. d Percentage change calculated relative to (dry) buyback scenario.

F5 GVIAP and profit change relative to baseline divided by change in water 
use (with/without interregional water trade)  

 water use (GL) GVIAP ($m) GVIAP/ML profit ($m) profit/ML
scenario value change value change $/ML value change $/ML
With interregional water trade   
Baseline   
   Buyback –600 –175 292 –20 33
   SDL – Buyback –2 492 –767 308 –140 56
   SDL –3 092 –943 305 –160 52
Dry baseline   
   Buyback –355 –117 329 –33 93
   SDL – Buyback –1 614 –607 376 –169 105
   SDL –1 969 –724 367 –202 103

Without interregional water trade   
Baseline   
   Buyback –578 –196 338 –19 33
   SDL – Buyback –2 437 –834 342 –133 55
   SDL –3 015 –1 030 342 –152 51
Dry baseline   
   Buyback –340 –145 426 –29 85
   SDL – Buyback –1 551 –649 418 –162 104
   SDL –1 891 –794 420 –191 101
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F6 Percentage change in GVIAP, relative to baseline by region, with 
interregional trade  

 buyback SDL – buyback SDL
 % % %

Condamine 0.0 –15.3 –15.3
Border Rivers (Qld) –0.6 –8.1 –8.7
Border Rivers (NSW) 0.0 –13.2 –13.2
Warrego –4.9 –7.3 –11.8
Paroo 0.0 0.0 0.0
Namoi –0.8 –17.1 –17.7
Macquarie –6.3 –12.4 –17.9
Moonie –1.4 –36.2 –37.1
Gwydir –14.7 –13.4 –26.1
Barwon–Darling –12.8 –10.6 –22.1
Lachlan –3.7 –6.6 –10.0
Murrumbidgee –3.7 –22.5 –25.4
Ovens –0.5 –3.0 –3.6
Goulburn–Broken –1.2 –10.8 –11.9
Campaspe –1.3 –10.5 –11.6
Wimmera 0.0 0.0 0.0
Loddon –1.2 –19.5 –20.5
Murray (NSW)  –3.7 –16.3 –19.4
Murray (Vic) –1.3 –7.3 –8.5
Lower Murray–Darling –1.0 –5.5 –6.4
Murray (SA) –0.8 –4.8 –5.6
Eastern Mt Lofty Ranges 0.0 –0.5 –0.5

Total –2.8 –12.7 –15.2
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F7 Percentage change in GVIAP relative to dry baseline by region, with 
interregional trade  

 buyback SDL – buyback SDL
 % % %

Condamine 0.0 –13.7 –13.7
Border Rivers (Qld) –0.5 –6.4 –6.9
Border Rivers (NSW) 0.0 –11.6 –11.6
Warrego –4.6 –6.6 –11.0
Paroo 0.0 0.0 0.0
Namoi –0.6 –15.9 –16.4
Macquarie –5.4 –12.2 –16.9
Moonie –1.5 –36.3 –37.3
Gwydir –14.8 –12.2 –25.2
Barwon–Darling –12.8 –10.4 –21.9
Lachlan –0.5 –12.6 –13.1
Murrumbidgee –3.7 –15.3 –18.5
Ovens –0.4 –1.5 –1.9
Goulburn–Broken –1.1 –14.9 –15.8
Campaspe –1.1 –28.1 –28.9
Wimmera 0.0 0.0 0.0
Loddon –1.0 –36.5 –37.2
Murray (NSW)  –8.4 –9.7 –17.3
Murray (Vic) –2.1 –3.5 –5.5
Lower Murray–Darling –0.7 –2.7 –3.4
Murray (SA) –0.6 –2.4 –3.0
Eastern Mt Lofty Ranges 0.0 –0.5 –0.5

Total –2.3 –12.1 –14.1

 The effect of SDLs on commodity prices

Table F8 shows changes in GVIAP estimated for the SDL 3500 GL scenario (with interregional 
water trade, against the long-run average baseline, and using the long-run version of the 
WTM). Cereals, hay, rice, sheep and other broadacre are estimated to be the most affected 
irrigated agricultural activities in the MDB.

Changes in domestic production of agricultural commodities are expected to have minimal 
implications for prices where there is significant international trade in a commodity and where 
Australian production is a relatively small proportion of world production. Where domestic 
markets are not internationally connected, changes in irrigated production within the MDB will 
have minimal consequences for prices where irrigated MDB production is a small proportion 
of national production. Many of the most significantly affected irrigated activities (for example, 
cereals, sheep and other broadacre) represent only a small proportion of national production (see 
table F8).

Activities that are significantly affected and where the irrigated MDB proportion is nationally 
significant include rice, cotton, dairy, and hay (final column of table F8). However, all of these 
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F8 Value of Basin and Australian agricultural production, 2005–06 a 

   MDB GVIAP  
   as proportion of percent change percent change
 MDB GVIAP Australia GVAP Australia GVAP  in MDB GVIAP b in Australia GVAP c
 $m $m % % change  % change

Cereals 180.3 7 320.20 2 –45.2 –1.1
Cotton 797.9 933.3 85 –22.9 –19.6
Dairy 901.4 3 341.30 27 –10.2 –2.8
Fruit and nuts 1 011.00 2 626.90 38 –3.1 –1.2
Grapes 720.8 1 377.50 52 –5.1 –2.7
Hay 160.5 1 450.70 11 –49.3 –5.5
Meat cattle 592.5 7 684.90 8 –9.7 –0.7
Other broadacre np 1 378.70 np –44.2 np
Rice 273.6 273.7 100 –36.9 –36.8
Sheep 143.3 4 215.80 3 –31.5 –1.1
Vegetables 554.5 2 923.40 19 –2.1 –0.4

Total 5 521.90 38 482.20 14 –15.1 –2.2

a GVIAP is gross value of irrigated agricultural production; GVAP is gross value of Australian agricultural production (irrigated and 
non-irrigated). b Estimated with WTM, long-run average baseline, long-run version of the model, 3500 GL SDL scenario, with 
interregional water trade c Calculated using the ABS 2005–06 GVIAP and GVAP, does not include estimates of increased dryland 
production as a result of the SDLs. 
Source ABS 2009. 

commodities with the exception of hay are connected to international markets. Australia 
exports a significant proportion of its dairy, rice and cotton production. Australia also imports 
significant amounts of dairy products and rice. While there is substantial international trade in 
dairy products, raw milk is not suitable for international trade. However, raw milk consumption 
represents a small proportion of total dairy production in the MDB and price is unlikely to be 
significantly affected. While the reduced production of hay may have a negative impact on 
farmer incomes for those farms purchasing feed, it is unlikely to cause a significant change in 
the price of commodities produced by these farms.

Table F9 shows for a more detailed set of commodities the proportion of domestic production 
generated within the MDB (both dryland and irrigated). MDB production of oranges, apricots, 
table grapes, almonds and peaches represents more than 90 per cent of national production. 
However, it should be noted that significant reductions in production of these commodities as 
a result of SDLs are not expected. The WTM estimates reductions in fruit and nuts in the MDB 
of only around 3 per cent. Perennial horticultural activities are expected to offset SDL imposed 
water reductions by engaging in water trade, purchasing water from lower value activities. 
Further, for some of these commodities significant international markets exist (table F10).
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F9  Production of major 
agricultural commodities 
Murray–Darling Basin 
(irrigated and dryland),  
2005–06 

 MDB as a proportion of Australia
 %
     

Rice 100
Oranges 95
Apricots 95
Grapes - drying/table 94
Almonds 93
Cotton lint 92
Peaches 92
Grain sorghum 89
Pears 87
Nectarines 86
Plums/prunes 82
Grapes - wine 74
Cherries 72
Tomatoes 68
All other cereals 64
Pigs 62
Apples 54
Barley 49
Wheat 48
Lemons/limes 45
Sheep 45
Pasture/crops for hay 44
Melons 44
Field peas 38
Canola 34
Onions 33
Potatoes 32
Cattle - dairy 32
Cattle - beef 28

Note: Crop numbers based on production tonnage and 
livestock numbers based on numbers. 
Source: ABS, 4610.0.55.007 - Water and the Murray–Darling 
Basin - A Statistical Profile, 2000-01 to 2005-06 (Chapter 
4 Data Cube).(www.abs.gov.au/AUSSTATS/abs@.nsf/
DetailsPage/4610.0.55.0072000-01%20to%202005-
06?OpenDocument) 

F10 Australian imports 
and exports of major 
commodities, 2005–06

  imports  exports 
 $m $m
     

Rice 71 171
     

Cotton  
Cottonseed 3 53
Raw cotton 0.0 1 137
Dairy 432 2 569
Butter 31 225
Cheese 5 837
Casein 10 89
Skim milk powder na 529
Whole milk powder 18 334
Other dairy products 368 556

Cereals/grain  
Wheat  0.0 3 296
Oats (unprepared) na 47
Barley  na 1 108
Grain sorghum  0.0 33
Fruit and nuts 191 482
Oranges 17 137
Apricots (canned) na 2
Apricots (dried) na 1
Almonds (in shell) na 21
Almonds (shelled) na 40
Peaches (canned) na 13
Pears na 9
Nectarines na 16

Grapes  
Wine 248 2 799
Table na 115
Dried vine fruit na 18

Source: ABARE–BRS Agricultural commodities database (ABS).
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G
G1 Change in real GRP/GDP 

and employment (3000 GL 
scenario Basin plan)

region GRP employment
 % change % change
 

Northern NSW -0.9 –0.14
Riverina NSW –2.2 –0.13
Western NSW –1.7 –0.24
North East VIC –1.3 –0.05
North West VIC –0.9 –0.03
Queensland MDB –0.7 –0.08
South Australia MDB –1.3 –0.03
  

MDB –1.1 –0.09
  

Australia –0.11 –0.03

G2 Change in sector output (3000 GL Basin plan scenario)   
  

region agriculture fish/forestry mining manufacturing services
 % change % change % change % change % change
     

Northern NSW –3.4 0.3 0.3 0.1 –
Riverina NSW –5.2 0.3 0.3 0.2 0.05
Western NSW –4.3 0.4 0.5 0.4 0.14
North East VIC –5.1 0.2 0.1 –0.6 –
North West VIC –2.8 0.1 0.1 –0.3 –
Queensland MDB –2.8 0.2 0.1 –0.1 –
South Australia MDB –2.2 0.1 0.1 –0.3 –
     

MDB –3.6 0.2 0.2 –0.1 –

Note: – denotes negligible impact less than 0.05 per cent.

AusRegion results
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G3 Change in real GRP/GDP 
and employment (4000 GL 
scenario Basin plan)

region GRP employment
 % change % change
  

Northern NSW –1.2 –0.20
Riverina NSW –2.9 –0.19
Western NSW –2.3 –0.36
North East VIC –1.8 –0.06
North West VIC –1.3 –0.04
Queensland MDB –0.9 –0.11
South Australia MDB –1.8 –0.03
  

MDB –1.5 –0.12
  

Australia –0.15 -0.03

G4 Change in sector output (4000 GL Basin plan scenario) 

region agriculture fish/forestry mining manufacturing services
 % change % change % change % change % change
     

Northern NSW –4.5 0.4 0.4 0.2 0.06
Riverina NSW –7.1 0.5 0.4 0.3 0.08
Western NSW –5.9 0.5 0.7 0.5 0.21
North East VIC –7.0 0.2 0.2 –0.8 –
North West VIC –3.9 0.2 0.2 –0.4 –
Queensland MDB –3.8 0.2 0.2 –0.1 –
South Australia MDB –3.0 0.2 0.2 –0.4 –
     

MDB –4.9 0.3 0.3 –0.2 –

Note: – denotes negligible impact less than 0.05 per cent.
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