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Farm near Nobby, Queensland

Definitions

Key ecosystem functions —
the fundamental physical,
chemical and biological
processes that support the
Basin’s environmental assets;
for example, the transport of
nutrients, organic matter and
sediment in rivers, wetting and
drying cycles, and provision for
migration and recolonisation by
plants and animals along rivers
and across floodplains.
Key environmental assets —
include the rivers, lakes,
billabongs, wetlands,
groundwater-systems, floodplains
and their flood-dependent
forests and the estuary of the
Basin. They encompass waterdependent ecosystems, ecosystem
services and sites with ecological
significance.
The productive base — the
support offered by ecosystems
to human economic and
social production.
Key environmental outcomes —
defined in the Water Act to
include ecosystem functions,
biodiversity, water quality and
water resource health.
Ecosystem services — benefits
people obtain from ecosystems.
Rivers, floodplains and wetlands
provide important ecosystem
services, including clean
water, food, timber, livestock
production, flood control
and mitigation, groundwater
replenishment, sediment and
nutrient retention and transport,
reservoirs of biodiversity, cultural
values, and recreation.
Hydrologic indicator sites —
have been used to quantify
the environmental water
requirements across the
Basin. These sites comprise 18
hydrologic indicator sites for
assets, a subset of 2,442 key
environmental assets and 88 sites
for key ecosystem functions.
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This chapter addresses three key questions fundamental to determining
long-term average sustainable diversion limits (SDLs) for the
Murray–Darling Basin:
• How much water is required to achieve the environmental objectives of
the Water Act 2007 (Cwlth)? (Section 4.1)
• How should the Basin Plan take account of the expected impacts of
climate change? (Section 4.2)
• What are the likely social and economic implications of reducing current
diversion limits? (Sections 4.3 and 4.5)
Together, these questions help to define the ‘decision space’ for the Murray–
Darling Basin Authority (MDBA) in determining the SDLs for the proposed
Basin Plan. The SDL proposals are described in Section 4.4, including
significant detail about the methods used to calculate them.
In light of the SDL proposals, Section 4.5 outlines what the economic
impacts may be for sectors and regions. It is important to also look at the
wider picture presented in the transition arrangements (Chapter 5) to get
more information about how MDBA and governments are working to
minimise the effects on entitlement holders and communities.
The chapter ends by setting out the arrangements under the proposed Basin
Plan for meeting critical human water needs, building on the experience
gained with this complex issue during the recent drought (Section 4.6).

4.1 Environmental water requirements
One of the primary purposes of the Water Act 2007 (Cwlth) is to ensure
environmentally sustainable levels of extraction, or take, from the Basin’s
water resources. The Water Act defines an environmentally sustainable
level of take as the level of water that can be taken from a water resource
which, if exceeded, would compromise its key environmental assets
(i.e. water-dependent ecosystems, ecosystem services and sites with
ecological significance), key ecosystem functions, the productive base,
or key environmental outcomes. The productive base of a water resource
includes those attributes that establish its capacity to contribute to social and
economic outcomes.
For surface water, the determining factors for a healthy waterbased environment are the key ecosystem functions and the key
environmental assets.
Estimating an environmentally sustainable level of take from the water
resources of the Murray–Darling Basin is a challenging task. The approach
taken for surface water combines two elements:
• an analysis of the environmental water requirements of fundamental
physical, chemical and biological processes, known as ‘hydrologic
indicator sites for key ecosystem functions’
• an analysis of the environmental water requirements for specific sites,
known as ‘hydrologic indicator sites for key environmental assets’.
From a surface-water flow perspective, many of the key ecosystem
functions and key environmental assets are hydrologically connected and
interdependent. This means that if sufficient water is provided for key
ecosystem functions at one location it will be sufficient for those functions
at many locations, both upstream and downstream. This same water will
also provide for floodplain and wetland ecosystem functions associated with
environmental assets, as well as contributing to the ecosystem functions
associated with the rivers connecting the assets together. Moreover, this water
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will provide for the broader environmental water requirements of ecosystem
services, the productive base, and the key environmental outcomes for the
water resource.
The assessment of environmental water requirements for 88 hydrologic
indicator sites for key ecosystem functions is applicable to the full spectrum
of flow regimes (i.e. from low flows through to floods) across the entire
Basin. It provides a mechanism to determine low-flow environmental
water requirements, as well as inform the high-flow environmental water
requirements of environmental assets.
The assessment of environmental water requirements for 18 hydrologic
indicator sites for key environmental assets provided detailed, site-specific
analysis of high-flow environmental requirements. This analysis has been
undertaken in recognition that high flows provide the greatest contribution
to the volume of available water, and therefore high-flow environmental
requirements must be assessed rigorously.
A total of 106 hydrologic indicator sites have been used to determine the
surface-water environmental water requirements of the Basin. The integration
of water requirements for all the hydrologic indicator sites has been estimated
to provide the flow needs for all water-dependent ecosystems across the Basin.
This approach assumes that the water requirements to support the productive
base and the environmental outcomes of the resource will be met if the water
requirements of key environmental assets and key ecosystem functions are
met, along with the water quality targets contained in the Water Quality and
Salinity Management Plan (see Section 6.3).
As a result of the inherent differences between surface-water and groundwater
systems, the assessment of environmental water requirements for groundwater
considered the productive base and key environmental outcomes for the
water resource more explicitly in developing groundwater long-term average
sustainable diversion limits (SDLs) (see ‘Environmental water requirements
for groundwater’ later in this section, and Section 4.4).

Key environmental assets
Identifying key environmental assets
One of the objects of the Water Act is to give effect to international
agreements relevant to the use and management of the Basin water resources.
To support this object, in conjunction with determining an environmentally
sustainable level of take, key environmental assets were selected from the
many tens of thousands of wetlands and floodplains, rivers, streams and other
water-dependent ecosystems in the Basin. This involved the development of
selection criteria, the identification of potential key environmental assets,
and their assessment against the selection criteria. The criteria for identifying
key environmental assets were developed with regard to the requirements of
relevant international agreements (see Table 4.1).
The initial process to identify potential key environmental assets used a
combination of literature review, compilation and assessment of existing
inventories of aquatic ecosystems, and input from Basin states and
independent scientific experts. In addition, relevant spatial data sources,
such as data describing the distribution of threatened species and ecological
communities, were extensively analysed.

Southern Macquarie Marshes Nature
Reserve, New South Wales

Potential key environmental assets identified from these various sources
were then assessed against specific indicators developed for each of the five
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Shoots on trees after a flood at
Narran Lakes, New South Wales

selection criteria. An asset was considered to be ‘key’ for the purposes of the
Basin Plan if it met at least one of these criteria.
This approach identified 2,442 named key environmental assets across the
Basin (see Figure 4.1 and Appendix A, tables A1–A19), ranging from small
alpine headwater streams to large, meandering lowland rivers and extensive
floodplain wetland complexes. Table 4.2 lists the number of these key
environmental assets in each of the Basin Plan regions. Groundwater systems
have been assessed in terms of their contribution to the maintenance of these
key environmental assets.
The water requirements of individual assets overlap: flows that inundate
one asset often inundate many others. This is an important concept — it
means that the environmental water requirements for a number of assets is
less than the sum of the requirements for individual assets. So, while there
is a lack of detailed information on the environmental water requirements
for many of the 2,442 key environmental assets, the approach taken by the
Murray–Darling Basin Authority (MDBA) to estimating the environmental
water requirements for all key environmental assets relied on this connectivity
between sites.
By carefully selecting a subset of the better-studied key environmental assets
across the Basin with significant and representative high-flow requirements, it
has been possible to build a picture of the environmental water requirements
of the larger group of key environmental assets. Due to the size and
location of the key environmental assets in this subset, a water regime that
delivers their environmental water requirements is likely to also meet the
environmental water requirements of many other key environmental assets
(particularly wetlands and floodplains).
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Table 4.1 Criteria for identifying key environmental assets
Criterion

Explanation

1. Formally recognised in, and/or is capable
of supporting species listed in, relevant
international agreements

This criterion identifies all Ramsar sites in the Basin and any wetland that supports birds listed in any of
the international migratory bird agreements to which Australia is a signatory and that are relevant to the
management of the Basin’s water resources.

2. Natural or near-natural, rare or unique

This criterion is developed to give effect to the Convention on Biological Diversity.

3. Provides vital habitat

This criterion acknowledges the variable and dynamic nature of the Basin, and includes refugia
such as drought refuges and pathways for dispersal and ephemeral breeding, and nursery sites
for water-dependent plants and animals. This criterion supports the long-term retention of regional
biodiversity, and thus contributes to the objective of conserving biodiversity under the Convention on
Biological Diversity.

4. Supports Commonwealth-, state- or territory-listed
threatened species and/or ecological communities

This criterion identifies the ecosystems that support species and ecological communities listed
under relevant Commonwealth, state or territory legislation as being threatened. It gives effect to the
Convention on Biological Diversity.

5. Supports, or is capable of supporting,
significant biodiversity

This criterion provides for the identification of assets supporting large numbers of species, as well as
those assets with high levels of taxonomic diversity. Inclusion of such sites is important in providing
for the long-term viability of the Basin’s biodiversity. This criterion therefore also gives effect to the
Convention on Biological Diversity.

Table 4.2 N
 umber of key environmental assets in each Basin Plan region, and number of key environmental
assets that meet each selection criterion in each region
Region

Number of key
environmental assets

Barwon–Darling
Border Rivers
Campaspe
Condamine–Balonne
Eastern Mount Lofty Ranges
Goulburn–Broken

Number of key environmental assets meeting each selection criteriona
Criterion 1

Criterion 2

Criterion 3

Criterion 4

Criterion 5

64

21

22

25

63

28

166

1

24

80

136

96

13

8

2

8

10

13

294

5

51

174

159

107

18

14

11

14

18

14

153

34

43

60

149

50

Gwydir

47

7

6

6

47

7

Lachlan

58

32

19

25

58

33

Loddon

42

33

5

23

34

22

Lower Darling

73

7

5

18

71

8

Macquarie–Castlereagh

20

7

8

9

20

5

Moonie

27

0

3

20

19

18

Murray

477

171

149

250

475

193

Murrumbidgee

258

8

13

46

257

44

Namoi

20

0

1

2

17

2

Ovens

101

101

101

101

101

27

Paroo

251

251

251

251

53

251

Warrego

278

278

278

278

28

278

82

55

29

58

75

34

Wimmera–Avoca
Total

2,442

a The selection criteria are listed in Table 4.1.
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Figure 4.1 Location of 2,442 key environmental assets across the Murray–Darling Basin
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A scientific peer review of this approach concluded that, in partnership
with the assessment of environmental water requirements of key ecosystem
functions, it is a robust scientific approach.
The key environmental assets in this selected subset are part of a suite of
hydrologic indicator sites that MDBA has used to estimate the environmental
water requirements for the Basin. This particular subset drives the high-flow
environmental water requirements of the Basin. MDBA has also selected
hydrologic indicator sites to estimate the environmental water requirements
for key ecosystem functions, described in ‘Environmental water requirements
of key ecosystem functions’, later in this section.
For groundwater, the level of risk to particular key environmental assets was
also considered in determining SDLs. The analysis for groundwater took
into account whether water resource plans would be required to include
mechanisms to manage localised threats to groundwater-dependent key
environmental assets.
The process followed in determining environmental water requirements of the
hydrologic indicator sites for key environmental assets is shown in Figure 4.2.

Identify a subset of indicator sites from
key environmental assets

Site
identification

Liaise with state agency experts
Develop
environmental
water
requirements

Literature review

Develop objectives, targets and
environmental water requirements
Refine
environmental
water
requirements



Input for
modelling

Scrutinise environmental water
requirements against flow data

Produce flow time-series to describe
environmental water requirements

Modelling

Figure 4.2 Determining the environmental water requirements of the
hydrologic indicator sites for key environmental assets
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Identifying hydrologic indicator sites for key
environmental assets
The following criteria were used to identify the hydrologic indicator sites for
key environmental assets:
• the asset meets one or more of the criteria for determining key
environmental assets (see Table 4.1)
• the asset contains water-dependent ecosystems requiring high flows
• the asset is located in a valley/region where the natural flow regime has
been significantly affected by water resource development
• in a regional context, the asset requires large volumes of water, so that its
water needs will also provide for those of other, smaller assets
• the group of assets is geographically spread across the Basin
• the group of assets avoids overlap and repetition in determining
environmental water requirements.
The process and criteria outlined above were used to identify 18 hydrologic
indicator sites, believed to be of the greatest hydrologic significance in
defining the environmental water requirements for the key environmental
assets of the Basin:
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

Swans on the Coorong,
South Australia
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Barmah–Millewa Forest
Booligal Wetlands
Edward–Wakool River System
Great Cumbung Swamp
Gunbower–Koondrook–Perricoota Forest
Gwydir Wetlands
Hattah Lakes
Lachlan Swamp
Lower Balonne River Floodplain System
Lower Darling River System
Lower Goulburn River Floodplain
Lower Murrumbidgee River Floodplain
Macquarie Marshes
Mid-Murrumbidgee-River Wetlands
Narran Lakes
Riverland–Chowilla Floodplain
The Coorong, Lower Lakes and Murray Mouth
Wimmera River Terminal Wetlands.

These 18 hydrologic indicator sites contain 335,000 ha of wetlands covered
by the Ramsar Convention, and are associated with 1,300,000 ha of wetlands
listed in A directory of important wetlands in Australia (Environment Australia
2001). The only substantial directory-listed sites within the Basin that are not
included in the hydrologic indicator sites are those in the Paroo, Warrego,
Ovens and Eastern Mount Lofty Ranges regions, and on the Kiewa River.
The only Ramsar sites not included are the Paroo, Banrock Station Wetland
Complex, Kerang Lakes, Fivebough and Tuckerbil Swamps, and Ginini Flats
Wetland Complex. The Ginini Flats Wetland Complex and surrounding
catchment are in Namadgi National Park in the Australian Capital Territory,
and their hydrology is unaffected by surface-water diversions. The water
requirements of the remaining sites can be provided by regulated supplies,

Guide to the proposed Basin Plan Technical background Part I

meaning that their requirements are relatively small and will be adequately
represented through other hydrologic indicator sites in those regions.
Given the extent and nature of the floodplains and wetlands contained
within the suite of hydrologic indicator sites, this subset of key environmental
assets is believed to be sufficiently representative to guide the determination
of SDLs.

Environmental water requirements of key
environmental assets
The first step in identifying environmental water requirements was to
determine environmental objectives and targets required to protect and
restore a hydrologic indicator site to a level consistent with the requirements
of the Water Act. The objectives and targets do not seek to return the sites to
their pre-European settlement condition, but to restore them to the extent
required to protect plant and animal populations and the ecological function
of the Basin.
To provide for the full suite of
environmental outcomes, these sites
require a range of flows persisting for
varying periods. Each flow event will
generate a range of environmental
responses in the flood-dependent
ecosystems; it is these responses
which, when quantified, determine
whether targets have been met and
outcomes achieved.
The ecologically sustainable
flow regime that underpins the
environmental water requirements
for a hydrologic indicator site is
formed by a number of discrete flow
events. The regime consists of the
minimum range of events to ensure
that targets are met.
In determining water requirements and flow regimes to sustain the selected
hydrologic indicator sites, species that depend on flooding to complete their
life cycle were identified for each site and their habitat requirements defined.
Species with similar requirements were grouped, and targets were selected
to protect habitat types that fulfilled these requirements. Where the targets
associated with habitat types or vegetation communities were considered to
provide a flow regime sufficient to meet the needs of other plants and animals
represented in the objectives, then no further targets were specified. Where it
was considered that some important species would require additional flows,
then additional targets were specified.

South Australian swamp paperbark
(Melaleuca halmaturorum),
Dunn’s Lagoon, Lake Alexandrina,
South Australia

The flow events were specified in terms of:
• either a flow threshold or total flow volume
• the required duration for that flow threshold, or duration over which the
volume should be delivered
• the required timing (seasonality) of the event (if important)
• the required frequency of events
• the level of groundwater dependency.
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Werta Wert–Chowilla wetlands after
receiving an environmental water
allocation, South Australia

There is significant uncertainty associated with defining the environmental
water requirements of plant and animal populations, particularly the required
frequency of flooding. Recognising these uncertainties, ‘low-uncertainty’ and
‘high-uncertainty’ frequency of flood events were specified.
For the low-uncertainty frequency, there is a high likelihood that the
environmental objectives and targets will be achieved. It is likely that there
are thresholds for many plants and animals beyond which their survival or
ability to reproduce is lost, but the precise details of those thresholds are
mostly unknown. The high-uncertainty frequencies attempt to define these
thresholds. The high-uncertainty frequency is considered to represent a
boundary beyond which there is a high likelihood that the objectives and
targets will not be achieved.
Determination of flow events was based on identifying flow or volume
thresholds relating to the specific targets (e.g. the flow required to inundate
a certain vegetation community). These were determined from known
inundation and flow relationships (either documented or based on expert
opinion). The duration, frequency and timing of the flow events were then
determined, based on the requirements of the plants and animals represented
in the targets, and using all available detailed site-specific information. Where
site-specific information was unavailable, observed patterns or relationships
from other sites, together with hydrologic analysis, were used to estimate
appropriate values.
Once the specific environmental water requirements were established for each
hydrologic indicator site, they were scrutinised by assessing them against
the modelled without-development (conditions prior to significant human
development) flow patterns and the flow patterns under current arrangements.
The period analysed was from 1895 to 2009. This process ensured that the
flow events specified were sensible in comparison to conditions without
development, and conditions under current arrangements.
An example of identifying the environmental water requirements of a
hydrologic indicator site is provided in Table 4.3, which details the flows
needed to achieve each target set for the Riverland–Chowilla Floodplain
hydrologic indicator site. Figure 4.3 shows the frequencies of modelled flows
with a low and high uncertainty and plots these against without-development
and current conditions. Detailed information on the environmental water
requirements of the 18 hydrologic indicator sites for key environmental assets
is included in Appendix B.
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Table 4.3 Identifying the environmental water requirements of a hydrologic indicator site
(Riverland–Chowilla Floodplain)
Event

Target

Flow required
(measured as flow
to South Australia)
(ML/d)

Duration

Maintain 80% of the
current extent of wetlands
in good condition

40,000

30 days total
(with 7-day
minimum)

Maintain 80% of the
current extent of river
red gum forest in good
condition

40,000

90 days total
(with 7-day
minimum)

60,000

60 days total
(with 7-day
minimum)

80,000

30 days total
(with 7-day
minimum)

100,000

21 days total
(with 1-day
minimum)

125,000

7 days total
(with 1-day
minimum)

Maintain 80% of the
current extent of river
red gum forest in good
condition
Maintain 80% of the
current extent of river red
gum woodland in good
condition
Maintain 80% of the
current extent of black box
woodland in good condition

Proportion of years event
required to achieve target
(%)

Timing

June to December

Preferably winter/
spring but timing
not constrained to
reflect that high flows
are dependent on
occurrence of heavy
rainfall and will be
largely unregulated
events

Proportion of
years event
occurs under
modelled
withoutdevelopment
conditions
(%)

Proportion of
years event
occurs under
modelled
current
arrangements
(%)

Low
uncertainty

High
uncertainty

70

55

80

39

50

33

58

22

33

25

42

12

25

17

34

11

17

13

19

6

13

10

17

5

Figure 4.3 Proposed environmental water requirements for Riverland–Chowilla Floodplain
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Paroo River near Wanaaring,
New South Wales

Key ecosystem functions
Identifying key ecosystem functions
Key ecosystem functions are the fundamental physical, chemical and
biological processes that support the Basin’s environmental assets — for
example, the transport of nutrients, organic matter and sediment in rivers;
wetting and drying cycles; and provision for migration and recolonisation by
plants and animals along rivers and across floodplains.
Ecosystem functions shape and support the Basin’s riverine, floodplain,
wetland and estuarine ecosystems. Many functions depend on flows, and in
many rivers of the Basin the flow regime has been significantly altered to the
extent that these functions are compromised. This has been detrimental to the
health of these river systems as well as to the wetlands and floodplains that
rely on them.
The key flow-dependent ecosystem functions of the Basin have been identified
using a systematic analysis of the functions occurring in the rivers of the
Basin. The key ecosystem functions identified in the Basin, and that were
considered in the development of SDLs, are:
1. the creation and maintenance of habitats for use by plants and animals
(including fish)
2. the transportation and dilution of nutrients, organic matter and sediment
3. providing connections along rivers for migration and recolonisation by
plants and animals (including fish)
4. providing connections across floodplains, adjacent wetlands and
billabongs for foraging, migration and recolonisation by plants and
animals (including fish).
Groundwater key ecosystem function is considered in terms of how it
contributes to streamflow and thereby maintains these four functions.
Across the Basin more than 60% of the groundwater systems were assessed
as being highly connected to surface-water systems.
Due to the highly variable climate and rainfall in the Basin, healthy
ecosystem functions must have frequent but irregular and variable water
flows. Different parts of the flow regime support different functions. It is
therefore important to assess the various parts of the flow regime to ensure
that sufficient flow is provided to enable each function to occur effectively.
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In addition, the timing of flows for functions is important as many
ecosystems have evolved with the higher- and lower-flow seasons that
occur across the Basin. Therefore the water requirements for some flow
components have been determined on a seasonal basis; particularly the base
flows and freshes. In general, the high-flow season occurs during winter/
spring in the southern and eastern parts of the Basin, and in summer in the
north. Conversely, low-flow season occurs in summer/autumn in southern
and eastern regions and in winter months in northern parts of the Basin.
The components of flow required by key ecosystem functions were identified
as (also see Figure 4.4):
•
•
•
•
•
•
•

overbank flows
bankfull flows
high-flow-season freshes
low-flow-season freshes
high-flow-season base flows
low-flow-season base flows
cease-to-flow events.

Figures 4.4 and 4.5 illustrate the links between ecosystem functions and flow
components. Figure 4.4 indicates the links between flow components, the
flow hydrograph and a typical river cross-section to explain what is meant
by each of the flow components. Figure 4.5 shows examples of ecosystem
functions associated with each flow component.
Detailed analysis of the ecosystem functions and flow components showed
that all flow types are needed to support the key ecosystem functions.
Complementing this finding, further analysis linking key ecosystem
functions and river types revealed that a Basin-wide approach could be used
to determine environmental water requirements for key ecosystem functions
(Alluvium 2010).
For groundwater, the level of risk to key ecosystem functions was considered
in determining SDL volumes and also in the development of water resource
plan requirements.

Figure 4.4 Linking flow components and a flow hydrograph to determine the water requirements of
key ecosystem functions
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Figure 4.5 Relationship between key ecosystem functions and flow
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Identifying hydrologic indicator sites for key
ecosystem functions
The assessment of water requirements for key ecosystem functions has taken
place at 88 hydrologic indicator sites across the Basin.
The 88 hydrologic indicator sites for key ecosystem functions represent a
broad geographic spread throughout the Basin, and include the variety of
river types found in the Basin. Most sites are the same as those reported on
in the Sustainable Rivers Audit (Davies et al. 2008). The choice of locations
was based on:
• representing an array of sites across the range of elevations within
each region that characterise changes associated with river types and
flow regimes
• sites where reliable modelled flow data could be assessed, resulting
in sites largely confined to the regulated parts of the Basin (also
corresponding to those rivers where the determination of SDLs is
most significant).
Most regions contain 3 to 8 sites with the exception of the Murray, Lower
Darling, Moonie and Eastern Mount Lofty Ranges regions. The Murray
contains 11 sites; the Lower Darling and Moonie regions contain fewer sites
owing to modelling constraints (2 sites and 1 site respectively). No sites were
located in the Eastern Mount Lofty Ranges due to a lack of information on
modelled flow for that region.

Environmental water requirements of key
ecosystem functions
Each of the key ecosystem functions depends on different parts of the flow
regime. Therefore, in determining the environmental water requirements of
key ecosystem functions, each component of the flow regime
was considered.
The components of flow were assessed using standardised flow metrics at
the 88 hydrologic indicator sites for key ecosystem functions. Flow metrics
are statistics that can be used to analyse the flow important for driving
ecological processes and functions (Kennard et al. 2009). The flow metrics
at these sites provide a measure of the magnitude, frequency, duration and
timing of each flow component. The metrics measure these attributes as
a proportion of the without-development flow regime. The proportion of
change, when compared to current arrangements, is used as a surrogate
estimate of the extent to which the ecosystem function is compromised by
flow alteration.
Target values for the flow metrics have been set as a proportion of
without-development flows. These targets use the same framework used
in the Sustainable Rivers Audit (Davies et al. 2008). The indicator values
are assigned ratings of ‘good’, ‘moderate’ and ‘poor’, depending on the
proportion of without-development values. Target ratings of ‘moderate’
(60–80% of without-development value) or ‘good’ (80–100% of withoutdevelopment value), at an aggregate regional level, have been chosen for the
purpose of developing the Basin Plan. A rating of ‘poor’ is considered to
imply that the key ecosystem functions are compromised.
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In regions where flow regimes are relatively intact and a ‘good’ rating is
provided under current arrangements, the Basin Plan will provide policy to
protect the existing flow regime. Where a ‘poor’ rating (<60% of withoutdevelopment value) is provided under current arrangements, the proposed
Basin Plan will seek to restore flow regimes to provide a ‘moderate’ rating,
at an aggregate level. No specific improvement is sought in regions with a
‘moderate’ rating under current arrangements, although flow regimes and
indicator values in those regions may be influenced by the need to supply
water to downstream regions.
In most regions, therefore, the proposed Basin Plan will seek to improve
ratings from ‘poor’ to ‘moderate’. This equates to a target of between 60% and
80% of without-development values. Figure 4.6 shows how these targets and
certainty ratings are interpreted.

Proportion of
without-development value

Rating

Certainty of achieving
Basin Plan objectives

Good

High

100%
80%

High
Moderate

60%

Poor

Low

Compromised

0%

Figure 4.6 How targets and certainty ratings for achieving
environmental water requirements for key ecosystem
functions are interpreted

Figure 4.8 The overlap in environmental water requirements for key environmental assets and key
ecosystem functions
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Integrating the surface-water requirements of key
environmental assets and key ecosystem functions
From environmental water requirements to SDLs
The 88 hydrologic indicator sites for key ecosystem functions, together
with the 18 hydrologic indicator sites for key environmental assets, add up
to a total of 106 hydrologic indicator sites used to assess the surface-water
environmental water requirements of the Basin (see Figure 4.7 for their
locations). The integrated water requirements for the 106 hydrologic indicator
sites have been estimated to provide the flow needs for all water-dependent
ecosystems across the Basin.
High flows provide the greatest contribution to the total volume of
available water and the flows required to support the ecological values of
the assets therefore provided the largest input to determining SDLs. Low
flows are important for a variety of reasons, including maintaining the
health of drought refuges in rivers and low-lying wetlands, and they were
also considered in determining
SDLs. Figure 4.8 represents the
overlap in determining surfacewater requirements of the key
environmental assets and the key
ecosystem functions.
Hydrologic modelling and other
analyses have been used to estimate
the impact of required flow
regimes on current surface-water
diversion limits needed to achieve
the combined environmental water
requirements of key environmental
assets and key ecosystem functions.
The hydrologic models analyse flows
and diversions across the Basin,
using data for the past 114 years
(1895–2009) as the basis.
For example, for key environmental assets, the first step in estimating the
impact of required flow regimes on current surface-water diversion limits
was to analyse modelled flows under current arrangements to determine
what additional environmental flows would be required to achieve the
environmental water requirements. A software package known as eFlow
Predictor (a product of the eWater Cooperative Research Centre) was used
to do this. This software tool augments flows under current arrangements to
achieve environmental flow targets, and in doing so constrains the augmented
flow to that which existed without development.

Straw-necked ibis nests, Narran Lakes,
New South Wales

Environmental flow time series were developed in this way for each of the
hydrologic indicator sites and for the full 114 years of record. These flow time
series were then set as specific demands in the hydrologic models. The models
then estimated the SDLs required to achieve the environmental targets.
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Figure 4.7 Locations of 106 hydrologic indicator sites across the Murray–Darling Basin
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Hydrologic indicator sites for key
environmental assets
Site # Region

A1
A2
A3
A4
A5
A6
A7
A8
A9
A10
A11
A12
A13
A14
A15
A16

Murray
Lachlan
Murray
Lachlan
Murray
Gwydir
Murray
Lachlan
Condamine–Balonne
Lower Darling
Goulburn–Broken
Murrumbidgee
Macquarie–Castlereagh
Murrumbidgee
Condamine–Balonne
Murray

A17 Murray
A18 Wimmera–Avoca

Hydrologic indicator site
Barmah–Millewa Forest
Booligal Wetlands
Edward–Wakool River System
Great Cumbung Swamp
Gunbower–Koondrook–Perricoota Forest
Gwydir Wetlands
Hattah Lakes
Lachlan Swamp
Lower Balonne River Floodplain System
Lower Darling River System
Lower Goulburn River Floodplain
Lower Murrumbidgee River Floodplain
Macquarie Marshes
Mid-Murrumbidgee River Wetlands
Narran Lakes
Riverland–Chowilla Floodplain
The Coorong, Lower Lakes
and Murray Mouth
Wimmera River Terminal Wetlands

Hydrologic indicator sites for key ecosystem functions
Site # Region

F1
F2
F3
F4
F5
F6
F7

Barwon–Darling
Barwon–Darling
Barwon–Darling
Border Rivers
Border Rivers
Border Rivers
Border Rivers

F8

Campaspe

F9

Campaspe

F10
F11
F12
F13
F14
F15

Campaspe
Campaspe
Goulburn–Broken
Goulburn–Broken
Goulburn–Broken
Goulburn–Broken

F16 Goulburn–Broken
F17
F18
F19
F20
F21
F22
F23
F24
F25
F26
F27
F28
F29
F30
F31
F32
F33

Goulburn–Broken
Goulburn–Broken
Goulburn–Broken
Condamine–Balonne
Condamine–Balonne
Condamine–Balonne
Condamine–Balonne
Condamine–Balonne
Gwydir
Gwydir
Gwydir
Gwydir
Lachlan
Lachlan
Lachlan
Lachlan
Lachlan

Hydrologic indicator site
Barwon River at Dangar Bridge (Walgett)
Darling River at Bourke
Darling River at Wilcannia
Macintyre River at Wallangra
Macintyre River at Goondiwindi
Macintyre River at dam site
Barwon River at Mungindi
Coliban River at Leyll Road
Campaspe River upstream of
Campaspe Weir
Campaspe River at Rochester Town
Campaspe River at Echuca
Broken River at Moorngag
Broken River upstream of Caseys Weir
Broken River at Gowangardie Weir
Goulburn River downstream of Eildon
Goulburn River at Trawool downstream of
Yea River
Goulburn River upstream of Goulburn Weir
Goulburn River at Mooroopna
Goulburn River at McCoys Bridge
Condamine River at Warwick
Condamine River at Chinchilla
Balonne River at Weribone
Culgoa River at Brenda
Narran River at Wilby Wilby
Gwydir River at Stoneybatter
Gwydir River downstream of Copeton Dam
Gwydir River at Pallamallawa
Gwydir River at Collymongle
Belubula River downstream of Carcoar Dam
Lachlan River downstream of Wyangala Dam
Lachlan River at Jemalong Weir
Lachlan River at Willandra Weir
Lachlan River at Booligal

Hydrologic indicator sites for key ecosystem functions
Site # Region

F34 Loddon
F35 Loddon
F36
F37
F38
F39
F40
F41
F42

Loddon
Loddon
Loddon
Loddon
Lower Darling
Lower Darling
Macquarie–Castlereagh

F43 Macquarie–Castlereagh
F44
F45
F46
F47
F48
F49
F50
F51
F52
F53
F54
F55
F56
F57
F58
F59
F60
F61
F62
F63
F64
F65
F66

Macquarie–Castlereagh
Macquarie–Castlereagh
Macquarie–Castlereagh
Macquarie–Castlereagh
Macquarie–Castlereagh
Macquarie–Castlereagh
Moonie
Murray
Murray
Murray
Murray
Murray
Murray
Murray
Murray
Murray
Murray
Murray
Murray
Murrumbidgee
Murrumbidgee
Murrumbidgee
Murrumbidgee

F67 Murrumbidgee
F68
F69
F70
F71
F72
F73
F74
F75
F76
F77
F78
F79
F80
F81
F82
F83
F84
F85
F86
F87
F88

Namoi
Namoi
Namoi
Namoi
Namoi
Ovens
Ovens
Ovens
Ovens
Paroo
Paroo
Paroo
Paroo
Warrego
Warrego
Warrego
Warrego
Warrego
Wimmera–Avoca
Wimmera–Avoca
Wimmera–Avoca

Hydrologic indicator site
Tullaroop Creek downstream of
Tullaroop Reservoir
Loddon River downstream of Cairn Curran
Reservoir
Loddon River upstream of Serpentine Weir
Loddon River downstream of Serpentine Weir
Loddon River at Appin South
Loddon River downstream of Kerang Weir
Darling River at Menindee
Darling River at Burtundy
Macquarie River at Bathurst Post Office
Macquarie River downstream of
Burrendong Dam
Macquarie River at Dubbo
Macquarie River at Gin Gin
Macquarie River at Carinda
Castlereagh River at Mendooran
Castlereagh River at Gilgandra
Castlereagh River at Coonamble
Moonie River at Gundablouie
Swampy Plains River at Khancoban
River Murray at Jingellic
River Murray at Corowa
River Murray downstream of Torrumbarry
River Murray at Wakool River Junction
River Murray downstream of Euston
River Murray at Mildura
River Murray upstream of Lock 9
River Murray upstream of Lock 7
River Murray downstream of Lock 3
River Murray at Morgan
River Murray at Wellington
Murrumbidgee River at Burrinjuck Dam inflow
Tumut River at Oddys Bridge
Murrumbidgee River at Wagga Wagga
Murrumbidgee River at Darlington Point
Murrumbidgee River downstream of
Balranald Weir
Peel River downstream of Chaffey Dam
Peel River at Piallamore
Namoi River downstream of Keepit Dam
Namoi River at Mollee
Namoi River at Goangra
King River upstream of Lake William Hovell
Ovens River at Eurobin
Ovens River at Wangaratta
Ovens River at Peechelba
Paroo River at Yarronvale
Paroo River at Caiwarro
Paroo River at Willara Crossing
Paroo River at Wanaaring
Warrego River at Augathella
Warrego River at Wyandra
Warrego River at Cunnamulla
Warrego River at Barringun
Warrego River at Fords Bridge
Wimmera River at Glenorchy
Wimmera River upstream of Dimboola
Wimmera River at Lake Hindmarsh
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Estimating long-term average environmental
water requirements
To determine the SDLs required to achieve the environmental water
requirements of key environmental assets and key ecosystem functions, the
environmental water requirements must be converted to, and expressed as, a
long-term average volume of additional water required by the environment.
Initially MDBA used detailed hydrologic models to undertake the analysis,
as outlined above. This analysis gave an initial indication of the volume
of additional water required by the environment; however, it became clear
that these complex models are not well suited to exploring the range of
environmental water requirements and various policy scenarios for setting
SDLs in a timely way. An analytical tool that allowed this exploration was
required. The analysis used to determine the range of environmental water
requirements (from low to high uncertainty) is explained here, while the
analysis used to determine SDLs is described in Section 4.4.
The environmental water requirements for hydrologic indicator sites cover
the full range of flows, from base flows through to overbank floods (see
Figure 4.8). The analysis and associated tools used to estimate the volume
of water required must therefore give due consideration to the full breadth
of flows.
There are many analytical tools that can be used to quantify and assess
flow regimes. For the purpose of estimating the volume of additional water
required by the environment, MDBA used flow duration curves (also
sometimes called a flow exceedence curve) as one of the main analytical tools.
Flow duration curves show the proportion of time that flows are exceeded.
They show the full range of flows, from lowest to highest. As the magnitude
of flows can vary by many orders of magnitude (i.e. from less than 1 ML/d
to many hundreds of thousands ML/d), flow duration curves often use a
logarithmic scale to present flow data. An example for River Murray flow at
the Murray Mouth is shown in Figure 4.9. Importantly, in the context of the
proposed Basin Plan, the use of flow duration curves enables volumes of water
to be calculated, while retaining a connection to specific parts of the flow
regime (and therefore to assets and functions).
For key ecosystem functions, targets seek to achieve a moderate rating for
each flow regime component; that is, a metric value at least 60% of the
without-development value. For hydrologic indicator sites the environmental
water requirements are based on the best available information for the site.
Figure 4.10 shows the environmental water requirements for each indicator
site as an average proportion of the without-development frequency.
(Environmental water requirements for four sites — The Coorong, Lower
Lakes and Murray Mouth; Gwydir Wetlands; Wimmera River Terminal
Wetlands and Lower Murrumbidgee River Floodplain — are not shown as
their environmental water requirements are not expressed in a way which
makes this comparison meaningful.) While there is some variation in the
environmental water requirements, there is also some similarity between
the sites. Variation is due to differences in the sites, as well as differences in
available scientific information.
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Figure 4.9 Example flow duration curve for River Murray flows at the Murray Mouth
Source: MDBA unpublished modelled data, 1895–2009

Figure 4.10 Environmental water requirements for hydrologic indicator sites — frequency of flow targets are
expressed as a proportion of the without-development frequency
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Mouth of the River Murray,
South Australia

On the basis of these targets, and for the purposes of determining the
aggregate amount of water required by the environment, MDBA has set a
common target range for environmental flow provision. Recognising that the
environmental water requirements cover the full range of flows, this target
range applies across the full range of the flows shown on the flow duration
curve. The target range is between 60% (high uncertainty) and 80% (low
uncertainty) of the without-development flows. Where flows are currently at
or above the target range they may be supporting key environmental assets
or key ecosystem functions, or be required for the supply of consumptive
water. Maintaining these assets, functions or consumptive use is likely to be
important, and should not come at the expense of other assets and functions
supported by other parts of the flow regime. Consequently, where current
flows exceed the 60% or 80% target, the analysis assumes those flows are to
be maintained at their current level. Figure 4.11 shows the end-of-system flow
for the River Murray at the Murray Mouth as an example. Both logarithmic
and linear scales are provided. The linear scale graph gives a more accurate
representation of the volume of additional environmental water required, and
the relative proportions.
This analysis has been undertaken at end-of-system locations in each region.
End-of-system locations have been used because they provide a measure
of water sharing in the region as a whole. They also provide a measure
of connectivity between regions, which is important to maintain for key
ecosystem functions such as transport of nutrients and carbon, and migration
of fish. Results from this analysis, expressed as long-term average end-ofsystem flows, are shown in Table 4.4.
In many regions where additional environmental water is required, average
end-of-system flows associated with the Basin Plan targets are between about
60% and 80% (as shown in Table 4.4). However, as the method retains
current flows where they are greater than the target range (to protect existing
key environmental assets, key ecosystem functions and consumptive supply),
the average end-of-system flow can be higher. One example is the Namoi (see
Figure 4.12), where median to low flows are significantly below the target
value (as low as 25% of without-development flows). However, high flows
(in this instance flows that occur less than 15% of the time) are relatively
unaffected by diversions and river regulation, and are above the target value.
High flows provide a proportionally large contribution (about 90%) to the
average end-of-system flow, and this contribution means the long-term
average end-of-system flow is greater than 60% and 80% respectively.
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Figure 4.11 Flow duration curve for the River Murray at the barrages showing target range
Source: MDBA unpublished modelled data, 1895–2009
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Table 4.4 Environmental water requirements of regions, expressed as end-of-system flows
End-of-system flow — GL/y long-term average (% of without-development value)
Region

End-of-system gauge(s)

Without
development

Current
arrangements

High uncertainty

Low uncertainty

Northern Basin
Barwon–Darling
(represents whole of
Darling at Menindee)

Darling River at Menindee

Border Rivers

3,273

1,721 (53%)

2,213

(68%)

2,639

(81%)

Barwon River at Mungindi, Boomi
River at Neeworra, and Weir River
flow to Barwon

797

513 (64%)

560

(70%)

653

(82%)

Condamine–Balonne

Narayan, Culgoa and Bokhara flow
to Darling

569

241 (42%)

355

(62%)

456

(80%)

Gwydir

Gil Gil Creek at Galloway, Gingham
watercourse flow into Gil Gil Creek,
Gwydir River at Collymongle, and
Mehi River at Collarenebri

429

173 (40%)

260

(61%)

344

(80%)

Marthaguy Creek at Carinda,
Macquarie River at Carinda, Bogan
River at Gongolgin, and Marra
Creek at Billy Bingbone Bridge

664

481 (72%)

490

(74%)

571

(86%)

Castlereagh River at Coonamble

96

96 (100%)

Moonie

Moonie flow to Barwon

96

71 (74%)

74

(77%)

82

(85%)

Namoi

Namoi River at Goangra, Pian
Creek at Waminda

828

653 (79%)

688

(83%)

733

(89%)

Paroo

Paroo flow to Darling at Wilcannia

59

59 (100%)

Warrego

Warrego River at Fords Bridge

69

58 (84%)

60

(86%)

61

(88%)

281

153 (54%)

191

(68%)

231

(82%)

73

67 (92%)

3,368

1,646 (49%)

2,114

(63%)

2,706

(80%)

160

97 (60%)

116

(73%)

136

(85%)

Macquariea
(including Bogan)
Castlereagh

No additional flow requiredc

No additional flow requiredc

No additional flow requiredc

No additional flow requiredc

Southern Basin
Campaspe

Campaspe River at Echuca

Eastern Mount Lofty
Ranges

Not applicable

Goulburn–Broken

Goulburn River at McCoys Bridge

Lachlana

Lachlan River at Oxley

Willandra

Willandra Creek end of system

122

113 (92%)

Loddon

Loddon River at Appin South

145

61 (42%)

Lower Darling

Not applicable

Murrumbidgeea

Murrumbidgee River at Balranald

Billabong Creek

Billabong Creek at Darlot

Ovens

Ovens River at Peechelba

Wimmera–Avocab

Wimmera River upstream of Lake
Hindmarsh

Murray (represents
whole of Murray–
Darling Basin)

Barrage flow

No additional flow requiredc

No additional flow requiredc
91

(63%)

No additional flow requiredc

No additional flow requiredc
116

(80%)

2,185

(80%)

Included in Murray analysis
2,724

1,223 (45%)

124

322 (260%)

No additional flow requiredc

1,701

No additional flow requiredc

1,728

1,728 (99%)

No additional flow requiredc

No additional flow requiredc

212

157 (74%)

No additional flow requiredc

No additional flow requiredc

12,503

5,105 (41%)

7,824

(62%)

(63%)

10,046

(80%)

a The Macquarie, Lachlan and Murrumbidgee regions have multiple end-of-system flow locations that are affected to different extents by consumptive use and/or river
regulation, requiring separate assessment, as shown.
b No reduction in diversions is proposed in the Wimmera–Avoca region. This is due to the positive environmental impacts of the Wimmera–Mallee Pipeline Project
(a partnership between the Victorian Government, the Australian Government and GWMWater), which will return around 83 GL/y of water to the environment. MDBA
analysis shows that provision of this additional environmental water is likely to achieve the environmental water requirements for the Wimmera River Terminal Wetlands,
and other key environmental assets and key ecosystem functions as it flows through the river system to the wetlands.
c No additional flow required for local key environmental assets and key ecosystem functions.
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Figure 4.12 F
 low duration curve for the Namoi end-of-system flow (combined flow for Namoi River at Goangra
and Pian Creek at Waminda) showing target range

Reductions in diversions required to achieve end-of-system flows have been
estimated using hydrologic modelling of the relationship between diversions
and end-of-system flows in each region (Table 4.5). This modelling takes into
account the evaporation and infiltration losses associated with the movement
or delivery of water through these regions. Some regions incur greater losses
than others. In general, southern basin regions incur smaller losses than
northern basin regions.
MDBA considers the approach outlined above is appropriate to determine the
aggregate environmental water share; however, it should not be inferred that
the proposed Basin Plan recommends simply providing a fixed percentage
of the without-development flow to the environment. Implementation of
environmental watering requires adaptive management to accommodate
priorities and opportunities, operational constraints, and mitigation of
potential negative impacts (e.g. flooding of urban areas).
Actual environmental watering will involve variable provision of water
to the environment. In some years environmental watering priorities
and opportunities (e.g. unregulated flow conditions, volumes in storage,
availability of planned environmental water and allocations to held
environmental water entitlements) may mean that provision of a high
proportion of available water to the environment will be appropriate. In other
years, owing to different priorities and water availability, the proportion
provided to the environment will be less.
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Table 4.5 Reductions in diversions required to achieve environmental water requirements
Reduction in diversions required to achieve
target end-of-system flow in each region — (GL/y) (% reduction)
Region

High uncertainty

Low uncertainty

Northern Basin
Border Rivers

70

(17%)

207

(50%)

Condamine–Balonne

261

(37%)

478

(68%)

Gwydir

115

(36%)

215

(68%)

26

(7%)

174

(47%)

Macquarie–Castlereagha
Moonie

1

(3%)

12

(36%)

Namoi

40

(15%)

113

(42%)

Paroo

No reduction required for
local key environmental assets
and key ecosystem functions

Warrego

No reduction required for
local key environmental assets
and key ecosystem functions

6

(13%)

12

(28%)

Total reduction required in northern basin
(includes Barwon–Darling region)

806

(35%)

1,428

(62%)

Additional reduction required in northern basin
(includes Barwon–Darling region)

293

229

Southern Basin
Campaspe

36

Eastern Mount Lofty Ranges

Goulburn–Broken

(32%)

71

No reduction required for
local key environmental assets
and key ecosystem functions

(63%)

No reduction required for
local key environmental assets
and key ecosystem functions

452

(29%)

985

(63%)

Lachlan

57

(20%)

145

(51%)

Loddon

36

(39%)

63

(67%)

621

(29%)

1,307

(62%)

Lower Darling
Murrumbidgee

Included in Murray region

Ovens

No reduction required for
local key environmental assets
and key ecosystem functions

No reduction required for
local key environmental assets
and key ecosystem functions

Wimmera–Avoca

No reduction required for
local key environmental assets
and key ecosystem functions

No reduction required for
local key environmental assets
and key ecosystem functions

Total reduction required in southern basin
(includes Murray region)

2,987

(38%)

5,398

Additional reduction required in southern basin
(includes Murray region)

1,842

2,972

Basin total reduction in diversions

3,856

6,983

(68%)

a Flows in the Castlereagh River are relatively unaffected by diversions and regulation. This reduction therefore applies to the Macquarie/Bogan catchments rather
than Castlereagh.

MDBA is undertaking modelling and other analysis to verify that this endof-system flow approach provides an aggregate environmental water share
that aligns with the specific estimates of environmental water requirements
for key environmental assets and key ecosystem functions, and that these
environmental water requirements can be implemented within operational
constraints. This verification will continue through the public consultation
period, but modelling to date has shown that the approach is consistent with
the specific estimates of environmental water requirements, and that there are
no insurmountable operational issues.
The modelling to date has shown that there will be operational efficiencies
associated with environmental water delivery. There are also inherent
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uncertainties associated with measurement of flows, diversions and
interceptions; estimation of environmental water requirements; and
hydrologic modelling. MDBA’s best estimates are that the end-of-system
flow analysis represents the environmental water requirements of the key
environmental assets and key ecosystem functions with a confidence limit
of about +/– 20% for the high-uncertainty target. MDBA therefore believes
the environmental water requirements for key environmental assets and key
ecosystem functions can be achieved with a high level of uncertainty with a
Basin-wide reduction in diversions of 3,000 GL/y.
MDBA considers that the low-uncertainty end of the range would not
optimise economic, social and environmental outcomes, and has therefore
not invested as much resources in assessing confidence limits at this end of
the range. However, MDBA is of the view that the environmental water
requirements for key environmental assets and key ecosystem functions can
be achieved with a low level of uncertainty with a Basin-wide reduction in
diversions of about 7,600 GL/y. This represents a confidence limit in the endof-system flow analysis of about +/–10%.

Environmental water requirements for groundwater
Considerations for identifying groundwater environmental
water requirements
The environmental water requirements of groundwater systems are influenced
by their hydrogeological characteristics and the nature of the ecosystems
that depend on groundwater, which vary significantly across the Basin. To
determine the environmental water requirements of groundwater, updated
groundwater recharge modelling has been undertaken for the entire Murray–
Darling Basin and in some cases detailed numerical modelling has also been
used. The water needs of key ecosystem functions, key environmental assets,
the productive base and key environmental outcomes of groundwater systems
have determined the environmental groundwater requirements. These have
been assessed in terms of the following key factors:
• maintaining base flow — for some aquifers, groundwater contributes
significantly to base flow for rivers and streams, particularly in low-flow
periods, and is therefore an important contributor to maintaining key
ecosystem functions
• accounting for groundwater-induced recharge — where groundwater
and surface-water systems are connected (including systems where time
lags are significant), appropriate adjustments in environmental water
requirements have been made so there is no double counting of water
extractions, to protect key ecosystem functions
• protecting against continued drawdown of groundwater levels — so that
groundwater levels are stabilised within a 50-year time frame, to a level that
protects the integrity of the groundwater resource and the productive base
• maintaining key environmental assets that depend on groundwater
(e.g. key environmental assets such as the Lower Goulburn River
Floodplain and the Great Cumbung Swamp)
• protecting against salinisation — much of the groundwater resource in the
Murray–Darling Basin is highly saline. In areas that contain both fresh
and saline water, the extraction of groundwater can pose a threat to the
environment through the contamination of fresh groundwater resources
by the vertical or lateral inflow of saline groundwater.
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Determining the Basin’s environmental
groundwater requirement
The relative importance of these factors in determining the environmental
requirements for groundwater has been assessed for each of the
78 groundwater SDL areas. This has been done using a risk assessment
framework, which is explained in detail in Section 4.4, and which explicitly
considers the risk that groundwater extraction poses to the sustainability of
the groundwater resource.
The key ecosystem function for groundwater is the maintenance of
groundwater connections with surface water. This is particularly important
in upper catchments where groundwater provides base flow that supports
related ecosystem functions that are critical to maintaining the ecological
health of the Basin’s rivers and wetlands. Across the Basin more than 60%
of the groundwater systems were assessed as being highly connected to
surface-water systems.
While groundwater does not support key environmental assets for all parts
of the Basin, it is significant in some areas. Groundwater systems have
been assessed in terms of their
contribution to the maintenance of
the key environmental assets and key
ecosystem functions identified in
the Basin.

The Goolwa Barrage, Coorong area
where the River Murray comes out to
the sea near Goolwa, South Australia.
The lake was at a record low with the
level approximately 60 cm below sea
level, January 2008.

In some major areas of groundwater
use in the Basin, the productive
base is threatened by continued
long-term declines in water levels.
Arresting these declines is a critical
consideration in determining
the additional water that must
be provided for the environment
by these groundwater systems.
The productive base relates to the
ability of a groundwater system to
function and specifically implies the
maintenance of groundwater volume
(and groundwater level) and quality. The productive base is important in
many groundwater systems that do not contribute water to key environmental
assets, and may have only a small role in terms of key ecosystem functions.
The identification of a volume of environmental water required to meet the
productive base and/or key environmental outcome requirements is implicit
rather than explicit and involves identifying the maximum volume that can
be taken without compromising the productive base and key environmental
outcomes. The volume of environmental water is in effect the remaining
volume of recharge that is not taken.
The Basin’s environmental groundwater requirements have been determined
using a three-step process:
1. Determine water resource plan areas and finer-scale management areas for
groundwater systems.
2. Undertake updated groundwater recharge modelling for the entire
Murray–Darling Basin and apply a risk assessment framework to identify
the proportion of recharge that should be reserved for the environment to
achieve the objectives of the Basin Plan.
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3. Undertake detailed numerical modelling for 11 of the largest alluvial
groundwater systems (for which suitable models are available), and which
represent more than 73% of Basin groundwater resources.

Additional groundwater to meet environmental needs
The additional groundwater that needs to be provided for the environment
is estimated to be between 99 GL and 227 GL. This range of additional
groundwater for the environment reflects the uncertainty of groundwater model
predictions and the risks associated with not achieving the environmental
objectives of the Basin Plan. Accordingly, the lower end of this range represents
a ‘high’ risk approach and the upper end of the range represents a ‘low’ risk
approach. In summary:
• The current diversion limits of 67 groundwater systems have been assessed
as reflecting an environmentally sustainable level of take.
• Of the remaining groundwater systems, the current diversion limits of the
Upper Namoi Alluvium, Lower Macquarie Alluvium, Peel Valley Alluvium
and the Australian Capital Territory (Groundwater) do not reflect an
environmentally sustainable level of take. Accordingly, a reduction in the
diversion limit will be required in each case to meet the environmental
water requirements. The level of use in these four systems is lower than the
current diversion limits and the current use has been assessed as at or below
an environmentally sustainable level of take.
• The final seven groundwater systems (Lower Lachlan Alluvium,
Lower Namoi Alluvium, Angas Bremer, Upper Condamine Alluvium,
Upper Condamine Basalts, Upper Lachlan Alluvium and Lake George
Alluvium) are considered to be overdeveloped, and the current diversion
limits do not reflect an environmentally sustainable level of take. It is
across these seven systems that the additional groundwater needs for the
environment have been estimated to be between 99 GL and 227 GL
(see Table 4.6). The table indicates the range (from ‘high’ to ‘low’ risk)
of additional environmental water requirements that have been identified
using the methods described in this chapter and associated potential range
in reduction in the current diversion limits.
Table 4.6 O
 verview of the environmental water requirements for the seven groundwater systems that are
considered to be overdeveloped
Additional groundwater
required for environment (GL/y)

Potential reduction
associated with requirement (%)

Groundwater SDL area

Current diversion limit
(GL/y)

High risk

Low risk

High risk

Lower Lachlan Alluvium

108.0

43.2

80.0

40

74

Lower Namoi Alluvium

86.0

0.0

24.0

0

28

6.5

0.0

2.5

0

38

Upper Condamine Alluvium

117.1

40.3

68.1

34

58

Upper Condamine Basalts

76.1

15.0

24.1

20

32

Upper Lachlan Alluvium

77.1

0.1

28.1

0

36

1.1

0.0

0.6

0

55

472

99

227

21

48

Angas Bremer

Lake George Alluvium
Total

Low risk
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4.2 Factoring climate change into
the Basin Plan
Climate change effects on water availability
Ecosystems, water users and planners are accustomed to dealing with the
Basin’s highly variable climate and the resulting effect on water availability.
Climate change has added to this complexity, and reduced confidence in
predicting future climatic conditions.
In the past, scientists used records of the Basin’s weather collected over a
century as a guide to expected climatic conditions. This included estimating
the frequency of droughts and floods as well as their intensity and duration.
Future weather and climate is expected to be different from past conditions.
Extreme weather events, including droughts and floods, are likely to be more
intense. Storms are likely to be larger and stronger, and droughts longer and
drier, than in the past (NSW Department of Environment and Climate
Change 2010).
Annual rainfall in the past 12 years in the southern Murray–Darling Basin
is more than 10% lower than the long-term mean. A decline in autumn
rainfall is the most significant component of this rainfall decline. However,
the rainfall in each of the eight months from March to October over this
period is also lower than the long-term mean (CSIRO 2008). Nevertheless,
rainfall is highly variable from decade to decade, and there were similar dry
periods around 1900 (the ‘Federation drought’) and around 1940 (the ‘World
War II drought’).
The run-off in the southern Murray–Darling Basin in the past 12 years is
about 40% lower than the long-term mean. This extreme decline in run-off
has been attributed to:
•
•
•
•
•

the decline in mean annual rainfall
significantly larger rainfall decline in autumn
rainfall decline in winter when most run-off is generated
lack of high-rainfall years in the past decade
higher temperatures accentuating the effect of low rainfall on run-off and
possible changes in the hydrological processes (CSIRO 2008).

Several research studies have suggested that at least part of the most recent
drought is associated with global warming, but it is difficult to separate
any effect of global warming from the high natural climate variability. For
these reasons, water resource planning needs to consider a range of possible
scenarios to assess system robustness and resilience to historical droughts, as
well as future climate projections (Chiew, Cai & Smith 2009).
The CSIRO Murray–Darling Basin Sustainable Yields Project highlighted
that, while average surface-water availability would fall by 11% under the
median 2030 climate scenario, diversions under this scenario and existing
water planning arrangements would reduce by an average of only 4%
(CSIRO 2008).
This shows that current water sharing arrangements would not evenly
distribute the relative effects of climate change between consumptive users
and the environment. As conditions become drier, existing rules in Basin state
water resource plans generally favour continuation of supply to consumptive
users at the expense of environmental requirements.
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Setting a climate baseline

River Murray between Morgan and
Blanchetown, South Australia

The Murray–Darling Basin Authority (MDBA) has conducted planning in the
context of the most recent scientific information available at the international,
national, state and regional level (e.g. from the Intergovernmental Panel on
Climate Change, CSIRO, the Bureau of Meteorology, the NSW Department
of Environment and Climate Change, and University of New South Wales).
For hydrologic planning, where long climate sequences are required to
encapsulate the range of likely conditions, the entire historical record
(1895–2009) is a useful climate baseline (Chiew, Cai & Smith 2009) for
the following reasons:
• it offers a long sequence for hydrologic and environmental system modelling
and planning
• it covers three prolonged drought periods
• it has similar mean annual rainfall and mean annual run-off to the
most recent 30-year period (1979–2008) and to the period of the
Intergovernmental Panel on Climate Change’s studies (1961–2008).
Because rainfall and run-off in the southern Murray–Darling Basin in the
past 10 years are considerably lower than the long-term mean, and there is
an apparent link between the dry conditions and global warming, the recent
period can also be used to represent a very dry scenario for conservative riskbased considerations (Chiew, Cai & Smith 2009).
Although historical records alone are no longer sufficiently robust for long-term
planning, they are still useful. Actual climate records for 1895–2009 provide a
useful baseline on which to make predictions about how wet or dry it could get,
or in what percentage of years a given amount of water will be available. The
records also include the effects of climate change that have already occurred.
However, the extent of climate change effects associated with recent low inflows
has yet to be accurately measured (Chiew, Cai & Smith 2009).
Along with the 1895–2009 climate records, three possible future climate
scenarios for 2030 have been selected to assist in the development of the
proposed Basin Plan (CSIRO 2008):
• the wet extreme 2030 climate
• the median 2030 climate
• the dry extreme 2030 climate.
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The median scenario is defined by considering the projected outcome for
Basin run-off from 15 global climate models. Each model is run using data
that simulates the Intergovernmental Panel on Climate Change’s median
predicted level of global warming by the year 2030. Each model adjusts the
114 years of rainfall values from the historical climate record (1895–2009)
to produce 114 annual run-off values. These 114 values are averaged to give a
long-term run-off projection under median 2030 conditions. The 15 models
are ranked from lowest to highest average annual run-off. The median 2030
scenario is the output from the eighth-ranked model.
The 15 models were also used with the Intergovernmental Panel on Climate
Change’s high-range predictions of global warming by 2030. The dry and wet
extreme scenarios were derived from the models ranked second (extreme dry)
and fourteenth (extreme wet) for projections of mean annual run-off across
the Basin.
This approach considers two components of uncertainty:
• uncertainty in the level of warming
• uncertainty in the hydrologic consequences of a given level of warming.
The second of these sources of uncertainty is by far the larger, as
demonstrated for the Murray region in Table 4.7, which shows the percentage
changes in mean annual run-off in the Murray region for high, medium
and low global warming. The table also shows that the dry extreme and
wet extreme scenarios are both associated with high global warming,
indicating the greater climate uncertainty associated with higher levels of
global warming.
The percentages in Table 4.7 reflect differences in averages over the full time
frame of each model. It is also important to recognise wet and dry sequences
of 10–15 years that have occurred in the past. For example, Figure 4.13 shows
historical patterns of variability in total annual stream flow at Wentworth on
the River Murray. Flow in the wettest 15-year sequence (1950–1964) is 42%
higher than the long-term average. In the driest 15-year sequence (1995–
2009), flow is 32% lower than the long-term average.
Table 4.7 P
 ercentage change in mean annual run-off in the Murray regiona under different
potential levels of global warming
Global climate model
Second wettest global climate model
Median global climate model
Second driest global climate model

High global warming

Medium global warming

Low global warming

+7%
(‘wet extreme’ climate scenario)

+4%

+2%

–14%

–10%
(‘median’ climate scenario)

–5%

–37%
(‘dry extreme’ climate scenario)

–26%

–12%

a The region is as used in the CSIRO Murray–Darling Basin Sustainable Yields Project.
Source: CSIRO (2008)
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Figure 4.13 Modelled without-development streamflow at Wentworth on the River Murray, 1895–2009

Approach to including climate change in
the Basin Plan
In the context of climatic uncertainty, MDBA has adopted an approach based
on exploring a wide range of plausible climate futures to better understand
the vulnerabilities of the water resource system. This understanding has
been used to develop water planning arrangements that avoid or minimise
system failure, regardless of future circumstances. The intent is to have a
Basin Plan that will work well regardless of the climatic conditions over the
next 20 years.
Climate change considerations have been addressed in the proposed Basin
Plan in three main ways:
• including a climate change allowance in the proposed surface-water longterm average sustainable diversion limits (SDLs)
• requiring water resource plans developed by Basin states to demonstrate
the capacity to operate effectively across a broad range of climatic
conditions that could occur as a result of climate change
• ensuring that within the SDL, the burden of climate change effects over
the long term are shared evenly between the environment and water users.
These processes are detailed below, but should also be considered in the
general context of discussions about the setting of SDLs (see Section 4.4), and
of water resource plan accreditation requirements (see Section 6.1).

Including a climate change allowance in SDLs
Including climate change into the SDL is needed to manage long-term
average trends in water availability rather than year-to-year variations.
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The median climate change scenario estimates that there will be a 10%
reduction in surface-water availability across the Basin between 1990 and
2030 (updated figure from the CSIRO Murray–Darling Basin Sustainable
Yields Project (2008)).
The Basin Plan will apply to water resource planning in the Basin for
successive 10-year periods commencing between 2012 and 2019, and the
plan must be reviewed by around 2021 if not before. Therefore, MDBA
considers it unnecessary to incorporate the full effect of the 10% predicted
decline in average annual water availability under median 2030 conditions
in the first Basin Plan.
In light of the various issues associated with climate change, MDBA has
determined that 3% is an appropriate allowance to account for the effect
of climate change in the proposed Basin Plan. That is, the reduction being
considered necessary to achieve an environmentally sustainable level of take
includes a 3% allowance in the SDL proposals.
Although the effects of climate change are expected to vary across the Basin,
the system is highly connected, with most areas contributing to downstream
flows well beyond their SDL area. Thus the distribution of long-term climate
effects on surface water across the Basin to reflect possible local variations
is considered inappropriate. This is because of the degree of uncertainty in
climate predictions and the interconnection of the surface-water sources.
The 3% allowance in the reduction in current diversion limits will also apply
for the purposes of risk allocation for climate change (see Section 5.2).
For groundwater, the predicted effect of climate change on dryland diffuse
groundwater recharge (the largest component of recharge) under a range of
future climates has been modelled. For the predicted 2030 median climate
change scenario, modelling results show no strong deviation from historical
median recharge (measured as an average annual recharge over a 15-year
period) (Crosbie, McCallum & Walker 2010).
As a result, and as there are uncertainties associated with long-term climate
modelling, for groundwater the historical median 15-year recharge sequence
has been adopted as being representative of the climate for the Basin Plan
planning period. Accordingly, no allowance is provided for in groundwater
planning to account for climate change in the proposed Basin Plan.

Water resource plan requirements
Accreditation requirements for water resource plans have been developed
such that water allocations will be low in drought years and high in wet
years, similar to what has happened in the past, and regardless of the reason
for the weather conditions. Accordingly, Basin states will need to consider
how their plans would cope with climatic extremes, particularly extended
dry sequences.

River red gum on the Campaspe River
near Barnadown, Victoria

In particular, it is proposed that water resource plans explain how they
will perform under the most extreme dry (15-year) sequence in the dry
2030 climate model scenarios or continuation of the historic worst 10-year
drought. These requirements are intended to define the range of climatic
conditions to be included in the scope of the water resource plans. Further,
the accreditation of water resource plans will be conducted against the
appropriate long-term climate sequences for the plan area.
Once a water resource plan has been accredited and comes into effect, the
implementation of the water management arrangements in the plan will be
the primary way in which SDLs are complied with and environmental water
requirements satisfied.
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To demonstrate that the implementation of water resource plans is complying
with the SDLs and other water resource plan requirements of the proposed
Basin Plan, models accredited as part of water resource plan accreditation
are proposed to be used with the actual climate and inflows at the end of
each water year. This would derive an annual estimate of diversions that
should have been made under these arrangements. These model runs will be
part of an annual audit and compliance process. Details of the compliance
arrangements for the proposed Basin Plan are provided in Chapter 7.

Sharing climate change effects
The principle of equitable sharing of any reductions in water availability
between consumptive and environmental uses has been applied. This
requirement will be managed as part of the accreditation of water resource
plans. The principle has been applied to address the current situation in
which most water resource plans are biased significantly towards allocation
for consumption under drier future climates. This approach will need to be
applied in a manner that does not put at risk water requirements for meeting
critical human water needs.
First, water resource plans will be required to show that, under the historical
climate scenario (1895–2009), application of the rules under the water
resource plan will result in diversions that are within the SDL specified in the
Basin Plan.
Second, surface-water water resource plans will also be required to show
that, under a median 2030 climate scenario, diversions will not be allowed
to exceed the SDL adjusted by the proportional change in surface-water
availability as compared to the historical climate scenario.
Given the projected variability in 2030 climate across the Basin, a water
resource plan must use 2030 climate projections that are specific to the region
to which the plan applies.
For example, if the SDL was set at 100 GL/y in a particular catchment, the
water resource plan prepared by the Basin state would have to show that the
average take permitted by the rules in the plan would not exceed 100 GL/y
under modelling of a repeat of the historical climate scenario. Further, if
the median 2030 climate scenario modelling indicated that the average
surface-water availability would be 20% less, the same water resource plan
rules would be required to show that average diversions would not exceed
80 GL/y under the 2030 climate scenario (i.e. 100 GL/y less 20%). This test
is designed to be neither more stringent nor lenient than the historical climate
scenario test. Rather, the requirement has been included to ensure equitable
sharing of any reductions in current diversions between consumptive and
environmental uses, if such a reduction partially or fully eventuates. It also
reduces the need to rely on a prescriptive forecast of the climate expected
during the planning period for the Basin Plan.

Sea-level rise
The scientific evidence indicates that sea levels in South Australia are
not expected to rise by more than about 1 m by the year 2100 (Bureau
of Meteorology 2003; Antarctic Climate & Ecosystems Cooperative
Research Centre 2007). Further, the region is relatively low risk for climatechange-related increases in storm surges (Antarctic Climate & Ecosystems
Cooperative Research Centre 2008). Given the inherent uncertainties and
the low rate of change expected relative to the first Basin planning cycle, the
effects of climate change on sea level at the Murray Mouth are expected to
be negligible compared with the effects of the changes proposed in the Basin
Plan for water-flow regimes across the barrages. It is therefore proposed that
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no special provisions be made to account for climate change effects on sealevel rise. However, the issue of sea-level rise will be monitored by MDBA
into the future.

Climate change information updates
There has already been a need to update the information on climate change
that was used in the modelling for the Murray–Darling Basin Sustainable
Yields Project (CSIRO 2008). While the same models have been used, the
expected temperatures that apply to 2030 modelling have changed and
three more years have been added to the historic baseline for determining
climatic variability (2006–07 to 2008–09). These refinements were made
for development of the proposed Basin Plan, and further refinements will
continue to be made, affecting future water resource plan amendment and
accreditation processes.
Future climate scenarios for south-eastern Australia will improve with
continuing research in climate and hydrologic modelling science. Key areas of
research include:
• characterising climate drivers (such as patterns of sea-surface temperature)
and their interactions over a range of time scales for south-eastern
Australian rainfall
• attributing changes in climate to changes in these drivers
• improving climate science and global climate modelling
• defining future warming scenarios and selecting global climate models for
climate change impact assessment studies
• downscaling tools to translate global climate model simulations to the
catchment scale suitable for linkage to hydrologic models
• developing decadal prediction systems
• improving understanding and modelling of potential changes in the
relationships between rainfall, temperature and run-off, and in dominant
hydrologic processes in a warmer, drier climate with higher levels of
carbon dioxide.

Degraded farmland near Urana,
New South Wales
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This research will be carried out by organisations, universities and
government agencies in Australia and overseas, including CSIRO and the
Bureau of Meteorology. MDBA will monitor and report on changes to
the state of climate science as it relates to Basin Plan water availability and
access provisions.
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4.3 Social and economic implications
of providing additional water to
the environment
This section describes the conceptual framework, approach and findings
from studies used to assess the potential social and economic impacts of
meeting the environmental water requirements of the proposed Basin Plan.
The information provided by the studies that comprise this assessment was
used to assist the Murray–Darling Basin Authority (MDBA) estimate longterm average sustainable diversion limits (SDLs) and other related aspects of
the proposed Basin Plan.

Requirements of the Water Act
One of the purposes of the Basin Plan is to provide for water resource use and
management in a way that optimises economic, social and environmental
outcomes (Water Act 2007 (Cwlth) s. 20(d)). A related objective is to
maximise net economic returns from the use and management of Basin water
resources (Water Act s. 3(d)(iii)). MDBA is also obliged to have regard to
social, cultural, Aboriginal and other public benefit issues when preparing
the Basin Plan. The Water Act requires that these social and economic Basin
Plan objectives be pursued to the extent that they do not interfere with
the overarching objectives of the Water Act, such as ensuring the return to
environmentally sustainable levels of extraction, and protecting, restoring and
providing for the Basin’s ecological and ecosystem services.

Focus of social and economic assessment
Reductions in current diversion limits are expected to have a range of
economic, social and environmental implications for Basin communities and
the nation as a whole. Accurately predicting the full nature and extent of
these implications is inherently complex as there are many interrelated factors
that will contribute to determining the future outlook for the Basin’s diverse
economies and communities. Furthermore, the effects of reducing diversion
limits will not be evenly distributed; while many of the environmental
benefits will accrue to a wide distribution of people, including well beyond
the boundaries of the Basin, most of the costs will be borne by specific
local communities.
Although there are many uses of water in the Basin, including for mining,
manufacturing, construction and household activities, as well as recreational
uses (see Chapter 2), agriculture accounts for more than 80% of consumptive
water use (ABS 2009). Figure 4.14 illustrates some of the likely changes and
the pathways by which they might affect Basin communities. Changes to
current diversion limits as a result of the Basin Plan are likely to significantly
affect the agriculture sector and, more broadly, communities in the Basin
where irrigated agriculture makes up a large component of the economic
base. Therefore, while recognising that reductions in current diversion limits
may affect other industries and water uses (see for instance ABARE, BRS
& ABS 2009 and ABARE 2010), MDBA’s analysis has focused primarily
on the implications for irrigated agriculture and the people, businesses
and communities that rely on this sector for their livelihood. A range of
the potential environmental, economic, social and cultural benefits of the
changes has also been considered.
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Impacts on Basin communities

Changes to other
industries

Changes to
activities that
depend on
environmental
assets

Changes to
agricultural
industries

Changes in water availability and quality

Climate change

Changes to
environmental
assets

Basin Plan

Figure 4.14 Pathways by which changes in water diversions could affect Basin communities
Source: ABARE, BRS & ABS (2009)

Adjustment pressures:

•
•
•
•
•

market
social
technological
government policy
environmental

Types of impact at community level:
Economic

• direct economic impacts (e.g. on suppliers of inputs, processors, distributors)
• indirect economic impacts (e.g. on local business activity)
Social

• viability of community services (e.g. sporting clubs, schools, medical services)
• impacts on community attitudes and human capital

Individual irrigators’ adjustment decisions

Individual decisions consider:

•
•
•
•
•
•
•
•

expected profitability
outlook
financial position
business objectives
risk aversion
understanding and uncertainty
perceptions, attitudes and ethics
strategic behaviour

Industry-level structural change

Local/regional community impacts of change

Importance or severity of these impacts is influenced by:

•
•
•
•
•

extent of aggregate/cumulative adjustments
dependence on irrigated agriculture
alternative economic opportunities
timing of adjustment decisions
community reliance and capacity to deal with change
(e.g. education, skills, human capital)

Figure 4.15 Irrigators’ adjustment decisions and their economic and social impacts
Source: Frontier Economics (2010)
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Conceptual framework
Economic and social change is driven by the adjustment decisions of
individuals in response to various factors and pressures. In communities
where irrigated agriculture is a significant component of the economic
base, the decisions of irrigators will largely drive change. An overview of
irrigators’ adjustment decisions and their potential economic and social
impacts is shown in Figure 4.15. Fundamentally, these decisions are driven by
expectations about the future profitability of irrigators’ individual enterprises
based on the range of market, social, technological, government policy and
environmental factors (Frontier Economics 2010).
These individual adjustment decisions are based on all factors affecting
expected profitability in combination. The impact on expected profitability
is a useful way to assess the relative importance of any particular adjustment
pressure. However, attribution of adjustment outcomes to any single
pressure is often difficult as decisions reflect a range of factors (Frontier
Economics 2010) including:
• Outlook — each farmer will have a different outlook in relation to a range
of factors influencing expectations regarding future profitability. Future
commodity prices and climatic conditions are key examples where outlook
can vary significantly.
• Financial position — each farmer will have a different level of debt versus
equity, face slightly different capital costs, have a different level of reliance
on off-farm versus on-farm income, be seeking different rates of return
on their capital investments, and have a different propensity or ability to
take on more debt. Relatively higher levels of debt and poor cash flow may
increase the likelihood of a farmer exiting the irrigation sector. However,
farmers will also consider overall wealth, such as impacts on the capital
value of their land and water.
• Business and lifestyle objectives — some farmers will be aiming to grow
and develop their business, others might want things to remain the same,
while others may be planning to exit the industry, particularly in ageing
family farming businesses. Others may sacrifice profitability and wealth
where farming provides them with lifestyle benefits. These factors will
have a major influence on the propensity to make adjustment decisions in
response to external change.
• Capacity to change — older farmers, and those with less education and
skills, may be relatively unwilling to change their production systems.
• Risk aversion — each farmer will have a different attitude towards
adjustment. Some may embrace change, while others will resist it.
• Perceptions and intangibles — personal views and societal norms play
a key role in determining adjustment decisions, and feed into shared
perceptions about future outlook.
• Understanding and uncertainty — it will be critically important that
farmers fully understand the profitability implications of adjustment
decisions for their businesses, both now and into the future. Uncertainty
about the expected costs and benefits will influence outcomes and will
typically slow adjustment responses.
• Strategic behaviour — farmers may avoid making adjustment decisions
or take a certain course of action if they believe it could lead to other,
more favourable outcomes in the future, or a deferment of inevitable
adverse outcomes.
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The framework in Figure 4.15 recognises that the decisions made by
individuals can affect industries and local and regional communities.
Economic impacts include direct impacts — such as those on the activity
and viability of local input suppliers and output processors — as well as
indirect impacts on local communities through reduced economic activity
and spending.
In some cases these economic impacts might lead to capital leaving an area
and population declining, which might affect the viability of community
services such as health, education and training. Such outcomes, and the fear
or perceptions that they may induce, can also affect community attitudes,
human capital (such as labour, skilled workers and education levels in a
community) and resilience to shock.
Where it is possible to measure these outcomes, it is important to remember
that they reflect the range of adjustment pressures facing the individuals in a
community, and it is often difficult to attribute such outcomes to any single
factor (Frontier Economics 2010).

Community-level outcomes
It is broadly recognised that adjustment outcomes vary considerably from
community to community. The severity of economic and social impacts is
strongly influenced by:
•
•
•
•

the extent and timing of individual adjustment decisions
reliance or dependence of a regional community on irrigated agriculture
availability of alternative economic opportunities and social services
resilience of a community or capacity to deal with change.

For example, a study on the economic and social impacts of water trade by
Frontier Economics et al. (2007) found that large regional centres are more
diverse and relatively less dependent on irrigated agricultural production
than a number of smaller localities, which were affected by adjustment in
the irrigation industry. This study highlighted how rapid changes in water
diversions in local communities can affect economic and social outcomes.
For example, community services and housing in Robinvale (near Mildura)
struggled to keep up with the influx of investment and employment
associated with the new horticultural developments over the past 10 years
(Frontier Economics 2010).

Vulnerability and adaptive capacity framework
The evaluation of how Basin communities will be affected by, and respond
to, a reduction in current diversion limits is grounded in a conceptual
framework drawn from the literature on vulnerability and adaptive capacity
assessment (see Smit & Wandel 2006; Preston & Stafford-Smith 2009; Fay,
Block & Ebinger 2010). Similar frameworks have been used to evaluate the
community- and regional-level adaptive capacity and vulnerability of Basin
farmers to drought and climate change (Nelson et al. 2010).
Harvesting cotton near Dalby on the
Darling Downs, Queensland
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The core premise of the vulnerability and adaptive capacity framework is
that the vulnerability of a community to a change event can be understood
in terms of the level of exposure, the sensitivity of the community to the
change event, and the community’s adaptive capacity. Exposure is the
amount of external stress or change a community is likely to experience (in
this case, reduction in current diversion limits). Sensitivity is a measure of
how dependent a community is on the factor that is changing. For instance,
a community that makes no use of water in a local river would be relatively
unaffected by reductions in current diversion limits. Exposure and sensitivity

Guide to the proposed Basin Plan Technical background Part I

together determine the magnitude of potential impact. Greater potential
impacts are likely to occur where a community is both very dependent on
water and is facing a large reduction in diversions. The adaptive capacity
of a community is the ability to change in response to a shock or stress
and is related to the resources available in the community (Marsden Jacob
Associates et al. 2010; ABARE–BRS 2010). Figure 4.16 illustrates the
relationship between these concepts.
The resources of a community are not just tangible assets such as water,
money or farm machinery. Resources also include intangible assets such as
the depth and breadth of community skills, mental and physical wellbeing of
residents, education attainment, and community relationships. The stock of
tangible and intangible assets within a community plays a significant role in
determining the sensitivity of that community to a shock, and to its adaptive
strategies. In the vulnerability and adaptive capacity literature, the tangible
and intangible assets of a community are often framed using a ‘five capitals’
approach. These are:
• human capital — labour and influences on the productivity of labour
including education, skills and health
• social capital — claims on others by virtue of social relationships
• natural capital — land, water and biological resources
• physical capital — produced by economic activity including
infrastructure, equipment and technology
• financial capital — savings and credit.
Communities that are less vulnerable to shocks are often described as
resilient; that is, their adaptive capacity enables them to minimise the social
and economic damage that might result from potential impacts (Burnside
2007; Ellis 2000; Nelson et al. 2005; Yohe & Tol 2002; ABARE–BRS 2010,
Marsden Jacob Associates et al. 2010).
The framework adopted for the assessment of the potential social and
economic impacts of reductions in current diversion limits recognises that
social and economic systems are complex. One way of characterising this
complexity is to recognise that there are feedback loops between communitylevel outcomes and individual adjustment decisions. For example, changes
in the availability of community services may affect the geographic location
of investment decisions of individuals and firms. More broadly, the social
and economic factors contributing to the movement of young people out
of farming over recent decades has had a feedback effect on the succession
planning and adjustment decisions of ageing farmers. The importance
of such interrelationships is likely to be highest when there are direct
interdependencies between irrigators and downstream employment, or where
the viability of transport and distribution links requires a critical mass of
production in order to remain competitive (Frontier Economics 2010).
Exposure

Adaptive capacity

Sensitivity

Potential impact

Vulerability

Figure 4.16 Relationship between exposure, sensitivity, impact, adaptive capacity and vulnerability
Source: Allen Consulting Group (2005), based on Schroter (2004)
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Street scene in Wagga Wagga,
New South Wales

Approach to the social and economic analysis of
the Basin Plan
Consistent with these frameworks, a range of studies has been undertaken
to capture some of the complexity and interconnectedness of the Basin’s
social and economic system. The analysis sought to better understand the
direct and indirect effects of reducing current diversion limits on irrigated
agricultural production, related industries and wider community wellbeing.
The potential social and economic impacts of reductions in diversion
limits were assessed at four scales: Basin-wide, regional, industry, and local
community level. A combination of approaches was used for the assessments.
Economic models were used to assess impacts at Basin-wide, regional and
industry levels in terms of effect on irrigated agricultural production. Social
impact assessment methods were used to complement this analysis and to
describe in more qualitative terms the potential impacts at industry and local
community levels.
From a range of studies conducted, six formed the basis of the analysis:
• Economic modelling was used to estimate the potential impact of a range
of reductions in current diversion limits on the irrigated agriculture sector
and its flow-on effects to the Basin’s regional economies. This modelling
was primarily undertaken by the Australian Bureau of Agricultural and
Resource Economics (ABARE) using its water trade and AusRegion
models. Additional modelling was done by the Centre of Policy Studies
at Monash University and the University of Queensland (ABARE 2010;
Wittwer 2010; Mallawaarachchi et al. 2010).
• Consultative methods were used to gain an understanding of the
vulnerability and adaptive capacity of regional communities to a range
of potential water reduction scenarios. This involved preparing regional
community profiles and gathering stakeholder information about the
likely impacts and responses of industries and communities in particular
irrigation regions (Marsden Jacob Associates et al. 2010).
• An assessment of community resilience in the face of reduced water
diversions across the Basin as a whole was undertaken by the Bureau
of Rural Sciences and the University of New England. The aim was
to characterise communities on the basis of their relative sensitivity,
adaptive capacity and vulnerability to represent how well they might be
able to respond to changes in diversion limits based on their initial social
characteristics (ABARE–BRS 2010b).
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• A review of Aboriginal cultural, social, economic and environmental
interests in the Basin’s water resources was undertaken by CSIRO. This
study included consultations for three case studies to gain a descriptive
characterisation of the potential impacts of the proposed Basin Plan
on Aboriginal groups and their interests (Jackson, Moggridge &
Robinson 2010).
• An assessment of likely actions and responses of the financial services
sector to the proposed Basin Plan was provided by an independent
consultant (Rizza 2010).
• A review of existing studies about economic valuation of potential
environmental benefits in the Basin was conducted by Charles Sturt
University and CSIRO. The review analysed diverse information about
market and non-market values associated with Basin environmental
assets and considered how these economic estimates of values may change
as a result of changes in current diversion limits (Morrison & Hatton
MacDonald 2010).
In isolation, none of these analyses provides perfect insight into the
socioeconomic impacts of additional water to for the environment.
However, when findings from the studies are combined, they provide an
understanding of the social and economic capacities of communities, and
improve information about the likely upper and lower bounds of impacts.
In weighing up the results of this analysis, MDBA considered that the
economic modelling was more likely to underestimate potential impacts
on communities, at least in the short term, and the consultation process
was more likely to overestimate any implications. It is likely that the actual
impacts lie between the two perspectives, with a range of complex and
interrelated factors exerting influence on the ultimate outcome, including
ongoing rural restructuring, technological change, commodity price
fluctuation, short- and long-term climatic variation, long-term demographic
changes, and degree of remoteness. All these factors make assessing the
separate and specific effects of the proposed Basin Plan on regional economies
and communities difficult to determine in a definitive manner. The approach
used in each of the six studies is described in more detail below.

Use of economic models
Economic modelling by ABARE was primarily based on a two-stage
modelling approach.
The first stage involved using the ABARE water trade model to estimate
the direct effects of changes in current diversion limits on the gross value of
irrigated agricultural production by region and by major commodity group
(cotton, rice, dairy and horticulture). These estimates are presented as changes
in gross value of irrigated agricultural production, and profit, which compare
estimates before a reduction in water use is made (baseline), and after the
Basin’s industries have adjusted to the new level of water diversions. The
regions used in the modelling are those used in the CSIRO Murray–Darling
Basin Sustainable Yields Project (CSIRO 2008).
The second stage involved using the estimates of gross value of irrigated
agricultural production as inputs into ABARE’s AusRegion model, a
computable general equilibrium model of the Australian economy, to estimate
flow-on effects of reductions in water diversions to agriculture overall to
regional, Basin and national economies. These economic impacts are generally
stated in terms of changes in gross domestic product at a national level and
gross regional product at Basin and regional scales.
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It should be noted that AusRegion analysed seven regions in the Basin
compared with 24 for the water trade model (ABARE 2010). The seven Basin
regions used in AusRegion were based on aggregations of the CSIRO
sustainable yield regions. 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.
Given that neither model is capable of analysing the effect of SDLs below
regional level, ABARE undertook additional regional analysis using a
combination of regional gross value of irrigated agricultural production
estimates, irrigation survey data on the amount and location of irrigation
farm expenditure, and spatial data on irrigated land use (ABARE 2010).
The purpose of this finer-scale analysis was to identify towns that may be
more vulnerable to declines in irrigation farm expenditure arising from any
reductions in current diversion limits.
Use of different economic models to analyse the effects of change can often
produce variation in results. This is mainly because models differ in their
composition, or analytical capabilities, the spatial boundaries they adopt
and the primary datasets and assumptions they use. For this reason, MDBA
commissioned analyses from a number of economic modelling groups. Using
results from alternative models provides the opportunity to compare and
test the validity of results and thus provide a broader understanding of them
and the complexity of the adjustment that may take place with reductions
in water diversions. Modelling was undertaken by the Risk and Sustainable
Management Group at the University of Queensland and by the Centre of
Policy Studies at Monash University to provide additional insights, especially
in relation to regional flow-on effects and variability (Wittwer 2010;
Mallawaarachchi et al. 2010). These analyses were also used to complement
and expand on the local information gathered by Marsden Jacob Associates
et al. (2010), who met with community groups and representatives as part of
their community profiling and social and economic impact study.

Community profiling and social impact assessment
While the models used for this analysis describe the potential economic
effects of the proposed Basin Plan at a broad regional scale, they do not
provide information about the finer-scale economic and social impacts that
might occur at the local community level. Social impact assessment, as well as
analysis of community vulnerability and adaptive capacity, was conducted to
gain an understanding of these local-level impacts. As part of the local impact
assessment attention was given to the particular vulnerability of Aboriginal
communities to reductions in current diversion limits.

Fishing at the Menindee Lakes,
New South Wales

The details of the assessment are explained below, but it should be emphasised
that this study was not a formal social impact assessment. The study diverged
in two ways from the framework recommended by The Interorganisational
Committee on Principles and Guidelines for Social Impact Assessment
(2003). First, social impact assessments are usually localised at a project or
community level. While extensive consultations were carried out with key
stakeholders and local communities who are likely to be affected by the
proposed Basin Plan, the aim of the assessment was to gain a strategic social
and economic impact assessment that profiled and assessed potential impacts
at a Basin-wide level, into:
• the contexts and value dispositions of Basin communities towards
potential reductions in current diversion limits (via telephone surveys and
direct community consultation)
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• community vulnerability to the implementation of reduced
water diversions
• regional adaptive capacity, and likely adaptations in response to the
reductions in current diversion limits. The approach aimed to understand
industry-specific short-, medium-, and long-term adaptations likely to
result from the implementation of the proposed Basin Plan.
Second, while many of the procedural steps in a social impact assessment
were carried out, the emphasis was on the profiling, prediction and impact
mitigation phases.
A key aspect of the project was to ascertain information from stakeholders at a
local level about the likely impacts of a range of possible reductions in current
diversion limits. The scenarios consulted on were hypothetical and based on
an assumption of no transition assistance to account for water recovered for
the environment. This is an extreme scenario, given that measures to manage
the transition will be in place (see Chapter 5).
The project covered 12 areas along the Murray and Murrumbidgee rivers and
in the Namoi, Gwydir, Border Rivers and Condamine–Balonne catchments
(see Table 4.8), where the potential social and economic impacts of reducing
current diversion limits were deemed more likely to be pervasive, due to
the history and extent of water use for irrigation (Marsden Jacob Associates
et al. 2010).
Regional consultation and surveys were carried out by teams with established
reputations and relationships in the regions they were investigating. As part of
the process, pre-consultation interviews were conducted, starting with Basin
Community Committee members to help identify participants, key issues and
proposed timing for meetings in the region. Teams spent several days in each
of the 12 areas consulting with key interest groups. The engagement process
focused on targeted discussions, either one-to-one or in small group meetings,
and a telephone survey of approximately 1,300 individuals (Marsden Jacob
Associates et al. 2010).

Table 4.8 Locations of targeted consultations
State

Area

Queensland

Lower Balonne section of the Condamine–Balonne

Northern NSW

Border Rivers
Gwydir
Namoi
Macquarie
Lachlan

Southern NSW

Murrumbidgee
NSW Central Murray

Northern Victoria
South Australia

Goulburn Murray Irrigation District
Nyah to the SA border (Sunraysia)
SA Riverland
SA River Murray below Lock 1

Source: Marsden Jacob Associates et al. (2010)
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The meetings targeted individuals from the following groups:
•
•
•
•
•
•
•
•
•
•
•
•

the Murray–Darling Basin Community Committee
the main irrigation supply organisations
key influential farmers (irrigators and graziers)
industry bodies
local government
catchment management authorities
local irrigation associations
large commercial irrigation companies
food processing companies and other supply chain organisations
regional representatives from key state agencies
rural finance advisers
other regional individuals with relevant expertise.

The study by Marsden Jacob Associates et al. (2010) is presented in
Appendix C.

Community resilience — adaptive capacity and vulnerability
The Bureau of Rural Sciences in conjunction with the University of New
England’s Institute for Rural Futures developed a range of statistical
indicators to assess community vulnerability to reductions in current
diversion limits. Again, the aim was to characterise communities on the basis
of their relative sensitivity, adaptive capacity and vulnerability, and provide a
representation of how well a community might be able to respond to change,
based on the initial social characteristics of that community. These indices
were mapped across the Basin in a manner that allows for an informative
visual and spatial representation of the relationships between communities
that are vulnerable to reductions in current diversion limits.
For this project, various indicators were used to characterise water
dependence, agricultural dependence, economic diversity, human capital
and social capital of communities across the Murray–Darling Basin. For
local economy agricultural dependence and human capital, there were many
potential indicators that the literature identified as appropriate. In these two
cases, principal components analysis was used to examine the relationships
among the potential measures and choose a limited set of relatively
uncorrelated indicators. Most indicators were reported at the Australian
Bureau of Statistics (ABS) census collection district scale except for irrigation
incidence and irrigation intensity, which were reported at the ABS statistical
local area scale (ABARE–BRS 2010b).

Consideration of Aboriginal interests in water
The Murray–Darling Basin is home to numerous Aboriginal groups,
including the Barkindji, Nari Nari, Muthi Muthi, Gamilaroi and Yorta
Yorta nations. The Basin has a population of just over two million, of which
approximately 70,000 people are Aboriginal, constituting 15% of the national
Aboriginal population.
CSIRO undertook a review and synthesis of knowledge of Aboriginal
cultural, social, economic and environmental interests in the waters of the
Basin. The study included consultations for three case studies to gain a
descriptive characterisation of the potential impacts of the proposed Basin
Plan on Aboriginal groups and their interests.
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The three case studies were chosen in consultation with Aboriginal
representatives from the Northern Murray–Darling Basin Aboriginal Nations
and the Murray Lower Darling Rivers Indigenous Nations. The case studies
aimed to reveal the diversity of Aboriginal interests in the Basin’s water
resources. They describe the water management practices and aspirations of
three Aboriginal groups in separate regions of the Basin: the Nari Nari in the
Murrumbidgee; the Ngemba in the Barwon–Darling; and the Yorta Yorta in
the Murray.
The case studies drew on a range of sources to generate context reports. These
were followed by interviews with nominated representatives for each group
during field visits and by telephone. The participating groups are involved in
water management in their capacities as traditional owners with rights and
interests in land and water under their own systems of law, as water licence
holders, and as owners of land of recognised heritage and environmental
significance. These groups report significant barriers to accessing water
under current water sharing or allocation plans (Jackson, Moggridge &
Robinson 2010).

Potential implications for
financing regional business
Changes to current diversion limits
may affect the extent and pattern
of economic activity in the Basin’s
regions. Access to financial capital
is a key input to agricultural and
flow-on economic production
activities and, consequently, changes
to its allocation and cost can have
a material effect on the level and
distribution of economic activities.
An independent study was
undertaken to identify the ways in
which investment (availability and
allocation of debt and equity capital)
in the Basin may be affected by the
release of the proposed Basin Plan, including how financial capital providers
may respond to the potential change in risk profile for their investments. The
study reviewed a range of information and interviewed stakeholders from a
number of sectors including banking, business and accountancy (Rizza 2010).

Stone tool created as part of a
traditional knowledge project
developed by the North East
Catchment Management
Authority, Victoria

Economic valuation of environmental benefits
One of the objectives of the Basin Plan is to maintain and improve the
ecological health of the Basin water resources, and in so doing optimise the
social, cultural, and economic wellbeing of Basin communities. Another
objective is to maintain appropriate water quality standards, including salinity
levels, for environmental, social, cultural, and economic activity in the Basin.
An indication of the benefits of increasing environmental flows through
introducing SDLs can be ascertained from the range of market and nonmarket studies that estimate the value the wider Australian community places
on maintaining and enhancing the environmental health of the Basin.
A study by Charles Sturt University and CSIRO was commissioned to review
and summarise existing market and non-market valuation studies associated
with Basin environmental assets and consider how these economic estimates
of values may alter as a result of changes in current diversion limits. Estimates
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of values for each region of the Murray–Darling Basin were identified for up
to five attributes: recreation; the extent of healthy native vegetation; numbers
of native fish; numbers of waterbirds; and the frequency of waterbird breeding
events. The application of these valuation estimates required assessment of
the likely effect of changes in diversion limits on the relevant environmental
attributes (Morrison & Hatton MacDonald 2010).

Implications for irrigated agriculture
and communities
Any reduction in current diversion limits could affect Basin communities that
rely on irrigated agricultural production. Across the Basin, the fundamental
effect of any reduced diversion limits will be a reduced intensity of economic
activity within each region. The social and economic analysis commissioned
by MDBA provides a strong body of evidence, when considering the social
and economic implications for regions and communities, of providing
additional water to the environment and reducing current diversion limits.
The following section outlines the current status of the people, industry
and communities of the Basin. It addresses the sensitivity of these groups to
changes in diversion limits.

Sensitivity to change — farmers, industries
and communities
The material in this and the following sections is largely based on the
commissioned report by Marsden Jacob Associates et al. (2010). As described
above, extensive face-to-face community consultations and a large telephone
survey were carried out to obtain qualitative information on community
views and potential adaptation strategies regarding reductions in current
diversion limits.
The Basin’s farmers are generally optimistic and have strong connections to
place and community, despite the damaging effects of the recent drought on
wealth and employment (Marsden Jacob Associates et al. 2010). However,
farmers are not homogeneous and do not exhibit uniform sensitivity to
change. In general, farmers with greater dependency on irrigation and those
with a greater debt-to-assets ratio will be more sensitive to changes in current
diversion limits. Older farmers, those who have been farming longer and
those who have low at levels of wellbeing and optimism levels are also more
likely to exit farming should current diversion limits be reduced.
As a result of the drought and commodity price variability, and as a
generalisation across the cotton, dairy, rice and horticulture sectors:

Cotton crop with irrigation channels,
Cecil Plains, Queensland

• many farmers have been surviving on exceptional circumstances payments
and off-farm income with considerable accumulated liabilities and
liquidised (eroded) capital reducing their adaptive capacity (e.g. ability to
consolidate and invest)
• many farmers have exited the agricultural sector (or are likely to do
so soon)
• farmers who have been in farming longer, and are in the 36–55 and
56–65 age brackets, are most sensitive to reductions in current diversion
limits and most likely to exit as they are more indebted (particularly those
aged 36–55), feel time pressured and are financially stressed.
Communities that rely directly on access to water for irrigation are likely
to be affected by reductions to current diversion limits. Through social and
economic connections, other communities are likely to experience flow-on
effects from a reduction in irrigated agricultural production capacity. A range
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of secondary processing and service sectors within these communities depend
on the primary production sector. In short, shops and clubs in country
towns often flourish only when farmers earn a living, while the wealth and
employment generated by irrigation also supports a critical mass of activity
that leads to the provision of essential public sector services in education,
social services and healthcare.
The main irrigation regions of the Basin are highly productive working
communities producing food and fibre products for domestic and export
markets. Figure 4.17 shows the gross value of irrigated agricultural production
for 2005–06 in 10 irrigation areas within the Murray–Darling Basin and
illustrates the different crop production profiles of the northern and southern
parts of the Basin. It should be noted that 2006 was a drier than average
year, which would have affected the relative amounts of some crops grown,
particularly annual crops such as rice and cotton.
As for farmers, for farm systems there is no typical farm type or business,
even within the distinct irrigated agricultural sectors. The following provides
an overview of the status of the major irrigated agriculture industries of
the Basin and an indication of their sensitivity to reductions in current
diversion limits.
The northern Basin

Cotton is a significant crop in the Lower Balonne (part of the Queensland
Condamine–Balonne region), Border Rivers (NSW/Qld) and in the northern
NSW regions of Gwydir, Namoi and Macquarie–Castlereagh. Cotton is also
grown within the Lachlan region and minor plantings are reported to occur
within the Murrumbidgee region. It is a highly adaptable annual crop. The
area planted is readily adjusted in response to water diversions, and the crop is
experiencing ongoing improvements in yields, quality and productivity.

Figure 4.17 Irrigated agricultural production by sector and area, 2005–06
Source: adapted from Marsden Jacob Associates et al. (2010)
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Once cotton farmers have exploited water-use efficiency to the extent
commercially feasible, their next response to reduced watercourse diversions
would be to diversify from permanent cotton crops to mixed cropping and
other crops, including dryland cropping and/or pastoral farming. However,
returns to dryland cropping are lower than returns to irrigated cotton, in
terms of both yields and employment. In turn, this would have negative effects
on cotton farmers that would tend to flow through to regional communities
(Marsden Jacob Associates et al. 2010).
Across the cotton regions of northern New South Wales and the Queensland
Lower Balonne, reductions at the lower end of the range of environmental
water requirements are likely to result in investment in water-use efficiency
and some sale of entitlements where this is allowed (Marsden Jacob Associates
et al. 2010). With reductions at the higher end of the range, the area of cotton
is likely to reduce, farmers may become increasingly likely to exit, some
properties are likely to consolidate and cotton gins would start to close, with a
consequent decline in employment opportunities and increased migration of
people from the region.
The irrigation communities of the Gwydir, Namoi, Border Rivers, Macquarie–
Castlereagh and Lachlan regions are highly dependent on cotton. Even small
reductions in current diversion limits would most likely see significant loss
of economic activity in communities such as Goondiwindi. At mid-range
reductions the economic impact would be larger, and at high end could
significantly affect smaller cotton-based towns such as Warren, Wee Waa and
Moree, and to a lesser extent Narrabri (Marsden Jacob Associates et al. 2010).
While the Macquarie–Castlereagh and Lachlan regions are also highly
dependent on cotton, the larger urban centres of Dubbo, Forbes and Cowra
have more diverse economies and would be relatively less likely than smaller
towns to be affected by reductions in current diversion limits.
In terms of differing regional sensitivity to reductions in current diversion
limits, regions and communities further inland, often lacking a diversity
of economic drivers, tend to be more sensitive to potential reductions.
For example, the agriculture sector in Condamine–Balonne in Queensland
directly employs around 36% of workers in the region — a greater percentage
than any other region in Queensland. The small cotton-dependent
communities of this region often face significant social issues. They have highly
mobile workforces that follow job opportunities and if these workers leave
because cotton-related activities have declined, towns may lose critical mass for
community services and face increased risk of welfare dependency.
The southern Basin
Rice

Rice is the predominant crop in the NSW Central Murray and
Murrumbidgee irrigation regions. While the rice farming system is a mixed
enterprise farm, the rice crop and winter cereal crops grown in rotation with
rice that tend to underpin farm financial returns. Like cotton, rice is an
adaptable annual crop, although the level of rice production tends to decline
at a greater rate than the respective decline in water availability. If crop
profitability is high enough and water is affordable, rice growers will tend to
buy water to supplement allocations when faced with reduced diversion limits.
However, if the price of water is higher (often in response to low allocations)
and/or crop profitability is lower, they will tend to sell their water (often to
horticulture or dairy farmers). Rice farmers irrigate more than half their land
and have the highest holdings of general security entitlements of any sector
(Marsden Jacob Associates et al. 2010).
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On average, rice farmers hold nearly 60% of their assets as water assets.
Rice farmers would be relatively highly sensitive to any reduction in current
diversion limits that decreased the value of their water assets, assuming they
were not recompensed. Of the Murray–Darling Basin’s two dominant rice
regions, the relatively higher volume of water per hectare for each entitlement
in the Murrumbidgee suggests that it is relatively less sensitive (on this
measure) than the Murray region.

Saline lake and dead trees near
Ouyen, Victoria

The Murray and Murrumbidgee regions and communities are likely to be
particularly hit, even by relatively smaller reductions in current diversion
limits. Across these two regions smaller farms would typically tend to become
unviable. Larger enterprises that can leverage economies of scale may attempt
to restructure, including securing water entitlements or annual allocated
water, to maintain productivity. At a mid-range reduction, many rice farms
could become unviable and the number of farmers could decline significantly.
A large reduction in current diversion limits may make rice farming unviable,
with consequent impacts on dependent local communities (Marsden Jacob
Associates et al. 2010).
Towns in the rice-growing regions of the Murrumbidgee and Central Murray
in New South Wales are highly sensitive to economic decline caused by a
downturn in rice farming. For example, employment opportunities in the
town of Deniliquin have declined in recent years, a situation exacerbated
by the recent drought. As with cotton towns, rice-growing towns could
lose skilled workers and their families, affecting critical community
population mass increasing the struggle to sustain businesses and provide
community services.
Dairy

The dairy industry of the Basin is focused in the Victorian GoulburnMurray Irrigation District, but also includes some farms in the NSW Central
Murray and in South Australia. The past 40 years have seen declining farm
numbers and increasing average farm size, while more recent years have
seen low milk prices and high water prices (in response to low allocations).
This has led to increased farmer debt, decreased milk production and some
rationalising of processing capacity. However, both irrigation efficiency
and fodder productivity have increased, so farmers tend to balance the cost
of growing feed themselves with the cost of buying it from farmers with
mixed enterprises. Dairy farmers irrigate more than 70% of their land and
hold more high-reliability than low-reliability entitlements, reflecting the
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importance of reliability of supply, particularly to sustain herds in dry years
(Marsden Jacob Associates et al. 2010).
For the northern Victorian regions of Goulburn–Broken, Murray, Campaspe
and Loddon (the Goulburn–Murray Irrigation District), a low-range
reduction in current diversion limits could be adjusted through water trading,
and dairying may even expand from current levels of production as these
volumes of water would be greater than experienced in the recent drought.
At a mid-range reduction, it is likely that negligible water would be available
for mixed and broadacre farming and the dairy industry would probably
remain static and uncertain or could experience some contraction. To offset
reduced diversion limits some farms could buy water from mixed farming
and the NSW rice-growing regions. A large reduction in current diversion
limits could mean the Goulburn–Murray Irrigation District dairy industry
would experience a more serious decline, with a possible rationalisation of
milk processing factories (Marsden Jacob Associates et al. 2010). In the lower
Murray, a low-range reduction may result in some milk factory closures; at
mid-range reductions, dairy farming on the reclaimed swamps could face
serious adjustment; dairy farming by the Lower Lakes has already largely
converted to dryland so would be less affected.
Across the Goulburn–Murray Irrigation District, farming and food
processing are important sources of wealth and employment. Towns in this
district have varied exposure to the impacts of reductions to current diversion
limits. While some towns have other industries such as tourism (e.g. around
the River Murray and the Kerang Lakes) and are more resilient to reduced
diversion limits, these industries could not be expected to replace the
economic contribution made by agriculture.
Horticulture

Horticultural production is located throughout the Murray–Darling Basin,
but is particularly important in southern Basin regions. Horticultural farmers
irrigate more than half their land and predominantly hold high-reliability
entitlements, reflecting the importance of a reliable water supply, particularly
to maintain trees and vines in dry years.
For annual horticulture, water is a small component of input costs and the
response to reduced diversion limits would be to buy water on the market.
However, as water prices rise, annual horticulture could move to more waterreliable, lower-cost regions outside the Basin.

Picking peaches near Cobram in
Victoria
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Perennial horticulture is highly variable in profitability across the different
crops and water is a relatively small input cost for most crops. Low water
allocations due to the recent drought have forced some enterprises to choose
between drying off less viable plantings (i.e. either stop irrigating or remove),
or buying-in water. The Murrumbidgee and NSW Sunraysia regions have
had greater volumes of water per hectare for each entitlement historically;
therefore, the New South Wales regions have tended to be net sellers of water
allocations, while the Victorian Sunraysia and South Australian Riverland
districts tend to buy water in dry years (Marsden Jacob Associates et al. 2010).
For the Nyah to the South Australian border region (the Sunraysia Irrigation
District in New South Wales and Victoria) and the Riverland Irrigation
District (South Australia), horticulture irrigators could cope with a low-range
reduction in current diversion limits through water trading and may dry
off plantings. At a mid-range reduction, drying off would expand and some
industries could be threatened, with negative flow-on effects to communities
that rely on horticulture and food processing for economic activity. A large
reduction in current diversion limits could mean the industry would contract
to private diverter areas.
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Across horticulture industry sectors, medium-sized farms are likely to be
more adversely affected by reduced diversion limits as they have the least
capacity to adjust, either via scale (as larger farms can) or supplementation
with off-farm income (as is possible for smaller farms).

Harvesting wine grapes near
Mildura, Victoria

Socioeconomic benefits

For the South Australian Murray below Lock 1 (including the stretch of the
River Murray from Blanchetown south to the Lower Lakes), raised water
levels in the river and the Lower Lakes as a result of reductions in current
diversion limits would have a number of important social and economic
benefits to the region in addition to the environmental benefit. To date, this
region has borne the most significant effects of declining water flows in the
lower Murray. Social and economic benefits of a healthier environment and
higher water levels would be expected to include benefits for ecotourism,
boating and commercial fishing as well as improved optimism and wellbeing
in the community. Horticulture in the region could close or leave the region,
except for some boutique wineries with cellar-door sales (Marsden Jacob
Associates et al. 2010).

Potential effects of reductions in current diversion
limits on irrigated agriculture
The potential economic impacts of a reduction in current diversion limits
should be considered in the context of the status, complexity and adaptive
capacity of the Basin’s people, industries and communities. Economic
impacts are the outcome of a combination of the extent of the adjustment
shock, decisions made by individuals (in the context of their own specific
circumstances), the reliance of a community on irrigated agriculture, access
to alternative economic opportunities and the capacity of individuals
and communities to deal with change. MDBA has judged, based on the
information presented in the remainder of this chapter, that while 3,000–
7,600 GL/y is the range of additional water required to meet environmental
water requirements, reductions in diversions greater than 4,000 GL/y
would not enable it to meet its obligations under the Water Act to optimise
environmental, social and economic outcomes. MDBA has therefore judged
that it can only consider reductions in current water diversions of between
3,000 GL/y and 4,000 GL/y. Accordingly, this section outlines the potential
economic and social impacts of providing an additional 3,000–4,000 GL/y
to the environment.
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With less water available for agriculture in the Basin, the long-term
production capacity of the irrigated agriculture sector may be constrained.
The degree of constraint will depend on a range of factors, including
future climatic conditions, commodity prices, input costs, water-use
efficiency improvements, infrastructure developments, and any transitional
arrangements set in place. Economic modelling has been used to better
understand the impacts on the irrigated agricultural sector for a range of
reductions in current diversions.
Reductions in water diversions in the 3,000–4,000 GL/y range are likely to
result in a fall in gross value of irrigated agricultural production in the Basin
of $0.8–1.1 billion/y, or 13–17% (ABARE–BRS 2010a). In 2005–06 the
Basin’s gross value of irrigated agricultural production was around $5.5 billion
(ABARE, ABS & BRS 2009). In the context of the broader Basin economy,
excluding the Australian Capital Territory (given its predominantly nonagricultural economy), irrigated agriculture accounted for around 5.6% of
Basin gross regional product in 2006, while dryland agriculture accounted for
around 9.4%. Manufacturing accounted for around 12.8%, mining and other
primary industries around 5.5%, and utilities and services accounted for the
remainder (Wittwer 2010).
As less water becomes available for irrigation, the economic impact of reduced
water use would become progressively more pronounced (see Figure 4.18).
A small reduction in current diversion limits would be most likely to affect
lower-value activities only, whereas greater reductions in water use would
also affect higher-value agricultural production, resulting in a relative larger
economic impact.

Figure 4.18 P
 rojected changes in estimated gross value of irrigated agricultural production from the long-term
historical average due to reductions in surface-water diversions
Source: ABARE–BRS (2010a); impacts are estimated with interregional trade.
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Modelling by ABARE (2010) using its water trade model provides commoditybased estimates of the annual gross value of irrigated agricultural production in
the Basin before a reduction is made and, for each scenario, an estimate after
the Basin has adjusted to a new level of diversion.
The starting point, or baseline for the modelling, in terms of water use, land use
and gross value of irrigated agricultural production is ABS agricultural census
data for the years 2001 and 2006, with the overall level of water availability
reflecting that of 2001 (in which the observed levels of water availability are
more representative of the long-term average levels of use). The model makes
assumptions about how irrigators will behave, how water will be used (and
traded) and which crops will be grown. As such, the model does not predict a
future but rather informs on the potential extent of change that may occur for a
region (ABARE 2010).
ABARE’s water trade model baseline uses an alternative measure of water-use
data to the long-term average diversions used in MDBA’s hydrologic modelling.
The two sets of estimates are generated using different assumptions and data,
with water diversion estimates
representing long-term average
modelled diversion levels over a
114-year climate sequence
(1895–2009) and ABARE baseline
estimates calibrated to ABS wateruse and land-use figures for two
representative years: 2000–01 and
2005–06 (ABARE 2010).
Overall, the differences between
baseline water diversion figures and
water-use figures are considered
to have minimal implications for
estimating the likely economic
effects of reducing current diversion
limits. ABARE has assumed that
percentage changes in diversions
estimated by MDBA are expected
to result in equivalent percentage
changes in water use (ABARE 2010).

Rice crop at Benerambah,
New South Wales

The relative economic effects of reductions in current diversion limits will vary
widely across the Basin, due to the diversity of the Basin’s agriculture industries,
communities and regions. A number of factors will shape how each business,
sector, community and region is affected by the reduction in water. These
factors include:
• The marginal value of water — water may be differentially valued by
some agricultural sectors in comparison to others. For example, rice and
other broadacre irrigated crops represent high water intensity – low-value
agricultural commodities. In comparison, horticultural products tend to be
high-value agricultural commodities.
• The overall profit margin and underlying capital, debt and cost structures
of different enterprises — including individual farms and other agricultural
undertakings — will affect their relative competitive position in the market,
and hence their capacity to absorb a reduction in diversions.
• Farms, businesses and industries differ in size. In general, larger farms
and businesses that rely on a more diversified mix of agricultural activities
(including the range of substitution possibilities) are likely to be more
economically sustainable and more able to respond to a reduction in current
diversion limits.
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• The extent to which farms have access to other sources of
(off-farm) income.
• The global financial crisis, which may have reduced ready access to capital,
combined with declining terms of trade, foreign exchange rates and
volatile commodity prices represent a broader range of macroeconomic
pressures that may affect the ability of individual sectors and farmers to
adjust to any change in current diversion limits in the short term.
• The long-term consequences of severe and prolonged drought across the
Basin has substantially diminished agricultural production over a number
of years, resulting in economic hardship for agriculture in places and,
more broadly, the wider economy in some regions of the Basin.
It should be noted in interpreting the information presented in Figures 4.19,
4.20 and 4.21 that the apparent divergence of regional and, to a lesser extent,
commodity-level impacts is partly driven by the unequal distribution of
reductions to current diversion limits. For the range of scenarios assessed, the
modelling reflects that the largest reductions in diversions in the northern
Basin occur in the Moonie, Warrego and Condamine–Balonne regions,
while the largest reductions in the southern Basin occur in the Loddon,
Campaspe, Ovens and Murrumbidgee regions. Regions with large reductions
in diversions will tend to experience a higher level of economic impact relative
to regions with lower diversion cuts for any particular scenario.
The interaction between these different, complex factors means that MDBA
has exercised caution in considering and attempting to estimate social and
economic impacts. The following assessments should be read with this
in mind.

Figure 4.19 Reduction in baseline gross value of irrigated agricultural production for selected commodities
due to reductions in surface-water diversions
Source: ABARE–BRS (2010a)
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Potential impacts by sector and region
Some irrigated agriculture sectors could suffer larger declines than others
in response to a reduction in current diversion limits. Sectors with relatively
lower-value product, such as broadacre crops (including hay and cereals) and
rice, are likely to experience larger relative reductions in size than industries
with higher-value products that include horticultural crops such as nuts, fruit,
vegetables and grapes. Both the cotton and dairy industries are estimated
to experience a median reduction in the gross value of irrigated agricultural
production (see Figure 4.19).
An indication of how reductions in current diversion limits could affect the
productive capacity of irrigated agriculture, as measured by gross value of
irrigated agricultural production across regions for the northern and southern
Basin, respectively, is provided in Figures 4.20 and 4.21.

Comparison between scenarios for reducing current
diversion limits
In determining the SDL proposals,
MDBA must exercise judgement
within the bounds of the best
available science, which sets the
range of additional environmental
water requirements, and the
social and economic analysis,
which quantifies the likely effect
of reductions on the economic
productivity and the social fabric of
the Basin.
After consideration of early
economic modelling and
socioeconomic analyses, in light of
the scale of the estimated economic
and social implications that may
be experienced if current diversion
limits were reduced by more than
4,000 GL/y, MDBA concluded that such a reduction would not meet the
requirements of the Water Act to optimise outcomes. The focus of the
economic modelling was therefore narrowed to reductions in the
3,000–4,000 GL/y range.

Bore water used for watering cattle
near Walgett, New South Wales

Table 4.9 provides estimates of gross value of irrigated agricultural production
in the Basin under 3,000 GL, 3,500 GL and 4,000 GL reduction scenarios
assuming interregional trade in the connected southern Basin. At an
aggregate level, it is estimated that Basin gross value of irrigated agricultural
production would decline by around 13% under the 3,000 GL/y scenario
to a new level of $5,415 million. Under the 3,500 GL/y scenario the decline
in gross value of irrigated agricultural production would be 15%. At a
4,000 GL/y reduction the decline in gross value of irrigated agricultural
production would be 17%. Without interregional trade the estimated
reductions in gross value of irrigated agricultural production would be
14%, 16% and 19% under the 3,000 GL/y, 3,500 GL/y and 4,000 GL/y
scenarios, respectively.
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Figure 4.20 Reduction in baseline gross value of irrigated agricultural production due to reductions in
surface-water diversions: northern Murray–Darling Basin regions
Source: ABARE–BRS (2010a)

Figure 4.21 Reduction in baseline gross value of irrigated agricultural production due to reductions in
surface-water diversions: southern Murray–Darling Basin regions
Source: ABARE–BRS (2010a)
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Table 4.9 E
 stimated gross value of irrigated agricultural production with hypothetical
reductions in diversions for irrigationa
Baseline
Regionb
Barwon–Darling

3,000 GL/y

3,500 GL/y

4,000 GL/y

$ million

$ million

Change (%)

$ million

Change (%)

172

139

–19

134

–22

$ million

Change (%)

129

–25

Border Rivers (New South Wales)

185

164

–11

160

–13

157

–15

Border Rivers (Queensland)

245

227

–7

224

–9

221

–10

Condamine–Balonne

457

394

–14

387

–15

380

–17

Gwydir

321

250

–22

237

–26

223

–30

Macquarie

275

231

–16

226

–18

221

–20

Moonie

40

26

–34

25

–37

23

–42

Namoi

332

279

–16

273

–18

268

–19

Paroo

6

6

0

6

0

6

0

Warrego

7

6

–12

6

–12

6

–13

2,039

1,722

–16

1,679

–18

1,634

–20

Northern Basin total
Campaspe

134

121

–9

118

–12

115

–14

Eastern Mount Lofty Ranges

163

163

0

163

0

163

0

Goulburn–Broken

704

634

–10

621

–12

607

–14

Lachlan

165

151

–9

149

–10

147

–11

Loddon–Avoca

284

241

–15

226

–20

220

–23

Lower Murray–Darling

71

67

–6

66

–7

65

–8

409

343

–16

330

–19

317

–23

Murray (South Australia)

514

488

–5

484

–6

479

–7

Murray (Victoria)

779

723

–7

713

–8

702

–10

Murrumbidgee

Murray (New South Wales)

890

696

–22

665

–25

630

–29

Ovens

56

54

–3

54

–3

53

–4

Wimmera

13

13

0

13

0

13

0

Southern Basin total

4,181

3,693

–12

3,601

–14

3,510

–16

Basin total

6,220

5,415

–13

5,280

–15

5,145

–17

a Estimates assume interregional water trade in the southern Basin.
b The regions are those used in the CSIRO Murray–Darling Basin Sustainable Yields Project (CSIRO 2008).
Source: ABARE–BRS (2010a)

At a regional level and assuming interregional trade, the largest reductions
in average annual gross value of irrigated agricultural production are spread
throughout the northern and southern Basin. The largest absolute reductions
in value occur in the Murrumbidgee region under all three scenarios, while
the Loddon, Murray (New South Wales) and Campaspe regions all have
large percentage reductions. This is primarily because the Murrumbidgee
region is expected to trade water to downstream regions such as Murray
(South Australia) and Lower Murray–Darling. This trade has the effect
of reducing the overall impact on average annual gross value of irrigated
agricultural production, but exacerbating the impact in some regions (such
as Murrumbidgee) and reducing the impact in others (such as Murray
(South Australia)).
The largest percentage reductions occur in the northern Basin, in Moonie and
Gwydir regions, in all three scenarios.
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Implications for the Basin economy and
broader community
Broader economic implications may occur due to flow-on effects from
reductions in current diversion limits through the agriculture supply chain,
and through related businesses dependent on demand from irrigated
agriculture. MDBA estimates that the decline in gross regional product for
the Basin for reductions in diversions in the range 3,000–7,600 GL/y could be
between $0.7 billion and $2.6 billion.
The short-term economic effects on the Basin are even more difficult to
determine as they depend on the particular circumstances of the Basin’s
businesses and individuals and their capacities to adapt to reductions in
current diversion limits. At the broad regional level, most areas of the Basin
contain a mix of small and medium-sized towns, as well as larger regional
centres. The regional centres tend to have a broad economic base, which
will act to cushion the impact of a decline in irrigated activity. However,
due to their narrow economic base, some of the smaller towns highly reliant
on irrigated activity may be less resilient to a decline in water available
for irrigation.

Impacts on communities
While the economic implications of reductions in current diversion limits are
estimated to be smaller at the national and Basin scales, the major impacts of
the SDL proposals are expected to be realised at the local community level
for certain irrigation-dependent communities, where significant social and
economic effects may be felt, particularly in the short term as they adjust to
change. Larger cities such as Toowoomba, Albury–Wodonga and Bendigo are
less likely to be significantly affected.
The reason for this in large part is that irrigated agriculture delivers greater
flow-on employment and economic activity to its local communities than
dryland farming per unit area. Service industries such as retail and wholesale
trade, transport, finance and machinery repairs, which comprise many small
and medium-sized enterprises, are all affected by the spending patterns of
irrigators. Employment opportunities for town residents and opportunities for
off-farm employment for farmers are likely to be closely linked to expenditure
by irrigators in many towns within or near the Basin.
A map indicating community vulnerability before any reductions in current
diversion limits is shown at Figure 4.22. Although community vulnerability
is a complex concept to articulate, and a single index or metric cannot capture
the full experience of specific communities undergoing rapid change, the
value of the representation lies in the illustration of the relationships between
communities and the resources on which they depend for their livelihoods.
It thus enables a clearer picture to emerge of the relative reliance on water for
consumptive purposes among communities of the Basin. Nonetheless, the
analysis needs to be interpreted carefully; it reflects one expert view of inherent
vulnerability that could potentially be subject to alternative interpretations
based upon the exact indicators chosen and the weighting given to each
indicator in deriving the overall index.
While a significant number of Murray–Darling Basin communities show
only a low to moderate level of vulnerability to changes in current diversion
limits, several communities show a very high vulnerability. Communities
that show higher vulnerability to reductions in current diversion limits have a
combination of higher sensitivity to changes in water use (i.e. they have a very
high dependence on water for agriculture and high agri-industry employment)
and more limited levels of adaptive capacity (i.e. low levels of human capital,
social capital and economic diversity) compared with other Basin regions.
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Figure 4.22 Index of community vulnerability across the Murray–Darling Basin
Source: ABARE–BRS (2010b)
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Figure 4.23 Farm expenditure by commodity: Murray–Darling Basin
Source: Marsden Jacob Associates et al. (2010)

Figure 4.24 Total irrigation farm expenditure per town resident: Murray–Darling Basin
Source: ABARE–BRS (2010a)
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Impacts on local economic activity
Irrigated agriculture businesses and related regional businesses are likely to
be affected by reductions in current diversion limits. The extent to which
individual businesses are affected will generally be shaped by the sector in
which they operate.

Silverbeet crop irrigated
with groundwater near
Toowoomba, Queensland

There are more than 200,000 businesses across the Basin, of which 135,000
are not farms. Many small to medium-sized enterprises are directly dependent
upon irrigated agriculture or reliant upon agricultural revenues and irrigator
expenditure as a key source of income.
Small businesses are one of the largest employers in the Basin and, in some
cases, small to medium-sized enterprises account for more than 90% of all
employment in regional towns. Small to medium-sized enterprises are thus
critical to regional towns and communities.
Rizza (2010) found that, largely as a result of the severe and prolonged
drought over the past decade, debt in the Basin is high and the cash flows
of farms, households and businesses in the agriculture, industry and related
sectors have been adversely affected. Consequently, financial institutions
could review the loans of any customers whose businesses they assess as likely
to be significantly affected by reductions in current diversion limits.
Across the regions, analysis indicates that around 75% of total farm
expenditure takes place within the regional economy (Marsden Jacob
Associates et al. 2010). Across all farm types and all regions, except the
Gwydir, 50–70% of total farm expenditure is in nearby towns (i.e. within 15
km of the farm) with a further 20–30% in regional centres (i.e. towns with a
population greater than 10,000). Figure 4.23 shows the distribution of farm
expenditure by commodity.
Analysis by ABARE (2010) reveals similar results. In aggregate, most
irrigation farm expenditure in 2007–08 occurred in the Basin’s larger towns.
Centres with more than 5,000 people attracted around 79% of irrigators’
expenditure. Conversely, towns with a population of 5,000 or less accounted
for around 21% of total irrigation farm expenditure.
This analysis shows that irrigators’ expenditure made a larger contribution to
the economy of smaller towns when considered on a per capita basis. Total
annual expenditure by irrigation farmers ranged from $4,700 per resident
in towns with fewer than 1,000 people to $1,000 in towns with more than
10,000 residents. Figure 4.24 shows an inverse relationship between town size
and total expenditure by irrigators per town resident. This implies that smaller
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towns are more reliant than larger towns on irrigation expenditure and will,
therefore, tend to be more affected by any proportional reduction in irrigated
production. Larger towns tend to have more diverse economies, resulting in
lower overall dependence on expenditure by irrigators.
Towns with approximately $2,000 or greater in terms of irrigation
expenditure per town resident have been classified as being highly reliant on
irrigators’ expenditure. Many of the towns identified as highly reliant are in
the southern part of the Basin, with most in the Murrumbidgee and Murray
(New South Wales and Victorian divisions) regions. Highly reliant towns
were also identified in the northern Basin, particularly in the Condamine–
Balonne and Namoi regions (noting that the survey was not undertaken in
the Gwydir region). These results are also broadly consistent with community
vulnerability assessment findings from an ABARE–BRS (2010b) study.
A decline in business activity across these regional towns and communities
may have long-term consequences. In particular, a decline in the rateable
base for local government authorities and reduced levels of demand for major
community services would mean that the level of service provision would
be likely to decline over time. As a consequence, there would be a greater
likelihood that:
• access to health services and education would become more difficult
• fewer funds would be available to local government authorities to invest
in, and maintain community infrastructure
• social and community networks would come under increasing pressure.
On the other hand, across the Basin, increased urbanisation means that
increasingly more people reside in major regional centres that are the primary
sources of employment and economic activities, including construction,
manufacturing, government administration and defence, health and
community services, and education. These larger centres are more resilient
with their lower sensitivity to water-dependent industry and more diverse
business base.

Possible implications for the Basin’s
Aboriginal communities
The study Effects of changes in water availability on Indigenous people of
the Murray–Darling Basin (Jackson, Moggridge & Robinson 2010) was
commissioned to assist in scoping the most significant issues relating to the
likely effects of change in current diversion limits on Aboriginal communities.
The Basin’s river systems are of critical importance to the social, cultural and
economic life of Aboriginal people, who hold distinct cultural perspectives
on water relating to identity and spiritual attachment to place, environmental
knowledge and the exercise of custodial responsibilities to manage interrelated
parts of customary estates. In Aboriginal belief systems, water is a sacred
and elemental source and symbol of life. Aquatic resources also constitute
a vital part of the customary economy. The pursuit of livelihoods derived
from water-based enterprises on Aboriginal lands, such as pastoralism,
horticulture and sport fishing, expand the range of interests Aboriginal people
have in water to include a commercial element (Jackson 2008; Jackson &
Altman 2009).
A great diversity of Aboriginal interests in water exists across river basins in
terms of Aboriginal land use, population and social priorities, as well as forms
of social organisation and resource management institutions. Traditional
systems of land tenure and the nature of customary rights and interests in
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land and waters are complex and vary from region to region (Behrendt &
Thompson 2004). Similarities can be distilled, however, with Aboriginal
people sharing ‘a desire to retain their identity, a belief in their right to their
land, a desire to control their own affairs, and a desire to remove economic
and social disadvantages’, although the strategies employed to achieve these
aims vary (Horton 1994).
There are many accounts of detrimental social and economic impacts
on Aboriginal people arising from the environmental and sociopolitical
changes that have occurred with Basin water resource development. Other
literature relevant to impacts on Aboriginal people outside the Basin is also
available (e.g. Strang 2001; Langton 2002). Modifications to Basin stream
flow through river regulation, overallocation of water, salinity and land-use
change are all cited as causes of significant environmental degradation and
subsequent loss of access and enjoyment of water (see for example, McFarlane
2004; Weir 2007; Forward NRM & Arilla – Aboriginal Training and
Development 2003). Further negative effects can be attributed to the loss of
control by Aboriginal landowners who consistently express distress over their
inability to manage their country
holistically, exercise custodial
responsibility and authority, and
to prevent further ecological
degradation (Weir 2007). Given this
background, there is a critical need
to take into consideration Aboriginal
interests in waters of the Basin
and to make an assessment of the
potential effects of the Basin Plan on
the Basin’s Aboriginal communities.
Among the findings of the Jackson,
Moggridge & Robinson (2010) study
are that:
• critical data gaps exist, such as:
–– a severe lack of quantitative
data on Aboriginal water uses
and values
–– a lack of data about Aboriginal interests in water at the Basin and
regional level
–– a lack of data about Aboriginal commercial interests in water
• enhanced environmental flows are highly likely to generate positive
impacts for Aboriginal people
• structural change may provide new opportunities for Aboriginal
people in emerging natural-resource-based industries (e.g. payment for
environmental services, stewardship arrangements, small-scale bush tucker
businesses and tourism)
• long-term structural adjustment programs could enhance positive impacts
of the proposed Basin Plan.

Brewarrina Weir with ancient fish
traps, New South Wales

On the other hand, reductions in current diversion limits could reduce
commercial development options for Aboriginal communities, most directly
for those that hold formal entitlements to water and/or whose people are
employed in irrigated agricultural industries. A number of other issues are
also of concern, for example:
• assessment of environmental flow requirements tends not to include
Aboriginal values (e.g. preferred places, favoured wild resources), which
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continues to entrench a pattern of exclusion of Aboriginal values from
environmental water management
• governance arrangements for environmental water management so far do
not recognise Aboriginal resource governance systems nor allow for comanagement with Aboriginal people
• improvements in environmental flows alone would not address the
full range of Aboriginal water requirements (Jackson, Moggridge &
Robinson 2010).

Social and economic valuation of
environmental benefits
A key issue in assessing likely implications is that while many of the
environmental benefits accrue to a wide distribution of people, arguably to
the nation as a whole, the costs are largely localised.
However, unlike the values of agricultural outputs, environmental goods
and services are not traded in markets where prices provide a largely
straightforward estimate of value; environmental benefits are inherently
difficult to quantify in monetary terms.
While a number of methods are available for estimating the value of these
non-market benefits, they remain somewhat controversial and the results need
to be interpreted with care (Morrison & Hatton MacDonald 2010; Henry
2010). In relation to the review undertaken for MDBA, it is apparent there
are a number of limitations with the data used and that various assumptions
have been required to generate the estimates. On the other hand, these studies
often represent only a partial valuation of the total ecological benefits that
will be provided and the cost of undertaking such studies to capture the full
range of benefits can be significant. The results should therefore be seen as an
important information source when understanding benefits in the
Murray–Darling Basin, but only one input into this process.
As noted earlier, estimates of values for each region of the Murray–Darling
Basin were identified for up to five attributes: recreation; the extent of healthy
native vegetation; numbers of native fish; numbers of waterbirds; and the
frequency of waterbird breeding.
The largest values for each of the attributes were identified for the River
Murray. For most of the remaining attributes, the next highest values were
for the Goulburn River, while the lowest were for the Moonie River. In
general, the values for the New South Wales and Victorian rivers were fairly
similar for vegetation, fish, waterbirds and other species, although the values
for Queensland and South Australian rivers were lower. High values for
waterbird breeding primarily occurred for rivers in New South Wales and
Queensland, although the values for waterbird breeding were higher in New
South Wales than Queensland (Morrison & Hatton MacDonald 2010).
Morrison and Hatton MacDonald (2010) report that the aggregate value of
improving the Coorong from poor to good quality is estimated to be about
$4.3 billion, while a 1% improvement in the health of native vegetation and
of native fish populations in the Basin is estimated to have present values to
the community of $132–187 million and $95–117 million respectively. An
increased frequency of bird breeding events is also highly valued by large
segments of the Australian community.
For recreation, it is estimated that in the Murray, Murrumbidgee,
Macquarie–Castlereagh and Lachlan regions fishing has a value of around
$366 per person per visit while a 1% improvement in access to the Coorong
has been estimated to have a present value of around $173 to each visitor.
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The aggregate value of an improvement in riverine health in a catchment can
be calculated by identifying the increase in non-use values and adding to this
the increase in recreation value. For the Murray, for example, if there was a
10% increase in healthy native vegetation, a 15% increase in fish populations,
the frequency of waterbird breeding increased by 3 years, and 20 waterbird
and other species benefiting, the total increase in non-use value would be
equivalent to about $3.3 billion. If the quality of the Coorong also improved
from poor quality to good quality, as noted above, the total change in nonuse value (present value) for the River Murray and the Coorong would be
approximately $7.5 billion.

Olive grove near Mudgee,
New South Wales

The application of these valuation estimates to determine overall
environmental benefits requires estimation of the effect of changes in
diversion limits on relevant environmental attributes, which are difficult to
measure accurately.
While the ecological response to increased environmental watering likely
to arise from a reduction in current diversion limits is not precisely known,
the above estimates are indicative of the benefits expected to accrue to the
wider community from the Basin Plan. These findings represent the best
available evidence about economic benefits of environmental improvements
in the Basin. However, as there are a number of inherent assumptions
and limitations with the data used to generate the estimates, they should
be seen as an indication of the likely benefits only, and not a full and
precise valuation. Further work on estimating the economic values of these
environmental benefits is currently being undertaken for MDBA.

Other benefits
A range of benefits are also expected to accrue in areas other than non-use
environmental values and recreation. They include improved water quality for
human consumption and industry, environment-based tourism, floodplain
grazing, commercial fishing and general lifestyle and wellbeing. While these
can be quantified to some degree, MDBA has not investigated these benefits
in detail in its assessment of socioeconomic implications to date. As explained
in Section 4.5, tangible benefits would accrue to the tourism, recreation
and fishing industries in the vicinity of the Lower Lakes and Coorong, and
further investigation would indicate tangible benefits from enhanced flows to
environmental assets within other parts of the Basin.
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4.4 The long-term average sustainable
diversion limit proposals
Approach to setting SDLs
The Basin Plan is required, under the Water Act 2007 (Cwlth), to set longterm average sustainable diversion limits (SDLs) on the quantities of water
that can be taken from the Murray–Darling Basin. These limits must reflect
an environmentally sustainable level of take, which means that extractions
must not compromise the key environmental assets, key ecosystem functions,
the productive base or key environmental outcomes of the Basin’s water
resources (see Section 4.1). The Water Act also calls for the Basin Plan to
promote the use and management of the Basin water resources in a way that
optimises social, economic and environmental outcomes.
Using the best available science, as described in Section 4.1, it is estimated
that the Basin-wide reductions in the current surface-water diversion limits,
and thus the range of additional environmental water needed to ensure a
sustainable level of take, is between 3,000 GL/y and 7,600 GL/y, on a longterm average basis. Returning an additional 3,000 GL/y to the environment
would ensure the Basin’s environmental water requirements are met, albeit at
a high level of uncertainty of achieving environmental outcomes. Returning
an additional 7,600 GL/y of water to the environment would result in a
lower level of uncertainty of achieving environmental outcomes. This range
incorporates a 3% allowance in recognition of projected climate change, as
proposed in Section 4.2. The proposed reductions for surface water are based
on assessments of the impact of environmental water requirements within
the above range on current diversion limits using hydrologic modelling and
complementary analytical techniques.
It is estimated the Basin-wide reductions in the current groundwater diversion
limits to meet the Basin’s environmental requirements are between 99 GL/y
(corresponding to a high level of uncertainty) and 227 GL/y (having a low
level of uncertainty). This range reflects the uncertainty of groundwater
model predictions and the associated risks of not achieving the environmental
objectives of the Basin Plan. These reductions are concentrated in a small
number of groundwater systems (Table 4.6). As indicated in Section 4.2,
it is not considered necessary to include a climate change allowance for
groundwater systems. The proposed reductions for groundwater are based on
assessments of the proportion of groundwater recharge that can be sustainably
taken; these assessments use recharge modelling and numerical models
where available.
In setting SDLs, the Murray–Darling Basin Authority (MDBA) has focused
on three critical matters:
• the fundamental obligation of the Water Act to determine an
environmentally sustainable level of take based on the best
available science
• the need to optimise economic, environmental and social
outcomes and to make a judgement about how best to achieve the
optimisation requirements
• the need to take account of the Basin’s physical constraints, which limit
from where water can be sourced. This includes taking account of the
hydrologic characteristics and interdependencies of each catchment
and the need to deliver on individual catchment- and Basin-level
environmental outcomes.
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This has meant that MDBA has been required to develop a clear
understanding of how the SDL proposals will affect water users and the
environment. This is a complex area, and while substantial analysis has
been completed to date, work will continue to improve these analyses and
reduce the uncertainties in the results. In particular, MDBA has and is
continuing to invest in comprehensive social and economic studies to inform
its deliberations in this area. Further analysis, particularly using the suite of
surface-water and groundwater models, will also continue to verify and refine
the hydrologic assessments used to determine the SDL proposals that satisfy
environmental water requirements.
While separate groundwater and surface-water SDLs have been determined,
current and expected future interactions have been accounted for. Where
groundwater and surface-water systems are highly connected, appropriate
adjustments have been made to ensure that there is no double counting of
water extractions.

Determining the surface-water SDL proposals
In determining the surface-water SDL proposals to meet the associated
environmental water requirements, the following factors and constraints have
been considered:
• The additional environmental water requirements for upstream
catchments can come only from reductions in diversions within that
catchment. However, choices have to be made as to how additional
environmental water is sourced to meet the environmental water
requirements associated with the Darling River and with the River
Murray, including the Coorong and Lower Lakes. For example, additional
water for the Chowilla floodplain on the River Murray near the South
Australian border could be sourced from a number of locations including
the River Murray itself and any or all of the tributaries of the Murray.
• Catchments that are hydrologically disconnected, or are connected only
during rare flood events, cannot contribute additional environmental
water downstream. This applies to the Paroo, Lachlan, Wimmera–Avoca
and Marne Saunders catchments.
• Hydrologically connected catchments can contribute environmental water,
but to varying degrees depending on their natural outflows and their level
of development. More highly developed catchments with larger natural
outflows can make bigger contributions.
• Due to the more ephemeral nature of the rivers in the northern Basin
(the Darling River and its tributaries) and the high level of natural
losses due to floodplain inundation and evaporation, there is limited
ability to provide contributions from the northern Basin to additional
environmental water requirements of the River Murray below the Darling
River junction. On a long-term average basis without development, the
northern Basin naturally contributes around 17% of the flow below
its junction with the Murray, compared with the southern Basin’s
(the Murray and its tributaries upstream of the Darling junction) natural
contribution of 83%. Also, under without-development conditions, only
18% of inflow to northern Basin streams flows out of the Darling River,
compared with 74% of inflow to southern Basin streams reaching the
Murray at the Darling River junction. That is, losses in the Darling system
are naturally significantly higher than the Murray system.
• Catchment contributions to additional environmental water requirements
cannot be made at the expense of the critical human water needs for
the catchment.

Irrigated paddock near Coleambally,
New South Wales
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• As explained later in this section, current diversion limits and the surfacewater SDL proposals include all forms of water extraction, including
watercourse diversions for irrigation, industry town water supplies, stock
and domestic supplies, floodplain harvesting, and interception activities
such as farm dams and forestry plantations. Because of the practical
difficulties implementing reductions in the interception components of
current diversion limits, Basin states are likely to consider first reducing
watercourse diversions only. Therefore, an upper bound has been placed
on the reduction as a percentage of the watercourse diversion component
of the current diversion limit (except in the Eastern Mount Lofty
Ranges and Marne Saunders SDL areas, where use is not split between
interceptions and watercourse diversions by South Australia).
The choice of where to source additional environmental water for downstream
requirements has implications for the distribution of social and economic
effects, and consequently has been the focus of significant work. A number of
approaches were explored, including sourcing environmental water:
1. from catchments where the price of water is lowest or where social and
economic assessments indicate the community impacts are lowest
2. from a catchment in proportion to the catchment outflows under withoutdevelopment conditions
3. from each catchment in proportion to the impact of the current levels of
diversion on flows at a downstream location
4. in a way that would equalise the relative level of use (i.e. percentage of
inflows or surface-water availability that is diverted for consumptive
purposes) in each catchment
5. from the closest and most highly connected catchments
6. in proportion to the current diversion limit (i.e. equal percentage
reductions in the current diversion limits).
There were advantages and disadvantages with each of these approaches.
Using the price of water or social and economic considerations in the first
approach was not considered appropriate. There is insufficient accurate
information, and costs and benefits will change over time as relative
commodity prices and costs of production change. Further, MDBA is of the
view that water users are best placed to make decisions about how they use
the water they have access to, and such choices should not play a part in how
proposed reductions are distributed. The second, third and fourth approaches,
based on flows or level of use, also had limitations due to data accuracy and
practical application, particularly in applying the approach consistently
between catchments with and without contributing upstream catchments
(e.g. between the Murray region and its tributaries). The fifth approach, if
fully applied, would result in very large cuts in some catchments.
The approach adopted for surface-water SDLs was based on the last approach,
that is, in proportion to current diversion limits. This approach recognises the
current diversion limits established by existing water resource plans, as per
the Water Act, as an equitable starting point from which to base reductions
and means that the impact will be shared as much as possible within the
constraints described earlier.
The proposed reductions in each of the current diversion limits are not the
same percentage as the overall Basin-wide percentage reduction because of
these constraints.
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This approach resulted in the following steps:

Mildura Weir, Victoria

• The environmental water requirements within each upstream catchment
were first met by reducing the current diversion limit within the
respective catchment.
• All connected tributaries in the Darling system, as well as the Barwon–
Darling River itself, provided for the additional environmental water
requirements of the Darling River through reductions in proportion to
current diversion limits. In catchments where the percentage reduction for
within-catchment environmental water requirements was higher than the
overall percentage reduction necessary, no further reduction was made.
• Because of the Darling River system’s limited ability to contribute to
additional environmental water requirements of the River Murray, no
further reductions were applied to the Darling and its tributaries for
the River Murray requirements. However, some additional flows to the
Murray do occur as a result of reductions in the northern Basin, and
these were accounted for in determining the reductions required in the
southern Basin.
• All connected tributaries in the Murray system (excluding the Darling
River), as well as the River Murray itself, provided for the additional
environmental water requirements of the River Murray by reductions in
proportion to current diversion limits. Catchments where the percentage
reduction for within-catchment environmental water requirements
was higher than the overall percentage reduction necessary were not
reduced further.

Determining the groundwater SDL proposals
In determining the groundwater SDL proposals to meet the environmental
water requirements for groundwater, the social, economic and environmental
outcomes have been optimised by:
• Protecting against continued drawdown of groundwater levels — so
that groundwater levels are stabilised within a 50-year time frame. The
full impact associated with past groundwater extraction can take many
decades to be completely realised and the SDL proposals have been set
such that groundwater systems are not subject to continued drawdown.
• Limiting reductions in diversions to no more than 40% in any one SDL
area, on the basis that groundwater models are highly uncertain when
they are used to predict outcomes that lie outside their calibrated range.
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• Protecting against groundwater salinisation that can occur due
to groundwater extraction causing vertical or lateral inflow of
saline groundwater.
• Providing for potential increases in groundwater take in unplanned areas
where the risk-based assessment has shown that an increase is sustainable.
• Requiring groundwater water resource plans to implement local
management restrictions to protect zones within an SDL area that are at
risk from overextraction and thereby allow a higher overall extraction for
the SDL area.
• Requiring water resource plans to include measures to ensure groundwater
take does not compromise the environmental watering needs of key
environmental assets, key ecosystem functions, key environmental
outcomes and the productive base of the water resource.

SDL proposals for the Basin
For surface water, MDBA examined three scenarios for providing additional
water to the environment at the lower end of the range that will provide
for an environmentally sustainable level of take. These scenarios are for an
increase in water available to the environment of 3,000 GL/y, 3,500 GL/y and
4,000 GL/y. This represents proposed average reductions of between 22% and
29% in surface-water current diversion limits at the Basin scale.
MDBA has not settled on a preferred position for surface-water SDLs. Due to
the significance of the reductions required in current diversion limits, MDBA
has presented the analysis of scenarios across the range of total reductions
within which MDBA considers that the level of reductions lies. This will
provide a basis for meaningful discussion with stakeholders. MDBA will then
decide the surface-water SDLs to be included in the proposed Basin Plan
released for formal consultation.
The three scenarios are:
• scenario 1 — target an additional volume of 3,000 GL/y for
the environment
• scenario 2 — target an additional volume of 3,500 GL/y for
the environment
• scenario 3 — target an additional volume of 4,000 GL/y for
the environment
MDBA also examined a range of SDL reductions for groundwater and
proposes a total reduction in diversion limits for the Basin of 186 GL or
an average reduction of 10% across the Basin. The reductions in current
diversion limits are required in only 11 of the 78 groundwater SDL areas. No
reductions are proposed for the remaining 67 groundwater SDL areas where
the current diversions are assessed as sustainable.

Floating flag indicates the level
of the watertable near Lyrup,
South Australia

160

It should be noted that long-term limits alone are not sufficient to ensure that
environmental water requirements are satisfied. The nature of environmental
water requirements means that the limits placed on diversions to ensure an
environmentally sustainable level of take also need to include constraints that
vary over time and vary with the location of the diversion. Consequently, new
water resource plans will not only need to ensure that diversions are limited to
SDLs, they will also need to include spatial and temporal limits on diversions.
This will be achieved through requirements specified for water resource plans
(see Section 6.1). These requirements differ for surface-water and groundwater
resources, reflecting the physical, spatial and temporal differences in
these systems.
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The water resource plans Basin states develop will determine the distribution
of water available for use under the SDLs among various water entitlement
holders. That is, the impact on particular water entitlements that will result
from the establishment of SDLs is a matter for the new water resource plans.
It is possible that, depending on the decisions of the relevant state, some
water entitlement holders in a particular area may not be greatly affected as a
result of the Basin Plan while others in the same area holding a different type
of water entitlement may experience more substantial impacts. Within any
particular water entitlement type, all water users in the same SDL area are
likely to be treated equally.

Surface-water SDLs for individual SDL areas
MDBA has identified 29 surface-water SDL areas. A map of these areas is in
Section 3.2 of this volume (Figure 3.4). SDLs have been developed for each
surface-water SDL area.
The following subsections outline in more detail how the SDL proposals have
been developed.
Table 4.10 provides an overview of the surface-water SDL proposals for the
three scenarios and how they compare with the current diversion limits. The
amounts are shown for each SDL area, each Basin state and for the whole
Basin. Figure 4.25 presents the surface-water SDL scenarios as percentage
reductions in current diversion limits.
The surface-water current diversion limits and SDLs in Table 4.10 are
divided into two main components — interception activities and watercourse
diversions. Interception activities include the effects of farm dams and forestry
plantations. Watercourse diversions include all diversions from watercourses
and floodplain harvesting. The forms of take that are limited by SDLs and
the approach taken for different components of the SDL are described later in
this section. Because of the practical limitation of reducing the interception
components of the SDL described earlier, the proposed reductions in current
diversion limits as a percentage of just the watercourse diversion component
are also shown. The upper bound placed on reductions as a percentage of
watercourse diversions is 40% for scenarios 1 and 2, and 45% for scenario 3.
The higher upper bound of 45% for scenario 3 was necessary because of the
larger overall percentage reductions.
A description of the application of the approach described earlier and the
resulting reductions in current diversion limits for the northern and southern
Basin is provided below.
In the northern Basin for the Barwon–Darling Watercourse SDL Area and all
SDL areas upstream of the Barwon–Darling:
• The environmental water requirements within each SDL area (excluding
the Barwon–Darling Watercourse SDL Area) were first met by reducing
the current diversion limit within the respective SDL area. In the case
of the Condamine–Balonne SDL Area (located in Queensland), the
environmental water requirements also included those associated with
the Narran Lakes and the New South Wales part of the Lower Balonne
River Floodplain.
• These reductions in current diversion limits not only satisfy the
environmental water requirements within each of these SDL areas, but
also result in increases in average end-of-system flows. These increased
flows contribute to the environmental water requirements in the Barwon–
Darling Watercourse SDL Area.
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• To fully satisfy the environmental water requirements in the Barwon–
Darling Watercourse SDL Area, additional environmental water was
sourced by reducing the current diversion limit in the Barwon–Darling
Watercourse SDL Area and by further reductions in upstream SDL areas.
The resulting total percentage reduction in current diversion limits was an
equal percentage for all SDL areas, except where the constraints described
earlier applied. This equal percentage reduction ranges from 14% for
scenario 1 to 18% for scenario 3. A reduction of 14–17% is proposed for
the Moonie SDL Area, 14–16% for the Warrego SDL Area and 8–9% for
the Nebine SDL Area.
• The Condamine–Balonne and Gwydir SDL areas have larger percentage
reductions required to satisfy their within-catchment environmental water
requirements. In line with the approach adopted, no further reduction is
proposed to provide for the additional environmental water requirements
of the Darling River. The largest reduction in current diversion limit in
both percentage and volumetric terms is proposed for the Condamine–
Balonne SDL Area (between 21% and 28% and 203 GL/y and 272
GL/y). The next largest reduction in current diversion limits is proposed
for the Gwydir SDL Area (between 20% and 27% and 89 GL/y and
121 GL/y). These reductions are less than the other reductions described
above because of the 40% (scenario 1 and 2) or 45% (scenario 3) limit
on reductions as a percentage of the watercourse diversion component
of the current diversion limit. As described earlier, the upper limit of
40% or 45% in watercourse diversion component was used because of
the practical difficulties associated with implementing reductions in the
interception components of current diversion limits.
• The proposed SDL for the Paroo SDL Area has been set at the current
level of use (9.9 GL/y). This is because the current level of use in the
Paroo is low and has been assessed as being a sustainable level of take. In
addition, the Paroo is rarely connected to the Darling River system and
therefore water for downstream environmental water requirements was
not sourced from the Paroo.
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In the southern Basin including the Lower Darling SDL Area:
• The environmental water requirements within each SDL area (excluding
the NSW, Victorian and South Australian Murray SDL areas, and Lower
Darling SDL Area) were first met by reducing the current diversion limit
within the respective SDL area.
• The additional environmental water required for the River Murray was
then sourced by reducing the current diversion limits for the NSW,
Victorian and SA Murray SDL areas and Lower Darling SDL Area, and
by further reductions in upstream SDL areas in the southern Basin. The
resulting total percentage reduction in current diversion limits was an
equal percentage for all SDL areas, except where the constraints described
earlier applied. This equal percentage reduction ranges from 26% for
scenario 1 to 35% for scenario 3.
• The following reductions are less than 26% and 35% in the lower
and upper ranges, respectively. These reductions are less because the
40% (scenario 1 and 2) or 45% (scenario 3) limit on reductions of the
watercourse diversion component of the current diversion limit is reached
in these catchments
–– 21–23% reduction in the current diversion limit for the Loddon
SDL Area
–– 18–20% reduction in the current diversion limit for the Kiewa
SDL Area
–– 12–13% reduction in the current diversion limit for the Ovens
SDL Area.

Gin Gin Weir on the Macquarie River
between Narromine and Warren,
New South Wales

• The Lachlan is not hydrologically connected to the River Murray system
and a reduction of 7–11% is proposed to meet the environmental water
requirements of key environmental assets and key ecosystem functions in
the Lachlan SDL Area.
The proposed SDLs for the Wimmera–Mallee (Surface Water), SA NonPrescribed Areas and Marne Saunders SDL areas have been set at the
current level of use. This approach was taken because these areas are not
hydrologically connected to the River Murray system (or not significantly)
and the current level of take has been assessed as sustainable.
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Table 4.10 O
 verview of SDL scenarios for surface water — additional 3,000 GL/y, 3,500 GL/y and 4,000 GL/y
for the environmenta
3,000 GL/y
Current diversion limit
components (GL/y)

Codeb SDL area

Region
Barwon–Darling
Border Rivers

Inter- Watercourse
ceptionc diversions

SDL components (GL/y)

Total

Inter- Watercourse
ceptionc diversions

Total

Proposed
Reductions
reduction
in current
in
diversion
watercourse
limits
diversionsd
(GL/y) (%)
(%)

SS19

Barwon–Darling Watercourse

108

197

305

108

154

262

43

14

22

SS17

Intersecting Streams

2.4

3.0

5.4

2.4

2.2

4.6

0.8

14

25

SS23

NSW Border Rivers

95

210

305

95

167

262

43

14

21

SS24

Queensland Border Rivers

78

223

301

78

180

259

43

14

19

Campaspe

SS07

Campaspe

40

115

155

40

75

115

40

26

35

Condamine–
Balonne

SS26

Condamine–Balonne

265

706

971

265

503

768

203

21

29

SS27

Nebine

6

31.3

25

3.6

28.9

2.4

8

40

7.9

2.8

26

–

1.8

0

0

–

25

SS13

Eastern Mount Lofty Ranges

SS12

Marne Saunders

1.8

Goulburn–
Broken

SS05

Broken

43

SS06

Goulburn

Gwydir

SS22

Gwydir

Lachlan

SS16

Loddon
Lower Darling

included in
interception
included in
interception

10.7

7.9

1.8

1.8

14

57

43

8

51.4

5.6

10

40

109

1,593

1,702

109

1,151

1,260

442

26

28

125

326

451

125

237

361

89

20

27

Lachlan

316

302

618

316

258

574

44

7

15

SS08

Loddon

90

95

185

90

57

147

38

21

40

SS18

Lower Darling

6

55

61

6

39

45

16

26

29

Macquarie–
Castlereagh

SS20

Macquarie–Castlereagh

310

425

735

310

321

631

104

14

24

Moonie

SS25

Moonie

51

32

83

51

20

71

12

14

37

SS03

Kiewa

SS14

NSW Murray

SS11

SA Murray

SS10

SA Non-Prescribed Areas

3.5

SS02

Victorian Murray

45

SS01

Australian Capital Territory
(Surface Water)

12

SS15

Murrumbidgee

Namoi

SS21

Ovens

SS04

Paroo
Warrego

Eastern Mount
Lofty Ranges

Murray

Murrumbidgee

Wimmera–
Avoca

10.7

included in
interception
included in
interception

14

11

24.7

14

7

20.3

4.4

18

40

104

1,721

1,825

104

1,247

1,351

474

26

28

0

665

665

0

492

492

173

26

26

0

3.5

3.5

0

3.5

0

0

–

1,656

1,701

45

1,214

1,259

442

26

27

39

51

12

26

38

13

26

34

501

2,061

2,562

501

1,396

1,897

665

26

32

Namoi

165

343

508

165

271

437

72

14

21

Ovens

58

25

83

58

15

73

10

12

40

SS29

Paroo

9.7

0.2

9.9

9.7

0.2

9.9

0

0

0

SS28

Warrego

83

45

128

83

27

110

18

14

40

SS09

Wimmera–Mallee
(Surface Water)

62

74

136

62

74

136

0

0

0

Australian Capital Territory

12

39

51

12

26

38

13

26

34

1,732

5,643

7,375

1,732

4,092

5,824

1,551

21

27

513

1,012

1,525

513

734

1,247

278

18

27

New South Wales
Queensland
South Australia
Victoria
Basin total

16

665

681

13

492

506

175

26

26

462

3,583

4,045

462

2,601

3,063

982

24

27

2,735

10,942

13,677

2,732

7,945

10,677

3,000

22

27

a MDBA is aware of the limitations in the accuracy of the data in this table; however, figures have not been rounded at this stage to allow reference to the source analysis.
b This code relates to each SDL area in Figure 3.4, Section 3.2 of this volume.
c Interception includes farm dams and forestry plantations
d Percentage reduction if only applied to watercourse diversion component
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… continued

Table 4.10 O
 verview of SDL scenarios for surface water — additional 3,000 GL/y, 3,500 GL/y and 4,000 GL/y
for the environmenta (continued)
3,500 GL/y

4,000 GL/y

SDL components (GL/y)

SDL area

Inter- Watercourse
ceptionc diversions

Reductions
in current
diversion limits
Total

(GL/y)

(%)

SDL components (GL/y)
Proposed
reduction
in
watercourse
diversionsd
Inter- Watercourse
(%)
ceptionc diversions
Total

Proposed
reduction
Reductions
in
in current
diversion limits watercourse
diversionsd
(GL/y)
(%)
(%)

Barwon–Darling Watercourse

108

147

256

50

16

25

108

141

249

56

18

29

Intersecting Streams

2.4

2.1

4.5

0.9

16

29

2.4

2

4.4

1

18

33

NSW Border Rivers

95

160

255

50

16

24

95

154

249

56

18

27

Queensland Border Rivers

78

174

252

49

16

22

78

168

246

55

18

25

Campaspe

40

69

109

46

30

40

40

63

103

52

33

45

468

734

238

24

34

265

434

699

272

28

39

7

3.7

35

–

1.8

0

0

–

Condamine–Balonne

265

Eastern Mount Lofty Ranges

7.4

Marne Saunders

1.8

Broken

43

Goulburn

109

Gwydir
Lachlan
Loddon
Lower Darling
Macquarie–Castlereagh
Moonie
Kiewa
NSW Murray
SA Murray

included in
interception
included in
interception

included in
interception
included in
interception

7.4

3.3

30

–

7

1.8

0

0

–

1.8

8

51

5.6

10

40

43

8

50.7

6.3

11

45

1,075

1,184

518

30

33

109

1,000

1,109

593

35

37

125

221

346

105

23

32

125

205

330

121

27

37

316

245

561

57

9

19

316

233

549

69

11

23

90

57

147

38

21

40

90

52

142

43

23

45

6

37

42

18

30

33

6

34

39

21

35

38

310

305

615

120

16

28

310

290

600

135

18

32

51

19

70

12.8

15

40

51

18

69

14

17

45

14

6.6

20

4.4

18

40

14

6.1

19.8

4.9

20

45

104

1,165

1,269

556

30

32

104

1,086

1,190

635

35

37

0

462

462

203

30

30

0

433

433

232

35

35

SA Non-Prescribed Areas

3.5

0

3.5

0

0

–

3.5

0

3.5

0

0

–

Victorian Murray

45

1,138

1,183

518

30

31

45

1,064

1,109

592

35

36

Australian Capital Territory
(Surface Water)

12

23

36

16

30

40

12

21

34

18

34

45

Murrumbidgee

501

1,281

1,782

780

30

38

501

1,169

1,670

892

35

43

Namoi

165

260

426

83

16

24

165

249

415

94

18

27

Ovens

58

15

73

10

12

40

58

14

72

11

13

45

Paroo

9.7

0.2

9.9

0

0

0

9.7

0.2

9.9

0

0

0

Nebine

25

3.6

28.9

2.4

8

40

25

3.3

28.6

2.7

9

45

Warrego

83

27

110

18

14

40

83

25

108

20

16

45

Wimmera–Mallee
(Surface Water)

62

74

136

0

0

0

62

74

136

0

0

0

Australian Capital Territory

12

23

36

16

30

40

12

21

34

18

34

45

1,732

3,824

5,557

1,819

25

32

1,732

3,562

5,295

2,081

28

37

513

692

1,205

320

21

32

513

647

1,160

365

24

36

13

462

475

206

30

31

12

433

446

235

35

35

462

2,443

2,904

1,140

28

32

462

2,281

2,743

1,302

32

36

2,731

7,445

10,177

3,500

26

32

2,731

6,946

9,677

4,000

29

37

New South Wales
Queensland
South Australia
Victoria

a MDBA is aware of the limitations in the accuracy of the data in this table; however, figures have not been rounded at this stage to allow reference to the source analysis.
b This code relates to each SDL area in Figure 3.4, Section 3.2 of this volume.
c Interception includes farm dams and forestry plantations
d Percentage reduction if only applied to watercourse diversion component
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Figure 4.25 Surface-water SDL scenarios as percentage reductions in current diversion limits
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Groundwater SDLs for individual SDL areas
MDBA has identified 78 groundwater SDL areas and SDLs have been
proposed for all of these areas. Maps of these areas are in Section 3.2 of
this volume.
Table 4.11 provides an overview of the groundwater SDL proposals and how
they compare with the current diversion limits. In summary, the proposed
changes are:
• no reductions to the current diversion limits for 67 groundwater systems
• reductions in current diversion limits, but not in use, for four
groundwater systems
• reductions in current diversion limits and use for seven
groundwater systems.
Figure 4.26 presents the groundwater SDLs as percentage reductions in
current diversion limits.
The groundwater SDL areas can also be placed in seven broad groups,
reflecting the variety of changes to current diversion limits across the Basin.
1. S
 even SDL areas where the proposed SDL is a reduction in
current diversion limit and use

• Three SDL areas with interim or transitional plans are proposed to
have a reduction in current diversion limit and use in order to achieve
an environmentally sustainable level of take. These areas are the Lower
Lachlan Alluvium and Lower Namoi Alluvium in New South Wales and
Angas Bremer in South Australia.
• Four SDL areas do not have interim or transitional plans, and a reduction
in use is proposed. These are the Upper Condamine Alluvium and Upper
Condamine Basalts in Queensland, and Upper Lachlan Alluvium and
Lake George Alluvium in New South Wales.
These seven SDL areas require additional water for the environment for
groundwater take to be sustainable. In limiting the reduction in any one area
to a maximum of 40%, a total reduction of 126 GL per year is proposed for
these SDL areas. The reduction varies between 13% and 40% for the seven
SDL areas.
2. F
 our SDL areas where the proposed SDL represents a reduction
in current diversion limits, but not in use

In these areas, the plan limit was considered to exceed the environmentally
sustainable level of take. However, it was determined that recent historical
use was able to meet an environmentally sustainable level of take, provided
that additional surface-water losses are accounted for. These SDL areas
are the Lower Macquarie Alluvium, Upper Namoi Alluvium and Peel
Valley Alluvium in New South Wales and Australian Capital Territory
(Groundwater). The combined reduction in plan limit for these four SDL
areas is 60 GL per year.
3. S
 even SDL areas where environmental water requirements can be
met by setting the proposed SDL at the existing plan limit

Existing water plan limits in seven SDL areas provide sufficient water to
meet environmental water requirements and therefore are considered to
provide an environmentally sustainable level of take. These SDL areas are the
Lower Gwydir Alluvium, Lower Murray Alluvium (deep aquifer), and Lower
Murrumbidgee Alluvium in New South Wales, and Marne Saunders, Peake–
Roby–Sherlock, Mallee, and Mallee Border Zone in South Australia.
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4. E
 ighteen SDL areas where the environmental water requirements
are consistent with ‘limiting’ the proposed SDL at current use

These areas are considered to be highly connected to surface water. While
the impact of current groundwater take on streamflow has been accounted
for in the determination of the surface-water SDL proposals, additional
groundwater take would further reduce surface-water streamflow. The
groundwater SDLs for all of these areas are capped at current levels of use,
with no proposed reduction.
5. S
 ixteen SDL areas where the environmental water requirements
are consistent with ‘limiting’ SDLs at current use with a
trade offset

These areas are also highly connected to surface water. However, it is
recognised that further development of groundwater resources is possible,
provided the jurisdiction undertakes an assessment to identify the
maximum sustainable volume that could be taken from groundwater
systems and provided that impacts on surface-water flows are accounted
for. One mechanism to achieve this is by tagged trade from surface water
to groundwater. Water resource plans will be required to implement
management rules that reflect the connected nature (such as by creating
appropriate links between groundwater management rules and those for
surface water).
6. T
 wenty-six SDL areas where the environmental water
requirements allow the proposed SDLs to be set higher than
current use, but water quality and accessibility may restrict use

None of these areas has an existing plan and, further, may be capable of
sustaining an increase in groundwater use. Some ‘unassigned water’ has been
identified in these groundwater systems. Development of these additional
resources is subject to appropriate monitoring and reporting. Although much
of this groundwater is saline and/or inaccessible for agricultural consumptive
use, it may be suitable for industrial uses, including mining.
7. A
 reas of fossil groundwater

There are some areas of fossil groundwater in the Basin, such as in the Mallee
in South Australia (for which there are interim and transitional plans) and in
western Victoria (for parts of which some state plans exist that have not yet
been recognised as transitional plans). In these areas the current diversion
limits have been assessed as sustainable in the context of the time frame
involved (15% depletion in 200 years), and the proposed SDLs have been
set to reflect the rate of decline contained in existing state agreements. This
rate of decline has also been adopted as the basis of the environmental water
requirements for fossil groundwater resources in these aquifers in adjoining
SDL areas.

Windmill pumping groundwater near
Horsham, Victoria
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Table 4.11 Overview of SDL proposals for groundwater

Main region

Codea

SDL area

Reduction
in current
diversion
limit

Reduction
from current
use (GL/y)

Current
diversion
limitb
(GL/y)

Current
usec
(GL/y)

SDLd
(GL/y)

GL/y

%

GL/y

%

Reduction in current diversion limit and use required (7 SDL areas)
Lachlan

GS39

Lower Lachlan Alluvium

108

117.9

64.8

43.2

40

53.1

45

Namoi

GS43

Lower Namoi Alluvium

86

99.4

75

11

13

24.4

25

Eastern Mount
Lofty Ranges

GS1

Angas Bremer

6.5

6.7

4

2.5

38

2.7

40

Condamine–Balonne

GS76

Upper Condamine Alluvium

117.1

117.1

76.8

40.3

34

40.3

34

Condamine–Balonne

GS77

Upper Condamine Basalts

76.1

76.1

61.1

15

20

15

20

Lachlan

GS57

Upper Lachlan Alluvium

77.1

77.1

63

14.1

18

14.1

18

Murrumbidgee

GS35

Lake George Alluvium

1.1

1.1

0.75

0.35

32

0.35

32

122.1

95

95

27.1

22

–

–

69.3

41.9

41.9

27.4

40

–

–

9.3

7.3

7.3

2

22

–

–

7.25

0.5

4.4

2.85

39

–

–

Lower Murrumbidgee Alluvium

280

303.7

280

–

–

23.7

8

Lower Murray Alluvium
(deep; Renmark Group and Calivil Formation)

83.7

86.3

83.7

–

–

–

–

40

40

40

–

–

–

–

Reductions in current diversion limit but not in use (4 SDL areas)
Namoi

GS60

Upper Namoi Alluvium

Macquarie–Castlereagh

GS40

Lower Macquarie Alluvium

Namoi

GS54

Peel Valley Alluvium

Murrumbidgee

GS65

Australian Capital Territory (Groundwater)

Cap at current diversion limit (7 SDL areas)
Murrumbidgee
Murray

GS42
GS41

Lower Murray Alluvium
(shallow; Shepparton Formation)

Murray

GS3

Mallee

41.2

24.4

41.2

–

–

–

–

Gwydir

GS38

Lower Gwydir Alluvium

32.3

32.3

32.3

–

–

–

–

Murray

GS4

Mallee Border Zone

22.2

16.4

22.2

–

–

–

–

Murray

GS6

Peake–Roby–Sherlock

5.2

1.7

5.2

–

–

–

–

Eastern Mount
Lofty Ranges

GS5

Marne Saunders

4.7

2.5

4.7

–

–

–

–

Cap at current use (18 SDL areas)
Murrumbidgee

GS45

Mid–Murrumbidgee Alluvium

Ovens

GS13

Ovens–Kiewa Sedimentary Plain

44

44

44

–

–

–

–

14.7

14.7

14.7

–

–

–

–

Macquarie–Castlereagh

GS58

Upper Macquarie Alluvium

13.7

Border Rivers

GS67

Queensland Border Rivers Alluvium

13.4

13.7

13.7

–

–

–

–

13.4

13.4

–

–

–

–

Murray

GS59

Upper Murray Alluvium

Namoi

GS27

Eastern Porous Rock: Namoi–Gwydir

Loddon

GS10

Border Rivers
Lachlan

11

11

11

–

–

–

–

10.3

10.3

10.3

–

–

–

–

Loddon–Campaspe Highlands

9.4

9.4

9.4

–

–

–

–

GS47

NSW Border Rivers Alluvium

6.6

6.6

6.6

–

–

–

–

GS64

Young Granite

4.3

4.3

4.3

–

–

–

–

Macquarie–Castlereagh

GS24

Collaburragundry–Talbragar Alluvium

3.7

3.7

3.7

–

–

–

–

Macquarie–Castlereagh

GS20

Bell Valley Alluvium

2.2

2.2

2.2

–

–

–

–

Namoi

GS61

Upper Namoi Tributary Alluvium

2

2

2

–

–

–

–

Lachlan

GS21

Belubula Alluvium

1.9

1.9

1.9

–

–

–

–

Namoi

GS44

Manilla Alluvium

1.9

1.9

1.9

–

–

–

–

a This code relates to each SDL area in Figure 3.3, Section 3.2 of this volume.
b Current diversion limit is based on plan limit or current use if there is no plan.

… continued

c Current use is based on the 2007–08 level of use in most instances; however, where the 2003–04 to 2007–08 data were available, the average of these values were used.
d SDL figures exclude unassigned groundwater (see Table 4.16).
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Table 4.11 Overview of SDL proposals for groundwater (continued)

Current
diversion
limitb
(GL/y)

Main region

Codea

SDL area

Macquarie–Castlereagh

GS25

Cudgegong Alluvium

1.6

Gwydir

GS56

Upper Gwydir Alluvium

0.8

Border Rivers

GS48

NSW Border Rivers Tributary Alluvium

0.5

Macquarie–Castlereagh

GS23

Castlereagh Alluvium

0.4

Current
usec
(GL/y)

Reduction
in current
diversion
limit

Reduction
from current
use (GL/y)

SDLd
(GL/y)

GL/y

%

GL/y

%

1.6

1.6

–

–

–

–

0.8

0.8

–

–

–

–

0.5

0.5

–

–

–

–

0.4

0.4

–

–

–

–

Cap at current use with trade offset (16 SDL areas)
Macquarie–Castlereagh

GS31

Lachlan Fold Belt: Macquarie–Castlereagh

47.7

47.7

47.7

–

–

–

–

Murrumbidgee

GS33

Lachlan Fold Belt: Murrumbidgee

30.9

30.9

30.9

–

–

–

–

Lachlan

GS30

Lachlan Fold Belt: Lachlan

23.1

23.1

23.1

–

–

–

–

Namoi

GS52

New England Fold Belt: Namoi

15.6

15.6

15.6

–

–

–

–

Goulburn–Broken

GS9

Goulburn–Broken Highlands

9.8

9.8

9.8

–

–

–

–

Border Rivers

GS68

Queensland Border Rivers Fractured Rock

6.8

6.8

6.8

–

–

–

–

Macquarie–Castlereagh

GS26

Eastern Porous Rock: Macquarie–Castlereagh

5.2

5.2

5.2

–

–

–

–

Murray

GS32

Lachlan Fold Belt: Murray

5.1

5.1

5.1

–

–

–

–

Murray

GS11

Murray Highlands

4.4

4.4

4.4

–

–

–

–

Gwydir

GS51

New England Fold Belt: Gwydir

4.1

4.1

4.1

–

–

–

–

Border Rivers

GS50

New England Fold Belt: Border Rivers

3.4

3.4

3.4

–

–

–

–

Ovens

GS12

Ovens Highlands

3.2

3.2

3.2

–

–

–

–

Border Rivers

GS28

Inverell Basalt

2.9

2.9

2.9

–

–

–

–

Namoi

GS36

Liverpool Ranges Basalt

2.7

2.7

2.7

–

–

–

–

Condamine–Balonne

GS66

Condamine Fractured Rock

2.1

2.1

2.1

–

–

–

–

Wimmera–Avoca

GS16

Wimmera–Avoca Highlands

0.2

0.2

0.2

–

–

–

–

Victorian Riverine Sedimentary Plain
(deep; Renmark Group and Calivil Formation)

89.6

89.6

89.6

–

–

–

–

Victorian Riverine Sedimentary Plain
(shallow; Shepparton Formation)

83.3

83.3

83.3

–

–

–

–

Western Porous Rock

29.3

29.3

29.3

–

–

–

–

Eastern Mount Lofty Ranges

19.3

19.3

19.3

–

–

–

–

SA Murray Salt Interception Schemes

Unassigned water (26 SDL areas)d
Goulburn–Broken

GS14

Lower Darling

GS63

Eastern Mount
Lofty Ranges

GS2

Murray

GS8

Condamine–Balonne
Condamine–Balonne

GS73

11.1

11.1

11.1

–

–

–

–

St George Alluvium: Condamine–Balonne (deep)

7.5

7.5

7.5

–

–

–

–

St George Alluvium: Condamine–Balonne
(shallow)

2.5

2.5

2.5

–

–

0

0

0

–

–

–

–

–

–

–

–

–

–

–

Wimmera–Mallee Border Zone
(Loxton Parilla Sands)
Murray

GS17

Wimmera–Mallee Border Zone
(Murray Group Limestone)
Wimmera–Mallee Border Zone
(Tertiary Confined Sand Aquifer)

8.8

8.8

–

8.8

Lower Darling

GS29

Kanmantoo Fold Belt

8.2

8.2

8.2

–

–

–

–

Lachlan

GS53

Orange Basalt

6.9

6.9

6.9

–

–

–

–

a This code relates to each SDL area in Figure 3.3, Section 3.2 of this volume.
b Current diversion limit is based on plan limit or current use if there is no plan.

… continued

c Current use is based on the 2007–08 level of use in most instances; however, where the 2003–04 to 2007–08 data were available, the average of these values were used.
d SDL figures exclude unassigned groundwater (see Table 4.16).
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Table 4.11 Overview of SDL proposals for groundwater (continued)

Current
diversion
limitb
(GL/y)

Current
usec
(GL/y)

Main region

Codea

Wimmera–Avoca

GS15

Paroo

GS55

Murrumbidgee

GS22

Billabong Creek Alluvium

2

Murray

GS7

SA Murray (Groundwater)

1.8

Lower Darling

GS19

Adelaide Fold Belt

3

3

Lower Darling

GS37

Lower Darling Alluvium

1.4

Macquarie–Castlereagh

GS46

NSW Alluvium above the Great Artesian Basin

1.2

Barwon–Darling

GS34

Lachlan Fold Belt: Western

1.2

Warrego

GS72

Sediments above the Great Artesian Basin:
Warrego–Paroo–Nebine

Paroo

GS49

NSW Sediments above the Great Artesian Basin

Warrego

GS78

Warrego Alluvium

0.7

Wimmera–Avoca

GS18

Wimmera–Mallee Sedimentary Plain

0.6

Moonie

GS71

Sediments above the Great Artesian Basin:
Moonie

0.5

Moonie

GS74

St George Alluvium: Moonie

Macquarie–Castlereagh

GS62

Condamine–Balonne

GS75

Condamine–Balonne
Border Rivers

SDL area
West Wimmera (Loxton Parilla Sands)

SDLd
(GL/y)

Reduction
in current
diversion
limit

Reduction
from current
use (GL/y)

GL/y

%

GL/y

%

0

0

0

–

–

–

–

West Wimmera (Murray Group Limestone)

1.9

1.9

1.9

–

–

–

–

West Wimmera (Tertiary Confined Sand Aquifer)

0.8

0.8

0.8

–

–

–

–

Upper Darling Alluvium

2.4

2.4

2.4

–

–

–

–

2

2

–

–

–

–

1.8

1.8

–

–

–

–

3

–

–

–

–

1.4

1.4

–

–

–

–

1.2

1.2

–

–

–

–

1.2

1.2

–

–

–

–

1.1

1.1

1.1

–

–

–

–

1

1

1

–

–

–

–

0.7

0.7

–

–

–

–

0.6

0.6

–

–

–

–

0.5

0.5

–

–

–

–

0.5

0.5

0.5

–

–

–

–

Warrumbungle Basalt

0.5

0.5

0.5

–

–

–

–

St George Alluvium: Warrego–Paroo–Nebine

0.3

0.3

0.3

–

–

–

–

GS70

Sediments above the Great Artesian Basin:
Condamine–Balonne

0.3

0.3

0.3

–

–

–

–

GS69

Sediments above the Great Artesian Basin:
Border Rivers

0.1

0.1

0.1

–

–

–

–

Queensland

229

229

174

55.3

24

55.3

24

1,211

1,204

1,086

125.15

10

115.65

10

7

0.5

4

2.85

39

0

0

Victoria

227

226.7

227

0

0

South Australia

112

83.9

110

2.5

2

2.7

3

1,786

1,744

1,601

185.65

10

174

10

New South Wales
Australian Capital Territory

Basin totale

–

–

a This code relates to each SDL area in Figure 3.3, Section 3.2 of this volume.
b Current diversion limit is based on plan limit or current use if there is no plan.
c Current use is based on the 2007–08 level of use in most instances; however, where the 2003–04 to 2007–08 data were available, the average of these values were used.
d SDL figures exclude unassigned groundwater (see Table 4.16).
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Figure 4.26 Groundwater SDL proposals as percentage reductions in current diversion limits
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Methods and considerations for developing SDLs
The development of surface-water and groundwater SDLs involves a mix of
technical work and policy judgements. This section documents the key policy
choices in the development of SDL proposals.

Surface water and groundwater connectivity
All adjacent surface-water and groundwater systems are connected, but
the degree to which water exchanges between these two types of water
resources varies in time and across the Basin. Where the connection is strong,
groundwater extraction may directly affect surface-water streamflow by
inducing leakage to groundwater, or by reducing groundwater discharge to
streams. Similarly, changes to surface-water management can have significant
impacts on groundwater systems.
Historically, integration of the management of surface water and groundwater
in the Basin has been inadequate, in some cases leading to allocation of the
same water twice, particularly where time lags are long.
The approach taken for the proposed Basin Plan is to set separate surfacewater and groundwater SDLs that account for current and expected future
interactions between the systems. For the Basin Plan, accounting risks have
been identified (Section 5.2) and water resource plan requirements specified
(Section 6.1) in such a way as to reflect the connected nature of these systems.
Also, the impact of current groundwater extractions on future streamflow
has been accounted for, where data were available, in the baseline for river
system models.
A highly connected groundwater system is defined as one where at least 50%
of the groundwater extraction volume is manifest as a surface-water flow
reduction in the relevant surface-water system within 50 years.
Research shows that the potential impact of past and current groundwater
extraction on streamflow is one of the key uncertainties in understanding
Basin water resources. The CSIRO Murray–Darling Basin Sustainable Yields
Project (CSIRO 2008) indicated that the impact of groundwater extraction,
at the 2004–05 volume of take, would eventually (by 2030) be to reduce
streamflow across the Basin by 447 GL/y, meaning that 24% of the 2004–05
volume of groundwater extraction would eventually be sourced from surface
water through induced river recharge. This equated to 4% of existing surfacewater use.
Management of connectivity can be considered in two categories: short term
and long term.
Short-term management is aimed at managing impacts on streamflow that
occur within a year or so, such as in the narrow alluvial systems that are
generally not represented by a groundwater model. Water resource plans
will be required to implement local management rules that reflect the
severity of the potential short-term impact of groundwater extraction on
surface-water availability.
Long-term management is aimed at ensuring long-term impacts are
accounted for, including the management of future impact on surface-water
flow from both present and past groundwater pumping. When developing
SDLs, connectivity has been taken into account in the following ways:
• For surface-water SDLs, the impact of past and current groundwater
extractions on current and future (to 2030) streamflow (time-lag effect)
has been accounted for by including the estimated impact, where this is
significant, as a ‘loss’ component in the surface-water river system models.
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Macquarie River at Burrendong Dam,
New South Wales

• For groundwater SDLs developed using groundwater models (generally
the large alluvial systems), the volume of recharge from surface water is
identified in the models as part of the water balance.
Water accounting within SDL areas

To address the consequences of past and current overextraction of
groundwater and appropriately account for them, the proposed Basin Plan
will adopt the following strategies.
In narrow upper catchment alluvial groundwater systems that are highly
connected to surface water in a short time frame, the relationship between
surface water and groundwater is deemed to be 1:1. This means that
modification of either surface-water or groundwater extraction patterns
are rapidly manifested in the physical response of the other. Therefore, all
groundwater extractions in these systems have the potential to contribute to
streamflow reductions within short time frames and may be considered as
equivalent to surface-water extractions.
In fractured rock aquifers, the relationship between surface water and
adjacent groundwater is also deemed to be 1:1. This approach, while
conservative, is necessary both to protect streamflow and to facilitate offsets
to allow some development of groundwater systems that are not, themselves,
fully allocated. This approach is warranted given that there is insufficient
available information to support an alternative approach.
For these connected systems, the approach has been to set the groundwater
SDL at recent historical use. Water resource plans will be required to
implement management rules that reflect the connected nature (such as by
linking groundwater management rules to those for surface water).

Take that is limited by SDLs
The Water Act’s definition of ‘take’ is very broad, essentially equating it to all
activities that modify streamflow. This section describes which forms of take
will and will not be limited by the SDLs.
In general, SDLs will limit the amount of water that is taken for consumptive
purposes. Therefore, SDLs will include limiting all diversions from
watercourses and aquifers for irrigation, industry town water supplies, and
stock and domestic supplies. Floodplain harvesting, which is a significant
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form of take in the northern part of the Basin, will also be limited by SDLs.
(Floodplain harvesting is the capture, storage and use of water that has exited
a watercourse in flood and water from rainfall run-off on floodplains.)
Evaporation from public onstream constructed storages (e.g. Wyangala
Dam, Beardmore Dam) — including impoundments upstream of weirs (e.g.
Goulburn Weir, Berembed Weir) — that do not form part of the distribution
network within an irrigation area or district will not be limited by SDLs.
However, evaporation from private storages and impoundments that form
part of the distribution network within an irrigation area or district (e.g.
Waranga Basin, Barren Box storage and wetland) will be limited by SDLs.
That is, evaporation from these private storages and impoundments will
be considered similarly to other types of delivery losses that are associated
with distributing water within irrigation areas and districts. These latter
evaporation and delivery losses occur after the original diversion occurs from
a watercourse or onstream storage. This approach is consistent with that
currently taken for the Cap (the limit on the volume of surface water used for
consumptive purposes in river valleys within the Basin).
The provisions of the Water Act recognise that take limited by SDLs should
include water that is taken by interception activities (s. 20(b)). Furthermore,
the Basin Plan must specify water resource plan requirements relating to the
regulation of interception activities that have a significant impact on Basin
water resources (s. 22(3)(d)). On the basis of these two provisions, MDBA
has concluded that the types of interception activities to be included in SDLs
are those that have been assessed in previous studies (e.g. Zhang, Dawes &
Walker 2001; Agrecon 2005; MDBC 2006c; Van Dijk et al. 2006; SKM
2007; CSIRO 2008; SKM, CSIRO & BRS 2010) as having a potentially
significant impact on Basin water resources. These interception activities are
forestry plantations, farm dams and floodplain harvesting. Water resource
plans will be required to ensure that water access rights are held for certain
new interception activities, including mining (see Section 6.1).
Water access rights that are held specifically for the purposes of achieving
environmental outcomes and used in a way that is consistent with the
Environmental Watering Plan will not be limited by the relevant SDL.
However, any water that is not used in a manner consistent with the
Environmental Watering Plan will be limited by the relevant SDL (see
Figure 7.3).
Water for critical human needs will be included in the take that is limited by
SDLs (see Section 4.6).
Unauthorised take will be dealt with as a compliance issue rather than being
formally recognised as a form of take limited by SDLs (see Section 7.2).

Components of SDLs
The SDL proposals will place limits on a number of different forms of take
with a significant variation in the accuracy and extent to which the forms
of take are measured or estimated. Also, existing tools, including hydrologic
models and analytical assessment methods, are not readily available to
assess the impacts of all forms of take. This especially applies to interception
activities. Therefore, SDLs have been divided into separate components that,
when added together, give the total SDL.
The need for separate components of SDLs is particularly important for
surface water. Diversions from regulated rivers and major unregulated rivers
are reasonably well measured and are explicitly represented in the hydrologic
models. The models are the main tools used to determine the surface water
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SDLs. In regulated rivers, water supplies are managed by the storage and later
delivery of water to users from one or a number of dams and weirs. The term
‘unregulated river’ applies to rivers without storages or dams, as well as to
rivers where the storages do not release water downstream (but provide water
to other locations). Examples of major unregulated rivers are the Barwon–
Darling River, sections of the Condamine–Balonne River and the Moonie
River. Minor unregulated rivers include Mandagery Creek in the Lachlan
region, Tarcutta Creek in the Murrumbidgee region, and Upper Billabong in
the Murray region. Along these rivers, water users access supplies from flows
as they occur, often by harvesting water into offstream storages. Floodplain
harvesting that occurs on the major river floodplains in the northern Basin is
less well measured, but is included in the hydrologic models where diversions
are significant. It will be important that the data and accuracy of floodplain
harvesting representation in hydrologic models are improved over time.
While diversions from these regulated and major unregulated rivers and
floodplains comprise some 80% of surface-water diversions in the Basin, the
remaining diversions or forms of take are still substantial. These remaining
diversions, which include diversions from unregulated rivers and interception
by farm dams and forestry plantations, are not well measured and are
not explicitly included in hydrologic models. Estimates and results from
existing studies have been used to determine these remaining diversions (see
Table 4.13). The studies used acknowledge the limitations to the accuracy of
their results. It is likely that the accuracy of these estimates will improve. The
approach taken in the Basin Plan accommodates these limitations in accuracy
without unintended adverse consequences.
The proposed approach in calculating SDLs is to retain these different types
of surface-water diversions as separate components within an overall total
SDL. The separate components will comprise:
• watercourse diversions
–– under water access entitlements from regulated and major unregulated
rivers (explicitly represented in hydrologic models; floodplain
harvesting is included in this component)
–– under water access entitlements from minor unregulated rivers (not
represented in models)
–– under basic rights (stock and domestic rights, native title rights)
• interceptions
–– by farm dams under basic rights
–– by farm dams other than basic rights (irrigation and other uses)
–– by forestry plantations.
Some or all of these components will be used to specify the surface-water
SDL in each SDL area. The specific watercourse diversions and interceptions
limited by each component will be described for each SDL area. Water
resource plans will be required to specify which types of water access rights
will be accounted for under each SDL component.
The significant component for most SDL areas comprises diversions that are
explicitly represented in the hydrologic modelling framework used for the
Basin Plan. This is termed ‘watercourse diversions’. It is the component for
which hydrologic models are used to determine what adjustments are required
to satisfy the environmental water requirements. The implementation of
this SDL component will require Basin states to demonstrate, by using
an appropriate hydrologic model, that their water resource plan will limit
long-term average diversions to the specified amount under the relevant
climate scenario.
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For those components based on estimates (i.e. not explicitly represented in
hydrologic models), the approach taken is to set a limit equivalent to the
corresponding current diversion limit component as described in the section
‘Defining the baseline’. This will be the current limit established by existing
water management arrangements, or the current level of use where the form
of take is not currently limited. The specified amount of the SDL component
is the best estimate of this current diversion limit. The water resource plan
requirements that relate to the implementation of these SDL components will
require Basin states to include rules and other arrangements to ensure that
the long-term average level of use is no greater than the level of use permitted
or occurring under existing arrangements. The exception will be the use of
appropriate offsetting arrangements, as described later in this section.

Pelican Point on the Coorong Lagoon,
South Australia

This approach will prevent any inaccuracy of the SDL component estimates
being used to allow a level of diversion higher than was intended by the
SDL. It will also prevent unanticipated reductions in diversions due to more
accurate estimates showing different levels of actual long-term average use
than first estimated. It will be necessary to incorporate newer and more
accurate estimates into future amendments of the Basin Plan. The compliance
method and the states’ statutory reporting obligations will therefore be
important in ensuring that states implement SDLs effectively.
Groundwater SDLs have been developed based on a method that primarily
involves estimating the proportion of recharge that can be sustainably
extracted, rather than quantifying a component for each form of take
separately (see ‘Developing groundwater SDLs’ later in this section).
Therefore, groundwater SDLs are not divided into separate components,
although components of take will be required to be reported on to determine
the volume of groundwater actually taken for each SDL area.
The components of SDLs and the general principles that have been used to
quantify each component are summarised in Table 4.12.
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Table 4.12 C
 omponents for surface-water and groundwater SDLs and general methods of quantification
SDL components

General method of quantification

Surface water
Take under water access entitlements from regulated watercourses in
the Basin and major unregulated rivers in the northern Basin, and take by
floodplain harvesting

Using a specified hydrologic model.

Take under a water access entitlement from minor unregulated watercourses

Information provided by Basin states from farmer surveys of crop area and
existing planting behaviour and other estimations (MDBA 2010c).

Take from watercourses under basic rights (stock and domestic rights,
native title rights)

Some implicit inclusions in models; refinement as data become available.

Interception by forestry plantations (as it affects run-off)

Application of a model that assesses the impact of plantations on run-off
(SKM, CSIRO & BRS 2010).

Interception by farm dams under basic rights (stock and domestic rights, native
title rights and harvestable rights)

Quantification of the storage capacity of dams (<5 ML) and estimation of the
hydrologic impacts of these storages (SKM, CSIRO & BRS 2010).

Interception by farm dams other than under basic rights
(irrigation and other purposes)

Quantification of the storage capacity of dams (>5 ML) and estimation of
the hydrological impacts of these storages (SKM 2007; SKM, CSIRO &
BRS 2010).

Groundwatera
Take under water access entitlements

A combination of metered and estimated data. This take is explicitly included in
both modelled and unmodelled areas.

Take under basic rights (stock and domestic rights, native title rights)

Estimated data. In areas covered by a model, current take is represented
either explicitly, or implicitly, or a combination. In unmodelled areas, this take
is estimated.

Take by forestry plantations (as it affects aquifers)

Impacts of existing plantations implicitly included in modelled areas for the
period covered by the model calibration. Not included in unmodelled areas.
Take to be estimated for future expansion of plantation forestry and for
reforestation, and accounted for within SDL volume.

Interception by extractive industries estimated using a model or method
(includes mining and quarrying), including water extracted as a by-product of
the activity; does not include water use for the industrial process as this will be
covered by a water access entitlement

Estimated. Not explicitly modelled but impacts of existing mining implicitly
included in modelled areas for the period covered by the model calibration.
Not included in unmodelled areas. Future take to be identified and accounted
for within SDL volume.

a Groundwater SDLs are not divided into separate components, although there are separate components for reporting actual take

Offsetting components of take
As described earlier, surface-water SDLs will comprise the sum of separate
SDL components for the different forms of take. Both the volume of the SDL
and the volume of its components will be specified for each surface-water
SDL area identified in the Basin Plan. In developing a water resource plan,
a Basin state may wish to offset different components (i.e. increase the limit
of one form of take and reduce the limit of another, while not exceeding
the overall SDL). This will be permitted, but only where the Basin state
can demonstrate that any change to an SDL component can be estimated
accurately enough to allow offsetting without resulting in an actual level
of diversion higher than was intended by the SDL. Offsetting components
of take must not compromise key environmental assets, key ecosystem
functions, the productive base or key environmental outcomes.
Offsetting arrangements are likely to be required particularly where Basin
states wish to allow basic rights to continue to grow. While action to address
the issue of growth in the exercising of basic rights, particularly in peri-urban
areas, has been the subject of some action by Basin states, it is unlikely that
Basin states will wish to place a fixed limit on water use under basic rights.
Growth in basic rights can be provided for by this offsetting arrangement.
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Defining the baseline
In the context of the proposed Basin Plan, the baseline represents a reference
point from which changes to water management strategies can be assessed.
The baseline is important for a number of reasons:
• it represents the knowledge about the Basin water resources upon which
development of the Basin Plan has been based
• it is used as a point of comparison with take under SDLs
• where a transitional or interim water resource plan is in place, it is
the reference point for risk allocation purposes (Section 5.2), which
determines how the risks of reduced or less-reliable water allocations are to
be shared between water access entitlement holders and governments
• it will be used in monitoring and evaluating the effectiveness of the Basin
Plan (Section 7.3).
The baseline for each SDL area takes account of a number of
elements, including:
• current limits on take defined by existing water resource plans or current
water management arrangements
• all existing water access rights including water access entitlements and
stock, domestic and riparian domestic rights
• the current use of existing water access rights
• all other known forms of take that may not be currently covered by water
access rights
• climate characteristics.
Where transitional or interim water resource plans are in place, the baseline
reflects the limits on take expressed in those plans. Where transitional or
interim water resource plans are not in place, or the plans do not apply to
certain types of take, the baseline reflects the current level of take. However,
where a Basin state was developing a plan intended to become an interim
water resource plan, the most up-to-date information available from the
Basin state on the proposed limits to be established by the plan was used.
(See Section 6.1 for more information about transitional and interim water
resource plans.)
For groundwater, the current diversion limits are defined as:
• the current plan limit where a plan exists; or
• current use if there is no plan.
Groundwater use has been calculated as an average of the past five years or,
if data for the past five years are not available, the take in 2007–08. This
represents the best available data across most groundwater systems.
For surface water, hydrologic modelling is the primary tool used to determine
take under the baseline. The models represent the various water management,
sharing and operating rules that currently exist in each jurisdiction (including
under water plans and other instruments), the infrastructure and other
relevant physical characteristics of the water resources, and the existing spatial
and temporal patterns of take.
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The 114-year period from July 1895 to June 2009 is the longest period for
which robust hydrologic and climatic information can be assembled Basinwide. On this basis, the climate information (e.g. rainfall, evaporation) used
in the hydrologic models represents the historical climate for the 114-year
period. Therefore, for the forms of take that are explicitly included in
hydrologic models, the long-term average current diversion limit is the average
modelled diversion based on this 114-year historical climate sequence.
It is important that a baseline is determined for all forms of take to be limited
by SDLs. Where forms of surface-water take are not explicitly represented in
the hydrologic models, the baseline is generally defined by the current level
of take (quantified by the most appropriate method, as described earlier in
this section).
In relation to the treatment of existing environmental water in the surfacewater baseline, water recovered for The Living Murray and Water for
Rivers programs (recovering water for the Murray and Snowy rivers) has
been incorporated in the baseline. Incorporation of The Living Murray
arrangements includes the works and measures that have been completed to
date and those committed to being built.
No environmental entitlements secured or made available to the Australian
Government through infrastructure savings under the Water for the Future
program have been included because of the ongoing nature of this program.
This water will be available to offset the reduction in the proposed diversion
limits resulting from the Basin Plan.
For surface-water current diversion limits and SDLs, separate quantities
will be specified for each of the components (as described in Table 4.12).
The current surface-water diversion limits for each SDL area divided into
the separate watercourse diversion and interception components are listed
in Table 4.13. As a result of the method discussed here, these figures may
be different from the Cap, ‘plan limit’ or other figures associated with
these areas.

Inter-Basin and intra-Basin transfers
In a number of locations across the Murray–Darling Basin, water is
transferred into or out of the Basin. These transfers were taken into account
in developing SDLs. Some examples of inter-Basin transfers are:
• release of water from the Snowy Scheme (from outside the Basin) into the
Murrumbidgee and Murray systems (inside the Basin)
• release of water from the Murrumbidgee system (inside the Basin) into the
Snowy Scheme (outside the Basin)
• take of water from the Glenelg catchment (outside the Basin) for use in
the Wimmera system (inside the Basin), and vice versa
• diversion of water from the South Australian River Murray (inside the
Basin) to supply Adelaide (outside the Basin).
In the case of most transfers of water out of the Basin, these must be
accounted for as a form of take of the Basin water resources — just like any
other form of take — and will therefore be limited by the SDL. In the case of
the Snowy Scheme, where water is transferred both in and out of the Basin,
when a greater amount is transferred in, the net increase has been treated as
an inflow to the Basin water resources.
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Table 4.13 O
 verview of surface-water current diversion limit components
Watercourse diversionsa

SDL area

Regulated
and major
unregulated
riversc

Minor
unregulated
riversd

Interceptionb

Total
watercourse
diversions

Farm dams
under basic
rights

Farm dams other than
basic rights (irrigation
and other uses)

Forestry
plantations
11

Australian
Capital Territory
(Surface Water)

39

39

0.4

0.7

Barwon–Darling

197

197

3.3

105

Broken

Total
interception

Total current
diversion
limit

12

51

108

305

14

0.5

14

11

19

13

43

57

Campaspe

112

2.8

115

16

23

1.2

40

155

Condamine–
Balonne

706

706

61

203

1.1

265

971

7.5

3.2

10.7

10.7

Eastern Mount
Lofty Ranges
Goulburn
Gwydir
Intersecting
Streams
Kiewa

Included in interception
1,564

29

1,593

39

47

23

109

1,702

316

10

326

20

104

0.7

125

451

3

3

2.4

2.4

5.4

11

11

4.5

2.1

7.1

14

24.7

Lachlan

287

15

302

57

230

29

316

618

Loddon

93

1.6

95

26

59

5.2

90
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Lower Darling

55

55

5.5

6

61

425

110

310

735

1.8

1.8

1.8

11

40

51

83

Macquarie–
Castlereagh

380

Marne
Saunders
Moonie
Murrumbidgee

45
Included in interception

32

32

156

44

2,019

42

2,061

41

344

116

501

2,562

Namoi

265

78

343

21

139

5.3

165

508

Nebine

6

6

25

0.3

25

31.3

79

0.1

95

305

NSW Border
Rivers

191

19

210

16

NSW Murray

1,693

28

1,721

10

70

24

104

1,825

Ovens

25

25

17

9.4

32

58

83

Paroo

0.2

0.2

9.7

9.7

9.9

Queensland
Border Rivers

223

223

16

78

301

SA Murray

665

665

0

665

SA NonPrescribed
Areas

0

0

3.5

3.5

3.5

Victorian
Murray

1,656

1,656

10

13

45

1,701

Warrego

45

45

33

50

83

128

Wimmera–
Mallee
(Surface Water)

73

0.9

74

22

39

1.3

62

136

10,670

272

10,942

591

1,803

341

2,735

13,677

Basin total

61

1.4

22

a Take from watercourses under basic rights is not separately included
b Interception includes impact of farm dams and forestry plantations
c Includes major unregulated rivers in the northern Basin, and take by floodplain harvesting
d This component will be specified in detail for each SDL area in the Basin Plan.
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Water transferred into the Basin will be treated as part of Basin water
resources that are available for meeting environmental and consumptive
water requirements, just like any other Basin water resources. Where
such transfers into the Basin are reflected in the river system models, the
transferred water will already have been taken into account in modelling
diversions and developing the SDL. This is the case for most transfers into
the Basin. Since SDLs will be set assuming that these transfers are part of the
available resource, water resource plans will need to ensure that any variation
of the transfer arrangements from those used in developing SDLs will not
compromise environmental requirements.
In many locations, particularly in the southern interconnected Basin, water is
transferred by pipeline or channel from one catchment to another within the
Murray–Darling Basin. Where these catchments are located within different
SDL areas, consideration has been given to how these transfers are taken into
account in developing the proposed SDL for each area. Examples of such
intra-Basin transfers are:
• transfer of water from the Goulburn River (Goulburn SDL Area) to
water users located in the Loddon catchment (Loddon SDL Area) via the
Waranga Western Channel
• transfers from the Goulburn catchment water (Goulburn SDL Area) to
Lake Eppalock in the Campaspe catchment (Campaspe SDL Area) via the
Goldfields Superpipe.
The approach that has been applied for the purposes of developing SDLs is
that diversions are accounted for at the original point of take. For instance,
water diverted from the Goulburn River at Goulburn Weir and transferred
to users located within the Loddon catchment via the Waranga Western
Channel will be limited under the SDL for the Goulburn SDL Area. This
approach is necessary to allow consideration of the impact of all diversions
from the water resources of each SDL area. In the above example, the total
diversions from the Goulburn River are what need to be limited by the SDL,
rather than just what water is used within the SDL area.
In some cases, water taken from the Basin water resources may be returned
to watercourses from irrigation districts and urban centres and may then
contribute to meeting environmental values downstream. For example, water
returned to the watercourse at the end of an irrigation distribution network
(referred to as irrigation returns) can include irrigation channel outfalls,
channel escapes and drainage flows. Returns from urban and industrial areas
include discharges from sewage treatment plants and industrial units.

Campaspe Weir on the Campaspe
River between Elmore and Rochester,
Victoria
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In principle, it could be argued that any water taken and then returned to
the watercourse should not be included in the SDL, as it is the net impact
on streamflows that should determine an SDL. However, information about
return flows is generally poor and not all return flows can be included in
accounting against SDLs. The trend towards increasing water-use efficiency,
and associated reduction in return flows, means that any reduction in return
flows not accounted for in quantifying diversions results in an increase in the
effective net diversion. The downstream flow regime could, therefore, suffer as
a consequence of reduced return flows.
Any return flows that are currently accounted for in implementing the Cap
have also been accounted for in developing SDLs. As measurement of return
flows improves over time, it is anticipated that this will be reflected in future
amendments of the Basin Plan.
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Developing surface-water SDLs
The hydrologic modelling used for the development of surface-water SDLs
has been briefly described in Section 3.5. Hydrologic river system models
allow the analysis of the interaction between streamflows and water use
under different policy positions, infrastructure and operational rules over
the longer term. Using climate data extending back to 1895, particular
arrangements can be simulated to see how they might perform over the range
of streamflows experienced since that time. For example, hydrologic models
can be used to simulate conditions as if the major infrastructure (e.g. dams,
weirs, irrigation systems) were in place since 1895. They can also be used to
estimate the without-development flows in the river system up to the present
day. These flow conditions are a useful reference point.
Hydrologic models have been developed by jurisdictions for all major rivers
in the Basin. These models have been used in most water planning in the
Murray–Darling Basin in recent decades. They are an essential tool to analyse
and understand how much water is available and how different water sharing
arrangements, including limits on diversions, affect streamflows. MDBA
has used the current best available hydrologic models, in conjunction with
the Basin states and model integration framework developed for the CSIRO
Murray–Darling Basin Sustainable Yields Project (CSIRO 2008), and refined
them for the purposes of the proposed Basin Plan. The modelling framework
has provided the means to explore different scenarios for reducing current
diversion limits to satisfy environmental water requirements.
After using the hydrologic modelling framework to analyse some early
scenarios for SDLs, it became clear that an additional analytical tool was
needed to more quickly explore the potentially large number of options
for the distribution of SDLs across the Basin that would satisfy the
environmental water requirements at both catchment and Basin scale. An
analytical tool using a spreadsheet that sets out flows and diversions under
the conditions of without development, current diversion limits and SDLs
was developed.
The key elements of the process for developing surface-water SDLs set out
here have been independently peer reviewed for incorporation into the
proposed Basin Plan. The reviews covered the technical analysis carried out
in relation to the modelling framework for surface water as well as the policy
settings. To support this process, MDBA contracted CSIRO and SKM to
provide modelling support and also harnessed the modelling skills in Basin
state water agencies.

Hydrologic river system models
For most of the 29 surface-water SDL areas, the hydrologic modelling
framework was the primary tool used to determine the modelled component
of SDLs. The SDL areas included in the hydrologic modelling framework
are the Warrego, Nebine, Condamine–Balonne, Moonie, NSW Border
Rivers, Queensland Border Rivers, Gwydir, Namoi, Macquarie–Castlereagh,
Barwon–Darling Watercourse, Lachlan, Murrumbidgee, Lower Darling,
NSW Murray, SA Murray, Victorian Murray, Goulburn, Broken, Campaspe,
Loddon and Wimmera–Mallee (Surface Water). Within these SDL areas,
most of the take from watercourses and floodplain harvesting is explicitly
represented in the hydrologic modelling framework, as shown in Table 4.13.
Figure 4.27 shows the hydrologic models used and how they link together
within the modelling framework.
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Figure 4.27 Hydrologic modelling framework
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The hydrologic modelling framework was not used to develop SDLs for the
remainder of the 29 SDL areas. However, consideration has been given to
reductions in these areas as part of applying the approaches described earlier
in this section.
Table 4.14 sets out the reasons for not using the modelling framework in
these areas and the approach used to develop SDLs.
Overall, about 80% of current surface-water use under current
diversion limits in the Basin is explicitly represented in the hydrologic
modelling framework.
Table 4.14 S
 DL areas where the modelling framework is not used and reasons for not using the framework
SDL area

Reason for not using modelling framework

Approach to developing SDL

Australian Capital Territory (Surface Water)

Small area relative to other SDL areas. Outflows
included in the modelling framework.

Set SDL based on applying the approach to
contributing to downstream requirements.

Intersecting Streams

Low level of use. Diversions included in models
developed by Queensland for upstream catchments
(Nebine, Condamine–Balonne and Moonie), but
concerns about the accuracy of the representation in
these models.

Set SDL based on applying the approach to
contributing to downstream requirements.

Kiewa, Ovens

Relatively low level of use. Outflows included in the
modelling framework. Limited capacity to modify
end-of-system flows to meet downstream water
requirements.

Set SDL based on applying the approach to
contributing to downstream requirements.

SA Non-Prescribed Areas

No models available. Limited water available and low
level of use. Currently not prescribed, which means
that limited regulation is in place.

Hold use to no more than current level. Place
minimum water resource plan requirements that
recognise the limited need for any additional planning
or regulation beyond that currently in place.

Eastern Mount Lofty Ranges, Marne Saunders

South Australian model available but small area with
limited flow contribution to rest of Basin. Development
of water resources mainly by small farm dams.

Set SDL based on applying the approach to
contributing to downstream requirements.

Paroo

Low level of use. Very low connectivity to the rest of
the Basin.

Set SDL based on current diversion limit, and specify
water resource plan requirements that ensure local
environmental water requirements are determined
and satisfied.

Because of the complexity of the hydrologic modelling framework, it was
difficult to use it to consider a large range of SDL scenarios in a timely way.
While the analytical tool described below proved a useful means of exploring
the range of scenarios, the hydrologic modelling framework is still essential
to verify and refine the results from the analytical tool. In particular, the
hydrologic modelling allows more detailed consideration of how reductions
in current diversion limits affect the reliability and timing of water use, as
well as how best to satisfy the temporal and spatial nature of environmental
water requirements. It is important to recognise that SDLs and the resulting
long-term average additional environmental water is only an average
representation of the complex interactions between consumptive water use
and environmental water requirements. Further hydrologic modelling is
continuing to provide greater detail on the results achieved to date.
One limitation on being able to present more detailed results on the impact
of the long-term average reductions in current diversion limits is that the
detailed water sharing arrangements between consumptive water use and
the environment will only be developed when Basin states prepare their
water resource plans. An important factor in these sharing arrangements will
be how much of the additional environmental water requirements will be
provided by entitlements secured for environmental purposes. Nevertheless,
MDBA intends to provide more detailed results based on a range of
assumptions from the hydrologic modelling as they become available.
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Analytical tool
An analytical tool was developed to enable a more rapid exploration of the
scenarios for the distribution of SDLs across the Basin than could be achieved
with the use of hydrologic models. It was also developed because MDBA
wanted to consider these scenarios without being limited to just the SDL
components that are explicitly included in hydrologic models.
The analytical tool used was a spreadsheet that set out flows and diversions
under the conditions of without-development, current diversion limits
and SDLs for all SDL areas in the Basin. The various policy positions
and constraints developed by MDBA were also included as rules in the
spreadsheet. The computational power of the spreadsheet allowed MDBA
to adjust the numbers in an iterative way until the environmental water
requirements and policy positions were satisfied. The results for the three
scenarios considered by MDBA, of reductions in current diversion limits of
3,000 GL/y, 3,500 GL/y and 4,000 GL/y, are presented in Appendix C.
Appendix D includes explanatory notes to assist in understanding the
spreadsheets. Each analytical spreadsheet includes the following:
• Inflows, water used by the environment, and losses and outflows for
each catchment under without-development conditions. These are based
on results from the hydrologic modelling framework under withoutdevelopment conditions using the historical 1895–2009 climate scenario.
• Transfers into the Basin, inflows, current diversion limits, water used
by the environment, and losses and outflows for each catchment under
current diversion limits. These are based on results from the hydrologic
modelling framework using the historical 1895–2009 climate scenario.
• The number of hydrologic indicator sites and the range of additional
environmental water requirements from high uncertainty to low
uncertainty based on the hydrologic indicator sites. These are the results
of the analysis described in Section 4.1 ‘Estimating long-term average
environmental water requirements’.
• Transfers into the Basin, inflows, SDLs, water used by the environment,
and losses and outflows for each catchment under SDLs. The SDLs are
based on applying the approach to distributing reductions in current
diversion limits described earlier in this section. The outflows and
resulting water used by the environment and losses have been estimated
using the results from the hydrologic modelling completed to date and
the relationship between changes in diversions and end-of-system flows in
each region. It is recognised that these outflows will need to be verified for
the actual SDLs determined using the hydrologic modelling framework.
• A range of volumes and statistics for the changes in diversions
and environmental water. These are simply calculated from the
previous results.
• The environmental water available for offset against any reductions in
current diversion limits and the residual reduction after current water
recovery — based on data collected by MDBA on environmental water
recovery in the Basin. It excludes all environmental entitlements that
have already been included in the determination of current diversion
limits as explained earlier in this section. Most environmental water
available for offset is that secured by the Australian Government and
held by the Commonwealth Environmental Water Holder as at 30 June
2010. It may differ slightly from the data provided on the Department
of Sustainability, Environment, Water, Population and Communities
website due to changes over time and due to the data here including
some other environmental entitlements not held by the Commonwealth
Environmental Water Holder.
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While the analytical tool has been useful in determining SDL proposals, the
results will continue to be verified and refined using the detailed analyses
with the hydrologic modelling framework.

Developing groundwater SDLs
Unlike the management of surface water, where the Cap provides a precedent,
there has been little previous experience in developing a consistent and
transparent approach for groundwater resource management across the
Basin. Indeed, a large fraction of the Murray–Darling Basin is covered by
unincorporated areas (areas not covered by an existing groundwater plan or a
groundwater management area), for which there are no extraction limits and
for which there are limited data. The variation of groundwater systems with
respect to size, geology, level of extraction, documentation and monitoring
makes the task of developing a consistent approach more difficult.
The task of determining groundwater SDLs has been divided into a
three-step process:
1. Determine water resource plan areas and SDL areas to which groundwater
SDLs are applied.
2. Undertake updated groundwater recharge modelling for the entire
Murray–Darling Basin, and develop and apply a risk assessment
framework to identify the proportion of recharge that could be allocated
(recharge risk assessment method). This method has been used to generate
SDLs for unincorporated areas. It has also been used as a tool to compare
and assess proposed limits for those groundwater systems with existing
limits, and to determine their suitability to meet the objectives of the
Basin Plan.
3. Undertake additional, detailed numerical modelling for 11 of the largest
alluvial groundwater SDL areas (for which suitable models are available).
Groundwater SDLs across the Basin will not be set higher than current
diversion limits (or the recent historical level of use where there is no
existing plan limit). However, in unincorporated areas where there are no
current limits, SDLs set higher than current use are considered where it can
be demonstrated that increases will not compromise the environmentally
sustainable level of take, nor negatively affect surface-water availability within
a 50-year time frame.
The key elements of the process have been independently peer reviewed
for incorporation into the proposed Basin Plan. To support this process,
MDBA contracted CSIRO and SKM to provide technical expertise. MDBA
also convened a groundwater Technical Reference Panel and a state Expert
Panel for each of the five Basin states. Comprising experienced groundwater
practitioners, these forums were used to review technical work including
methods and results.

Recharge risk assessment method
For the purposes of developing groundwater SDLs across the Basin, a method
known as the ‘recharge risk assessment method’ was developed and applied.
This was the primary tool used across the Basin for areas where more detailed
methods were not available.

Windmill and stock watering point
between Booligal and Ivanhoe,
New South Wales

An initial estimate of the SDL for each SDL area was developed using the
recharge risk assessment method. This consists of estimating the recharge,
and then determining a sustainability factor based on an assessment of
risk or threat to the environmentally sustainable level of take. An initial
estimate SDL is created by multiplying the sustainability factor by the
estimated recharge.
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Bore used to supplement the water
supply at an orchard near Cobram,
Victoria

The recharge risk assessment method is a contemporary method similar to
methods that have been used previously in parts of the Murray–Darling
Basin for recharge estimation.
Recharge has previously been estimated for different areas of the Murray–
Darling Basin using a variety of approaches. As part of the current
methodology, a consistent approach has been used to estimate the diffuse
dryland recharge (i.e. the recharge that occurs through infiltration below the
root zone across the broader landscape). Other forms of recharge are derived
from irrigation, streams, channels and floods. Across the Basin, diffuse
recharge is generally the dominant recharge mechanism, but for many of the
major groundwater irrigation areas, which comprise a small area but most of
the extraction, other forms of recharge can be important.
WAVES (Zhang & Dawes 1998), a soil–vegetation–atmosphere model using
Basin-wide datasets and a historical climate dataset based on SILO (Bureau
of Meteorology n.d.), has been used to produce recharge estimates for wet,
median and dry 15-year sequences for all SDL areas, including for the areas
of different salinity classes within each SDL area for the historical climate and
for three 2030 climate scenarios based on the CSIRO Murray–Darling Basin
Sustainable Yields Project scenarios. Where field or other studies are thought
to have more reliable recharge estimates, these are used. Where numerical
models are available, the water balance component of numerical models
has been used in preference. These models incorporate all forms of recharge
including recharge to the productive aquifer.
The development and application of a sustainability factor for each
groundwater system was made based on a risk assessment of the impact that
groundwater extraction will have on key environmental assets, key ecosystem
functions, the productive base and key environmental outcomes.
A risk ranking (high, medium or low) is given to each of the first three
criteria. The risk ranking to the environmentally sustainable level of take
is then established as the highest risk ranking of any of these three criteria.
A risk ranking may be mitigated to one level lower where local management
rules may mitigate the risk (e.g. zonal management provides protection for an
environmental asset). Finally, the sustainability factor is modified based on
the ranking of the fourth criteria, key environmental outcomes.
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In summary, each SDL area was assessed for:
• the existence of key environmental assets within the boundary of the
SDL area
• the dependency of the key environmental assets on groundwater
• the sensitivity of the key environmental assets to groundwater take.
Key ecosystem functions are the physical, chemical, and biological processes
and exchanges that contribute to the self-maintenance of an ecosystem. In
terms of groundwater, the fundamental physical process underpinning key
ecosystem functions in the Basin is groundwater discharge (or base flow) to
streams. The determination of the SDL has included an assessment of key
ecosystem functions (base flow) in terms of aquifer type and the occurrence
of groundwater-derived base flow. Base flow from groundwater discharge
accounts for a significant proportion of flow in rivers of the Murray–Darling
Basin, particularly during low-rainfall periods. The result of the base-flow
assessment provides a technical background with regard to the key ecosystem
function. For example, if an unregulated river reach receives groundwater
base flow, it was ranked in the high-risk category, independent of the
quantitative proportion of groundwater-derived streamflow determined from
the base-flow assessment.
The Basin groundwater resources provide for a range of uses, including
support of environmental assets and ecosystem functions, irrigation
water, and drinking water for people and animals. The preservation of the
productive base means the maintenance of the groundwater volume and
quality, such that these uses can be maintained. Given that groundwater
quality (in particular groundwater salinity) was considered as part of the
key environmental outcomes for the resource, the analysis for the productive
base focuses on maintaining the volume of the resource. The risk to the
productive base was informed by calculating the ratio of aquifer storage to
aquifer recharge. The ratio of storage to recharge provides an indication of
the intrinsic nature of the aquifer, particularly in terms of its sensitivity to
short-term overextraction. For example, an aquifer that has a small storage to
recharge ratio will be sensitive to short-term overextraction and will also be
sensitive to error in the recharge calculation, given that the SDL is derived
from recharge. A reduction in recharge without a corresponding reduction
in the SDL could result in the mining of the groundwater resource. For
these reasons, an aquifer system with a low storage to recharge ratio has been
assigned a high-risk ranking, such that a smaller proportion of recharge is
allowed to be taken.
The Water Act (s. 4) defines the key environmental outcomes as a
combination of ecosystem function, biodiversity, water quality and water
resource health. In terms of the groundwater resources of the Basin, the key
environmental outcome is considered to relate to groundwater salinity. Each
SDL area was considered in terms of the risk to groundwater quality. Where
an aquifer contains a mixture of good-quality and poor-quality groundwater,
the risk of salinisation is greater than that for a predominantly fresh or
predominantly saline aquifer. A smaller proportion of recharge was assigned
where the risk of salinisation is higher.
An uncertainty ranking (high or low) is also assigned to each analysis. If the
WAVES modelling alone has been used, this will produce a high uncertainty
ranking. Other analyses such as numerical modelling or specific field data
that constrain flux estimates may change this to a low ranking. Intensively
developed groundwater resources are typically well investigated, often via
the development of a numerical groundwater flow model. For SDL areas
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Salinity levels near Loxton, South
Australia are managed by pumping
saline groundwater into an
evaporation pond (foreground)

represented by a numerical groundwater model, there is more certainty
inherent in the following parameters:
• Recharge — numerical modelling considers rainfall infiltration, flood
recharge, irrigation accession, throughflow and river leakage recharge
sources. Areas that are not represented by a numerical model have diffuse
recharge determined by WAVES modelling.
• Storage — the numerical model results will provide an indication of the
volume of groundwater in storage, whereas non-modelled areas will have a
less precise estimate of this volume.
• Extraction — areas represented by numerical models are more likely to
incorporate good-quality metered groundwater usage data, whereas nonmodelled areas are often managed less rigorously and groundwater usage
may be based on an estimation of extraction.
For areas of high uncertainty, the sustainability factor has been reduced to
make an allowance for the potential margin of error associated with that
factor. An area of identical risk ranking but lower uncertainty (e.g. an area
represented by a numerical groundwater model) will have a higher overall
sustainability factor, given that there is greater confidence associated with
that actor.
The sustainability factor is assigned on the basis of the:
• risk ranking of the environmentally sustainable level of take
• risk ranking of the key environmental outcome
• uncertainty ranking.
For low uncertainty ranking, the sustainability factor is assigned to be 0.1, 0.5
and 0.7 for high, medium and low environmental risk rankings, respectively.
For groundwater where salinisation is a risk, this is multiplied by 0.8 for
where the salinity levels are lowest (salinity class 1: fresh water), 0.9 for where
the salinity levels are low (salinity class 2: relatively fresh water) and by 1
in other cases. Where there is high uncertainty in relation to groundwater
information, the sustainability factor is halved commensurate with this
uncertainty.
The complete methodology was then applied at the scale of groundwater SDL
area to develop initial SDL estimates by multiplying the sustainability factor
by the recharge.
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Numerical groundwater modelling
Numerical groundwater modelling represents the third stage of the process
for quantifying SDLs in those cases where a detailed groundwater model is
available. This step follows the determination of water resource plan areas for
groundwater and the calculation of initial estimate SDLs for these areas from
the application of a recharge risk assessment method.
The objectives of numerical modelling are to provide information to
support the determination of the SDL proposals, to aid the specification of
any requirements for the groundwater water resource plan and to provide
information on impacts on surface-water streams. In order to satisfy the
environmentally sustainable level of take:
• where a key environmental asset that is also a groundwater-dependent
ecosystem has been identified in the vicinity of the extraction zone, impacts
of the extraction over a 50-year period on water levels in the surficial
aquifer at the site of the environmental asset should be such that the key
environmental asset is not compromised
• the numerical model also estimates the impact of extraction over a 50-year
period on nearby streams in order to assess that key ecosystem functions are
not compromised, particularly during low rainfall periods when base flow
from groundwater discharge accounts for a significant proportion of flow in
rivers
• for productive base, an SDL volume should be such that groundwater
levels are stabilised within a 50-year time period to a level that protects the
integrity of the groundwater resource
• in terms of the groundwater resources of the Basin, the key environmental
outcome is considered to relate to groundwater salinity. The numerical
models may also be able to inform some situations where groundwater
salinisation is an issue, but generally the models are not specifically
designed for this purpose.
Groundwater models have been developed and calibrated for the freshwater
aquifers that support most of the groundwater extraction in the Murray–
Darling Basin. Eleven groundwater models were considered in determining the
groundwater SDL. These are models that were developed or modified in the
CSIRO Murray–Darling Basin Sustainable Yields Project (CSIRO 2008). In
addition, results from some other existing models (where appropriate fit-forpurpose state or territory models existed) were used to inform the recharge risk
assessment method results (e.g. Angas–Bremer, Eastern Mount Lofty Ranges).
The 11 numerical models are all based on MODFLOW software. They cover
most of the major extraction zones of the Murray–Darling Basin (Upper
Condamine, Lower Gwydir, Lower Namoi, Upper Namoi, Lower Macquarie,
Upper Macquarie, Lower Lachlan, Upper Lachlan, Lower Murrumbidgee,
Mid-Murrumbidgee and the Southern Riverine Plains) (Figure 4.28). The
models cover areas that represent 73% of the Murray–Darling Basin 2007–08
extraction (CSIRO 2008). Most of these areas are located in New South Wales
and the models were generally developed by NSW state agencies. New models
were not constructed for the development of the proposed Basin Plan. These 11
groundwater flow models were, however, upgraded and improved by updating
and extending datasets in the calibration model.
For SDL areas that are represented by a numerical model, the modelled water
balance was used to develop the proposed SDL. This means that the total
recharge for the purposes of developing an SDL included contributions from
rainfall infiltration, flood recharge, irrigation accession, throughflow and
river leakage.
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Blue damselfly or wandering ringtail
at Reedy Swamp near Shepparton,
Victoria

For each numerical model, a suite of prediction scenarios was prescribed
involving various settings for extraction limit, entitlement and other features
associated with the management of the groundwater system. All scenarios
were run for 50 years. These scenarios were designed to test the sensitivity of
the proposed extraction limit to a range of drivers and to test the robustness
of the SDL proposals.
The model results of these future development scenarios were assessed in
relation to four environmentally sustainable level of take characteristics:
• stabilisation of groundwater levels (productive base and key environmental
outcome requirement)
• ability to maintain volume of extraction (productive base requirement)
• prevention of dewatering of confined aquifers (productive base and key
environmental outcome requirement)
• impact on surface-water streamflow (key environmental assets and key
ecosystem functions requirement).

192

Guide to the proposed Basin Plan Technical background Part I

Figure 4.28 The 11 largest and most developed alluvial groundwater systems where models were used to
calculate groundwater SDLs
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Trade from surface water to groundwater
For the groundwater SDL areas listed in Table 4.15, further development
is possible provided the relevant states undertake an assessment to identify
the maximum volume that could be taken from the groundwater system
without compromising the environmentally sustainable level of take. This
assessment would need to meet the water resource planning requirements
(see Section 6.1) to limit take spatially and temporally to ensure that
environmentally sustainable level of take characteristics are not compromised.
One mechanism to achieve this is by trade from surface water to
groundwater. This approach will ensure there is no reduction in surface-water
planned environmental water and allow groundwater use to grow where
feasible without compromising environmentally sustainable level of take
characteristics (see Section 6.2 for a definition of planned environmental
water). This approach relies on a 1:1 relationship between surface water
and groundwater; that is, surface water and groundwater are effectively
components of one water resource.
Table 4.15 G
 roundwater SDL areas where trade from surface water
is feasible
Groundwater SDL area

Jurisdiction

SDL (GL/y)

Australian Capital Territory (Groundwater)

ACT

4.4

Eastern Porous Rock: Macquarie–Castlereagh

NSW

5.2

Inverell Basalt

NSW

2.9

Lachlan Fold Belt: Lachlan

NSW

23.1

Lachlan Fold Belt: Macquarie–Castlereagh

NSW

47.7

Lachlan Fold Belt: Murray

NSW

5.1

Lachlan Fold Belt: Murrumbidgee

NSW

30.9

Liverpool Ranges Basalt

NSW

2.7

New England Fold Belt: Border Rivers

NSW

3.4

New England Fold Belt: Gwydir

NSW

4.1

New England Fold Belt: Namoi

NSW

15.6

Condamine Fractured Rock

Queensland

2.1

Queensland Border Rivers Fractured Rock

Queensland

6.8

Goulburn–Broken Highlands

Victoria

9.8

Murray Highlands

Victoria

4.4

Ovens Highlands

Victoria

3.2

Wimmera–Avoca Highlands

Victoria

0.2

Unassigned groundwater
In some areas where there are no transitional or interim water resource
plans, groundwater resources exist that are not fully developed to the
limit beyond which an environmentally sustainable level of take would
be compromised. In these areas, unassigned groundwater is the difference
between an environmentally sustainable level of take and the current level
of take. The volumes of unassigned water appear to provide a significant
opportunity for growth, but the low level of use in these systems may
reflect factors such as inaccessibility, high costs of extraction, low yield or
poor-quality (high salinity) groundwater. See Table 4.16 for volumes of
unassigned groundwater.

194

Guide to the proposed Basin Plan Technical background Part I

Table 4.16 Overview of groundwater SDLs including unassigned water

Region
Barwon–Darling
Border Rivers

Condamine–Balonne

Codea

Goulburn–Broken

Lachlan

Lower Darling

Macquarie–Castlereagh
Moonie

1.2

1.2

1.2

13

GS69

Sediments above the Great Artesian Basin:
Border Rivers

0.1

0.1

0.1

42

GS70

Sediments above the Great Artesian Basin:
Condamine–Balonne

0.3

0.3

0.3

5

St George Alluvium: Condamine–Balonne (deep)

7.5

7.5

7.5

12.6

St George Alluvium: Condamine–Balonne (shallow)

2.5

2.5

2.5

40

St George Alluvium: Warrego–Paroo–Nebine

0.3

0.3

0.3

6.5

Eastern Mount Lofty Ranges

19.3

19.3

19.3

33.5

Victorian Riverine Sedimentary Plain (deep; Renmark
Group and Calivil Formation)

89.6

89.6

89.6

127

Victorian Riverine Sedimentary Plain (shallow;
Shepparton Formation)

83.3

83.3

83.3

85

6.9

6.9

6.9

24

3

3

3

3.3

GS73

GS2

GS14

GS53

Orange Basalt

GS19

Adelaide Fold Belt

GS29

Kanmantoo Fold Belt

8.2

8.2

8.2

27.5

GS37

Lower Darling Alluvium

1.4

1.4

1.4

1.9

GS63

Western Porous Rock

29.3

29.3

29.3

71

GS46

NSW Alluvium above the Great Artesian Basin

1.2

1.2

1.2

29

GS62

Warrumbungle Basalt

0.5

0.5

0.5

0.6

GS71

Sediments above the Great Artesian Basin: Moonie

0.5

0.5

0.5

9

GS74

St George Alluvium: Moonie

0.5

0.5

0.5

1.7

GS7

SA Murray (Groundwater)

1.8

1.8

1.8

19

GS8

SA Murray Salt Interception Schemes

11.1

11.1

11.1

28

0

0

0

9.7

8.8

8.8

8.8

Wimmera–Mallee Border Zone (Loxton Parilla Sands)
GS17

Wimmera–Mallee Border Zone (Murray Group
Limestone)
Wimmera–Mallee Border Zone (Tertiary Confined
Sand Aquifer)

Paroo

Warrego

14.1
1.1

GS22

Billabong Creek Alluvium

2

2

2

6.1

GS49

NSW Sediments above the Great Artesian Basin

1

1

1

46

GS55

Upper Darling Alluvium

2.4

2.4

2.4

4.8

GS72

Sediments above the Great Artesian Basin:
Warrego–Paroo–Nebine

1.1

1.1

1.1

25.4

GS78

Warrego Alluvium

0.7

0.7

0.7

26.6

0

0

0

12

West Wimmera (Murray Group Limestone)

1.9

1.9

1.9

25.5

West Wimmera (Tertiary Confined Sand Aquifer)

0.8

0.8

0.8

4

Wimmera–Mallee Sedimentary Plain

0.6

0.6

0.6

27

West Wimmera (Loxton Parilla Sands)
Wimmera–Avoca

SDL
(GL/y)d

Lachlan Fold Belt: Western

Murray

Murrumbidgee

Current use
(GL/y)c

SDL
(including
unassigned
water)
(GL/y)e

GS34

GS75
Eastern Mount Lofty Ranges

SDL area

Current
diversion
limit
(GL/y)b

GS15
GS18

a This code relates to each SDL area in Figure 3.3, Section 3.2 of this volume.
b Current diversion limit is based on plan limit or current use if there is no plan.
c Current use is based on the 2007–08 level of use in most instances; however, where the 2003–04 to 2007–08 data were available, the average of these values were used.
d SDL figures exclude unassigned groundwater
e SDL figures in this column include unassigned groundwater
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Fossil groundwater
Fossil groundwater is a resource that has recharge rates so low as to effectively
be zero within the time frame of consideration of the proposed Basin Plan, yet
significant volumes exist in many fossil groundwater systems. Any extraction
from these resources is essentially mining the resource. A fossil groundwater
resource exists in the Mallee in Victoria and South Australia and it is possible
that similar resources may be discovered and developed in the future.
The extraction of groundwater in the Mallee in South Australia and western
Victoria along the state border is regulated by a cross-border agreement
contained in both South Australian and Victorian state legislation (the
Groundwater (Border Agreement) Act 1986 (SA and Vic.)). There are no key
environmental assets associated with this fossil resource, therefore no key
environmental asset is compromised by the take.
The designated area, which is a 40-km-wide strip centred on the South
Australia – Victoria border, is not connected to surface-water resources.
Therefore, there is no key ecosystem function (contribution to streamflow)
that can be compromised.
At the current rate of use it has been estimated that the fossil groundwater
resource in the Mallee in South Australia and in western Victoria will be
depleted by approximately 15% in 200 or more years. Continuing this rate of
take does not compromise the productive base.
The risk of salinisation of this groundwater will not be increased by the above
rates of groundwater extraction. Therefore, the key environmental outcome is
not compromised.
Hence it is considered that the level of extraction regulated by the border
agreement will not compromise the environmentally sustainable level of take.
The SDL proposals for fossil water in the Mallee in South Australia and in
western Victoria reflect the maximum permitted use under the state Acts.
This rate of decline (15% in 200 years) has also been adopted as the basis of
the SDL for connected fossil groundwater resources in adjacent SDL areas.
In the case that other fossil groundwater resources are discovered after the
Basin Plan is made, it is unlikely that they will be as large as the Mallee and
a different rate of depletion may be appropriate. For newly discovered fossil
groundwater resources, the resource should not be exhausted within a period
of 200 years, except where the proposed use is solely for critical human water
needs, in which case a period of 100 years is proposed.

Other considerations
Works and measures
The Living Murray program commenced in 2004, aiming to recover
500 GL/y for six environmental assets (icon sites) along the River Murray
including the river channel itself. A number of works and measures (e.g.
regulating structures, delivery channels) are being built to ensure that the
water can be effectively delivered to the identified assets.
The baseline model for the River Murray reflects The Living Murray
program’s environmental works and measures that have been built to date,
and those that are committed to be built. In the modelling undertaken
to develop surface-water SDLs, environmental demands for the various
environmental assets have been included either as a series of minimum flow
requirements or using environmental flow rules to achieve environmental
targets. These demands have not incorporated the environmental works
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and measures consistent with the hydrologic indicator site method. (That is,
indicator sites are used to inform provision of water to a range of locations
that are not neatly matched to particular works and measures.)

Snowy Mountains Hydro-electric Scheme (Snowy Scheme)
Provisions of the Basin Plan must not be inconsistent with the Snowy Water
Licence (Water Act s. 21(6)), and any variation to the licence after 3 March
2008 is to be disregarded for the purposes of the Basin Plan unless the
variation is prescribed by a regulation of the Australian Government (s. 21(7)).
The Snowy Water Licence was recently amended by the NSW Government.
The NSW Government and the federal Department for Sustainability,
Environment, Water, Population and Communities are aware of the
implications of the licence variation in relation to the Water Act and the
department has advised its intention to seek an amendment to the relevant
regulations in 2010 to recognise this variation.
The proposed Basin Plan has been developed consistent with the Snowy
Water Licence as amended, anticipating a regulation being made before
finalisation of the Basin Plan.

Salt interception schemes
Salt interception schemes divert saline groundwater before it enters rivers
and streams. They are constructed and operated for the purpose of meeting
river water quality targets. In most cases, a multiple wellpoint borefield and
pump system extracts groundwater and pumps it to an evaporation basin
some distance from the river. In some cases, saline surface water (irrigation
drainage, including irrigation return flows, saline groundwater discharge and
rainfall run-off) is also diverted to evaporation basins.
Salt interception schemes have not traditionally been included in Basin state
entitlements and allocations, but the diversion of water by salt interception
schemes falls into the definition of ‘take’ described in the Water Act (s. 4),
and will be limited by SDLs.
While salt interception schemes in some cases remove water that has already
been accounted for as surface-water take (i.e. by removing water that has
recharged in the form of leakage from irrigation areas), it is impossible to
differentiate between the various forms of recharge.
In South Australia, the SA Murray Salt Interception Schemes SDL Area
(GS8) has been created for salt interception schemes along the River Murray,
from upstream of Morgan to the NSW and Victorian border, defined by
a 10-km band north and south of the river. Other than salt interception
schemes, there is no known groundwater take in this area as it is mostly
highly saline.
For New South Wales and Victoria, SDL proposals have been developed to
reflect the salt interception schemes take in these areas.
Basin states will be required to put in place appropriate arrangements
to address this form of take for both existing and planned salt
interception schemes.

Buronga groundwater salt interception
scheme near Buronga,
New South Wales

Managed aquifer recharge
Managed aquifer recharge is the intentional recharge of water to aquifers for
subsequent recovery or environmental benefit and is a similar concept to that
of return flows. Managed aquifer recharge can help to sustain groundwater
supplies (Dillon et al. 2009) and includes many different techniques that use
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combinations of infrastructure, such as rivers, ponds and boreholes, to achieve
the desired objective of aquifer recharge. A number of managed aquifer
recharge schemes exist or are proposed within the Basin.
The National Water Quality Management Strategy, adopted in 1994, is an
Australian guideline that includes a framework for managing the health and
environmental risks of managed aquifer recharge.
Possible water sources for managed aquifer recharge are:
•
•
•
•

stormwater
water recycled from wastewater treatment plants
water from streams and lakes
groundwater drawn from other aquifers or drawn remotely from the
same aquifer
• water from drinking water distribution systems, including
desalinated seawater.
All recharge water for a managed aquifer recharge project sourced from
Murray–Darling Basin water resources is considered ‘take’ and must be
accounted for appropriately under the relevant water resource plans. Under
the proposed Basin Plan, groundwater recovered from a managed aquifer
recharge scheme will not be take that is limited by the relevant groundwater
SDL. However, any part of take related to the managed aquifer recharge
scheme that is in excess of the volume of managed aquifer recharge plus losses
will be limited by the relevant groundwater SDL. There may be additional
regulations with respect to the recoverable volume of water under state or
territory law.

4.5 Implications of the proposals for
long-term average sustainable
diversion limits
Implementation of the proposals for long-term average sustainable diversion
limits (SDLs) in the Basin Plan will cause significant change to the diversion
and use of water resources, and consequently to the allocation of other
productive resources in the Basin and national economy.
The Murray–Darling Basin Authority (MDBA) recognises that reducing
current diversion limits in accordance with the proposal to provide additional
water for the environment will have a range of economic, social and
environmental implications, both positive and negative.
Section 4.3 of this chapter describes the conceptual framework and approach
used to analyse the potential social and economic implications of the
diversion limit scenarios to be included in the proposed Basin Plan. This
section assesses the likely implications of each scenario.
The section first discusses the implications for agriculture and other
industries in the Basin, focusing specifically on irrigated agriculture as the
largest consumer of water in the Basin. The analysis considers the effect
on the Basin’s major irrigated agricultural industries — cotton, rice, dairy
and horticulture. Associated regional impacts are also assessed, as well as
the effect on local communities and flow-on effects for the wider economy.
Finally, this section considers some of the benefits likely to be provided by the
SDL proposals.
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Implications for irrigated agriculture
As noted in Chapter 2, in 2005–06 the Basin accounted for approximately
39% ($15 billion) of Australia’s agricultural output, which in turn contributed
about 2.3% to the nation’s gross domestic product. Of the Basin’s agricultural
output, irrigated agriculture accounted for 45% ($5.5 billion) of the value of
production in 2005–06.
To understand the likely impacts of introducing an SDL on irrigated
agriculture and the flow-on effects to the wider Basin economy, MDBA
commissioned the Australian Bureau of Agricultural and Resource
Economics – Bureau of Rural Sciences (ABARE–BRS 2010a) to undertake
economic modelling to estimate changes in land and water use and in the
gross value of irrigated agricultural production for a number of agricultural
sectors and the Basin regions.
Not unexpectedly, the analysis indicates that the greater the reduction in
current diversion limits, the greater the economic impact on the agriculture
sector. The estimated Basin-scale impacts for irrigated agriculture are shown
in Table 4.17. Unless stated otherwise, the analysis presented in this section
assumes an interregional trade scenario.
At Basin scale, it is estimated that gross value of irrigated agricultural
production would decline by around 13% under a 3,000 GL/y scenario to a
new level of $5,415 million. Under a 3,500 GL/y scenario, the decline in gross
value of irrigated agricultural production would be 15%; at 4,000 GL/y, it
would be 17%. These results assume trade of water away from relatively lower
value broadacre activities to relatively higher value horticultural activities.
Table 4.17 S
 ummary of economic impacts of reduced diversion limits on irrigated agricultural activity:
Murray–Darling Basina
Baseline

Basin Plan

Change (%)

Value change

10,403

7,736

–26

–2,666

3,000 GL Basin Plan scenario
Water use (GL/y)b
Gross value of irrigated agricultural production ($m/y)

6,220

5,415

–13

–805

Profit ($m/y)

1,956

1,833

–6

–123

59,033

58,359

–1.1

–674

922

921

–0.09

–0.76

10,403

7,311

–30

–3,091

6,220

5,280

–15

–940

Gross regional product ($m/y)
Basin employment (‘000)c
3,500 GL Basin Plan scenario
Water use (GL/y)b
Gross value of irrigated agricultural production ($m/y)
Profit ($m/y)
Gross regional product ($m/y)
Basin employment (‘000)c

1,956

1,804

–8

–152

59,033

58,240

–1.3

–793

922

921

–0.1

–0.92

10,403

6,895

–34

–3,507

4,000 GL Basin Plan scenario
Water use (GL/y)b
Gross value of irrigated agricultural production ($m/y)

6,220

5,145

–17

–1,075

Profit ($m/y)

1,956

1,773

–9

–183

59,033

58,122

–1.5

–911

922

921

–0.12

–1.1

Gross regional product ($m/y)
Basin employment (‘000)c

a Estimates are based on modelling that includes intraregional and interregional water trade in the southern Basin.
b Water use includes irrigation sourced from groundwater and surface water, and is based on estimates of use in irrigation. It differs from long-term average diversion
limits, which include additional volumes of water not used for irrigation, such as that lost during transmission through irrigation channels.
c Percentage impacts for employment differ across scenarios while employment levels reported here are the same. This reflects the effects of rounding.
Source: ABARE–BRS (2010a)
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Without interregional trade, the estimated fall in gross value of irrigated
agricultural production would be 14, 16 and 19% under the 3,000, 3,500 and
4,000 GL/y scenarios respectively. Without interregional water trade in the
southern Basin, the loss is estimated to be greater because water would not be
moving freely across regional borders to more profitable uses. It is likely that
actual water trades would result in impacts between the two estimates for
‘with’ and ‘without’ trade.
Table 4.17 also shows much longer-term estimates for gross regional product
and employment for the Basin as a whole, resulting from the flow-through
impact of reduced irrigated agricultural activity. Under the three scenarios,
reductions in irrigated agricultural activity are estimated to result in
permanent, long-term reductions in gross regional product of about 1.1 to
1.5%. However, these modelling results provide estimates of the economic
impacts in the Basin in isolation from other relevant government water policy.
Impacts will be lessened in accordance with the effectiveness of other policies.
For example, recent ABARE estimates for a 3,500 GL/y scenario indicate
that the Australian Government’s $12.6 billion Water for the Future program
would reduce the impact on the long-term Basin gross regional product from
about 1.4% to about 0.7%. Gross regional product is the measure of total
economic production in the Basin; the estimate of the fall in Basin gross
regional product excludes effects on the economy of the Australian Capital
Territory. Gross regional product estimates are only partial estimates of
changes in welfare and do not include any social costs or benefits associated
with the proposed SDLs, or any social, economic or environmental benefits
from increased environmental flows.
The Water for the Future program includes the Restoring the Balance water
entitlement purchase program and the Sustainable Rural Water Use and
Infrastructure Program. Water for the Future is likely to mitigate the eventual
impacts on regional communities by providing additional water savings which
offset diversion limit reductions (through infrastructure investments), and by
providing regional economic stimulus (through entitlement sale proceeds and
infrastructure investment expenditure) (ABARE–BRS 2010c).
In terms of employment impacts, in isolation from other government
programs that may affect employment levels, the estimates provided for
MDBA (ABARE–BRS 2010a) indicate that in the long term, approximately
800–1,000 full-time jobs would be lost Basin-wide, or around 0.1% of
current employment levels. At the national level, in the long term, the decline
in gross domestic product (from a baseline of $759 billion) is estimated to
be in the order of 0.11% to 0.15% ($0.8 to $1.1 billion) with about 0.03%
(approximately 3,000) fewer jobs in the future economy.

Comparison with other model results
As described in section 4.3, additional analysis was undertaken by the
Centre of Policy Studies at Monash University (Wittwer 2010) and the
Risk and Sustainable Management Group at the University of Queensland
(Mallawaarachchi 2010) to provide further insights into the likely impacts.
As would be expected, some differences emerge from the results. For the
3,500 GL scenario, ABARE’s Water Trade Model estimates a decline
in Basin gross regional product of –1.3%, whereas the Centre of Policy
Studies estimates a significantly smaller reduction of –0.12% of gross
regional product.
One of the primary reasons for output variance between the two models
is the extent to which factors of production (land, labour and capital) are
assumed to be mobile. The Centre of Policy Studies model implicitly assumes
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that factors of production are highly mobile between the sectors of the
economy, whereas the ABARE modelling framework has a more restrictive
degree of mobility. The two sets of results illustrate that the net economic
effects of reducing diversion limits depend on a variety of factors, as discussed
in Section 4.3, and caution needs to be exercised in interpreting results. The
results also show that the ability of regional economies to reallocate economic
activity from irrigated to non-irrigated agriculture and the flow-on effect from
agriculture to other economic activities requires closer scrutiny to understand
the impacts in more detail.
The University of Queensland’s Risk and Sustainable Management Group
assessed the potential impacts of one of the earlier scenarios used in MDBA’s
consideration of socioeconomic implications, which was equivalent to a 35.5%
reduction in agricultural water use (Mallawaarachchi 2010). Results indicate
a 16% reduction in gross value of irrigated agricultural production, equating
reasonably closely to ABARE’s analysis of a 15% reduction in gross value of
irrigated agricultural production for a 3,500 GL scenario. The similarity in
results in these two model outputs provides some level of confidence in the
estimate of impacts on irrigated production.
For a better understanding of the flow-on effects, MDBA commissioned
additional consultancies, in particular those by Marsden Jacob Associates et
al. (2010) and the Bureau of Rural Sciences and University of New England
(ABARE–BRS 2010b), as noted in Section 4.3.

Regional implications
When viewed from a national or Basin-wide perspective, the effects of the
scenarios for reducing current diversion limits are estimated to be quite
modest. However, this analysis disguises the fact that the most significant
negative impacts of a reduction in water available for consumptive use will
be concentrated in particular subregions and their local communities. It is in
these communities that significant social and economic impacts will be felt,
particularly in the short term, as they adjust to the changes that result from
implementation of the Basin Plan.
At a regional level, it is estimated that the largest reductions in average annual
gross value of irrigated agricultural production would be spread across the
northern and southern Basin (ABARE 2010a). Figure 4.29 shows the range of
results for all regions. It should be noted that the SDL proposals vary between
regions for both volumetric and percentage measures.
The largest estimated decreases in gross value of irrigated agricultural
production across the range of proposed diversion limits are likely to occur
in the southern Basin, with relatively large declines estimated for the
Murrumbidgee, Goulburn–Broken, NSW Murray, Victorian Murray and
Loddon–Avoca regions. In percentage terms, the biggest reductions would be
in the Murrumbidgee (22–29%), NSW Murray (16–23%) and the Loddon–
Avoca (15–23%) regions.
Overall, the largest percentage changes are estimated in the northern Basin
— in the Moonie (34–42%) and Gwydir (22–29%) regions — while the
biggest absolute reductions in the northern Basin are likely to be in the
Gwydir, Condamine–Balonne, Namoi and Macquarie–Castlereagh regions.
The estimated reductions in gross value of irrigated agricultural production
in the Moonie, Gwydir and Barwon–Darling regions are high in relation
to the reductions in water use; this is due to a relatively undiversified landuse pattern and little opportunity for water trade, with cotton tending to
represent more than 80% of total irrigated land use in these regions.

Hay-baling contractor with equipment
used to bale failed cereal crops to supply
stockfeed for farmers in the Oaklands
area, New South Wales, during
drought in 2007
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Figure 4.29 Estimated reductions in gross value of irrigated agricultural production, due to reductions in
current diversion limits: Murray–Darling Basin

Figure 4.30 Estimated share of baseline gross value irrigated agricultural production for key commodities,
due to reductions in current diversion limits: Murray–Darling Basin
Source: ABARE–BRS (2010a)
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Effects of interregional trade
ABARE undertook an analysis of the effects of each diversion limit scenario on
the average annual gross value of irrigated agricultural production in the Basin,
assuming both interregional trade (as presented above) and no interregional
trade. Intraregional trade (within regions) is accounted for in all scenarios.
Notably, the larger the SDL reduction, the more difference in the results caused
by allowing for interregional water trade in the connected southern Basin.
Under a 3,000 GL scenario, the decline in gross value of irrigated agricultural
production was around $84 million higher without interregional trade, while
for a 4,000 GL scenario, the decline in gross value of irrigated agricultural
production was around $115 million higher without interregional trade.
The significance of the difference in the estimates is more apparent at a regional
scale. In the southern Basin, the ability to engage in interregional trade can
reduce the overall impact of reductions in current diversion limits on gross
value of irrigated agricultural production (Frontier Economics 2010; ABARE–
BRS 2010a). Trade allows for water to be moved to relatively higher-value uses
out of regions where irrigators are heavily engaged in relatively lower-value
activities. However, while interregional trade can offset the impacts of reduced
diversion limits on gross value of irrigated agricultural production in some
regions, it can exacerbate impacts in other regions, depending on whether
regions are net buyers or sellers of water.
The net result of the movement of water to relatively higher-value production
activities is that the estimated reduction in gross value of irrigated agricultural
production tends to fall in the Lower Murray–Darling, Campaspe, Goulburn–
Broken, Victorian Murray and SA Murray regions, and increases in the
Murrumbidgee and NSW Murray regions.
In practice, it could be expected that the indicative outcome may lie somewhere
between the two estimates, depending on how rapidly adjustment occurs and
the flexibility of water trade markets.

Implications for industry
As with individual regions, each scenario will have different effects across
commodities. Figure 4.30 shows the impact of the range of the proposed
diversion limits on gross value of irrigated agricultural production for
key commodities.
Figure 4.30 outlines the estimated revised capacity relative to the analysis
baseline for each commodity, and indicates that broadacre irrigated agriculture
would be most likely to be affected, while most perennial and annual
horticultural crops are less likely to be affected.
These results are consistent with water being traded away from lower value
broadacre activities to higher value horticultural activities.
In terms of commodities, the results suggest annual irrigated broadacre
activities would incur the largest reductions in the gross value of irrigated
agricultural production (both in percentage change and absolute terms),
whereas the decline in the value of horticultural activities (both annual and
perennial) is relatively modest. Least affected of the broadacre activities
is cotton, with an estimated 20–26% decline in gross value of irrigated
agricultural production compared with rice (31–43%) cereals (39–51%) and
hay (42–55%). Livestock activities, dependent on the production of irrigated
fodder, are estimated to be variously affected, with gross value of irrigated
agricultural production for sheep being reduced by 26–36%, and beef cattle
and dairy by around 10% (ABARE–BRS 2010a).
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Canola crop near Temora, 2010,
New South Wales

Northern Basin and southern Basin
In examining the broader social and economic implications, it is important to
recognise the key differences between the northern and southern areas of the
Basin. In the northern Basin there are highly variable river flows, few public
storages and many large-volume private storages. There are some small farms
and a limited number of communal irrigation schemes. Cotton represents
more than 50% of the gross value of irrigated agricultural production
in the northern Basin, and the economic and social outcomes of many
communities are notably linked to this commodity and its related activities,
such as processing. In contrast, southern Basin irrigation is highly regulated
with large public storages, many small farms and large communal irrigation
schemes. Dairy, rice and horticulture are the predominant activities.
The implications of each diversion limit scenario by region and sector
for the northern and southern Basin respectively are discussed in the
following sections.

Northern Basin
The estimated impacts on water use and gross value of irrigated agricultural
production for the northern Basin regions are presented in Table 4.18.
A summary of the likely flow-on effects and responses for key irrigation
districts, as recorded by Marsden Jacob Associates et al. (2010) for 20% and
40% scenarios respectively, is shown in Table 4.19. The 3,000 GL, 3,500 GL
and 4,000 GL scenarios represent proposed average reductions of between
22% and 29% in current diversion limits at Basin scale.
The Warrego, Paroo, Moonie and Barwon Darling regions were not analysed
in this study and the areas shown relate to the associated irrigation districts
within the broader CSIRO Murray–Darling Basin Sustainable Yields Project
regions (CSIRO 2008). In recording responses from regional stakeholders, it
was assumed that no government adjustment assistance would be provided.
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Table 4.18 E
 stimated water use and share of baseline gross value of irrigated agricultural production, due to
reductions in current diversion limits: northern Murray–Basin
Baseline

3,000 GL

Gross
value of
irrigated agricultural
Water produuse
ction

Water use

3,500 GL

Gross value
of irrigated
agricultural
production

Gross value
of irrigated
agricultural
production

Water use

$m

% of
baseline

Water use

GL

$m

GL

Condamine–
Balonne

458

457

324

71

394

86

310

68

386.99

85

296

65

380

83

Border Rivers
(Qld)

216

245

178

82

227

93

172

79

224.25

91

166

77

221

90

Border Rivers
(NSW)

245

185

197

80

164

89

190

77

160.3

87

182

74

157

85

11

7

7

61

6

88

7

61

6.15

88

6

56

6

87

4

6

4

100

6

100

4

100

6.14

100

4

100

6

100

Namoi

581

332

469

81

279

84

458

79

273.47

82

446

77

268

81

Macquarie–
Castlereagh

465

275

352

76

231

84

339

73

225.9

82

326

70

221

80

Moonie

63

40

40

64

26

66

38

60

25.05

63

35

55

23

58

Gwydir

575

321

428

74

250

78

402

70

236.88

74

376

65

223

70

Barwon–
Darling

480

172

376

78

139

81

360

75

133.77

78

344

72

129

75

Northern
Basin

3,099

2,039

2,374

77

1,722.27

84

2,279

74

1,678.9

82

2,182

70

1,634

80

Paroo

GL

% of
baseline

Gross value
of irrigated
agricultural
production

% of
baseline

Warrego

$m

% of
baseline

4,000 GL

GL

% of
baseline

$m

% of
baseline

Source: ABARE–BRS (2010a)

Table 4.19 S
 ummary of indirect (flow-on) responses to changes in diversion limits:
northern Murray–Darling Basin
Region

Key sectors

–20% scenario
Some positive impacts from implementation of
water-use efficiency as temporary investment and
employment to establish new infrastructure occurs.

–40% scenario
One gin in broader Lower Balonne could close.
Permanent migration out of the region, changing
demographics (fewer people of working age) and
affecting the viability of many businesses and the
potential viability of some government services.

Lower Balonne
(Condamine–Balonne)

Cotton, grapes and other
horticulture

Border Rivers

Cotton, horticulture,
livestock

Significant loss of economic activity in waterdependent communities.

Major loss of economic activity in waterdependent communities and significant loss of
activity in more diverse centres.

Gwydir

Cotton, broadacre,
livestock

Significant loss of economic activity in waterdependent communities.

Major loss of economic activity in waterdependent communities and significant loss of
activity in more diverse centres.

Namoi

Cotton, broadacre,
livestock

Significant loss of economic activity in waterdependent communities.

Major loss of economic activity in waterdependent communities and significant loss of
activity in more diverse centres.

Cotton processing

A permanent reduction in production would see
consolidation of processing capacity with closure
of one gin.

Probable halving of the processing capability
with closure of two gins. Significant reduction in
employment and value adding.

Service sectors

Some loss of capacity and employment across
sectors including retail, pubs and clubs.

Major impact on service sectors, undermining
the quantum needed to support these services.

Macquarie Valley
(Macquarie–Castlereagh)

Lower ongoing levels of employment in gins and
other upstream and downstream sectors (e.g. farm
inputs and transport).

Source: Marsden Jacob Associates et al. (2010)
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Cotton

Cotton, as the dominant irrigated crop in the northern Basin, warrants
further analysis. Cotton growing is an annual activity where the area planted
can be varied dramatically between seasons in response to fluctuations in
water availability. Drought conditions in recent years have seen a significant
reduction in the areas of cotton planted and cotton production across the
Basin. Cotton is grown in the Queensland Condamine–Balonne region, the
NSW regions of Gwydir, Namoi, Macquarie–Castlereagh and Lachlan, and
the Border Rivers region (New South Wales 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 modelling)
provide an indication of places where downstream processing may be affected.
While generally considered part of the southern Basin, Lachlan has been
incorporated to better reflect its connection to the northern Basin.
For each region the estimated revised capacity, relative to the analysis
baseline, is shown in Figure 4.31.

Figure 4.31 Estimated share of baseline gross value irrigated agricultural production for cotton industry, due
to reductions in current diversion limits: Murray–Darling Basin
Source: ABARE–BRS (2010a)
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The ABARE Water Trade Model results indicate that water use for irrigated
cotton would decline by between 20 and 26% over the range of SDL
proposals. These proposals would result in a reduction in value of annual
irrigated cotton production of between 19 and 26%. This is in contrast to
recent experience during the drought, in which 2006–07 cotton production
in the Basin was 59% lower than in 2000–01.
The recent run of poor seasonal conditions has been reflected in irrigation
survey data (ABARE–BRS 2010a), with a limited number of sample farms
reporting planting cotton (2% in 2006–07). The effect of the drought has
also been reflected in financial performance, with an estimated mean net
unit return for cotton of approximately –$1,300/ha planted in 2006–07
(Hughes, Mackinnon & Ashton 2009). This negative return per ha planted
is because of poor yields and a substantial proportion of drought-induced
crop failure. While estimated average enterprise returns are significantly
negative for cotton, whole-of-farm returns were still positive, as farms with
cotton generally undertake a range of other cropping and livestock activities,
particularly during drought.
Analysis identifies a number of cotton gins in the Basin that have been
noticeably affected by the reduced water diversions during the recent drought
(Marsden Jacob Associates et al. 2010). For example, this year it was reported
that nine gins in the Gwydir region were running well below optimum
levels; in the Macquarie–Castlereagh region, one of five gins is reported to
have closed, while 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. Significant changes in
economic activity that result from the SDL proposals may affect the ability
of some of these gins to recommence production (Marsden Jacob Associates
et al. 2010).

Southern Basin
The results in Table 4.20 show the estimated revised irrigated agriculture
water use and change in gross value of irrigated agricultural production for
regions and industries of the southern Basin over the range of SDL scenarios.
A summary of the likely flow-on effects and responses for key irrigation
districts, as recorded by Marsden Jacob Associates et al. (2010) for scenarios
of 20% and 40% respectively, is shown in Table 4.21. For reference, the
3,000 GL, 3,500 GL and 4,000 GL scenarios represent proposed average
reductions of between 22% and 29% in current diversion limits at the
Basin scale.
Some of the Victorian Murray and the Goulburn–Broken, Campaspe and
Loddon–Avoca regions were grouped together as the Goulburn–Murray
Irrigation District for the purposes of the study. Ovens, Wimmera and
Eastern Mount Lofty Ranges regions were not analysed by this study.
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Table 4.20 E
 stimated water use and share of baseline gross value of irrigated agricultural production, due to
reductions in current diversion limits: southern Murray–Darling Basin
Baseline

3,000 GL

Gross
value of
irrigated agricultural
Water produuse
ction

Water use

3,500 GL

Gross value
of irrigated
agricultural
production

$m

GL

249

165

197

79

151

91

190

77

149

90

184

74

147

89

2,825

890

1,820

64

696

78

1,666

59

665

75

1,503

53

630

71

22

56

18

83

54

97

18

80

54

97

17

77

53

96

Goulburn–Broken

765

704

613

80

634

90

586

77

621

88

558

73

607

86

Campaspe

149

134

122

82

121

91

115

77

118

88

109

73

115

86

6

13

6

100

13

100

6

100

13

100

6

100

13

100

Loddon–Avoca

499

284

360

72

241

85

320

64

226

80

301

60

220

77

Murray (NSW)

1,331

409

952

72

343

84

886

67

330

81

820

62

317

77

Murray (Vic)

943

779

800

85

723

93

778

82

713

92

754

80

702

90

Lower Murray
Darling

65

71

58

90

67

94

57

88

66

93

55

86

65

92

372

514

341

92

488

95

335

90

484

94

329

89

479

93

Eastern Mount
Lofty Ranges

79

163

77

97

163

100

77

97

163

100

77

97

163

100

Southern Basin

7,303

4,181

5,363

73

3,693

88

5,033

69

3,601

86

4,713

65

3,510

84

Ovens

Wimmera

Murray (SA)

Source: ABARE–BRS (2010a)
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$m

% of
baseline

Water use

Gross value
of irrigated
agricultural
production

GL

Murrumbidgee

GL

% of
baseline

Gross value
of irrigated
agricultural
production

% of
baseline

Lachlan

$m

% of
baseline

Water use

4,000 GL

GL

% of
baseline

$m

% of
baseline

Table 4.21 S
 ummary of indirect (flow-on) responses to changes in diversion limits:
southern Murray–Darling Basin
Region

Key sectors

–20% scenario

–40% scenario

Horticulture

Post-farm processing and direct marketing
expected to continue at similar levels, subject to
commodity and water prices.

Post-farm processing and direct marketing
expected to continue at lower levels, subject to
commodity and water prices.

Broadacre

Freight of hay and grain and grain handling and
storage requirements reduced. Cotton gin at
Hillston to reduce capacity.

Freight of hay and grain and grain handling and
storage requirements reduced. Cotton gin at
Hillston to reduce capacity.

Horticulture

Post-farm processing expected to continue
at similar levels subject to commodity and
water prices.

Post-farm processing expected at lower levels;
may involve rationalisation of citrus-packing
facilities. Any rationalisation of wine industry
infrastructure and citrus juicing infrastructure
will depend on a broader restructure of these
industries in the Riverland, Sunraysia and
Murrumbidgee regions.

Rice

Rice aerated storages to be rationalised. Only one
mill in the region likely to operate.

Rice mill at Coleambally unlikely to operate.

Horticulture

Post-farm processing expected to continue,
subject to commodity process and water prices.

Post-farm processing expected to continue,
subject to commodity prices and water prices, at a
lower level due to fewer growers.

Dairy

Milk processing expected to continue in
northern Victoria.

Milk processing expected to continue in northern
Victoria, at a lower level due to fewer growers.

Rice

Rice aerated storages to be rationalised. One of
two mills at Deniliquin unlikely to operate.

Rice mill at Deniliquin unlikely to operate.

Dairy, horticulture, mixed

Already delivered by buybacks and Northern
Victoria Irrigation Renewal Project.

Already delivered by buybacks and Northern
Victoria Irrigation Renewal Project, although may
affect confidence, leading to towns dependent on
dairy coming under threat.

Some loss of plantings resulting in reduced
seasonal work and closure of some wineries.

Larger-scale losses of plantings and resulting in
lost direct and indirect employment. Community
district viability questionable for some areas.
Large-scale social impacts would be expected,
e.g. high unemployment and social costs.

Some loss of plantings resulting in reduced
seasonal work and closure of some wineries.

Larger-scale losses of plantings, resulting in lost
direct and indirect employment. Community district
viability questionable for some areas. Largescale social impacts would be expected, e.g. high
unemployment and social costs.

Lachlan

Murrumbidgee

Central Murray

Goulburn–Murray
Irrigation District

Nyah to Border
(including NSW and
Victorian Sunraysia)

Riverland

Perennial and annual
horticulture

Perennial and annual
horticulture

Rice

Rice is a significant annual crop in the NSW Murray and Murrumbidgee
irrigation regions, and planted areas vary greatly depending on
water availability.
The ABARE Water Trade Model results indicate that water use for rice
would fall by between an estimated 31 and 44% on average across the three
scenarios, resulting in an estimated 30 and 43% reduction in the average
annual gross value of rice produced in the Basin. To put this in perspective, as
a result of the recent drought, 2006–07 rice production in the Basin was 84%
lower than in 2000–01.
For the NSW Murray and Murrumbidgee regions, the estimated revised
capacity relative to the analysis baseline is shown in Figure 4.32. This shows
that rice-growing in the Murrumbidgee region is expected to be affected
slightly more than in the NSW Murray.
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Figure 4.32 Estimated share of baseline gross value irrigated agricultural production for rice industry, due to
reductions in current diversion limits: Murray–Darling Basin
Source: ABARE–BRS (2010a)

The recent drought has been reflected in irrigation survey data (ABARE–
BRS 2010a), with only 3% of sampled farms in 2006–07 reporting having
planted rice. A mean net unit return for rice of over –$1,000/ha planted was
estimated in 2006–07 (Hughes, Mackinnon & Ashton 2009). The negative
return reflects poor yields and a substantial proportion of failed crops. As
with cotton, whole-of-farm returns were still positive on average, given that
farms with rice generally undertake a wide range of other livestock and
cropping activities, particularly during drought.
The low production of the past seven years has had significant flow-on
effects to processing facilities, with a number of rice mills and many of the
storage depots having reportedly been placed in care and maintenance mode.
This has significantly affected employment. According to Marsden Jacob
Associates et al. (2010), employment in Australian rice storage and processing
fell from approximately 1,300 people at the peak of production in 2000–01
to 400 in 2009–10. It is suggested that a return to long-term average
production would be likely to result in full use of all facilities (Marsden Jacob
Associates et al. 2010).
Before the drought, the rice industry operated milling facilities at Griffith,
Leeton and Coleambally in the Murrumbidgee region and at Deniliquin in
the NSW Murray region. The Griffith mill has since been decommissioned
and the Leeton facility is the only mill currently operating (Marsden
Jacob Associates et al. 2010). The ABARE assessment of the Australian
Government’s water purchase program (Hone et al. 2010) considered the rice
processing industry in some detail.
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The combined processing capacity of the Leeton, Coleambally and
Deniliquin mills is around 1.2 million t/y (Hone et al. 2010). The Leeton
mill has a capacity of 200,000–250,000 t/y 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 600,000–630,000 t/y. It
processes rice mainly for the export market. The Leeton and Deniliquin mills
can process around 800,000–880,000 t/y, which is in line with industry
expectations for future production.
In the past, all rice produced in the NSW Murray was stored and processed
in the region, with the majority exported as labelled supermarket produce.
However, since the storage and processing infrastructure was placed in care
and maintenance mode, rice has been transported to processing facilities
in the Murrumbidgee region. Employment at the Deniliquin rice mill
is reported to have fallen from 400 to approximately 80 between 2000
and 2005, with the mill in care and maintenance mode (Marsden Jacob
Associates et al. 2010).
A long-term 20–40% reduction in current diversion limits would be
expected to lead to a proportional reduction in product throughput, affecting
employment at processing facilities (Marsden Jacob Associates et al. 2010).
Under this scenario, a number of the regional aerated storages might be
rationalised and transport requirements could be significantly reduced. The
gross domestic return from the industry would fall in proportion to the fall
in production.
Dairy

Dairy farming in the Basin takes place mainly in northern Victoria, in the
Campaspe, Goulburn–Broken, Loddon–Avoca and Victorian Murray regions,
and in the NSW Murray region. Generally, there are more adaptation options
(such as purchasing feed for cattle) than for rice and cotton growers. As such,
for a given reduction in water use, dairy production is not expected to fall to
the same extent as in those industries.
The ABARE Water Trade Model results indicate that water use for irrigated
dairy could fall by between around 11–16% on average across the three
scenarios, resulting in an estimated 7 and 12% reduction in the average
annual gross value of dairy produced in the Basin (ABARE–BRS 2010a).
For each dairy region, the estimated revised capacity relative to the analysis
baseline is shown in Figure 4.33. Although the Loddon–Avoca region shows a
slightly larger reduction in gross value of irrigated agricultural production, the
results are fairly evenly spread across all the regions.
While dairy production is less variable than cotton and rice from year to year,
the drought saw a 5% fall in the Basin between 2000–01 and 2006–07.
Important coverage of the dairy industry is provided by ABARE dairy
industry data (Dharma & Martin 2010) and in the survey of irrigation
farms in the Basin (Ashton & Oliver 2009). Much of the improvement
in the industry’s financial performance between 2006–07 and 2007–08,
as shown in Table 4.22, 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.

Friesian dairy cattle near
Tongala, Victoria

Chapter 4 New arrangements

211

Figure 4.33 Estimated share of baseline gross value irrigated agricultural production for dairy industry, due to
reductions in current diversion limits: Murray–Darling Basin
Source: ABARE–BRS (2010a)

Table 4.22 A
 verage financial performance of irrigated dairy farms by region, 2006–07 and 2007–08:
Murray–Darling Basin
Farm cash income
2006–07
$

2007–08
$

Condamine–Balonne

41,058

Murray

Farm business profit

Rate of return

2006–07
$

2007–08
$

2006–07
%

69,975

–46,395

24,226

–0.6

3.8

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

Eastern Mount 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

Region

Source: ABARE–BRS (2010a). Caution should be used when comparing estimates.
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2007–08
%

A detailed analysis of the dairy industry in the southern Basin (the Murray,
Eastern Mount Lofty Ranges, Goulburn–Broken, Loddon–Avoca and
Campaspe regions) is provided in Beale, Radcliffe & Ryan (2009). Due to
high transport costs, around 95% of raw milk is generally transported to a
dairy processing facility within 200 km of the farm gate (Beale, Radcliffe
& Ryan 2009), so any effects on dairy processing would probably be
seen fairly close to areas where dairy production is projected to decline
most significantly.
Dairy processors produce a range of products for domestic and international
markets. In Victoria, around two thirds is exported in the form of
manufactured products such as butter, cheese and milk powder, with less than
10% destined for domestic drinking milk (Beale, Radcliffe & Ryan 2009).
There are six major dairy processing companies in the southern Basin: Murray
Goulburn Co-operative, Fonterra, National Foods, Parmalat, Tatura Milk
Industries and Bega Cheese. In 2009, these companies were operating 13
dairy manufacturing facilities in the southern Basin. Murray Goulburn is the
largest dairy processor in the region (and in Australia), employing around
2,500 workers in 2009 (Beale, Radcliffe & Ryan 2009). Its processing plants
are at Cobram, Kiewa and Rochester, with the Leitchville site having closed
in February 2010.
Most of the land, water and dairy herd resources owned by dairy farms
exiting 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 (Marsden Jacob Associates et al.
2010). Lower milk production is reported to have resulted in excess processing
capacity in the region and a rationalisation of manufacturing infrastructure
(Marsden Jacob Associates et al. 2010).
While a 20% reduction is already expected through water buybacks and
irrigation infrastructure upgrades, a 40% scenario could pose a threat to the
economy and employment in towns that are dependent on dairy farming
and processing, such as Cohuna, Kyabram, Numurkah and Stanhope. More
significant reductions in diversion limits may lead to closures of some dairy
production facilities in Victoria (Marsden Jacob Associates et al. 2010).
Horticulture

Annual and perennial horticulture takes place at significant levels in several
Basin regions, particularly in the connected southern Basin (Murrumbidgee,
Goulburn–Broken, Victorian Murray and SA Murray regions). For each of
these regions, the estimated revised capacity relative to the analysis baseline is
shown in Figure 4.34.
The main perennial horticultural crops grown in the Basin are wine grapes,
table grapes, dried fruit, almonds and nuts, stone and pome fruit (Marsden
Jacob Associates et al. 2010). Approximately one third of Australia’s perennial
horticulture is in the southern Basin. The major growing areas in the Basin
include the Goulburn and Murrumbidgee irrigation regions, the Sunraysia
district of Victoria/New South Wales and the Riverland region of the SA
Murray. Perennial horticulture farms in these regions are typically less than
100 ha in size.

Granny Smith apples grown near
Cobram, Victoria

Some wine grape growers are reported to be suffering from high debt and
low profitability due to the current oversupply of wine grapes (Marsden
Jacob Associates et al. 2010). As a result, some growers may be less able to
afford water purchases to offset reduction in diversions. In such a scenario,
these growers may need to remove more plantings than they would under
conditions of normal profitability.
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Figure 4.34 Estimated share of baseline gross value irrigated agricultural production for horticulture industry,
due to reductions in current diversion limits: Murray–Darling Basin
Source: ABARE–BRS (2010a)

The main annual horticultural crops grown in the Basin are potatoes,
lettuce, melons, sweet corn, fresh and processing tomatoes, onions,
pumpkins, carrots and asparagus. The Murray and Murrumbidgee
regions, Border Rivers and Goulburn–Murray Irrigation District are all
important for annual horticulture.
Production and processing of annual horticultural crops is labourintensive, with generally perishable produce requiring timely harvest and
delivery to markets. There was a 45% increase in the area planted between
1996–97 and 2001–02, with major increases in the larger growing
regions. However, the planted area fluctuates between seasons depending
on expected demand and prices.
Producers of higher-value annual horticultural commodities are reasonably
well placed to offset a reduction in diversion limits by purchasing water.
Producers of lower-value commodities may respond to lower diversion
limits by reducing planting areas.
ABARE estimates indicate that production in horticulture will remain
relatively unaffected with the introduction of SDLs. This is primarily
because water is expected to be traded from lower-value activities to
horticulture in each region, and in the case of the connected southern
Basin, across regions. The largest reductions in horticulture in value terms
are expected in the SA Murray and Victorian Murray regions, where
production is estimated to decline by $25 million and $20 million per year
respectively under the 3,500 GL scenario.
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Variability
The SDLs will reduce the long-term average volumes of water available for
private consumptive use and may also have an effect on the year-to-year
variability of supply of this water. The effect of the SDLs on variability will
depend on a range of factors, including how the SDLs are implemented
at state level, the manner in which environmental water is acquired, the
extent of storage capacity access rights (carryover) for consumptive and
environmental users, the environmental need for water in any given year,
and the extent of any seasonal trade in water between environmental and
consumptive use.
As a result, determining with any degree of certainty the economic impacts of
this year-to-year variability in diversions is difficult and an area where more
analysis is required. Although work undertaken for MDBA by ABARE–BRS
(2010b) and the University of Queensland (Mallawaarachchi 2010) indicates
that these impacts will vary across regions and by commodity, there is
currently insufficient information to determine their level.
In considering the modelling results, it is important to note that the
maintenance of horticultural crops at the expense of broadacre crops is based
on an assumption that the SDLs would not have an effect on the variability of
water supply, only on the long-term average level of availability. Any impacts
on variability may influence the viability of perennial horticulture, given its
need for a reliable supply of water.

Effects on dryland agriculture
The economic effects of a fall in irrigated agricultural output can be expected
to be offset to some extent by an increase in dryland farming output.
Many irrigation farms typically operate a mix of irrigated and non-irrigated
agriculture and earn much of their income off-farm. Broadacre farms,
in particular, often have the capacity to vary the proportion of land that
is irrigated between seasons, depending on prevailing water availability
(ABARE–BRS 2010a). For example, in many NSW irrigation regions, results
from a survey of irrigators indicate that around 64% of total income (varying
from 51 to 71% between regions) was estimated as being earned from farming
activities in 2005–06, with 51% (varying from 28 to 66%) being earned
from irrigated crops and pastures (NSW Department of Water and Energy
2007). In total, therefore, around 32% of income was earned from irrigated
agriculture, bearing in mind that the survey was conducted during drought.
A complementary survey in 2009, after a further extended dry period,
showed that 56% of total income was estimated to be earned from farming,
with 30% of this coming from irrigated crops and pastures (NSW Office of
Water 2010).
ABARE–BRS (2010a) has estimated that the range of SDL scenarios
would lead to a 13 to 21% fall in irrigated land use. Assuming that all
land withdrawn from irrigated agriculture reverts to dryland agriculture,
the modelling suggests there would be an offsetting increase in dryland
agricultural production of between $55 million/y and $81 million/y across
the Basin. This estimate takes account of the fact that the gross value of
dryland agriculture per unit of land is substantially lower than that of
irrigated agriculture.
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In separate modelling and analysis, the Centre of Policy Studies (Wittwer
2010) used its TERM-H2O model to estimate the effects of increased
investment arising from mobility of farm factors (labour, capital and
land) between irrigation and dryland agriculture. The modelling results
indicate that the value of the production increase in dryland agriculture
would constitute around 50% of the estimated decline in value of irrigated
agricultural production by 2026. As noted earlier in this section, these two
models assume different levels of mobility of capital which helps explain the
differences in the results. The actual degree to which dryland production will
substitute lost production from irrigation depends to a large extent on how
mobile these farm factors really are, as well as on a range of other factors, such
as commodity prices, water availability and climatic conditions.

Effects on other water users and industries
The SDL proposals will have a range of effects beyond the agricultural sector
to the wider Basin economy. For example, they will lead to a decline in
irrigated output, which could have implications for industries engaged in the
processing of agricultural outputs such as food manufacturing.
Results at a broad sectoral level are displayed in Table 4.23. Changes in
output for non-agricultural sectors are estimated to be relatively small. In
general, non-agricultural sectors in the Basin are anticipated to experience
a modest increase in output, with the exception of manufacturing in the
Victorian, Queensland and South Australian Basin regions, which is
predominately a result of a likely decline in downstream (food) processing
sector output, particularly in north-east Victoria. Potential flow-on effects of
the SDL proposals are considered in further detail later in this chapter.
As noted earlier, impacts of changes in current diversion limits on processing
facilities such as cotton gins and rice mills are complex and may be subject
to various threshold effects. For small changes in diversion limits, processing
facilities may be able to lower production by reducing variable inputs (e.g.
reducing labour demand). However, larger reductions in diversion limits may
lead to temporary closures, particularly during drought, or even permanent
closure of some processing facilities in the long term.
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Table 4.23 Change in sector output, due to reductions in current diversion limits: Murray–Darling Basin
3,000 GL
Agriculture
% change

Fisheries/forestry
% change

Mining
% change

Northern New South Wales

–3.4

0.3

0.3

0.1

–

Riverina

–5.2

0.3

0.3

0.2

0.1

Western New South Wales

–4.3

0.4

0.5

0.4

0.1

North-east Victoria

–5.1

0.2

0.1

–0.6

–

North-west Victoria

–2.8

0.1

0.1

–0.3

–

Queensland Basin

–2.8

0.2

0.1

–0.1

–

SA Basin

–2.2

0.1

0.1

–0.3

–

Region

Manufacturing
% change

Services
% change

3,500 GL
Region

Agriculture
% change

Fisheries/forestry
% change

Mining
% change

Manufacturing
% change

0.3

0.3

0.2

Services
% change

Northern New South Wales

–3.9

–

Riverina

–6.1

0.4

0.3

0.2

0.1

Western New South Wales

–5.1

0.5

0.6

0.4

0.2

North-east Victoria

–6.0

0.2

0.2

–0.7

–

North-west Victoria

–3.4

0.2

0.1

–0.3

–

Queensland Basin

–3.3

0.2

0.1

–0.1

–

SA Basin

–2.6

0.1

0.1

–0.3

–

4,000 GL
Region

Agriculture
% change

Fisheries/Forestry
% change

Mining
% change

Manufacturing
% change

Services
% change

Northern New South Wales

–4.5

0.4

0.4

0.2

0.1

Riverina

–7.1

0.5

0.4

0.3

0.1

Western New South Wales

–5.9

0.5

0.7

0.5

0.2

North-east Victoria

–7.0

0.2

0.2

–0.8

–

North-west Victoria

–3.9

0.2

0.2

–0.4

–

Queensland Basin

–3.8

0.2

0.2

–0.1

–

SA Basin

–3.0

0.2

0.2

–0.4

–

Source: ABARE–BRS (2010a)
Note: – denotes negligible impact, i.e. less than 0.05%
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Basin-wide economic implications
The estimates of economy-wide impacts of the SDL proposals presented in
Table 4.17 were derived using the AusRegion model. This analysis estimates
flow-on effects associated with changes in agricultural production under
the three scenarios, and assumes water can be traded between connected
southern Basin regions. As noted in Section 4.3, AusRegion aggregates
the Basin into fewer regions than the Water Trade Model (ABARE–BRS
2010a). This analysis excludes the effect of other government policies such
as water entitlement purchases and infrastructure investment programs
(ABARE–BRS 2010a).
For the Basin as a whole, the range of scenarios would be estimated to lead
to a 1.1–1.5% fall in gross regional product, or $0.7–$0.9 billion/y and a
0.09–0.12% fall in employment (800–1,000 fewer jobs) compared with
the baseline scenario (ABARE–BRS 2010a; see Table 4.24). As irrigated
agriculture represents only a small share of the Basin’s total economic base,
estimated at less than 6% (Wittwer 2010), the estimated impacts at this scale
are relatively small.
At the national level, gross domestic product would fall by approximately 0.11
to 0.15%, while the decline in employment is estimated to be in the order of
0.03%, or about 3,000 fewer jobs in the Basin economy compared with the
baseline (ABARE–BRS 2010a).
Analysis by ABARE–BRS (2010a) suggests that the Queensland portion
of the Basin will be least affected by the SDL scenarios, whereas the NSW
Riverina is likely to be the most affected region.
The extent that gross regional product will be affected by the proposed
Basin Plan will depend on the impact the SDL proposals have on regional
agricultural production and/or the share agricultural and regional processing
activities comprise of total regional output. For example, although South
Australia faces relatively smaller estimated percentage reductions in gross
value of irrigated agricultural production, its gross regional product is likely
to decline by around 1.1–1.5%. This is because irrigated agriculture in the
SA region is a relatively high proportion of the economy compared with
other regions.
Analysis shows that the impacts of the SDLs on the Basin economy would
be in the order of a 1.3–1.8% reduction in Basin gross regional product.
The projected impact on Australian gross domestic product ranges from a
reduction of 0.008% (Wittwer 2010) to 0.11–0.15% (ABARE–BRS 2010a).
As with the estimates for gross value of irrigated agricultural production
presented earlier in this section, this would suggest the ABARE–BRS
estimates are a little higher than those derived from comparable models and
as such may be regarded as being somewhat conservative in their estimates.
It should be noted that gross domestic product and gross regional product
estimates are only partial estimates of changes and do not include any social
costs or benefits associated with the proposed SDLs, or any environmental
benefits from increased environmental flows (ABARE–BRS 2010a). Some of
these effects are considered later in this section.
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Table 4.24 C
 hange in gross regional product and employment, due to reductions in current diversion limits:
Murray–Darling Basina
3,000 GL

3,500 GL

4,000 GL

Regionb

Gross regional
product
(% change)

Employment
(% change)

Gross regional
product
(% change)

Employment
(% change)

Gross regional
product
(% change)

Employment
(% change)

Riverina

–2.2

–0.13

–2.6

–0.16

–2.9

–0.19

Western New South Wales

–1.7

–0.24

–2.0

–0.30

–2.3

–0.36

North East Victoria

–1.3

–0.05

–1.5

–0.06

–1.8

–0.11

North West Victoria

–0.9

–0.03

–1.1

–0.04

–1.3

–0.11

Queensland Basin

–0.7

–0.08

–0.8

–0.09

–0.9

–0.11

South Australian Basin

–1.3

–0.03

–1.5

–0.03

–1.8

–0.03

Basin

–1.1

–0.09

–1.3

–0.10

–1.5

–0.12

a excludes the Australian Capital Territory
b The regional demarcation in AusRegion is an aggregate of the CSIRO Sustainable Yield regions (CSIRO 2008).
Source: ABARE–BRS (2010a)

Employment impacts
Around a third of Basin businesses are in the agriculture, forestry and fishing
sector. In recent years, the sector has experienced a decrease in employment,
from 111,000 employees in 2001 to 98,000 in 2006; a drop of about 12%
(ABS, ABARE & BRS 2009).
Changes in employment at a regional level do not necessarily correspond
with changes in gross regional product, 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
in a region may coincide with migration from more remote smaller towns into
larger regional centres.
In the long term, a relatively small percentage drop in employment is
estimated by AusRegion, with a 0.1% fall across the Basin relative to the
baseline for all three scenarios. MDBA estimates that this would equate
to around 800–1,000 fewer jobs in the Basin and up to 3,000 nationally.
Similarly, the modelling undertaken by the Centre of Policy Studies assesses
the decline in employment at less than 1,000 jobs relative to the baseline
(Wittwer 2010). However, given the inherent uncertainties and limitations
of the models in estimating employment effects, these estimates need to be
treated with a degree of caution (ABARE–BRS 2010a).
The largest percentage impact on employment is estimated in the western
New South Wales region, where agriculture forms a high proportion of total
economic output (ABARE–BRS 2010a). AusRegion employment estimates
represent long-term predictions and allow for movement of labour between
industries and regions over time. Although production and employment in
the irrigated agricultural industries is predicted to decline, it is anticipated
that other industries in the region would absorb a significant proportion of
the labour released from agriculture (ABARE–BRS 2010a).
The short-term employment effects may be more pronounced but are difficult
to estimate with accuracy. In practice, there remains uncertainty over likely
effects on employment and the estimated results need to be treated with a
degree of caution (ABARE–BRS 2010a).
On the other hand, the Basin’s irrigated agricultural and associated processing
industries, particularly broadacre activities such as cotton and rice, are
accustomed to significant year-to-year fluctuations in water availability and
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output. These industries and their workforces are thus expected to have the
flexibility to respond quickly to changes in output, noting that estimated
long-term average levels of outputs under the 3,500 GL scenario are far
greater than the experience of the recent drought.
Despite the fall in employment recorded in the agriculture sector between
2001 and 2006, which has probably continued in line with the drought,
overall unemployment across the Basin fell in the same period from 6.5 to 5%
(ABS, ABARE & BRS 2009). This increase in Basin employment reflects a
time of relatively good economic growth for Australia. When combined with
the boom in the resources sector and an ageing population, the agriculture
sector is reported to have experienced difficulty in sourcing skilled and
unskilled labour (Sheales & Gunning-Trant 2009).
Labour-force projections indicate that a skills shortage in the agriculture
sector prevails with an unmet demand for labour in the sector of
approximately 100,000 workers in 2008 (Australian Farm Institute 2010).
Against this backdrop, it is estimated that an additional 10,000– 20,000 new
workers must be employed each year for the next five years to meet demand
(AgriFood Skills Australia 2010). The National Farmers’ Federation (2008)
suggests that in order for agricultural production to approach pre-2002 levels,
the sector must employ some 80,000– 100,000 people. These estimates
apply to Australia as a whole but it would be reasonable to assume that
given the Basin’s share of national agricultural output and the importance
of its horticultural sector, there is significant unmet demand for labour in
the Basin.
Given the favourable labour-market conditions across Australia in recent
years and that unemployment rates in the Basin have been comparable to the
national average, it could be expected that labour displaced by changes in
irrigated agricultural output should have less difficulty gaining employment
in other sectors or regions. As with other projections into the future, the
actual employment effects of introducing the SDLs will depend on a number
of variables such as commodity prices, prevailing seasonal conditions, growth
in other industries and the cumulative effects of government policies.

Implications for towns and communities

Old bank building in Manilla,
New South Wales

As outlined in Section 4.3, the social and economic impacts of each
diversion limit scenario will probably be greatest at the local or community
scale in certain irrigation-dependent parts of the Basin. Flow-on effects of
each scenario for regional communities and economies will depend on the
extent to which agricultural production levels are affected, and the extent to
which there are additional linkages to regional economies, such as through
regional processing of agricultural outputs. In addition, the distribution of
economic effects across towns and communities in any given region is likely
to vary substantially, as the SDLs will generally be set at a regional scale
rather than for smaller localities. The following sections explain some of the
challenges and uncertainties in assessing the local-scale implications, briefly
characterising some of those likely effects and identifying some of the regions
that will probably be most affected by implementing SDLs.

Uncertainties in assessing local-scale implications
The relationships between individuals, households, businesses, and other
organisations in rural areas are spatially diffuse; people interact over often
wide areas and long distances. They may live, work, spend, and depend upon
services in a range of different places. Communities are complex, adaptive
socio-economic systems in continuous flux, and have varying capacities to
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absorb and respond to stress or shock (ABARE–BRS 2010b). As a result of
these inter-relationships, predicting local-scale impacts is complex.
Further, the difficulty of separating the effects of reductions in diversion
limits from the impacts of other factors, such as commodity prices and
exchange rates, as outlined in Section 4.3, tends to compound this
complexity.
In addition to the social and economic considerations identified above, there
are practical analytical limitations to determining impacts at local scale.
These include:
• Computable general equilibrium models, such as those used by MDBA in
assessing impact, are generally designed to assess impacts at larger scales,
including large regional and national scales.
• Data needed to undertake analyses at local scale is often either not
available or is less reliable for analytical purposes.
• ABARE’s AusRegion model is designed to analyse comprehensive
interactions in a given economy and is less capable of analysing a large
number of small-scale regions at one time.

The nature of local-scale impacts
Marsden Jacob Associates et al. (2010) suggest that towns may experience a
range of impacts from reduced diversion limits, including:
• reduction in employment levels within the agriculture sector, and within
associated industries such as food processing
• reduction in local scale gross value of irrigated agricultural production and
the consequent impacts of productivity loss
• change in land use intensity and impacts relating to changes in
enterprise mix.
A fall in the rateable base for local government authorities and reduced levels
of demand for major community services, including health and education,
could mean that the level of service provision in some towns would decline
over time. As a consequence, there is a greater likelihood that:
• access to health services and education may become more difficult
• there could be fewer funds available to local government authorities to
invest in, and maintain community infrastructure
• social and community networks could come under increasing pressure.
When faced with reductions in water diversions, there may be a potential
for mental and physical health breakdown within Basin communities. A
factor such as drought and reductions in diversion limits place stress on
the entire community, not only the irrigators and primary producers. Such
stress can be associated with family dislocation and relocation, interrupted
schooling, substance abuse and possibly violence. Stress and stressors that
can accumulate over a period of time for farmers and farm families under
such conditions also include financial difficulties that often require difficult
decisions to be made on the sale of water and/or land, drying-off of crops,
a change in cropping mix or even whether to exit farming. The Australian
Institute of Health and Welfare (2010) found that people in rural and remote
locations are more likely to experience mental and physical health issues than
those in the cities. Some studies have found that reductions in diversion limits
can trigger this. The Department of Health and Aged Care (2000) found
that the stress associated with a long-term drought, specifically, can have
serious consequences including anxiety, depression, family breakdown, grief
and anger.
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In addition to these sources of stress, when it comes to water reform, it
is clear there is a degree of reform fatigue, which comes on top of longterm, ongoing, structural adjustment in the agricultural sector and rural
communities, and the effects of drought (Barr 2009). In a study exploring
the social impacts of declining water allocations on farmers, families and
communities, Alston, Whittenbury & Haynes (2010) note that the lingering
drought has caused significant hardship to people and communities and is
contributing, along with other structural drivers of change such as technology
and global markets, to creating ‘growing pockets of socially excluded people
and communities and significant welfare stress’. There is considerable anxiety
over the perception that farmers and the communities they support are being
abandoned by governments and the broader Australian community in favour
of pursuing environmental outcomes (Barr 2009; Alston, Whittenbury &
Haynes 2010; Marsden Jacob Associates et al. 2010).
Some of the social impacts that may be exacerbated by the uncertainty
generated by the SDL proposals were found by Alston, Whittenbury &
Haynes (2010) to include:
• family stress, including disruption to family life and marital and
intergenerational conflict
• involuntary separation of family members in order to secure off-farm
income as a result of increased long-distance commuting for work
• increased risk of accident, injury and other health impacts
• loss of jobs in small communities and difficulties sourcing off-farm income
• loss of access to health and welfare services
• feelings of uncertainty and lack of control by farm families over their lives,
and the associated emotional distress, including concern over lack of input
into water policies, planning and decision-making which will affect their
future livelihood
• the potential of unplanned water recovery leading to stranded assets.
An extensive survey of irrigators undertaken as part of the work by Marsden
Jacob Associates et al. (2010), which assumed no adjustment assistance from
government, found that when faced by lower water availability, decisions
made by farmers about their farming businesses were strongly influenced by:
• farm irrigation water dependency e.g. in terms of the irrigated area of
the farm, value of water entitlements as a percentage of the farm’s asset
base, water as a proportion of operating costs and the security of water
entitlements held
• financial situation, particularly the debt to asset ratio
• personal wellbeing and optimism
• age.
As a broad generalisation, farmers whose businesses rely more on irrigation
water, who have a high debt to asset ratio, and/or who have lower wellbeing
and optimism scores are more likely exit farming if faced with permanent
reductions in diversion limits. The influence of age is more complex. Farmers
aged under 35 and over 65 are more likely to stay on their farm but not
change their operations. It is likely that these two groups will have different
reasons for this response (Marsden Jacob Associates et al. 2010).
In general, older farmers are less sensitive to potential reductions in diversion
limits because they have built up sufficient financial capital and have no
need to alter their farm operations. Because they do not run their farms at
maximum capacity, they probably have free capacity in their existing farming
systems to absorb the shock of reduced diversion limits.
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Young farmers may be less sensitive than those in their late 30s to early 60s
because, having entered farming during the drought, they have set up their
operations to be lean, water-efficient and drought-resistant. They see a good
future in farming and realise they have time to make a success of it (Marsden
Jacob Associates et al. 2010).

Grapes growing near Irymple, near
Mildura, Victoria

Unlike their younger counterparts, farmers aged 40 to 60 typically made predrought capital investments in their farms and have borne the full brunt of
the drought downturn. These farmers have generally drawn down farm equity
to stay where they are and have less time left than their younger counterparts
to recover any lost equity. Accordingly, they must decide whether, faced
with a permanent future of much less water, they should stay in farming and
attempt to recover, or exit and seek an alternative livelihood (Marsden Jacob
Associates et al. 2010).
Literature on the topic of community vulnerability and adaptive capacity
notes that potential impacts, adaptive capacity and the resulting vulnerability
of communities depend on the specific nature and scale of the impacting
event, and on local history and conditions (ABARE–BRS 2010b). In the
Basin, potential local impacts of diversion limit reductions will clearly depend
on their scale and local incidence. They will also depend on, for example,
recent climatic conditions. Irrigators who have recently experienced drought
are likely to have less financial capacity to adapt to further reductions in
diversions, unless rainfall returns to more ‘normal’ patterns in the interim.
This suggests that the analysis of adaptive capacity, vulnerability and the
impacts of the SDL proposals should ideally be based on information about
the proposals’ likely implications in specific places.
Nevertheless, some general conclusions can be drawn from the work
undertaken and other literature investigating the impacts of water reductions
on communities. Judith Stubbs & Associates (2010) found that a number
of factors predicted changes in indicators of community wellbeing and
resilience, including changes in employment and population. Other key
indicators were degree of remoteness, degree of urbanisation (population
size), proportion of Aboriginal residents (particularly for remote populations)
and age of the population. Degree of economic diversity and opportunities
to diversify the economic base were also identified as relevant factors,
although these are often a function of other more endogenous factors such as
remoteness or proximity to a large urban centre or other economic resource
(e.g. extractive industries or areas of scenic beauty). Although factors such as
community leadership and collaborative initiatives are important, it can be
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difficult for communities to respond to major stress factors where they have
characteristics that work against their ability to adapt to change.
Economic modelling, analysis of ABARE’s irrigation farm survey (ABARE–
BRS 2010a) and an assessment of community vulnerability to reduced
diversion limits across the Basin were used to identify the regions likely to be
most affected by the SDL proposals. The findings of these studies are outlined
in the following section.

Estimating local-scale impacts of the SDL proposals
Economic modelling was used to inform MDBA where the risks of localscale impacts from introducing SDLs are likely to be highest (ABARE–BRS
2010a). Table 4.25 identifies six CSIRO Sustainable Yield regions where the
range of SDL scenarios is estimated to lead to a reduction in the value of
irrigated activity of more than $70 million/y. The results suggest that gross
value of irrigated agricultural production in the Murrumbidgee, Gwydir,
Goulburn–Broken and NSW Murray regions will be most affected by a
reduction in current diversion limits.
The second stage of the sub-regional analysis involved using ABARE survey
data (ABARE–BRS 2010a) on irrigation farm expenditure to identify towns
that rely greatly on this expenditure. This analysis made use of survey data
for 2007–08. The irrigation survey covers most of the Basin’s major irrigation
areas but excludes the Gwydir, Moonie, Warrego, Paroo, Barwon–Darling,
Wimmera, Campaspe and Ovens regions.
At the broad regional level, most of the Basin regions contain a mix of smalland medium-sized towns, as well as larger regional centres. The regional
centres tend to have a broad economic base, which will act to cushion the
impact of a decline in irrigated activity. However, some of the smaller towns
may be less resilient to a decline in irrigation activity due to their narrower
economic base. As such, the impacts of the SDL proposals are likely to be
more substantial in smaller regional towns than in larger regional centres.
Towns likely to be affected tend to be concentrated in the southern Basin,
especially above the confluence of the Murray and Darling rivers. When
estimates of expenditure reliance are combined with gross value of irrigated
agricultural production estimates associated with the SDL proposals, it would
appear that many highly reliant towns are also in regions where gross value of
irrigated agricultural production is estimated to fall significantly (ABARE–
BRS 2010a).
Table 4.25 E
 stimated changes in gross value of irrigated agricultural production from the long-term historical
average for the most affected CSIRO Sustainable Yield regions, due to reductions in current
diversion limits: Murray–Darling Basin
3,000 GL
Change in gross
value of irrigated
agricultural
production ($m/y)

Region
Murrumbidgee

3,500 GL

Change in gross
value of irrigated
agricultural
production (%)

Change in gross
value of irrigated
agricultural
production ($m/y)

4,000 GL

Change in gross
value of irrigated
agricultural
production (%)

Change in gross
value of irrigated
agricultural
production ($m/y)

Change in gross
value of irrigated
agricultural
production (%)

194

–22

–225

–25

260

–29

Gwydir

70

–22

–84

–26

98

–30

Goulburn–Broken

70

–10

–83

–12

97

–14

Murray (NSW)

66

–16

–79

–19

92

–23

Condamine–Balonne

63

–14

–70

–15

76

–17

Murray (Victoria)

56

–7

–66

–9

77

–10

Source: ABARE–BRS (2010a)
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To gain further insight into which towns may be most affected by changes in
diversion limits, estimates of changes in gross value of irrigated agricultural
production were compared with agricultural land-use data. These estimates
were broken down by irrigated activity for regions likely to see a considerable
decline in such activity. Analysis suggests that irrigated annual cropping and
activities involving irrigated pastures are likely to decline more significantly
than horticulture production as a result of reduced diversions.
Through an analysis of land-use data, it was considered that towns in the
upper Murray, including Deniliquin, Coleambally, Kerang and Numurkah,
would be more likely to be adversely affected because they are not only in
regions where gross value of irrigated agricultural production is estimated
to decline significantly, but are also surrounded by irrigated cropping and
pastures (ABARE–BRS 2010a).
The analysis also suggests that towns surrounded by a more diversified crop
mix, such as Griffith, are likely to be affected to a lesser extent than those
surrounded by irrigated annual activities. Towns further down the Murray,
around Mildura and Robinvale, also appear likely to be relatively less affected
as they are surrounded by horticulture, which is estimated to suffer the lowest
impacts from reduced diversion limits. This is not intended to minimise
the impact of other factors such as drought, recent low water allocations or
commodity prices on some people in these communities.
The assessment by the Bureau of Rural Sciences and University of New
England of community vulnerability to reductions in diversion limits is
broadly consistent with ABARE’s results (ABARE–BRS 2010b). Although a
significant proportion of Basin communities exhibit only a low to moderate
level of vulnerability to changes in diversion limits, several areas were
identified as exhibiting very high community vulnerability to potential
diversion limit changes, as follows:
• in the northern Basin, regions with very high, inherent community
vulnerability are Border Rivers, Gwydir, Namoi and
Macquarie–Castlereagh
• in the southern Basin, regions with very high, inherent community
vulnerability are Lachlan, Murrumbidgee and Murray.
Communities in these areas combine higher sensitivity to diversion limit
changes (i.e. very high dependence on water for agriculture and high agriindustry employment) with more limited levels of adaptive capacity (i.e. low
levels of human capital, social capital and economic diversity) than other
Basin areas. They are thus more likely to be affected by any major changes in
diversion limits.
Taken together, these analyses show that there are many Basin communities,
particularly smaller towns, which are likely to be vulnerable to a reduction in
current diversion limits. These communities tend to have a high dependence
on rice, cotton and other irrigated broadacre crops.
There are many potential policy implications arising from these conclusions,
but it is clear that the implications for those people and communities most
likely to be affected by the SDL proposals could be significantly mitigated if
assistance were provided to adapt in a coordinated way.
Chapter 5 outlines some of the proposed transition arrangements for
affected industries and communities for which MDBA is responsible, such as
temporary diversion provisions and risk allocation.
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Implications of government payments
and assistance
The analysis presented above has assumed that no particular offsetting steps
are taken by governments to mitigate the effects of the proposed SDLs. In
reality, while there will be economic impacts, it can be expected that some of
these will be offset by government payments to irrigators from either buybacks
of water entitlements or through the risk allocation provisions of the proposed
Basin Plan.
The extent to which spending of these payments can be expected to offset
reduced irrigation sector economic activity depends on several factors. At
a national level, the payments increase spending in the Basin that would
otherwise have generated spending elsewhere (e.g. for health, infrastructure
etc.). The net impact is forgone agricultural production, less the value of
ecological outcomes and ecosystem services that result from improved
environmental flows (Banerjee & Connor 2010).
In the Basin, the impact of any payments depends on whether the proceeds
stay in the region. The study that most directly addresses this issue (Dixon,
Rimmer & Wittwer 2009) has found that if all proceeds are spent locally,
consumption from the payments exceeds what would have resulted from
forgone irrigation. The net result is an increase in aggregate regional
consumption. Survey data from irrigator recipients of the recent Australian
Government water buyback support this finding. A significant portion of
payments, though not all, is either invested locally or used to retire debt,
thereby generating local consumption. Further work undertaken for MDBA
by the Centre of Policy Studies at Monash University using its TERM-H2O
model supports these findings. This study also notes that the precise effect on
each individual may vary for a range of reasons, such as the way in which land
and water prices tend to be affected by buybacks, and the degree of conversion
of irrigated land to dryland (Wittwer 2010). It can also depend on the extent
and location of individual land and water holdings, as the circumstances
affecting the value of land and water across the Basin are quite diverse.
However, despite this, towns with less than 1,000 inhabitants would still tend
face the greatest adjustment costs since they usually have much less diversified
economies and depend on agriculture to a greater degree than the larger
regional centres (Banerjee & Connor 2010).

Implications for Aboriginal peoples
Aboriginal people stress the critical importance of the Basin’s river systems
to social, cultural and economic life and the need for balance in meeting the
needs of all stakeholders. The desire for restoration of environmental systems
and the relationships Aboriginal people have maintained with their countries is
a key motivation behind ongoing engagement with water management issues;
indeed, it is a compelling obligation in Aboriginal value systems and law.
There is a severe lack of quantitative data on Aboriginal water uses and values.
Quantification, and development of methods for quantification, of such water
use and the specification of Aboriginal water requirements lag behind other
uses, inhibiting attempts to estimate the relative costs and benefits of water
use and resolve tensions between competing allocations and environmental
flows. Further work is needed to analyse and define appropriate Aboriginal
water management institutions, such as the cultural flow concept (Jackson,
Moggridge & Robinson 2010).
As part of the review undertaken for MDBA (Jackson, Moggridge &
Robinson 2010), three case studies were made of representatives of the Nari
Nari community at Hay, the Ngemba at Brewarrina and the Yorta Yorta at
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Barmah–Millewa Forest. The case studies reveal that Aboriginal people have
diverse and multiple interests in water and demonstrate that Aboriginal water
management aspirations, objectives and strategies vary as to their mix of
conservation management, commercial water use and environmental water
management activities.

Agnes (Dolly) Fox tells stories of
the river to young members of the
local community near Cunnamulla,
Queensland

There is a large degree of inter-dependence evident in the livelihood strategies
being employed by the Aboriginal groups consulted. Although many
communities give priority to environmental and cultural objectives in their
land and water management strategies, Aboriginal people are also extracting
some economic benefit from water use. In all three cases, Aboriginal
organisations have a commercial entitlement and, in two of these cases,
they are trading their water allocations to underwrite their social, cultural
and environmental activities. It is highly likely that there are other Basin
Aboriginal organisations pursuing a more singularly commercial approach to
water use without any particular interest in environmental water management
activities (Arthur 2010).
Some broad conclusions can be drawn about the likely impacts of changes
in current diversion limits on the Aboriginal peoples of the Basin. These
are that enhanced environmental flows are highly likely to generate positive
impacts and, on the other hand, a reduction in current diversion limits could
constrain Aboriginal economic development options.
Given the vision for a healthy Murray–Darling system articulated by many
Aboriginal groups, general improvements to the environmental condition
of the Basin will tend to be viewed very positively by Aboriginal people and
will probably have benefits, particularly in terms of their social and cultural
aspirations. This could include improving not only the ecological health of
important cultural sites but also access to such sites and the relationships
between Aboriginal people and other parties, including government (Jackson,
Moggridge & Robinson 2010).
However, there is a risk that the full potential for increased environmental
flows to substantially benefit Aboriginal people will not be realised if the
determination of environmental flow requirements do not include Aboriginal
values in assessment processes. Secondly, Aboriginal groups are concerned
that environmental water management, no matter how adequately it meets
ecological water requirements, does not currently recognise their resource
governance systems, nor allow for co-management (Jackson, Moggridge &
Robinson 2010).
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With regard to economic interests, Aboriginal people own land in the
agricultural districts of the Basin and some have formal entitlements to water.
Aboriginal people are also employed in agricultural industries and the service
sectors that support primary industries. Although economic dependence
on water-based agriculture appears to be relatively low, the disadvantaged
status of Aboriginal populations generally suggests that they are particularly
vulnerable to any negative social and economic impacts on Basin regional
economies and communities (Jackson, Moggridge & Robinson 2010).
The general disengagement of Aboriginal people from the irrigated agriculture
sector may also mean they would be unlikely to derive much benefit from any
adaptation assistance that may be offered to people and communities affected
by the SDL proposals.
Aboriginal landowners may be adversely affected if their water entitlements
are reduced and agricultural activity decreases as a result of the Basin
Plan provisions. The severity of this impact will depend on the degree of
Aboriginal people’s access to improved irrigation efficiency, take-up of such
efficiency measures by farmers leasing Aboriginal land, and the extent of
Aboriginal-owned agriculturally viable land in the areas most vulnerable to
reductions in diversion limits (Jackson, Moggridge & Robinson 2010).
The case-study evidence demonstrates that water is an asset of considerable
value to some Aboriginal communities (e.g. the Nari Nari), allowing them
to employ land management staff and run community organisations.
It is also possible that direct impacts on Aboriginal wealth and labour
force participation may adversely affect the customary sector because
of interdependencies between the market, state and customary sectors
(Altman 2004).
Reductions in the viability of the agricultural sector will narrow the options
available to people to develop their land base and any new land that may
be either claimed or purchased over coming years. Given the pattern of
Aboriginal migration from more remote to more regional centres, structural
economic changes may limit the extent to which Aboriginal people can
return to their homelands after a period away in urban centres. There is,
however, likely to be an increasing reliance on the Aboriginal community for
labour and/or allied services, even with contraction of irrigated agricultural
production (Cotter et al. 2006).
There is also considerable potential for structural change to open up new
opportunities for Aboriginal people in emerging cultural and natural resource
based industries, such as payment for environmental services, stewardship
arrangements, small-scale bushfoods businesses and tourism.

Midden found in the Narran Lakes
Nature Reserve, New South Wales

Further research and analysis is required to develop the conceptual and
empirical understanding of the means to meet Aboriginal water requirements
and in doing so, fully involve Aboriginal people in any subsequent policy
development and decision-making. Collaborative empirical research and
further discussion with Aboriginal people through existing organisations will
help provide the data, analysis and capacity necessary to address Aboriginal
water access more comprehensively in the future (Jackson, Moggridge &
Robinson 2010).

Likely benefits of the SDL proposals
MDBA recognises, as noted in Section 4.3, that the effects of reducing
diversion limits will not be evenly distributed, with many of the costs
expected to be borne disproportionately by specific local communities and
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many of the benefits accruing to a wide distribution of people, mainly in the
nation’s cities but also in those places where increases in river environmental
flows will occur.
The analysis of the implications of the SDL proposals in this section, with
the exception of the discussion of Aboriginal interests, has so far focused
primarily on the anticipated costs to irrigated agriculture of reducing
diversion limits and the flow-on effects for Basin regional economies and
communities. This section considers some of the benefits.
The diversion limit scenarios would mean that the amount of water available
for consumptive purposes will move from a long-term average of 13,700 GL/y
to approximately 9,700–10,700 GL. This would result in improved
environmental flow outcomes for a significant number of environmental
assets and river ecosystem functions in many regions of the Basin. As a result,
there are likely to be many environmental, economic, social and cultural
benefits associated with the proposal. These, mainly public, benefits would
comprise a mix of market and
non-market goods and services.
Some of these are described in
terms of expected improvements
in the ecological health of key
environmental assets, ecosystem
functioning of rivers and water
quality in Chapter 6.
Quite apart from the anticipated
environmental benefits, the range of
other associated economic and social
benefits that are likely to arise from
the SDL proposals in many regions
include recreation, tourism, human
health and wellbeing, and primary
production. For example, some of
the indirect benefits likely to accrue
from reducing current diversion
limits include:
• economic benefits for downstream water users from greater water quantity
or quality
• greater security of water for some users, particularly those downstream
• more secure town supply in some areas (particularly downstream),
reducing the need for additional infrastructure or water restrictions.

Stone tools created as part of
Traditional Knowledge project
developed by North East Catchment
Management Authority

The value of these and other benefits can be difficult to quantify, particularly
across an area as large and diverse as the Basin. Because of this and the fact
that many of the environmental and associated benefits provided by waterdependent ecosystems are broad, long-term and of a public nature, they have
tended to receive less attention in decision-making than the more quantifiable
market-based and shorter-term impacts on the private sector (Hamstead
2009). Nonetheless, these values can be significant and an indication of the
nature and extent of some of these is provided below.

Economic valuation of environmental benefits
Environmental improvement can be valued because people use or expect
to use environmental assets (e.g. for tourism or recreation purposes such as
swimming, fishing and bird-watching). People can also value environmental
assets without relating them to use; that is, the assets’ existence or the options
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they provide is valued. These are termed non-use values or benefits, and
include the community’s valuing of improved riverine health and assets such
as healthy vegetation, native fish populations and waterbirds (Morrison &
Hatton MacDonald 2010).
Increasingly, there is also recognition of the concept of ecosystem services as a
means of understanding, categorising and valuing ‘the benefits people obtain
from ecosystems’, including those mentioned above (Millennium Ecosystem
Assessment 2005). In particular, the categories of regulating and supporting
services derived from ecosystem functions (e.g. water regulation, purification
and waste treatment, soil formation, primary production, nutrient cycling and
water cycling) would appear to be relevant to any attempt to place a value on
the maintenance of the productive base for agriculture in the long term.
In recent decades, changing social values have been reflected in increasing
community preferences for delivering improved environmental outcomes and
non-use values (Barr 2009). Passage of the Water Act 2007 (Cwlth), with its
emphasis on protecting and restoring key environmental assets and ecosystem
functions, reflects this reality.
Despite the increasing clarity and understanding of concepts such as
ecosystem services and the nature and range of environmental benefits,
estimating the actual value the Australian community places on them, and
in particular non-use values, is notoriously difficult. As noted in Section 4.3,
while a number of techniques exist, assessing the economic value of the range
of potential benefits is far from straightforward and many of the benefits are
not readily quantifiable in dollar terms by reference to market-related data.
Nevertheless, estimates of the economic value of environmental benefits
arising from reducing current diversion limits can be derived from the
combination of an assessment of the likely extent of environmental change to
be achieved and identification of the dollar values that people place on these
incremental environmental changes.
Much work has been undertaken by MDBA to assess the amount of water
required to protect and restore environmental assets and ecological functions,
and also to understand the range of uncertainty and risk associated with
achieving the desired environmental outcomes with these volumes of water.
However, there are a number of scientific challenges in accurately estimating
the incremental ecological responses of water-dependent ecosystems to
increased watering events in most parts of the Basin. These include a lack of
available scientific data and research to elicit specific empirical cause–effect
relationships for many environmental assets, particularly given the highly
variable climate and thus river-flow events in the Basin. While MDBA is
confident that it has used the best available science, many knowledge gaps
still remain, and are likely to do so for the foreseeable future. The sheer size
of the Basin, coupled with the diversity of its environmental assets and the
variability of its natural environment make any precise quantification a
difficult task.
Given the expected benefits of the proposal for SDLs is largely driven by the
anticipated ecological response to increased environmental flows, it is difficult
to derive a precise economic estimate of value for the environmental benefits.
Work undertaken for MDBA by Morrison and Hatton MacDonald (2010)
nonetheless provides an indicative range of the likely benefits, as discussed
in Section 4.3. For instance, they estimate that if there was a uniform 15%
improvement Basin-wide in the health of native vegetation and a 10%
increase in native fish populations, the total increase in non-use present
value would be around $2.9 billion. In addition, a two-year increase in the
frequency of bird breeding events throughout the Basin is estimated to have a
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non-use value to the public of around $1.1 billion, while in the Murray region
alone, a three-unit increase in the number of waterbird species present is
estimated to have a value to the community of around $37 million.

49th Annual Floodplain Conference by
Lake Hume, Victoria

It is important to note that most of the beneficiaries of these improved
environmental outcomes live in the nation’s cities and towns. The indicative
assessment of economic values noted above relies to a substantial extent on
the preferences of city-dwellers for delivering these outcomes.
There can be little doubt that environmental benefits are highly valued by the
Australian community. However, it remains a key challenge to quantify in
terms of economic value the extent of probable environmental changes caused
by increased water flows.
MDBA has engaged the Centre for International Economics to conduct
a social cost–benefit analysis, with the aim of further quantifying the
environmental benefits that can be expected under the proposals for SDLs
in terms of economic value. This analysis will draw on the range of studies
commissioned by MDBA, which analyse various aspects of the expected costs
and benefits associated with the SDL proposals.
Information derived from these studies should be considered as a valuable
input to MDBA’s decision-making processes; the studies will need to
be interpreted with a degree of caution and considered alongside other
information on ecological impacts and social equity.

Valuing water-quality benefits
It is anticipated that the measures outlined in the proposed Basin Plan will
provide additional social and economic benefit to communities through
improvements in water quality. As outlined in Chapter 6, the Water Quality
and Salinity Management Plan will address a number of consequences of
poor water quality. Among the anticipated benefits, improvements in water
quality are expected to enhance aesthetic and amenity values of water and
water bodies, minimise risks to human and animal health, enhance ecological
and conservation outcomes, and minimise financial costs by reducing water
filtration and purification treatments for both commercial and human
consumption needs.
As with other improvements in environmental condition, these benefits are
often difficult to quantify. However, the efforts made by Basin states and the
Australian Government since 1988 to maintain salinity levels at Morgan on

Chapter 4 New arrangements

231

the River Murray in South Australia have been recorded through a register
of salinity debits and credits from land and water management outcomes.
These have been applied by governments to maintain salinity levels at below
800 EC for 95% of the time. In 2009, these benefits were estimated at
approximately $17 million per year (MDBA 2010). In another study, Connor
(2008) estimated that the reduction of salinity to a given target saved about
$350 million on the cost of treatment for food production and for drinking
water for urban centres and industries in the lower Basin.
Many of these benefits are likely to accrue to water users who live by, or
depend on, water from downstream parts of the River Murray. For example,
residents of Adelaide, Port Pirie, Port Augusta and Whyalla outside the Basin,
and Murray Bridge and other towns along the lower Murray, are likely to
receive major benefits from improved water quality for drinking, domestic
use and industry. While in normal years Adelaide draws about half its water
supply from the River Murray, this can rise up to 90% in dry years (Mooney
& Tan 2010).
Avoiding treatment costs and maintaining security of freshwater supplies is an
important consideration in developing the proposed Basin Plan. It is expected
that the Water Quality and Salinity Management Plan will deliver increased
flushing flows to better maintain water quality standards, reduce in-stream
salinity and tend to reduce the risk of blue-green algae outbreaks. However,
the optimal flow regime for ecological health may not necessarily correspond
fully with that desired for meeting water quality objectives, such as control of
blue-green algae, so more research, modelling and analysis may be warranted
to inform the optimal approach.
The proposed new arrangements for managing both water quality and salinity
are discussed further in Chapter 6.

Potential implications for tourism
Tourism in the Basin is widespread and diverse and includes experiential and
eco-tourism, boating and recreational fishing. Experiential tourism often
relies on a vibrant food and wine sector, and as such has a close cultural
association with irrigated agriculture. Activities such as boating, water sports
and fishing depend to an extent on infrastructure developed to support
the river regulation that maintains weir pools, while eco-tourism, boating,
houseboating and fishing in some places also rely on the natural attraction of
aquatic ecosystems and water for the environment.
Data from state tourism departments indicate that the total value of tourism
associated with the River Murray alone was estimated in 2005 at $1.6 billion
(Howard 2008).
While tourism is undoubtedly an important activity in the Basin, there is
little research into the nexus between water and tourism in the Australian
context, particularly in a form that is relevant to policy (Crase et al. 2010).
Nevertheless, benefits to the tourism industry from the SDL proposals can
be expected to arise from improvements in the health of some aquatic assets,
particularly those water bodies that offer a range of recreational opportunities
including fishing, boating, camping and nature-based activities.
The potential importance of increased environmental flows to the tourism
industry can be partly illustrated through the impacts of the recent drought.
A destination visitor survey commissioned by Tourism Research Australia
(2010) evaluated the impact of drought on the Murray region between 1999
and 2008. The region is a notable tourism destination in South Australia,
representing 17% of direct regional tourism expenditure, while in Victoria
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it is 12% and in New South Wales 3%. The research found that overnight
visits to the entire Murray region, which were estimated to be 2.8 million
in 2008, had fallen by more than 2% per year over the period. Had the
drought not occurred, tourism expenditure would have been about 5%, or
$70 million, higher than actual levels in 2008. Over 1999–2008, there was
an estimated fall in direct spending of $350 million, leading to a reduction
in gross regional product over the entire period of around $460 million, and
about 600 fewer full-time equivalent jobs. Further, it was reported that some
20% of respondents considered that the drought had affected their tourism
patterns. Industry stakeholders were apparently concerned that visitors were
avoiding the region because of perceptions that the drought was affecting the
activities that could still be pursued (Tourism Research Australia 2010). This
concern is supported by Mooney and Tan (2010), who report that perceptions
of the river’s declining amenity by the broader community was intensifying
pressure on the industry.
The study by Mooney and Tan (2010) and the work of Marsden Jacob
Associates et al. (2010) suggest that the recent economic impacts on the lower
River Murray in South Australia
due to a lack of flows and water
levels have been significant for those
communities.
While it is difficult to draw definitive
conclusions about the likely effects
of the SDL proposals, this research
indicates that some of the costs
incurred in recent times along the
River Murray as a result of low flows
may be overcome.

Benefits to primary industry:
floodplain grazing
Some of the expected offsetting
benefits for dryland agriculture
arising from the impacts of diversion
limit reductions on irrigated
agriculture are discussed earlier in this chapter. It is anticipated there may also
be benefits to floodplain graziers in some regions of the Basin.

Camping at Top Crossing Hut on the
King River, Victoria

Floodplain grazing is a practice which has existed for well over 100
years in many parts of the northern Basin. Graziers have argued that in
recent decades, their industry and the floodplain environment have been
negatively affected by the expansion of the irrigation industry and associated
infrastructure. The construction of dams and structures upstream of the
floodplains, and the subsequent lower frequency and volume of floods, are
viewed as contributing factors to the diminished health of Basin floodplains
and wetlands (Lewis 2006). In the Lower Balonne region, for instance,
irrigation development and diversion has led to reduced flows, resulting in
reduced fodder production in downstream grazing areas (Snowy Mountains
Engineering Corporation 2006).
To date, little effort has been made to quantify the trade-offs between water
consumption for irrigation and losses to the floodplain grazing industry
(Arche Consulting 2010). Likewise, only cursory assessment has been made of
the socioeconomic impacts associated with floodplain agriculture.
Recently, Arche Consulting (2010) undertook analysis to scope the
socioeconomic effects of floodplain grazing. Using three case studies, an
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indication of the value of floodplain agriculture to the farmers who use this
form of production was assessed. Three case-study farms with a combined
area of 148,500 ha were examined, including an estimated floodplain area of
34,000 ha. The income from such enterprises is highly variable and peaks in
flood years. Flooding has a very positive impact on the gross profit of such
farms. For example, for the three studies, it was estimated that an additional
59% in gross profit was added to the standard enterprises compared to a
without-flooding scenario.
While it is difficult to quantify the benefits to floodplain grazing from
enhanced environmental flows, it is very likely that the floodplain grazing
industry would benefit greatly from the reduction of current diversion limits
and some reinstatement of natural flooding regimes. These benefits could be
expected to modestly offset some of the costs associated with reductions in
the value of irrigated agriculture, such as cotton production.

The Coorong, Lower Lakes and Murray Mouth
The Coorong, Lower Lakes and
Murray Mouth are likely to be major
net beneficiaries of any reductions
in current diversion limits, since
increased river flows will in turn
improve their health.

Ferry crossing the River Murray at
Tailem Bend, South Australia

The region is an example of
the complex interaction of
environmental, social and economic
impacts, positive and negative, that
could be expected to be seen from
implementing the SDL proposals,
although the outcomes here may
well be less dramatic for other
regions. The costs likely to be
borne as a result of the proposal in
the SA Murray region as a whole
(i.e. including the Riverland) are
discussed earlier in this section, while the nature of many of the benefits are
discussed above.
The area is recognised nationally and internationally for its environmental
values, including through its Ramsar listing and status as one of six icon
sites under the Living Murray program (MDBC 2007). In recent years, it
has gained national coverage from its heightened state of degradation. Mean
average annual flows reaching the Murray Mouth have fallen dramatically
from a long-term average of around 12,000 GL (1900s to 1990s) to 1,006 GL
over 2000–08 (Paton 2010). For example, hydrologic modelling indicates
that a 3,500 GL reduction scenario would result in an annual average increase
of 2,300 GL of flows through the Murray Mouth, producing an estimated
long-term average flow of 7,400 GL/y, which is modelled to keep the mouth
open about 91% of the time. Keeping it open is vital for exporting salt and
nutrients from the Basin and maintaining the health of the Coorong; it is
considered a critical indicator of the health of the entire Basin system.
Socioeconomic values associated with the region include Aboriginal and nonAboriginal cultural values, tourism and recreation interests, fishing interests,
and water sources for residential and domestic use and for primary industries.
Numerous studies have documented the many negative impacts incurred
by the communities of the Lower Murray after a long period of low flows
and a lower river level. For example, Mooney and Tan (2010) report that
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the combination of low flows, reduced allocations and drought has had a
‘devastating’ impact on irrigated production of dairy, grapes, citrus and
vegetables in the Lower Murray Swamps area, near Mypolonga.
Similarly, the problems associated with less fresh water, acid sulfate soils,
rising salinity and species loss are already known to be affecting the social
fabric of the region (SA Department for Environment and Heritage 2010).
The fishing and irrigation industries, for example, have already been directly
affected and many members of the community have expressed concerns
over health issues, the future of local industries and associated effects on
employment and their financial future.
A business-as-usual approach to current diversion limits would see a
continuation of many of the impacts on these values, caused by low flows, low
allocations and drought.
While these impacts have arisen as a result of a combination of effects,
including various structural adjustment pressures that have been affecting
primary industries for some years, the effect of low flows in this region would
appear to be more disadvantageous than reductions in water allocations
(Mooney & Tan 2010).
Apart from the non-use environmental values, some of the effects of low flows
in the region have included:
• The imposition of significant management and remediation costs on local
communities and the South Australian and Australian governments to
maintain the health of the aquatic environment of the Lower Lakes and
Coorong wetlands
• A range of costly management interventions that primarily aim to
remediate or limit the environmental degradation of the wetland
system, including:
–– dredging to keep the Murray Mouth open
–– building of barrages and weirs
–– controlling acid sulfate soils through various pumping and flow
control measures
–– rehabilitation activities and improving or sourcing alternative water
supplies for domestic consumption.
–– Kingsford et al. (2009) estimate the future costs of remedial
engineering and infrastructure interventions in the Coorong and
Lower Lakes to be in the order of $2 billion.
• Impacts on tourism, which relies on the health of aquatic assets,
particularly those dependent on the amenity values of the Lower Lakes
and Coorong. For example, as a result of the drought and lower river levels
in the Coorong and Lower Lakes region, overnight visits fell between
1999 and 2008 by an estimated 1.8% annually, duration of stay by 2.9%
and direct expenditure by 5.1%, causing a loss of $134 million in gross
regional product (Tourism Research Australia 2010). The region accounts
for 12% of direct regional tourism expenditure in South Australia and
is a major destination for residents of Adelaide and other parts of South
Australia, as well as interstate and international visitors. This translates
into estimates of tourism expenditure forming over 6% of gross regional
product and employment in the tourism sector, representing 7% of total
regional employment (Mooney & Tan 2010). An estimated 80,000-plus
nature-based tourists visit the Coorong and Lower Lakes annually (South
Australian Tourist Commission 2007). Recreational use values of the
Coorong were estimated to be worth $57 million/y (Dyack et al. 2007).
Tourism activity has plunged by 60–70% over concerns about water
levels and quality. Low flows directly affect the navigability of the river
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and lakes as well as access to berthing and on-shore facilities. Houseboat
hire on the River Murray has suffered from this, as has the wider boating
sector on the Lakes, based at Goolwa.
• Costs of around $120 million for pipelines to secure water supplies for the
townships, communities and irrigators who draw water from the Lower
Lakes. Steps have also been taken to address the threats to the security
and quality of water supplies for the residents of Adelaide and other major
cities and towns inside and outside the Basin that depend on water from
the Lower Murray for drinking and industry. In the past, Adelaide has
drawn up to 90% of its supplies in extended dry times and has now built a
$1.3 billion desalination plant.
• Impacts on commercial and recreational fishing, which depends
substantially on the maintenance of environmental flows to drive
biological productivity. The sector once supported up to 32 enterprises
with supporting processing and services. Lower lake levels affect water
quality and the free passage of species in the lakes.
• Loss of Ngarrindjeri cultural, economic and environmental values
associated with drinking water, fishing, collecting other food and
materials, protection of cultural heritage, sites and knowledge (Mooney &
Tan 2010).
• Psychological and other health impacts on community wellbeing arising
from stress, feelings of spiritual and emotional loss, reduction of amenity,
and the blowing of acid sulfate soils in strong winds (SA Department for
Environment and Heritage 2009).
In terms of primary industries, the region has faced several challenges arising
from low flows:
• Dairy farmers on the reclaimed Lower Murray Swamps, downstream from
Mannum, have been prevented from gravity feeding water to properties.
• Viticulturalists at Langhorne and Currency Creek have been unable
to access water from Lake Alexandrina and have survived due to the
construction of a 110 km pipeline to supply water directly from the river
at Jervois, south of Murray Bridge.
• Dairy farmers supplied from the Lower Lakes have been unable to access
water due to low levels and raised salinity. Many have exited the industry
and those who remain face raised costs and reduced yields if converting to
dryland enterprises.
• Horticulturalists and viticulturalists between Lock 1 and Murray Bridge
have suffered from low allocations and falling river levels.
In summary, quite apart from any valuation of the environmental benefits,
these industries and the regional community would derive considerable
benefits from increased flows down the Murray as a result of the SDL
proposals and from the improved protection of the Coorong, Lower Lakes
and Murray Mouth. The Lakes would be healthier, river salinity would be
lower, tourism and boating would recover and urban development associated
with water levels (e.g. marinas) would continue. Accessibility of water and
the quality of that water for irrigation and other uses would improve as water
levels rise (Marsden Jacob Associates et al. 2010).

Short-term implications and adjustment
Reducing current diversion limits will change the extent and pattern of
diversion and therefore the use of water and other resources in the Basin.
The Basin’s irrigated agricultural industries and those businesses and
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communities that rely directly and indirectly on the wealth created by such
industries will be affected. As discussed in the above analysis, while good
indications of the nature and extent of these implications can be provided,
determining accurately their magnitude and distribution across an area as
large and diverse as the Basin is extremely challenging. Predicting the future
is fraught, as the extent of the change in any place is happening against a
background of ongoing structural change in rural Australia and will depend
on a complex array of climatic, market, demographic, technological, social
and policy factors.
In considering the implications of the SDL proposals, it is important to
recognise that some impacts will be in the short term, before those affected
have fully adjusted to reduced diversion limits, and some will have long-term,
ongoing implications. Most of the economic modelling results presented
in this assessment have referred to the long-term outcomes; however,
additional work done by ABARE–BRS (2010a) and the Centre of Policy
Studies (Wittwer 2010), while conditional on water supply variability
assumptions, suggest that the differences at a regional scale are small. Other
aspects of the analysis have not particularly distinguished between long- and
short-term implications.
Nevertheless, for those irrigation-dependent communities where the SDL
proposals could result in substantial changes in economic output, MDBA
recognises that the short-term adjustment effects may be significant.
Given the SDL proposals, the extent of implications may be mitigated by
several policy-related factors over which MDBA and Australian and state
governments have some influence, including:
• The timing for implementation. While the Basin Plan is scheduled to be
adopted in 2011, most state-based water resource plans will not come into
effect until 2014 and, for Victoria, 2019. In addition, MDBA is proposing
that SDLs be gradually implemented over a period of up to five years in
many cases, through the temporary diversion provisions of the Water Act.
Chapter 5 provides more information about these arrangements.
• The extent of structural adjustment assistance offered by governments to
affected communities, such as the recovery of water through buybacks,
irrigation infrastructure improvements and other measures under the
Water for the Future initiative, including the Strengthening Basin
Communities programs. The Australian Government its intention to
bridge the gap between current diversions limits and SDLs. In addition,
under the risk allocation provisions of the Water Act, MDBA must
identify the Commonwealth’s share of responsibility for any reduction in
current diversion limits. See Chapter 5 for further information.
• The extent to which more efficient ways of achieving environmental
objectives and targets for key environmental assets and ecosystem
functions can be achieved, for example, through engineering and
infrastructure works and measures such as those occurring under The
Living Murray program.
• Improvements in the flexibility of water market mechanisms, such as
the ability of participants to trade freely so as to adjust to changing
circumstances. This also includes the way in which environmental
water holders manage their assets and engage in water trading. In
addition, the flexibility with which entitlement holders are able to
manage their allocations, such as through carryover provisions, may
provide opportunities for reducing planning uncertainty and increasing
productivity. New water trading rules will be included in the Basin Plan,
as outlined in Chapter 6.

Grapes not harvested due to lack of
water, Bremer River, South Australia
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• Provision of information to farmers, business, regional communities
and other key stakeholders (such as financial institutions) to clarify
proposed implementation arrangements. This could include information
about the SDL proposals and other aspects of the proposed Basin Plan,
transitional assistance measures, the respective roles of different state and
federal government agencies in implementing the plan, and articulation
of the proposed role of regional communities and stakeholders in
this implementation.
For much of irrigated agriculture there is substantial capacity to adjust in the
short term to changes in diversion limits. Given the interannual variability of
rainfall and water supply across the Basin, dryland and irrigated agricultural
farms are accustomed to responding to major changes in seasonal water
availability. Notwithstanding this flexibility, it is likely that short-term
impacts on farms, industries, businesses and communities will be greater than
in the long term, since irrigated agriculture and associated industries are likely
to achieve long-term productivity gains through, for example, enhancements
in technology.
The success with which communities transition may be boosted by the
continued provision of community services such as health, education, aged
care and ongoing activities of community clubs, sporting clubs and other
such connections. Sustaining the social fabric of communities will be in
part determined by a combination of economic adjustments to the reduction
in diversions, and the strength of each community’s social capital and
adaptive capacity.

Future work
MDBA is continuing to undertake further assessment of the social and
economic implications of each diversion limit scenario. This includes a social
cost–benefit analysis for each of the Basin’s 19 regions and the Basin as
a whole.
The range of social and economic assessments undertaken to date has
highlighted a number of areas of uncertainty that may benefit from further
research and analysis. Some of these relate to understanding the finer-scale
implications for local communities.
In 2011, MDBA is required to provide advice to the Murray–Darling Basin
Ministerial Council on the likely social and economic implications of the
SDL scenarios in the proposed Basin Plan. In addition, a review of impacts of
the Basin Plan is required five years after its adoption.
MDBA will consider its future work program in light of these considerations
and the feedback it receives on the Guide to the proposed Basin Plan.
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4.6 Critical human water needs

Street scene in Albury,
New South Wales

The drought experienced in the southern part of the Murray–Darling Basin
in the early part of the 21st century has been the most severe in the past
114 years. Among other things, these unprecedented conditions revealed how
challenging it can be to ensure ongoing supply to meet the basic human water
needs of individuals and communities reliant on the rivers in the Basin.
While ensuring supply of domestic water is a state or territory government
responsibility, in the southern connected Basin the recent experience
emphasised the need for cooperative arrangements among states to ensure
adequate supplies, as the water sharing rules in the Murray–Darling Basin
Agreement did not contemplate such low water availability.
To build on the recent experience, the Basin Plan must take into account
and provide for critical human water needs and associated monitoring and
risk management. Critical human water needs are defined in the Water Act
2007 (Cwlth) (s. 86A(2)) as the minimum amount of water, that can only
reasonably be provided from Basin water resources, needed to meet core
human requirements in urban and rural areas, and non-human consumption
requirements for which a failure to meet would cause prohibitively high
social, economic or national security costs.
It is expected that the circumstances in which water is available only to meet
critical human water needs would be rare (occurring about once in every
100 years), but thorough preparation for such a scenario is still vital.
The Commonwealth and Basin states have agreed that water for critical
human needs must be given the highest priority for the communities that are
dependent on Basin water resources and that conveyance water will receive
first priority in the River Murray system (see Figure 4.35). Water set aside
and used for critical human needs will need to be taken from water available
under the long-term average sustainable diversion limits (SDLs) for each
region (see Section 4.4).
The proposed Basin Plan does not have to determine critical human water
needs beyond the River Murray system, but to ensure that the plan takes
into account the agreed priority of critical human water needs, the Murray–
Darling Basin Authority (MDBA) has undertaken a comparison of estimated
critical human water needs with the SDL proposals to ensure that the SDLs
allow for critical human water needs to be met across the whole Basin.
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For the Murray region, the Basin Plan will set out volumes that allow for
basic individual requirements (e.g. drinking, food preparation and hygiene);
water to cover community essentials under extreme circumstances (i.e. to
keep hospitals, schools, emergency services and other key community services
operating); and water to maintain, as far as possible, the social fabric of
the community. However, decisions on what uses are ‘critical’ for specific
communities are left to the states. It remains the responsibility of New South
Wales, Victoria and South Australia to meet (i.e. set aside and deliver) the
critical human water needs of their communities dependent on Basin water
resources, to decide how water from its share is used (Water Act s. 86D(3)
(b)) and to manage risks associated with the provision of critical human
water needs.

Amount of water for critical human needs
The amount of water required for critical human needs has been derived with
consideration of how communities function during periods of very low water
availability. The aim is to provide sufficient water to maintain a satisfactory
level of function within communities supported by the River Murray system.
It has not, however, been set at a level that would sustain ‘normal’ function.
How communities function during a period of low water availability will
also be affected by how state authorities limit water use, and how each state
manages the distribution of the critical needs water.
The approach to determine a bulk volume for critical human water needs
from the River Murray system at a state level is based on:
• assumed average daily community use of 340 L per person in urban areas
and 398 L per person in rural areas; these numbers include community
services, commercial and industrial use and are based on an analysis of
recent water use in Australian communities (including in the Basin) under
high-level water restrictions
• an allowance for each state for extraordinary circumstances
• consideration of alternative water supplies that may supplement Basin
water resources
• an allowance for distribution losses from the River Murray system to the
point of supply.
Using this approach, the volumes of water required to meet the critical
human water needs of the communities that are dependent on the River
Murray system were determined (see Table 4.26).
The approach to determine the volumes is non-prescriptive; that is, it does
not list which activities or uses of water are, or are not, included within the
definition of critical human water needs, as it will be each state’s responsibility
to manage the needs of its own communities.
Table 4.26 V
 olumes required to meet critical human water needs of
Basin communities dependent on the River Murray system
State

Proposed (GL/y)

New South Wales

75

61

Victoria

75

77

201

204

South Australia

240

Current (GL/y)
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Figure 4.35 The River Murray system

Arrangements for carrying water over in storage
from one year to another
States make their own arrangements to reserve water for critical human needs.
For South Australia, this is facilitated by its right to store its entitlement to
water, for the purposes of critical human water needs and private carryover, as
provided for in clauses 91 and 130 of the Murray–Darling Basin Agreement
and the proposed Schedule for South Australia’s Storage Right.
In addition, clause 130(7)(d) of the agreement provides that each state should
be able to carry over (between one water year and the next, usually in dams)
a volume of water equivalent to 150% (or 18 months supply) of its annual
critical human water needs requirements.

Conveyance water
Conveyance water is the water required to ensure there is sufficient flow in
the river to physically deliver the supply of water for other uses (in this case
critical human needs) without it evaporating or seeping into the riverbed.
Without allowing for conveyance water, much of the supply required to meet
critical human needs would not reach the communities that rely on it. The
conveyance water volume in the River Murray system has been estimated at
1,596 GL/y during periods of low water availability, when delivering water for
critical human needs is most difficult. This is composed of three volumes:
• 150 GL/y for evaporation and seepage from the major storages. This
estimate is based on observations during periods of below-average
storage levels
• 750 GL/y for seepage and evaporation in the River Murray, between the
major storages and the South Australian border. This estimate is based on
observations during hot dry conditions
• 696 GL/y for dilution in the River Murray between the South Australian
border and Wellington. This fixed volume is a requirement set out in
clause 88(b) of the Murray–Darling Basin Agreement.

Conveyance reserve water
Under current arrangements there is no specific provision to reserve the
volumes of conveyance water necessary to ensure that critical human water
needs can be physically delivered. The Basin Plan will include conveyance
reserve provisions intended to give protection for a potential worst-case
scenario of extremely low inflows at a time when there is also very little
water in storage. Depending on prior conditions, this is expected to provide
coverage for a sequence of at least two exceptionally dry years.
Conveyance water is a joint responsibility that is managed by MDBA on
behalf of the states in accordance with the Murray–Darling Basin Agreement,
whereas setting aside critical human water needs is a state responsibility.
Accordingly, the reserves policy in the proposed Basin Plan is focused on
reserving sufficient conveyance water to deliver critical human water needs,
rather than ensuring that sufficient water is available to meet such needs. In
practice, the conveyance water and water for critical human needs should be
considered as a package, as neither can provide a benefit without the other.
As the conveyance reserves policy may affect Basin state water sharing
arrangements, the agreement of the Murray–Darling Basin Ministerial
Council to the Basin Plan provisions is required in order for the provisions to
take full effect (Water Act ss. 86G and 86H).
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Amount of conveyance reserve water

Lock 15 at Robinvale, Victoria,
showing algae growth in foreground

The required volume of conveyance water is about 1,600 GL/y. The
conservative worst-case planning inflow sequence (the minimum expected
inflows into the Murray system) is 980 GL/y. This is considered the most
prudent inflow sequence to determine the volume of the conveyance reserve.
Using the formula identified in the Water Act (s. 86D(2)), the annual volume
of water required to be reserved to meet the shortfall in conveyance water
is 620 GL. To support the development of the Schedule for Water Sharing,
however, a detailed assessment is being undertaken of how to protect against
shortfalls of conveyance water, which may show that a greater or smaller
volume of conveyance reserve is required. This study will be taken into
consideration once completed.
The worst-case planning inflow sequence includes minimum inflows from
the Murrumbidgee, Darling and Goulburn rivers. These are therefore taken
into account in developing the reserves policy. Such inputs can, however,
be supplemented by increased inputs from these valleys, depending on the
circumstances, either as part of normal operations in the water resource
assessment process or in the form of contingency measures.

Water quality triggers for critical human
water needs
The Basin Salinity Management Strategy and the Water Quality and Salinity
Management Plan, combined with raw water treatment consistent with the
Australian drinking water guidelines (NHMRC & NRMMR 2004), are
considered to adequately address the risks associated with public health issues
and impacts associated with drinking water from the River Murray system.
However, an emergency response would be triggered in the River Murray
system should MDBA receive notification that either the salinity or water
quality triggers had been exceeded, and a system level response was required.
The salinity and water quality triggers are when:
• a salinity measurement of 840 mg/L total dissolved solids or greater is
recorded, or
• a water quality characteristic is measured at a level significantly outside
the manageable range for any parameter and a system-level emergency
response is required. For example, had the recent occurrence of acid
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sulfate soils led to a part of the system becoming highly acidic, a systemlevel emergency response would have been triggered.
The water quality trigger is most likely to be met at a time when a state
notifies MDBA that water sourced from the River Murray system cannot be
treated to an acceptable quality using existing treatment processes, and that a
system-level emergency response is required (rather than a localised response)
to manage the issue.

Tiered water sharing arrangements for the
River Murray system
The Basin Plan will outline a graduated or tiered approach to sharing water
in the River Murray system that is related to water availability. This allows
additional water sharing rules and contingency measures to be invoked
during periods of extremely low water availability. When critical human water
needs cannot be met or delivered by the arrangements of the current tier, a
change to a higher tier is triggered.
The tiers are:
• Tier 1 water sharing arrangements are considered ‘normal’ and operate
from very wet to dry conditions when adequate water is available for
critical human water needs and conveyance. They are set out in Part XII
(Division 1), Part XIV and Schedule F to the Murray–Darling Basin
Agreement (including special accounting). These arrangements have been
in place in one form or another since the first Murray–Darling Basin
Agreement was signed. The Water Act provides for the establishment of
a reserve of conveyance water to improve the ability to manage the River
Murray system under dry conditions. This conveyance reserve will be set
aside during tier 1 water sharing.
• Tier 2 arrangements will apply during periods of very low water
availability, when the ‘normal’ provisions will not ensure there is enough
water to meet conveyance water requirements. The tier 2 arrangements
will be set out in the Schedule for Water Sharing, described later in
this section.
• Tier 3 arrangements deal with extreme and unprecedented conditions
that could affect either the quality or quantity of water available for
critical human needs, requiring an emergency response to be agreed by
the Ministerial Council. These arrangements will also be included in the
Schedule for Water Sharing.

Triggers for moving between the tiers
A key component of the tiered approach to sharing water is the triggers for
moving between these tiers. The establishment and use of the conveyance
reserve during the tier 1 water sharing arrangements will act as a buffer
to reduce the likelihood of having to commence tier 2 water sharing
arrangements.
The triggers for commencing tier 2 are:
• if it is 1 September to 31 May, tier 2 will commence operation if
the worst-case planning water resource assessment predicts that the
conveyance reserve cannot be set aside in full without the use of
advances; or
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• if it is 1 June to 31 August, tier 2 will commence operation if the
worst-case planning water resource assessment predicts that the
conveyance water requirements for the current year will not be met.
The trigger for ceasing tier 2 is as follows:
• At any time, tier 2 will cease to operate if the worst case planning water
resource assessment predicts that the conveyance reserve can be set aside
in full without the use of advances.
The triggers for commencing tier 3 are as follows:
• At any time, tier 3 will commence operation if the worst-case planning
water resource assessment predicts that there will not be enough water to
supply critical human water needs for the rest of the current water year; or
• At any time, tier 3 will commence operation if the worst-case planning
water resource assessment predicts that conveyance cannot be
supplied for the rest of the current water year, even with the use of tier
2 contingencies; or
• At any time, tier 3 will commence operation if there is a salinity or water
quality measurement for any characteristic that is forecast to occur, in the
raw surface water extracted from the River Murray system at any site, that
does not meet, and cannot be treated to a standard that would meet the
relevant health-related guideline value for human consumption purposes,
and cannot be addressed at a local or state level.
The triggers for ceasing tier 3 are as follows:
• At any time, tier 3 will cease operation if the worst-case planning water
resource assessment predicts that critical human water needs can be
supplied in full for the rest of the current water year; or
• At any time, tier 3 will cease operation if the worst-case planning water
resource assessment predicts that conveyance water requirements can be
supplied in full for the rest of the current water year with the use of tier
2 contingencies; or
• At any time, tier 3 will cease to operate if the measurement for the salinity
or water quality characteristic(s) of concern during a period of tier 3 water
sharing arrangements has improved to a level such that it meets, or can
be treated to a standard that would meet, the relevant health-related
guideline value for human consumption purposes.

Monitoring and assessment
MDBA, on behalf of, and in conjunction with, the Commonwealth,
New South Wales, Victorian and South Australian governments, assesses
and mitigates risks to critical human water needs associated with inflow
predictions through:
• monitoring the quantity and quality of inflows and forecasting the
impacts of these throughout the River Murray system
• the reporting of inflows (and storage levels) as part of the water accounts
• the adoption of extremely conservative inflow sequences in the water
resource assessments (the worst-case planning inflow sequence is
currently used)
• predicting inflows on the basis of the best available information at a range
of timescales
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• regular reviews of trends in current and recent climate and inflow patterns
and updating of forecasts
• operation of the River Murray system in coordination with anticipated
inflows from the Snowy Mountains Scheme and tributaries
• use of river operations to mitigate issues where possible
• forecasts of water availability and use.

The Schedule for Water Sharing
The Schedule for Water Sharing is a new schedule to the Murray–Darling
Basin Agreement (Part XII (Division 4)) that is being developed in parallel
with the proposed Basin Plan provisions for critical human water needs. This
new schedule will provide the necessary mechanism to set aside, deliver and
account for water for critical human needs and a conveyance reserve.
While it is likely that the schedule will be agreed and in operation before the
Basin Plan, there is no specific requirement for this and it will be subject to
approval by the Ministerial Council.
The key points of the interaction between these two instruments are:
• If the schedule comes into effect before the plan, it must be reviewed
for consistency with the proposed plan before the plan comes into effect
(clause 152(1)(b) of the agreement).
• If the schedule comes into effect after the plan, it must be prepared having
regard to the plan (clause 135(9)).
• While these provisions allow for either the plan or the schedule to come
into effect first, the provisions in the plan may lack sufficient specific
accounting mechanisms to set aside and manage the critical human
water needs and associated conveyance reserve without further decisions.
Therefore it may be difficult to implement the plan provisions before the
schedule comes into effect.
• The critical human water needs and conveyance reserve arrangements
set out in the proposed Basin Plan differ from the current accounting
and water sharing arrangements in a number of ways. As such, the
transition may result in a small step change in the various accounts. It is
proposed that the simplest method is for the critical human water needs
and associated conveyance reserve to be implemented from the first day
of the first water year following the adoption of the Basin Plan by the
Commonwealth Water Minister.
• The approval arrangements for the Basin Plan provisions and the Schedule
for Water Sharing are quite different. The Basin Plan provisions are to be
adopted by the Commonwealth Water Minister and the schedule is to be
approved by the Ministerial Council.
• If the Basin Plan provisions relating to critical human water needs affect
state water sharing arrangements, the application of those provisions is
limited unless agreed by the Ministerial Council, or unless the Schedule
for Water Sharing has not yet been agreed (Water Act ss. 86G(2) and
86H(4)).
• There are areas of overlap between the Basin Plan and the Schedule for
Water Sharing that will require endorsement by both MDBA and the
Ministerial Council.
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