
Lake Wetherell, one of the Menindee Lakes storages south-east of  
Broken Hill, New South Wales, 2010
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The Basin Plan will establish integrated management for all the Basin’s water 
resources. Management will include enforceable long-term average sustainable 
diversion limits (SDLs), arrangements for the coordination and management 
of environmental water, and rules for water trading. 

To develop these arrangements, the Murray–Darling Basin Authority 
(MDBA) has collated the best available information and scientific knowledge 
and has undertaken hydrologic modelling, technical work and analysis. This 
work forms the evidence base for the plan described later in this chapter. 
This guide is part of the iterative approach MDBA has chosen to develop 
the plan — with the next steps being the release of the proposed Basin Plan 
for public comment and consideration of those comments ahead of the Basin 
Plan being considered by the Murray–Darling Basin Ministerial Council and 
the Commonwealth Water Minister.

While MDBA will be responsible for implementing the Basin Plan, Basin 
states will continue to play a central role in management of the Basin’s water 
resources. Water resource plans will continue to set out the arrangements for 
allocating water. These water resource plans will implement the Basin Plan’s 
arrangements once ‘accredited’ by the Commonwealth Water Minister as 
being consistent with the Basin Plan. In this way, there will be a two-tiered 
management approach, the Basin Plan setting Basin-scale arrangements and 
water resource plans continuing to manage water resources at a local level. 

Achieving these results will address the current threats to the Basin’s 
water resources and improve certainty for the Basin’s communities and 
environment. Some risks to the plan’s success remain, however, and ensuring 
it achieves its objectives may mean some of its provisions will need to be 
refined and revisited. MDBA will monitor whether the plan is delivering the 
desired outcomes and will review the plan at least every 10 years. 

The development of the proposed Basin Plan has been informed by the best 
available science (biophysical, social and economic), but MDBA recognises 
there will always be more to learn as new issues, challenges, research 
and knowledge emerge. Therefore, management settings in the plan will 
recognise and provide for adaptive management of uncertainties, driving and 
contributing to review and revision of the Basin Plan into the future.

Lake Dartmouth, Victoria
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3.1 Management objectives 
and outcomes 

The Basin Plan is the first attempt to manage the Basin’s water resources 
on an integrated basis. This new approach recognises that the future 
economic strength of the Basin is inextricably linked to the wellbeing 
of the environment. Under the Water Act 2007 (Cwlth), the Basin Plan 
can provide for management of water resources in a way that promotes 
maximum economic return, only to the extent that this does not compromise  
environmentally sustainable levels of extraction or the ecological values and 
ecosystem services of the Basin. 

With the current understanding of the Basin’s water resources in mind, the 
Murray–Darling Basin Authority (MDBA) has developed the proposed Basin 
Plan to achieve the following objectives:

•	 maintain and improve the ecological health of the Basin, and in doing 
so optimise the social, cultural, and economic wellbeing of Basin 
communities. This objective relates to the following provisions of the 
Water Act:
 – relevant international agreements (ss. 3(b), 20(a), 21(1)–(3))
 – optimisation of economic, social and environmental outcomes  

(ss. 3(c) and (d)(iii), 20(d), 21(4)(c)(ii) and (v))
 – environmentally sustainable level of take (ss. 3(d)(i), 20(b), 22(1) 

item 6, 23(1))
 – environmental watering (ss. 3(d)(ii), 20(c), 22(1) items 9, 28)
 – water quality and salinity management (ss. 20(c), 22(1) items 10, 25)
 – principles of ecologically sustainable development (s. 21(4)(a))

•	 establish limits on the quantity of surface water and groundwater that 
can be taken from the Basin’s resources for consumptive use, based on a 
determination of what is environmentally sustainable at a catchment and 
a whole-of-Basin level. This objective relates to the following provisions of 
the Water Act:
 – relevant international agreements (ss. 3(b), 20(a), 21(1)–(3))
 – optimisation of economic, social and environmental outcomes  

(ss. 3(c) and (d)(iii), 20(d), 21(4)(c)(ii) and (v))
 – environmentally sustainable level of take (ss. 3(d)(i), 20(b), 

22(1) items 6, 23(1))
 – principles of ecologically sustainable development (s. 21(4)(a))

•	 improve the resilience of key environmental assets, water-dependent 
ecosystems and biodiversity in the face of threats and risks that may 
arise in a changing environment. This objective relates to the following 
provisions of the Water Act:
 – relevant international agreements (ss. 3(b), 20(a), 21(1)–(3))
 – optimisation of economic, social and environmental outcomes  

(ss. 3(c) and (d)(iii), 20(d), 21(4)(c)(ii) and (v))
 – environmentally sustainable level of take (ss. 3(d)(i), 20(b), 22(1) 

items 6, 23(1))
 – environmental watering (ss. 3(d)(ii), 20(c), 22(1) items 9, 28)
 – water quality and salinity management (ss. 20(c), 22(1) items 10, 25)
 – principles of ecologically sustainable development (s. 21(4)(a))

Woolshed Falls near  
Beechworth, Victoria
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•	 maintain appropriate water quality, including salinity levels, for 
environmental, social, cultural and economic activity in the Basin. This 
objective relates to the following provision of the Water Act:
 – water quality and salinity management (ss. 20(c), 22(1) items 10, 25)

•	 improve the transparency and efficiency of water markets in the Basin. 
This objective relates to the following provisions of the Water Act:
 – efficient and cost-effective water management (s. 3(g))
 – water to reach its most productive use (s. 20(e))
 – water trading (ss. 22(1) items 12, 26))

•	 provide a clear transition path for entitlement holders and communities 
through the period from plan adoption to implementation at a local level. 
This objective relates to the following provisions of the Water Act:
 – optimisation of economic, social and environmental outcomes  

(ss. 3(c) and (d)(iii), 20(d),  21(4)(c)(ii) and (v))
 – temporary diversion provisions (ss. 22(1) items 7, 24)
 – risk allocation provisions (Division 4 of Part 2). 

Meeting these objectives is anticipated to result in the following outcomes:

•	 water-dependent ecosystems in the Basin would be more able to withstand 
short and long-term changes in watering regimes resulting from a more 
variable and changing climate

•	 use of Basin water resources would not be adversely affected by water 
quality, including salinity levels

•	 there would be improved clarity in water management arrangements in 
the Basin, providing improved certainty of access to the available resource

•	 Basin entitlement holders and communities would be better adapted to 
less water.

Achieving the plan’s management objectives 
and outcomes
The Basin Plan’s management objectives and outcomes will be achieved 
through the implementation of its management settings, which together 
are expected to deliver the outcomes on the ground. Achieving these 
objectives and outcomes will take time and will require a robust partnership 
between the Australian Government, Basin state governments and the Basin 
community, with clarity of roles, responsibilities and accountability. 

The plan’s objectives and outcomes will provide the reference point against 
which the success of the Basin Plan will be measured. While the water 
resource plans will remain in place for 10 years, adjustments to the plan 
may be needed in the meantime to ensure it achieves its desired outcomes. 
Assessment of any necessary adjustment will be assisted by careful monitoring 
of the plan’s results through the monitoring, evaluation and reporting 
arrangements described in Chapter 7 of this volume.

Tumut River, New South Wales
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3.2 Water resource plan areas
The Basin Plan’s management arrangements will be implemented at a 
local scale through water resource plans prepared by the Basin states for 
accreditation by the Commonwealth Water Minister. 

The Basin has been divided into water resource plan areas — 19 for surface 
water and 23 for groundwater. These boundaries are shown in Figure 3.1 
(surface water) and Figure 3.2 (groundwater). Within these water resource 
planning areas are 107 long-term average sustainable diversion limit (SDL) 
areas (Figures 3.3 and 3.4). 

The water resource plan areas cover the entire Basin, including those areas 
not previously subject to water planning arrangements. The water resources in 
the Murray–Darling Basin to which the Basin Plan will apply are identified 
in the Water Act 2007 (Cwlth). These resources do not include the Great 
Artesian Basin water resources. 

The Water Act (s. 22(1) item 2) requires that boundaries of water resource 
plan areas must align as far as possible with existing water management 
boundaries. Accordingly, the Murray–Darling Basin Authority (MDBA) used 
existing water planning areas as a starting point in the identification of new 
water resource plan areas. In some cases, existing state planning boundaries 
have been varied to include, for example, water resources that are not 
currently covered by water planning areas, or as a result of consultation with 
Basin states. Hydrologic, geological and hydrogeological units, such as river 
catchments, geological formations and aquifers, were also used to identify 
the new boundaries. The surface-water water resource plan areas are largely 
based on surface-water catchment boundaries, while the groundwater areas 
are based chiefly on hydrogeological units. This has meant that in most cases, 
different boundaries have been needed for surface water and groundwater. As 
the individual Basin states are responsible for developing water resource plans, 
each water resource plan area is wholly contained within a single Basin state.

The Basin states will be required to report to MDBA on compliance with 
SDLs in each water resource plan area within four months of the end of a 
standard water accounting period (1 July to 30 June), providing consistency 
across the Basin for compliance reporting, and aligning arrangements with 
the development of a National Water Account.

Aerial view of the mouth of the  
River Murray, South Australia
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Figure 3.1  Surface-water water resource plan areas: Murray–Darling Basin
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Figure 3.2  Groundwater water resource plan areas: Murray–Darling Basin
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Figure 3.3  Groundwater SDL areas: Murray–Darling Basin
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Figure 3.4  Surface-water SDL areas: Murray–Darling Basin
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3.3 Risks to the Basin’s water resources 
In 2004, the Murray–Darling Basin Ministerial Council identified six factors 
posing a risk to the shared water resources of the Basin: climate change, a rise 
in the number of farm dams, increased groundwater extraction, afforestation, 
bushfires and decreasing irrigation return flows. 

While fulfilment of the plan’s objectives will address the impact of these 
threats to the Basin, some risks remain. To identify what further actions 
will be needed to support the implementation of the Basin Plan, the 
Murray–Darling Basin Authority (MDBA) has undertaken a comprehensive 
examination at a Basin scale of future risks to water resource condition and 
continued availability. The risk assessment was then used in developing the 
management strategies outlined in Section 3.4. 

Risk assessment approach 
To assess the future risks to the Basin’s water resources once the Basin Plan 
is in place, MDBA conducted a risk assessment using the Australian/New 
Zealand and International Standard on risk management, ISO 31000. 
This included identification of the risks that could arise and the factors that 
contribute to the risks. As the purpose of the assessment was to identify and 
evaluate the risks that will remain when the plan is in operation, a 10-year 
time frame was chosen to correspond with the requirement to reveiw the plan 
at least every 10 years.

The Basin Plan’s risk assessment was undertaken at Basin scale. MDBA 
identified approximately 140 contributing factors, which were grouped into 
four risks:

•	 insufficient water for the environment
•	 water quality unsuitable for use
•	 poor health of water-dependent ecosystems
•	 policy with unintended adverse impacts.

These four categories are based on the residual risks that could arise after the 
Basin Plan is in operation. Risks that will be mitigated by the Basin Plan were 
therefore excluded from the assessment. 

The first three risks were analysed to identify the contributing factors for 
each and to assign a rating. This analysis was completed using a purpose-
made Bayesian network, a modelling tool that is used to analyse and manage 
the linkages between the factors that contribute to the likelihood of a risk 
arising, and to transparently incorporate both qualitative and quantitative 
information from a variety of sources (Pollino et al. 2010). The model 
identified significant links between the contributing factors across these three 
categories of risk, with central factors being lack of knowledge and lack of 
compliance. Each of the first three risks was assigned a rating according to 
its likelihood of occurrence, on a scale from low (less than 40%) to moderate 
(40–80%) to high (greater than 80%). This approach assumed that it is 
unacceptable to have any of these three risks become reality — sometimes 
referred to as an ‘all or nothing’, or binary, approach. The risk likelihood 
and the contributing factors were then used to identify and prioritise the risk 
management strategies, as detailed in Section 3.4. 
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MDBA took a different approach in relation to the fourth risk, policy with 
unintended adverse impacts; it was not assessed via the Bayesian network 
model. This risk is difficult to quantify as it differs from the other identified 
categories, which are primarily related to quantifiable physical attributes. 
MDBA commissioned an initial investigation into the policies that may 
incidentally impact on the condition and continued availability of the Basin 
water resources; examples include promoting afforestation, stormwater 
harvesting and expanding urbanisation. This initial study (Dyson 2009) 
presents an overview of the types of legislation and policy that have the 
potential to adversely affect the Basin’s water resources. By establishing whole-
of-Basin arrangements for water resource management, the Basin Plan will 
itself manage some of these risks. A greater understanding of the scale and 
nature of the effects of policies with unintended adverse impacts is required; 
this need for further work is identified in the strategies to manage this risk 
described in Section 3.4. 

Risks and their contributing factors

Insufficient water for the environment
Using the Bayesian network-based model, the risk of insufficient water for 
the environment was assessed as having a moderate (40–80%) likelihood of 
arising. The study identified the following contributing factors:

•	 lack of knowledge — the Basin Plan has been developed based on 
the knowledge, information and data that is available. While this has 
provided a substantial evidence base, gaps in the available knowledge 
about the Basin’s water resources, ‘take’ activities and environmental water 
requirements may act as a factor contributing to the risk that the amount 
of water allocated will leave insufficient water for the environment

•	 lack of compliance — this risk is likely to be higher in dry periods when 
pressure on water users is greater

•	 suspension — parts or all of a water resource plan may be suspended in 
extremely dry conditions when the ability to meet critical human water 
needs is threatened.

Reed Beds Swamp in the Barmah–
Millewa Forest, showing a 
positive response after receiving 
environmental water 
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Water quality unsuitable for use
Historical data was used to assess the risk to the quality of the Basin’s water 
resources. The findings therefore do not take into account how the Basin Plan 
might affect water quality and salinity. 

A further study will be undertaken to assess risk against the water quality 
and salinity targets specified in the plan and to ensure that the management 
strategies identified remain appropriate. In the meantime, the existing 
assessment provides a good indicator of future risks and clear priorities for 
their management. 

Risk ratings and contributing factors were assessed by considering the risk of 
water quality being unsuitable for the following purposes: 

•	 Aquatic ecosystem protection — the risk was assessed as high 
(greater than 80%). The risk factors, in order of importance, are 
salinity, turbidity, total nitrogen content and total phosphorus content. 
Guidelines on acceptable levels for all these factors have been exceeded in 
existing records.

•	 Irrigated agriculture — the risk was assessed as moderate  
(40–80%). The factors considered were salinity, nitrogen and phosphorus, 
as other water quality attributes do not have a significant impact.

•	 Drinking water — the risk was assessed as low (less than 40%). 
Salinity was the only factor considered in the assessment, as it is assumed 
that other contaminants would be removed through treatment. 

•	 Recreation — the risk was also assessed as low. The assessment results 
were, however, potentially influenced by the lack of measurements of blue-
green algal concentrations; the risk of blue-green algal blooms may be 
more significant at a regional or local scale. 

Poor health of water-dependent ecosystems 
The risk of further decline in the health of water-dependent ecosystems was 
assessed as moderate (40–80%) once the Basin Plan is in place. As poor 
health of water-dependent ecosystems is in part a consequence of scarcity 
of water for the environment, the factors that cause this scarcity will also 
contribute to the poor health of water-dependent ecosystems. Poor current 
condition and lack of knowledge of the extent of wetlands and any changes to 
their extent are also significant contributing factors.

Risk to water resource availability
The Water Act 2007 (Cwlth) requires that the risk assessment includes risks to 
the availability of Basin water resources that arise from the taking and use of 
water (including through interception activities), the effects of climate change, 
changes to land use and limitations on the state of knowledge used to make 
estimates about the Basin’s water resources (s. 22(1) item 3). 

Each of these threats was considered as a contributory factor in the Bayesian 
network model. MDBA, however, also looked at the profile of these risk 
factors on the availability of water resources, using the results of the Bayesian 
network-based risk assessment, with the following results:

•	 Limited knowledge was identified as posing a high risk, reflected in 
findings of the Bayesian-based assessment. 

•	 Taking and using of water was assessed as a low risk once the Basin Plan is 
in effect, as the long-term average sustainable diversion limits would limit 
both direct extraction and indirect forms of take, such as via farm dams.

Lake Mokoan near 
Glenrowan, Victoria
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•	 Risks posed by the effects of climate change were examined in the context 
of their potential impact on water availability. Overall, the assessment 
concluded that as these risks will be factored into the Basin Plan’s 
management settings, climate change will pose only a low level of risk 
to water availability. Under a drier climate, the likelihood of compliance 
issues and the suspension of water resource plans would increase.

•	 Risk to water availability from changes to land use was considered to 
be low, since only major changes are likely to pose a risk at Basin scale. 
The risk could, however, be higher at a water-resource-plan scale. 

3.4 Risk management 
Using the results of the risk assessment, management strategies were 
developed for the key factors identified as contributing to the likelihood of 
the four primary risks (Pollino & Glendining 2010). 

Prioritisation of the management of the identified risks and their contributing 
factors is based on a combination of the likelihood of the risk arising and the 
feasibility of the strategy or strategies required to address it. This included 
consideration of the role of the Murray–Darling Basin Authority (MDBA) 
and that of the Basin Plan. Climate change, for example, may be a major 
cause of scarcity of water for the environment, but it is not within the 
capacity of the Basin Plan to develop strategies to combat climate change. 
(The plan will, however, include many strategies to address the effects of 
climate change.)

Prioritisation is based on four categories: 

•	 highest — should be initiated as soon as practical once the Basin Plan 
comes into effect 

•	 high — should be initiated within six months of the plan or water 
resource plan coming into effect 

•	 medium — should be initiated within 12 months of the plan or water 
resource plan coming into effect

•	 low — should be initiated as and when opportunity provides. 

Table 3.1 sets out the management strategies identified for each primary 
risk and the priority of each strategy. It should be noted that the factors that 
contribute to the risk of insufficient water for the environment also contribute 
to the risk of poor health of water-dependent ecosystems, and therefore the 
strategies that will manage the first risk will also help to manage the second.

The strategies identified will be used by MDBA in the development of its 
future programs, noting that these may be the responsibility of other agencies. 
Some of these strategies correspond to work currently under way to support 
implementation of the Basin Plan, including the development of an integrated 
Basin-wide modelling platform and of a compliance framework to support 
implementation of the plan.
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Table 3.1  Risk management strategies

Item Risk factor Management strategies to be adopted Priority

Risk — insufficient water for the environment (moderate risk)

1
Lack of knowledge of 
environmental assets and 
ecosystem functions

To improve knowledge of environmental assets and ecosystem functions including quantifying 
watering requirements where assets or ecosystem functions are known to be vulnerable Highest

To implement the monitoring and evaluation program as it relates to the Environmental  
Watering Plan Medium

2
Lack of compliance with the 
Basin Plan (including the 
Environmental Watering Plan)

To ensure the compliance regime reflects the likelihood of decreased compliance in dry periods High

To promote cooperative compliance arrangements with Basin states High

To ensure compliance is an overt activity Medium

To ensure compliance is open, accountable, transparent and fair High

To engage the community in voluntary compliance High

To encourage rigorous compliance with water resource plans Highest

To ensure that there is an effective enforcement regime Highest

3

Lack of knowledge of 
water availability, including 
knowledge of inflows and 
quality of groundwater 
modelling

To invest in greater flow gauging in regions where knowledge gaps exist High

To invest to improve modelling of groundwater in catchments where knowledge gaps exist Highest

To invest to improve modelling of surface water in catchments where knowledge gaps exist Medium

4

Lack of knowledge of take 
activities, including floodplain 
harvesting interceptions by 
farm dams and agricultural 
and industrial water use

To acquire better knowledge of estimating floodplain harvesting and interceptions by farm dams 
in areas where knowledge gaps exist, including the Barwon–Darling, Border Rivers, Condamine–
Balonne, Namoi, Paroo and Warrego regions identified by the CSIRO Murray–Darling Basin 
Sustainable Yields Project

High

To improve metering data used to estimate extractions and diversions in regions where 
knowledge gaps exist Medium

5 Suspension of all or part of a 
water resource plan

To require water resource plans to examine and deal with specified climate scenario circumstances Medium

To encourage suspension to only be undertaken in tightly defined and extreme circumstances High

Risk — water quality unsuitable for use (low to high risk)

6

Water quality is unsuitable for:

• aquatic ecosystem 
protection

• irrigated agriculture
• drinking water
• recreational use

To improve flow management in accordance with the Basin Plan Highest

To invest to improve non-salinity water quality models, including by:

• improving Basin-wide understanding of causes of water quality degradation
• linking models to instream flow models
• incorporating blue-green algal predictions
• representing relationships between flow and water quality to enable a better assessment of water 

quality changes in the Basin Plan and water resource plans

High

To conduct further research into the causes of water quality degradation High

To develop guidelines for managing causes of water quality degradation High

To revise water quality targets for aquatic ecosystems to improve the relationships between targets 
and ecological conditions and functions High

To ensure that Basin water quality monitoring integrates with other MDBA programs  
(e.g. the Native Fish Strategy) Medium

To ensure Basin-wide water quality monitoring is developed by MDBA in cooperation with Basin 
states and regional agencies, and the monitoring of causes of water quality degradation Medium

To implement the monitoring and evaluation program including the reporting requirements for the 
Commonwealth and the Basin states and the 5-yearly reviews of the Environmental Watering Plan 
and the water quality and salinity targets in the Water Quality and Salinity Management Plan

High

To seek to align, as far as possible, Commonwealth natural resource management and research 
programs with achieving outcomes of the Basin Plan Low

… continued
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Table 3.1  Risk management strategies (continued)

Item Risk factor Management strategies to be adopted Priority

Risk — poor health of water-dependent ecosystems (moderate risk)

7
Poor current condition of 
environmental assets and 
ecosystem functions

To improve linkages between the water requirements of environmental assets and ecosystem 
functions in accordance with the Environmental Watering Plan, and local and regional processes 
that are likely to compromise meeting objectives in the Environmental Watering Plan

Highest

To coordinate the implementation of the Environmental Watering Plan with Basin states and regional 
agencies High

To, as far as possible, use Commonwealth funding programs (e.g. Caring for our Country) to target 
on-ground riparian activities, which will lead to improved health of water-dependent ecosystems High

To use adaptive management to address knowledge gaps that exist in the relationship between 
water flow and biodiversity Medium

To increase effort to develop and implement threat abatement plans and threatened species 
recovery plans for water-dependent species in the Basin Medium

To ensure adequate funding is available for continuing programs (e.g. the Native Fish Strategy) that 
assess impacts of and prioritise removing, or mitigation of, instream and floodplain barriers Medium

8

For the risk factors identified in 
items 1, 2, 3, 4 and 5 as they 
relate to poor health of water-
dependent ecosystems

To improve inventories and mapping of wetlands in the Basin Highest

Risk — policy with unintended adverse impacts 

9

Policies with unintended 
adverse impacts

To implement the Basin Plan, and to prepare and implement water resource plans Highest

To improve understanding of interactions between policy with unintended adverse impacts and the 
Basin Plan, to allow more precise management strategies to be developed cooperatively with all 
Basin states

High

Future risk assessment
The Basin Plan will also establish the arrangements for water-resource-plan-
scale assessment through the requirement that an accredited water resource 
plan incorporates the results of a risk assessment that used a Bayesian 
network-based tool or equivalent. This will ensure that water planning 
decisions and management arrangements are developed in the light of a 
credible risk assessment approach. This consistency of method will also enable 
future reviews of the plan to use the outcomes of water-resource-plan-scale 
risk assessments, thus supporting future Basin-scale risk assessments through 
the acquisition and use of comparative data.

3.5 The evidence base 
The Basin Plan has been developed by drawing on the available evidence base. 
This falls into three broad categories: the collation of existing data; the use 
of hydrologic and socioeconomic modelling; and a consideration of existing 
scientific knowledge and socioeconomic analysis. Of the three, the hydrologic 
evidence is considered the most consistent and most suitable for adaptation to 
the development of the Basin Plan.

To illustrate its confidence in the quality of the evidence used to develop 
the guide, and to address any concerns that the existing information used in 
developing the guide is difficult to find, the Murray–Darling Basin Authority 
(MDBA) is providing a catalogue on its website, which shows how to access 
the resources used (thebasinplan.mdba.gov.au/bpkid).
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Hydrologic data and information
Observed data for rainfall, temperature, evaporation, streamflow and metered 
diversions between 1895 and 2009 are the key inputs to the surface-water 
models available for the Murray–Darling system. To be able to study system 
performance under a range of climatic conditions, a continuous record of 
this input data is needed. For the Basin Plan, it was decided to study system 
performance for climatic conditions from 1895 to 2009, as this period covers 
the Federation drought, the current drought and a range of wet periods.  

Hydrologic data, as well as information on crop types and planted areas 
used to calculate water demand by the agricultural sector, was sourced by 
MDBA from Basin state agencies. There are gaps in water data records over 
time and to overcome these shortcomings in observed records, a variety 
of well-established techniques were used to fill the gaps. This ensured that 
the extended datasets described the full range of behaviour of the water 
resource system between 1895 and 2009 for a given set of water management 
conditions. Based on this extended dataset, the models were able to provide 
estimates of flows and water use at 
locations where measurements had 
not been made.

The surface-water models have been 
calibrated using measured data 
and are also tested for performance 
by comparing their results with 
measured data from a period not 
used for calibration. Measured 
data is not available to calibrate 
models under all potential long-term 
ranges of climatic variability; model 
performance can therefore vary 
when conditions differ significantly 
from those for which models were 
calibrated and tested. 

Similarly, the groundwater models 
used were calibrated against 
observed data sourced from the Basin states. Water quality data from Basin 
state agencies was also collated as the starting point for determining the Basin 
Plan’s water quality and salinity management targets.

The water data was assembled from sources including: 

•	 Cap model audit reports 
•	 state-held datasets and calibration reports 
•	 the Bureau of Meteorology (for climate data).

Currently, hydrologic data is collected and held by several organisations. 
Under the Water Act 2007 (Cwlth), the Bureau of Meteorology has been 
given responsibility for compiling and disseminating water information 
across Australia. This will improve the coverage, accuracy and currency of 
water information and make it freely accessible online. Central to this is the 
development of the Australian Water Resources Information System, which 
will generate information on water storage, groundwater, water trading and 
water quality (Department of the Environment, Heritage, Water and the 
Arts 2010d).

Burrinjuck Dam in New South Wales 
at 38.6% capacity, May 2009
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Ecological data 
Ecological data for the Basin Plan was derived from a range of information 
about the estimated 30,000 wetlands and many thousands of kilometres 
of rivers and streams in the Basin. The ecological data was assembled from 
existing international, Commonwealth and state sources, including:

•	 declared Ramsar wetlands
•	 wetlands listed in A directory of important wetlands in Australia 

(Department of the Environment, Water, Heritage and the Arts 2001)
•	 High Conservation Value Aquatic Ecosystem sites (Department of the 

Environment and Water Resources 2007)
•	 icon sites established under The Living Murray initiative
•	 published and unpublished literature (e.g. state management plans and 

peer-reviewed scientific journals)
•	 the Environment Protection and Biodiversity Conservation Act 1999 (Cwlth) 
•	 spatial databases (e.g. the Species Profile and Threats Database 

(Department of the Environment, Water, Heritage and the Arts 2009b)).

These databases have been populated by government scientists and other 
ecologists over many years, and form the basis for mapping the ecological 
status of species across the nation. The databases have been used particularly 
by states for recording threatened species and communities. Other ecological 
datasets include long-term databases from universities and non-government 
organisations. 

Socioeconomic data 
Socioeconomic data has been primarily sourced from the Australian Bureau 
of Statistics (ABS), Bureau of Rural Sciences (BRS) and the Australian 
Bureau of Agricultural and Resource Economics (ABARE). These 
organisations maintain national datasets, with the data collected over various 
time frames. This often means that the most recent data is a few years old; the 
ABS agricultural census data, for example, is from 2005–06. In addition to 
large-scale datasets, there was a requirement to understand the socioeconomic 
impact at a local scale. This need was addressed by using the national datasets 
and undertaking targeted data capture at a community, regional and state 
level. This work and its application through the social impact assessment is 
detailed later in this section.

Hydrologic modelling 
Hydrologic models are computer software tools that mathematically represent 
the complexity of water movement through a river system (river-system 
models) or an aquifer (groundwater models) in time and space. They use a 
variety of input data to represent the behaviour of a river system or an aquifer, 
including the variability of the system under changing climate conditions. 
Such models are used worldwide to support water resource management and 
planning, and are key tools that support the preparation of the Basin Plan. 

To understand the complex surface-water management arrangements that 
exist in the Basin, MDBA is using 24 existing state river-system models 
that have been linked together to represent Basin-wide hydrology and 
water sharing arrangements. This linked or integrated model was originally 
developed by the CSIRO Murray–Darling Basin Sustainable Yields Project 
(CSIRO 2008). However, to adapt to the specific needs of the Basin Plan, 
the methods and tools underpinning the Sustainable Yields Project have been 
updated by MDBA, with considerable technical assistance from CSIRO and 
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its subcontractor, SKM, and with input from state agency technical staff. 
These models use climate records from 1895 to 2009 to determine the impact 
of providing water for the environment on the amounts and patterns of 
consumptive water use. The modelling can also explore the impact of a range 
of possible future climates on the water management regime. 

MDBA is using baseline condition models received from the Basin states, 
which represent reference points from which changes to water management 
strategies can be assessed. The baseline represents existing infrastructure 
(dams and weirs), entitlements and water sharing rules in current water 
sharing plans, current operating rules, current environmental flow rules, and 
the streamflow impacts of current groundwater use. 

In addition, MDBA has received without-development models from the 
Basin states, which are used to understand river flow regimes in the absence 
of water resource development. These without-development models are set up 
by modifying a baseline model to remove all water resource infrastructure, all 
irrigation demands and all water management rules. In this way, it is possible 
to provide a ‘natural’ flow regime description (the ‘without-development’ 
model) as an environmental reference point.

The individual river-system models provided by the Basin states — or, in 
the case of the Murray and Lower Darling regions, by MDBA — have been 
calibrated by the state agencies and, in most cases, detailed calibration reports 
have been produced, although these are seldom published. These reports 
have been scrutinised via the independent audit of Cap models conducted 
by the Murray–Darling Basin Commission/MDBA. This process has led to 
significant revisions and improvements to the river models.

The integrated model in the framework used to develop the Basin Plan 
was first tested by the CSIRO Murray–Darling Basin Sustainable Yields 
Project, which was independently reviewed by an expert panel headed by a 
commissioner from the National Water Commission. Since updating this 
framework for Basin Plan application, the modelling system’s design and 
methods have been documented and subjected to two additional independent 
scientific reviews. 

Groundwater modelling is not as well developed in the Murray–Darling Basin 
as river-system modelling. MDBA has, however, made extensive use of existing 
groundwater models. In total, 11 groundwater models were considered in 
calculating groundwater long-term average sustainable diversion limits (SDLs). 
These numerical models represent 73% of the Basin-wide 2007–08 extraction 

Softwood plantation in the Bremer 
River catchment near Strathalbyn, 
South Australia
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of around 1,700 GL. Of the 11 models, seven are state models used for 
their water resource planning processes, three were developed as part of the 
sustainable yields project and one was in the process of being developed. 

The 11 high-priority groundwater flow models were upgraded and improved 
by updating and extending datasets in the calibration model, including:

•	 rainfall recharge (in addition to extending the existing rainfall recharge 
time series, an attempt was made for all 11 models to incorporate rainfall 
recharge data that is consistent with WAVES recharge modelling results) 

•	 irrigation recharge
•	 river stage elevation
•	 groundwater extraction
•	 groundwater-level observations.

For further detail about how surface-water and groundwater modelling was 
used to develop SDLs, see Section 4.4 of this volume.

Social and economic assessments 
The Water Act requires that, in meeting the additional environmental 
water needs of the Basin, MDBA must optimise social, economic and 
environmental outcomes and, at a minimum, the impacts need to be well 
understood; however, the social and economic evidence base for the Basin is 
not adequate to undertake this assessment at a fine degree of resolution.

To overcome the weakness of the available information, MDBA 
commissioned several projects to assess the likely socioeconomic implications 
of each scenario. These projects include work undertaken by the Australian 
Bureau of Statistics (ABS) in conjunction with the Australian Bureau of 
Agricultural and Resource Economics (ABARE) and the Bureau of Rural 
Sciences (BRS) to look at baseline social and economic information about the 
circumstances of Basin communities. The issues covered included population 
trends, analyses of water use by industry and community, and indicators of 
economic and community wellbeing (ABS, ABARE & BRS 2009). 

Work to develop regional community profiles was also undertaken and 
a comprehensive data store of available social and economic information 
was developed to enable ongoing monitoring and review work. A synthesis 
of current knowledge around the concepts of community resilience, 
vulnerability and adaptive capacity was also undertaken with an emphasis 
on understanding the drivers of change in regional and rural communities, 
especially in regard to reductions in water availability. The BDA Group in 
conjunction with The Australian National University undertook a review and 
synthesis of the results of previous socioeconomic studies conducted in the 
Murray–Darling Basin, particularly relating to changes in water availability 
and policy (BDA Group 2009; Marsden Jacob Associates et al. 2010).

In addition, economic modelling was undertaken to estimate the direct 
impacts on agricultural industries of various scenarios of reductions in 
current diversion limits. The modelling identified changes in the value 
of irrigated agricultural production, land use and water use as well as 
estimating the flow-on economic and employment impacts at a regional, 
Basin, state and national level. The work also identified regions and towns 
that may be particularly vulnerable to a reduction in irrigation activity 
(ABARE–BRS 2010a).
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Work to understand the effects of change in current diversion limits on 
Aboriginal people of the Murray–Darling Basin was also undertaken 
(by CSIRO). This work highlighted water planning requirements that need to 
be considered in order to ensure Aboriginal interests are duly considered when 
finalising the plan, and in accreditation of water resource plans (Jackson, 
Moggridge & Robinson 2010).

Structural adjustment pressures on irrigated agriculture in the Murray–
Darling Basin were examined by Frontier Economics. This  provided a review 
of the range of structural adjustment pressures facing irrigated agriculture and 
its dependent communities so that the likely impact of the proposed Basin 
Plan could be understood in the broader context of ongoing structural change 
in the Basin (Frontier Economics 2010).

Work on the economic valuation of environmental benefits in the Basin was 
also undertaken, in particular non-market values likely to be associated with 
SDLs in the Basin (Morrison & Hatton Macdonald 2010). 

Many Basin residents became 
participants in work undertaken 
for MDBA by Marsden Jacob 
Associates. This work on the 
economic and social profiles and 
impact assessment in the Murray–
Darling Basin delivered information 
at the local and regional scale 
(including 12 irrigation district 
case studies) to enhance MDBA’s 
understanding of the social and 
economic circumstances of Basin 
communities. It assessed the likely 
impacts of reductions in current 
diversion limits on communities, 
especially in terms of community 
vulnerability and adaptive capacity. 
The project gathered information 
about regional community opportunities, risks, constraints and aspirations 
as well as an appreciation of how communities can transform and adapt in 
response to changed diversion limits in the context of developing the Basin 
Plan (Marsden Jacob Associates et al. 2010). 

Effects of changes to water policy on financing the agricultural sector, small 
business and individuals in the Murray–Darling Basin were also analysed. 
This work analysed the factors affecting the availability and cost of debt and 
equity capital in agricultural and tertiary industries in the Basin as a result of 
potential reductions in current diversion limits (Rizza 2010).

The Nous Group undertook an analysis that integrated much of the 
socioeconomic assessments and synthesised key findings (Nous 2010).

A number of further assessments have also been commissioned by MDBA 
to better understand the likely implications of each scenario. ABARE is 
undertaking a project to model the socioeconomic implications of each 
scenario in the Murray–Darling Basin and assess the more immediate 
economic implications of each scenario on the agricultural sector. The 
Centre of Policy Studies (Monash University) is also carrying out modelling 
to assess the short-, medium- and long-term economic implications, as well 
as downstream flow-on effects, of each scenario. (ABARE–BRS 2010a; 
Wittwer 2010).

Hindmarsh Island Marina, 
South Australia
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MDBA is also commissioning a series of social cost–benefit analyses of the 
effects of scenarios for introducing SDLs on each of the 19 regions within the 
Murray–Darling Basin and for the Basin as a whole.

The various reports prepared for MDBA use quite different method; 
for example, both ABARE and the Marsden Jacob Associates report 
have addressed the socioeconomic impacts of possible scenarios but differ 
significantly in their techniques and underlying assumptions. Rizza (2010) 
takes a more general look at how the finance sector may be expected to 
respond to the Basin Plan itself, and Nous (2010) provides an integrated 
analysis and evaluation of the findings of these three reports and the ABS 
data.

ABARE has analysed the socioeconomic implications of the Basin Plan 
through ABARE’s water trade model (used to estimate the direct effects of 
changes in the SDLs on the value of irrigated agriculture) and a computable 
general equilibrium model to estimate economy-wide effects of change at 
the industry and regional levels. Marsden Jacob Associates, on the other 
hand, conducted face-to-face interviews with community representatives and 
a phone survey of households across the Basin to establish a social profile 
of regional communities. Rizza’s work on the finance sector is based on 
information collected from the sector as well as from his own knowledge of 
financing in the agrifood sector.

The Marsden Jacob Associates work taps into community understanding 
and knowledge of Basin agriculture and water resource management, but is 
limited in respect of the insight it can provide to understand the dynamic 
responses of industry and communities to increased water scarcity and 
changes in relative prices of water and other inputs. However, ABARE’s work 
is very useful in this regard and when considered together, the ABARE and 
Marsden Jacob Associates reports provide a solid foundation for consideration 
of the socioeconomic issues relevant to considering an SDL regime.

Scientific knowledge 
The final piece of the evidence base is scientific knowledge. There is a 
significant body of scientific literature relevant to specific locations in the 
Basin, or to methods and approaches that have been used in similar fields of 
endeavour in Australia and internationally. 

In developing the Basin Plan, MDBA drew on existing knowledge such 
as that of CSIRO, including its Murray–Darling Basin Sustainable Yields 
Project (CSIRO 2008), ABARE, the Sustainable Rivers Audit (Davies et al. 
2008), and the work of research bodies and institutions such as the Murray–
Darling Freshwater Research Centre and Geoscience Australia.

To provide transparency about the level of confidence in this material, a 
framework was developed to categorise the data, information and publications 
that were used as part of the evidence base for the plan. This framework was 
developed following extensive literature review to identify and determine 
the appropriateness of similar frameworks in Australia and overseas, and 
involved categorising the confidence level for data, information and scientific 
knowledge as either: 

•	 high — broadly incontestable knowledge, formally peer-reviewed and 
published, repeatable 

•	 medium — knowledge and data are available from a range of sources but 
may not have been subject to formal peer review, and/or the validity of the 
source may not be strong 

•	 low — scientific knowledge is limited or emerging, requiring 
research investment. 
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Overall, most of the evidence base falls into the medium confidence category, 
primarily through being government datasets or publications that have not 
undergone any significant peer-review scrutiny. 

While the framework provides transparency as to the level of confidence 
in a given piece of material, the relationship with best available science is 
complex. For example, new or emerging scientific knowledge may have a 
low confidence level, but at the same time may still be the best available 
scientific knowledge. 

MDBA remains concerned that much of this evidence is difficult to find, 
is often subject to restrictions on access, and is not easy to integrate. As a 
result it is very difficult to get a clear picture of the Basin or specific sites 
in the Basin. To address this issue, MDBA has committed to progressively 
making the evidence base available for public scrutiny. MDBA is providing a 
catalogue on its websit, which shows how to readily access the resources that 
were used (thebasinplan.mdba.gov.au/bpkid).

The evidence base, including scientific knowledge, has been used by MDBA 
as the basis for the methods and approaches used to develop the Basin Plan’s 
management settings. A scientific peer-review process has been adapted by 
MDBA as a mechanism to test these methods and approaches to ensure that 
they are rigorous, fit-for-purpose and based on the best available science.  

This process involved review of the science and policy bases of the proposals 
by national experts from fields such as ecology and environmental 
management, risk, monitoring and evaluation, economics, sociology, water 
planning, hydrologic modelling, hydrogeology, and water quality and salinity 
management. These reviewers tested the underpinning evidence base and its 
treatment for the key elements of the plan. Peer reviews supported the overall 
approach taken to the various elements of the proposed plan. In summary, 
the reviews considered that the best available science was used, given the 
constraints of available time frames, data and knowledge. The reviewers 
also identified areas of refinement and alternative approaches that have been 
considered in developing the management arrangements described in the 
Guide to the proposed Basin Plan, as well as areas for further work in the 
longer term.

In addition to a detailed review of individual elements of the proposed Basin 
Plan, MDBA drew on international expertise to review the plan’s overall 
methods and approaches. This review examined whether the evidence base 

Kinnairds Swamp, east of 
Numurkah, Victoria; after receiving 
environmental water, waterbird 
numbers increased
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had been treated in an integrated way across all elements of the plan and 
whether the approaches proposed would operate cohesively to provide for 
integrated management. The international reviewers had high-level expertise 
and experience in the fields of environmental science, environmental and 
water resource management, ecology, and resource and environmental 
economics. Overall, the reviewers found that the central approaches used 
were a sensible and practical use of the information available. The review 
also highlighted the importance of effective engagement, monitoring and 
evaluation and implementation.


