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Glossary
ADF

Additional Dilution Flows, in addition to SA’s entitlement flow a volume of 3000 ML day-1 that
is released once storage volumes in Hume and Dartmouth Reservoirs and Menindee Lakes
exceed specified triggers

Basin

The Murray-Darling Basin

Basin Plan

Developed as part of the federal Water Act 2007, it establishes a new framework for managing
the Basin’s water resources.

CEWH

Commonwealth Environmental Water Holder

CEWO

Commonwealth Environmental Water Office, established to support the CEWH.

DEWNR

South Australian Government: Department of Environment, Water and Natural Resources

e-water

Environmental water; water delivered to achieve environmental objectives

Entitlement water

Under the Murray-Darling Basin Agreement, South Australia is entitled to a maximumof
-1
1850 GL year , regardless of water availability in the Basin.

Environmental Water
Management Plan

A document setting out the management, control and monitoring measures to be implemented
during construction and/or operation of a development, to avoid or minimise the potential
environmental impacts identified during an environmental impact assessment process.

Environmental Water
Reserve

Environmental Water Reserve has been developed in recognition of the federal funding for the
Adelaide Desalination Plant, and comprises 6 GL of high reliability entitlement water for
environmental purposes, and up to 24 GL (an ‘Environmental Provision’) if SA receives full
entitlement flow.

Environmental
watering

Delivery of water entitlements which are legally set aside for the benefit of environmental
values.

EWR

Environmental Water Requirement

Gigalitre (GL)

One thousand megalitres

Held environmental
water

Is water specifically owned, stored or reserved for environmental purposes. One example is the
water purchased through the Commonwealth's 'bridging the gap' program and held by the
Commonwealth Environmental Water Holder. It is water held on the licence of a water holder
who determines that this water will be used for environmental watering activities. Held
environmental water is not necessarily designated by the administering body as being for
environmental purposes and may be either a purchased allocation or an allocation granted
under the water holder’s entitlements (DEWNR, 2013).

Icon Site

One of six sites identified under The Living Murray Initiative as having iconic value to the River
Murray.

LTWP

Long Term Watering Plan, as part of the Basin Plan, Basin states will develop long-term
environmental water plans, consistent with the Environmental Watering Plan. Long-term
environmental watering plans will be developed for each surface-water water resource plan
area, showing how water will be managed to meet the requirements of the assets and
functions of that area.

Megalitre (ML)

One million litres

MDB

Murray-Darling Basin

MDBA

Murray Darling Basin Authority - The authority responsible for managing the Murray River
system in cooperation with state authorities, with the aim of ensuring reliable water supplies
for all users.
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Planned
environmental water

Is that share of water allocated through rules for environmental use, which may come from
general storage; water committed by legislation to achieve environmental outcomes or other
environmental purposes specified in the legislation. Planned environmental water can be
delivered when flows are released from storages for environmental purposes or can be
managed through water-take restrictions.It is water that is not held on a water licence, but may
be committed under State water management law (DWNR, 2013).

Ramsar listing

A wetland listed under the Ramsar Convention on Wetlands; an intergovernmental treaty
providing the framework for national action and international cooperation for the conservation
and wise use of wetlands.

River Murray

The RiverMurray, including the waters and the bed and banks of its tributaries and associated
water bodies.

RMO

River Murray Operations - a division of SA Water responsible for day to day operation and
management of River Murray Structures Downstream of Lock 10.

River regulation

Control of water flow within a catchmentfor the purposes of flood mitigation, navigation and
ensuring future water supply.

SA

South Australia

SA MDB

South Australian Murray-Darling Basin – the part of the Murray-Darling Basin within South
Australia.

SARDI

South Australian Research and Development Institute.

TLM

The Living Murray, a program within the MDBA.

QSA

Flow to South Australia

Unregulated Flow

Unregulated flows are normally declared by the Murray-Darling Basin Authority when high
flows are forecast to occur that are in excess of that required to meet South Australia’s
entitlement flow and cannot be captured and re-regulated in Murray System storages.

Water year

A period from July to June, seasonally aligned and corresponding to water allocation policy in
the River Murray system.

Lower River Murray Research Requirements

vi | P a g e

Acknowledgements
This project was funded by the Goyder Institute for Water Research with ‘in kind’ contributions from
participant research organisations including the South Australian Research and Development
Institute (SARDI), University of Adelaide and Commonwealth Science and Industrial Research
Organisation (CSIRO) Land and Water, and the South Australian Department of Environment, Water
and Natural Resources (DEWNR). Thank you to Michele Akeroyd for overseeing the project and the
project working group – Tumi Bjornsson, Tony Herbert, Jason Higham, Daniel Rogers, Adrienne
Rumbelow, Tracey Steggles and Rebecca Turner (all DEWNR). Thanks also to Marion Peters for
assisting with management and financial reporting.
Tracey Steggles (DEWNR), Adrienne Rumblelow (DEWNR), Tony Herbert (DEWNR), Ryan Breen
(CEWO), Hillary Johnson (CEWO), Ian Atkinson (Water for Nature), Ray Najar (Murray Darling
Association), Mark Sienbentritt (Healthy Rivers Australia) and Deb Nias (The Murray-Darling
Wetlands Working Group Ltd) are thanked for their time and for providing information on their
respective organisations’ role in environmental water in South Australia.
For reviewing this report and providing constructive feedback, thanks go to Matt Gibbs, Tracey
Steggles, Heather Hill, Tony Herbert, Dan Rogers and Jamie Milton (all DEWNR).

Lower River Murray Research Requirements

vii | P a g e

Executive summary
The ecological outcomes of the Murray-Darling Basin (MDB) Plan (The Basin Plan) are largely
dependent upon the effective provision of environmental water (e-water), which is also likely to
enhance the indigenous values of the MDB. South Australia is required to develop a Long-Term
Watering Plan and annual priorities for e-water, which are considered when provisions of e-water
are allocated by e-water holders. However, because hydrological conditions continuously change,
real-time management decisions are also required. To be effective, all three levels of decision
making (long-term, annual and delivery) must be underpinned by the best available science, and
have the ability to incorporate new knowledge.
The South Australian MDB (SA MDB) has been the focus of much research, but often this information
is not readily available to support decisions about e-water provisions, and how those decisions
interact with indigenous values.. There is currently not a prioritised list of research needs, with a
clear pathway for implementing (i.e. funding and resourcing) those needs
The objective of this project “An assessment of the research requirements to support effective
provisions of environmental water in the South Australian Murray-Darling Basin” (Goyder Institute
Project E.1.7) was to identify key research tasks that could be undertaken in order to improve ewater allocation and delivery in the SA MDB. This document is one of four reports that have been
produced from this project and is intended as a support tool for researchers, to provide them with a
more complete understanding of the decision process, and where their activities can support
managers and management decisions on the use of e-water.
To provide context to where science research is used within management decisions surrounding ewater allocation and delivery, this report begins by summarising the current processes for allocation
and delivery of e-water, and hydrological, hydraulic and ecosystem response models within the SA
MDB. There a currently four main sources of held e-water to SA: the Commonwealth Environmental
WaterHolder (CEW), The Living Murray (TLM) Program (as overseen by the Murray-Darling Basin
Authority; MDBA), the South Australian Minister for River Murray, and a few non-governmental
organisations. Each water holder uses a different, although similar, process to develop annual ewater priorities. The MDBA does not hold e-water on its own accord (besides specifically for the TLM
program) but has a (draft) basin-wide environmental watering strategy and develops basin annual
environmental watering priorities, in accordance with The Basin Plan. These priorities are considered
by the CEWH when decisions are made on the allocation of commonwealth e-water.
E-water called from storage for delivery to SA is likely to come primarily from Menindee Lakes,
Hume Reservoir or Lake Victoria. The upper maximum limit for supplementing regulated and
unregulated flows to South Australia (QSA) is currently considered to be in the range of
10,000 MLday-1 due to delivery constraints; for the purposes of this report it is assumed that flow to
SA (QSA) may be manipulated by ca. 5,000 MLday-1 with an e-watering action. The delivery of ewater within SA is carried out primarily by SAWater under instruction provided by DEWNR. DEWNR
also have capacity to deliver water to almost all managed wetlands.The allocation and delivery
processes are discussed in more detail below.
A wide range of hydrological, hydraulic, groundwater and ecosystem response models have been
used in the SA MDB to aid in e-water allocation and delivery process – either as part of the direct
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decision making process, or by providing support for conceptual models of flow-ecology
relationships. Hydrological models use a combination of flow (e.g. inflow, storage data) and weather
(e.g. rainfall, evaporation data) to model channel flow through time. In contrast, hydraulic models
focus on how water flows through the environment (e.g. depth, velocity, inundation), rather than
how much water flows over time. Groundwater models that have been developed generally focus on
understanding groundwater-salinity-water quality-vegetation health interactions, which can be used
to assess potential impacts of management actions. Ecosystem response models are generally
focussed on an ecosystem indicator and how that responds or interacts with a physical aspect of
water. Ecosystem response models often couple a physical model with the ecosystem response
model, to model a variety of flow scenarios and their impact on the chosen ecosystem indicator.
Some models may provide understanding of the environmental water requirements for individual
river components, or the riverine ecosystem as a whole, while other models may provide support to
specific decisions around allocation and delivery. Their advantages and disadvantages are discussed
in detail.
The information on e-water management and models used within the SA MDB enables the
development of simulated decision flow charts. The purpose of developing these simulated decision
flow charts was the identification of gaps that could be addressed through research or
data/knowledge consolidation projects. The simulated decision flow charts presented here cover the
three time-scales; long-term planning, annual planning and event delivery. Based on the information
required for the decision flow charts, areas where research can contribute the decision making
process are categorised as ‘low, moderate or high’. High research priorities were identified as:
•
•

•

Consolidation of Environmental Water Requirements (EWRs), identification of ecological
resilience periods and thresholds for management action.
Development of a decision support system that incorporates hydrological information and
ecological response parameters and can be used to compare of options if flow metrics
(EWRs) can only be partially met and can support refinement and expansion of the existing
Integrated Operating Schedule.
Refinement and consolidation of current Monitoring Plans and collection of monitoring data.

In addition, a set of guiding Ecological Principles for the allocation and delivery and e-water in the SA
MDB could be developed to underpin management actions.
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1 Introduction
1.1 Objective of this project
The ecological outcomes of the Murray-Darling Basin (MDB) Plan (The Basin Plan) are largely
dependent upon the effective provision of environmental water (e-water), which is also likely to
enhance the indigenous values of the MDB. South Australia is required to develop a Long-Term
Watering Plan and annual priorities for e-water, which are considered when provisions of e-water
are allocated by e-water holders. However, because hydrological conditions continuously change,
real-time management decisions are also required. To be effective, all three levels of decision
making (long-term, annual and delivery) must be underpinned by the best available science, and
have the ability to incorporate new knowledge. Since e-water provisions are likely to influence
multiple sites and because the viability of biotic populations are dependent upon multiple sites, it is
essential that we have adequate understanding of the ecological response to flow at the landscape
scale in order to inform decisions made at this scale.
The South Australian MDB (SA MDB) has been the focus of much research, but often this information
is not readily available to support decisions about e-water provisions, and is often limited to the site
scale. There is also no clear priorities for the future research that is required to improve decision
making for effective e-water provision, or how they interact with indigenous values.
The objective of the project “An assessment of the research requirements to support effective
provisions of environmental water in the South Australian Murray-Darling Basin” was to identify key
research tasks that could be undertaken in order to improve environmental water (e-water)
allocation and delivery in the SA MDB. This current document is one of four reports that have been
produced from this project, and is focussed on identifying key information gaps to inform the
transparent, best science-based decisions for the effective planning and delivery of e-water. To
provide context to the research requirements, the first section of this report summarising the
current processes for allocation and delivery of e-water, and hydrological, hydraulic and ecosystem
response models within the SA MDB. In the second section draft decision flow charts are presented,
encompassing the processes and decisions surrounding long-term, annual and real-time (event)
planning and delivery. Finally, the decision flow charts are used to methodically identify research
recommendations in the last section.

1.2 Structure of this document
This report is structured into several sections:
•

A summary of current processes for allocation and delivery of e-water, and hydrological,
hydraulic and ecosystem response models within the SA MDB, including:
o an overview of the Murray-Darling Basin, entitlement flows, the Basin Plan and
environmental flows (section 2);
o sources (holders) of environmental water (section 3;)
o allocation, planning and delivery processes (section 4;)
o objectives, targets and monitoring of outcomes from environmental watering
(section 5);
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delivery constraints (section 6);
a case study - the planning process at the Chowilla Icon Site(section 7); and
a review of existing hydrological, hydraulic, groundwater and ecosystem response
models (section 8).
Development of decision flow charts, outlining decision steps and input requirements
(section 9).
Identification of areas of high research input, and associated research recommendations
(section 10).
o
o
o

•
•

1.3 Purpose of this document
This document is one of four reports that have been produced from this project and is intended as a
support tool for researchers, to provide them with a more complete understanding of the decision
process, and where their activities can support managers and management decisions on the use of
environmental water.
The contents of this document are not anticipated to be implemented verbatim as presented, but
are provided as a draft flow-chart to (i) facilitate discussion, (ii) allow identification of those steps
that already occur, (iii) allow identification of gaps that could be addressed through research or
data/knowledge consolidation projects, and (iv) the subsequent iterative development of a working
framework. The flow charts presented in section 9 outline how a decision process could function,
and the inputs required in the decision process. The working framework that is ultimately developed
could be used as (i) a communication tool for conveying information to stakeholders external to the
process and staff new to or external to the decision process; and (ii) as a reference tool to check off
the steps have been taken, and what needs to be done next. Within the context of this document,
identifying areas where research is required consolidated is the primary use of the draft decision
flow charts. It is intended that the research requirements identified can be targeted in future
research and or data/knowledge consolidation projects.
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2 Overview of the Murray-Darling Basin
2.1 The Murray Darling Basin
The Murray-Darling Basin comprises 23 valleys and extends over 1 million km2 incorporating parts of
Queensland, New South Wales, Victoria, all of the Australian Capital Territory, and part of South
Australia (Figure 2-1). The principal catchments contributing to flows at the South Australian border
are the:
•
•
•
•
•
•
•
•
•
•

River Murray (upstream of Albury where water is stored in Hume and Dartmouth Dams )
Kiewa River
Ovens River
Broken Creek
Goulburn River
Campaspe River
Loddon River
Edward River
Murrumbidgee River
Darling River

The Murray-Darling Basin Agreement 2008 (the ‘Agreement’) sets out the arrangements for the
sharing and management of the Basin’s water resources, particularly the River Murray System. This
is the primary determinant of the volume, pattern and quality of water delivered to South
Australia.Under the Agreement, South Australia is entitled to a maximumof 1850 GL year-1. The 1850
GL comprises two volumes:
1. A variable ‘Consumptive’ Entitlement of up to 1,154 GLyear-1 (clause 88a), which may be
reduced under Special Accounting (Subdivision E). It is provided over a water year, in
proportional monthly quantities that co-vary with consumptive (irrigation) demands. Lesser
volumes are provided in the cooler months (April to September), and peak volumes are
delivered in the warmer months (December and January).
2. A fixed Entitlement of 58 GL month-1 (696 GL year-1) that is for ‘Dilution and Loss’ purposes
only (clause 88b) and cannot be reduced, even in Special Accounting, except by a special
decision of the Murray-Darling Basin Ministerial Council.
Water in excess of entitlement may be provided to South Australia as:
• Interstate water trade - water traded over the border between water holders within the
southern-connected MDB.
• Deferred water – water that has been deferred, stored and then delivered under private
carryover arrangements or for meeting critical human water needs in periods of low water
availability.
• Environmental water – water delivered specifically for the purpose of environmental benefit.
• Additional Dilution Flow (ADF) – water flow of 3,000 MLday-1 that is released once volumes in
Hume and Dartmouth Reservoirs and Menindee Lakes exceed monthly-specific storage levels.
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• Unregulated flow - flow not captured by Murray-Darling Basin storages, which may be
because storages are full (or, in the case of Menindee Lakes or Lake Victoria, the inlet capacity
is exceeded), and is not available for consumptive diversion.
Depending on their magnitude and duration, unregulated flows may generate large-scale
longitudinal and lateral connectivity and floodplain inundation. They may also be supplemented with
e-water allocations via increases in flow magnitude and duration or changes to the shape of the
rising and falling limbs of the hydrograph.
Most of SA’s entitlement flow is delivered as regulated releases from Hume Dam, Menindee Lakes
and Lake Victoria – particularly during summer and autumn months (CEW, 2012) (see Figure 2-2).
Lake Victoria is operated to contribute to management of water supply in South Australia. This
storage is filled during winter and spring by diverting water from the Lock 9 weir pool through
Frenchman’s Creek. This includes deliveries from Hume Dam when there is spare capacity along the
River Murray. Water is later released in summer and autumn via Rufus River to supplement River
Murray flows downstream of Lock 7. Dilution flows to South Australia are also provided from Lake
Victoria when there is adequate storage in Hume Dam, Dartmouth Dam and Menindee Lakes.
Monthly trigger volumes are set out in the Murray-Darling Basin Agreement (CEW, 2012).

2.2 The Basin Plan
The Murray-Darling Basin Authority’s (MDBA) Basin Plan establishes a new framework for managing
the Basin’s water resources, including new roles and responsibilities for the MDBA, the
Commonwealth Government and the Basin States. A number of key mechanisms are being used to
deliver the Plan, including an Environmental Watering Plan that will provide a framework for the use
of water to achieve key environmental outcomes. Implementation of the Plan is a key priority within
the South Australian Department of Environment, Water and Natural Resources (DEWNR) Corporate
Plan.

2.3 Environmental flows
Environmental flows have been described as the quantity, timing, and quality of water flows
required to sustain freshwater and estuarine ecosystems and the human livelihoods and well-being
that depend on these ecosystems (The Brisbane Declaration, 2007). In practice, they refer to the
flows delivered specifically for the purpose of environmental benefit, including in-channel flows,
floodplain and wetland inundation, and estuarine requirements. To maximise the benefits from ewatering, managers need to be able to work with the natural variability of river systems. To achieve
this, managers need to be able to (MDBA, 2013c):
•
•
•

coincide environmental watering and natural seasonal patterns and flow events
use environmental water to target a range of sites and ecosystem functions in, and between,
rivers
consider opportunities within the broader management of water across the system to better
contribute to environmental outcomes.

In the SA MDB, inundation of large areas of the floodplain, and lower lakes management, require
high discharge rates. It is not possible to generate these flows if the base-flow is within-channel (i.e
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regulated flows). Therefore, either (i) augmenting periods of unregulated flow; or (ii) use of
constructed infrastructure is required to achieve large scale of inundation of floodplain habitats.
The major environmental watering events in recent years have been designed to deliver water to
multiple sites in the RiverMurray in sequence (CEW, 2013c). Three broad environmental outcomes
sought by the MDBA (MDBA, 2013c) are:
1. using environmental water in response to natural cues, and restoring natural variability
including seasonality
2. that environmental water remains in-stream to target a range of sites and ecosystem
functions in and between rivers
3. promoting the management of all water in the system to contribute environmental benefit.

Figure 2-1 The Murray-Darling Basin river systems and catchments (www.abc.net.au).
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Figure 2-2 The Murray-Darling Basin storages and control points (www.mdba.gov.au).
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3 Sources of environmental water
3.1 Environmental water holders
E-water in South Australia can come from the following sources:
•

•

•

The Commonwealth Environmental Water Holder(CEWH) was established viathe federal
Water Act 2007 to protect environmental assets, by managing water in accordance with the
Murray-Darling Basin Plan. The CEWH is supported by the Commonwealth Environmental
Water Office (CEWO) to make decisions. As at 30 April 2014, the Commonwealth
environmental water holding totalled 1,719 GL of registered entitlements (which included
some SA entitlement); the final volume the CEWH will hold under the Basin Plan is
dependent on the outcome of two work programs that may either increase or decrease the
surface water sustainable diversion limits; one to remove river system constraints and the
other to improve the efficiency of environmental water delivery (CEW, 2014).The volume of
e-water that SA receives from the CEWH changes from year to year: in 2013 approximately
787 GL was delivered (which included some ‘return flows’ from upstream watering projects;
see Appendix A).
The Living Murray (TLM) program can deliver e-water to three icon sites within SA: Chowilla
Floodplain; the Coorong, Lower Lake and Murray Mouth; and, the River Murray Channel.
TLM is overseen by the MDBA but managed within SA by DEWNR. TLM was established in
2002, and is currently in the process of being reviewed. As of March 2013, 479.9 GL of ‘longterm cap equivalent e-water’ had been recovered, which can be used on the six icon sites
throughout the basin (MDBA, 2013d). The amount delivered to SA each year depends on a
combination of water availability (conditions throughout the basin) and prioritisation of the
six icon sites. In the 2012-13 water year, 289 GL was provided to the three SA icon sites:
Chowilla floodplain (0.1 GL);Lower Lakes, Coorong and Murray Mouth(LLCMM) (239 GL); and
lower River Murray channel (50 GL). The Environmental Watering Group (EWG) has
delegated authority from the MDBA to decide on the use of unregulated flows (MDBA,
2013d).
The South Australian Minister for the River Murray currently has four active licences with
water that can be used for environmental purposes: Class 9 wetland water, water for
Tolderol wetland, water for use at TLM icon sites and the SA Environmental Water Holding.
Under the Murray-Darling Basin Agreement, SA is entitled to 1,850 GLyear-1. Of this, 696 GL
has been prescribed for ‘dilution and loss’ and 1,154 GL is available for allocation within SA
(DEWNR, 2013b) (see also section 2.1 of this document).
The Water Allocation Plan for the River Murray prescribed water course (as per the SA
Natural Resources Management Act 2004)(SAMDBNRM, 2009) describes 9 classes of water
(see Table 3-1). ‘Class 9 - wetlands’ water on licence can be used for regulated poolconnected wetlands. Class 7 water has also been classified as ‘environment’. This includes
water contributed by South Australia to The Living Murray. The Water Allocation Plan is
currently being reviewed, and it is likely that the water class nominations will be redefined.
The SA Environmental Water Holding has been established as part of the agreement for the
federal funding for the Adelaide Desalination Plant, and comprises 6 GL of high reliability
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•

entitlement water for environmental purposes, and up to 24 GL of an ‘Environmental
Provision’ if SA receives full entitlement flow (DEWNR, 2013).
A number of non-government organisations hold water allocations that can be used for
environmental purposes.
o The Nature Foundation SA (through the Water for Nature initiative) has a five year
(commencing 2013) agreement with the CEWH for allocation of up to 10 GLyear-1 to
deliver community-driven projects. In 2012-13 Water for Nature delivered over
60 ML.
o Healthy Rivers Australia
o The Murray-Darling Foundation (through the Murray-Darling Association)

Table 3-1 Entitlement classes within South Australia, as described by the Water Allocation Plan for the River Murray
prescribed watercourse (SA MDB NRM Board, 2011)
Entitlement Class
1
2
3a

Description
Unit shares*
Stock, domestic and stock and domestic purposes
8 704 910
Urban water use – country towns
50 000 000
Irrigation + holding other than in the QualcoSunlands
544 018 767
Groundwater Control area
3b
Irrigation and holding in the Qualco
21 038 369
SunlandsGroundwater Control Trust area
4
Recreation
4 423 526
5
Industrial and industrial dairy
5 519 841
6
Urban water use – metropolitan Adelaide throughthe
130 000 000
Swan Reach – Stockwell Mannum Adelaide and
MurrayBridge-Onkaparinga pipelines = rolling 5 year
allocation
7
Environment
38 366 550
8
Environmental land management
22 200 00
9
Wetlands
200 000 000
*Except for class 6 and 9 the maximum volume of water that can be made available for allocation is 1 kL per unit share.
The water allocations obtained on account of class 6water access entitlements may exceed 1 kilolitre per share consistent
with the pre 1 July 2009 arrangements whereby the SA Water allocation for metropolitan Adelaide offtakes is managed
as a rolling total of no more than 650 gigalitres over 5 years. The water allocations obtained on account of class 9 water
access entitlements may exceed 1 kilolitre per share to enable the existing policy of an additional (up to) 200 gigalitres of
water being available in years of above entitlement flow, for wetland management purposes.

Figure 3-1 demonstrates how at any one time, the water flowing to South Australia (QSA) may come
from a number of different sources and water holders. For example, at the beginning of October
2012, QSA was almost 50,000 MLday-1, and comprised ~5,000 MLday-1 entitlement flow,
3,000 MLday-1 Additional Dilution Flows (see section 2.1), a small amount of CEWH Murray trade and
>40,000 MLday-1 of unregulated flows. Two and a half months later, in mid-December 2012, the
magnitude of flow had decreased, and the sources of water had changed; it was now comprised of
entitlement flow, ADF, TLM Goulburn, CEWH Goulburn, TLM Murray/Darling trade and CEWH
Murray trade.
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Figure 3-1 Flow to the SA border 2012-13 by source (MDBA, 2013c). At any time QSA can comprise a number of sources;
for example, in November 2012 QSA comprises flow from a CEWH Murray trade, a TLM Murray/Darling trade, TLM
Murrumbidgee, CEWH Goulburn, TLM Goulburn, Additional Dilution Flows (ADF) and entitlement flow.

3.2 Water delivery
Regulated delivery of water to SA relies on releases from a combination of storages, namely Lake
Victoria, Menindee Lakes and Hume Dam (Figure 2-2 and Figure 3-2). Other sources include the
Murrumbidgee and Goulburn Rivers. Flow travel times depend on the source and the flow rate. For
example, it takes about one day for water to get from Lake Victoria to the SA border, but 14 days
from the Menindee Lakes to the SA border (Figure 3-2). During routine operations, outlet flow from
the three main storages is limited to approximately 7,000-9,000 MLday-1. This limit is driven
primarily by channel capacity downstream of the respective storages; Lake Victoria because of the
carrying capacity of Rufus River; Menindee Lakes (via the Darling River) because of the carrying
capacity of the Darling River and the commence-to-flow level of the Great Darling Anabranch; and
Hume Dam due to the carrying capacity of the Barmah choke. Lake Victoria is the only storage where
releases can be precisely manipulated to achieve targeted flow regimes at the South Australian
border.
Within SA, the MDBA owns the lock and barrage infrastructure. SA Water is contracted to operate
the infrastructure (through River Murray Operations), as directed by the MDBA. Wetland regulators
along the River Murray in SA are owned and operated in accordance with site specific wetland
management plans by a combination of DEWNR, Local Action Planning (LAP) associations and private
landholders.
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Figure 3-2 Sketch of main flow sources, approximate travel times and key infrastructure for flow upstream of the South
Australian border.

3.3 Water quality
The catchment and/or storage where the water comes from influences ecological outcomes. For
example, turbidity, dissolved oxygen, carbon and nutrient concentrations, phytoplankton and
zooplankton communities, plant and invertebrate propagules and fish egg and larvae differ between
sources, and hence water source may change the ecological outcomes resulting from any watering
action (Wallace et al., 2014). Due to the potential for storage to act as a barrier to longitudinal
connectivity, for better ecological outcomes, water sourced directly from the Darling or middle
Murray Rivers is preferred over water that has been stored in Lake Victoria (Wallace et al., 2014).
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4 Planning and delivery
The process of the allocation and delivery of e-water can be broadly placed in three categories: longterm (i.e. 5-year) planning, annual planning, and real-time event planning and delivery. Long-term
and annual planning refers to the development of e-water allocation priorities, whereas real-time
event planning is the delivery and management of e-water.
The four main sources of e-water to SA (CEWH, TLM, state and non-governmental, see section 3.1)
each have similar, but slightly different processes of allocation. In general, e-water can be provided
for (i) augmenting hydrographs, (ii) operating structures (e.g. regulators and weirs), and (iii) gravity
or pumped delivery of water to wetlands (or wetland complexes) (Wallace et al., 2011).
Environmental water ordered from storage for delivery to SA is likely to come primarily from
Menindee Lakes, Hume Reservoir or Lake Victoria (see section 2.1). Assuming the desired volume of
water is available, the amount of water that can physically be released from each storage is
dependent on channel constraints and outlet capacity see (section 3.2) and the supply demands of
other users. Water released from Hume takes approximately four weeks to get to South Australia
and therefore needs to be ordered four weeks prior to operation to ensure flow targets can be met
(see Figure 3-2 for water travel times).
Large releases from storage for flows to SA are unlikely to be sustainable during winter under
regulated flow conditions, primarily because of low base low (SA entitlement flow) coupled with low
volumes of available environmental water at the start of the water year (July-June). It may also be
difficult in summer due to upstream Murray channel capacity constraints. In autumn, challenges
associated with delivery of large volumes of water include channel capacity constraints, low base
flow (SA entitlement flow), and low volumes of available environmental water as much of the total
allocation of e-water would have been delivered in spring to meet other demands in the Murray and
its tributaries.
The upper maximum limit for supplementing regulated and unregulated flows to South Australia
(QSA) is currently considered to be in the range of 10,000 MLday-1; in general, flow to SA (QSA) may
be manipulated by ca. 5,000 MLday-1 with an e-watering action. Actual boundaries will vary as
experience is gained in delivery of water specifically for environmental outcomes and delivery
constraints are further understood and managed.
The delivery of e-water within SA is carried out primarily by SAWater through the manipulation of
weirs and barrages, under instruction provided by DEWNR. DEWNR also have capacity to deliver
water to some managed wetlands.The allocation and delivery processes are discussed in more detail
below.

4.1 Annual and longer-term planning
4.1.1 Murray-Darling Basin Authority
Under the Basin Plan the MDBA is responsible for the equitable, efficient and sustainable delivery of
e-water throughout the Basin. The key elements of MDBA's role in the Environmental Watering Plan
(MDBA, 2013e) are:
•

coordinate environmental watering
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•
•
•
•

facilitate the effective use of environmental water
develop the Basin-wide environmental watering strategy
determine Basin annual environmental watering priorities
develop environmental watering schedules

The MDBA will publish a Basin-wide environmental watering strategy (anticipated by November
2014), as part of their long-term planning process (MDBA, 2013e). The strategy is not intended to
replace State watering plans, but to complement and guide them on a broader scale. The strategy
aims to:
•
•
•
•
•

explain how environmental watering actions will be prioritised
provide guidance how these priorities will be integrated with broader NRM strategies
outline how e-water synergies will be found and conflicts resolved
make recommendations on best practice planning, prioritisation and use of e-water
identify priority environmental assets, objectives and targets

The MDBA will also set annual environmental watering priorities on a Basin-scale, in consultation
with State authorities and the CEWH. Factors to be considered include:
•
•
•
•
•
•

the complexity and diversity of larger systems and of specific assets
legislative and policy responsibilities, including international treaties and agreements
the nature of land and water management activities within or along flow paths to identified
assets
system constraints
the capacity to deliver water to different areas, including existing or potential works for
directing, holding or otherwise managing water
threats to meeting the overall objectives for water dependent ecosystems of the Basin.

The MDBA's decisions will also take into consideration:
•
•
•
•

the views of local communities and persons materially affected by the management of
environmental water
the social, spiritual and cultural values of Indigenous people, as determined through
consultation with traditional Indigenous owner organisations
social, cultural and other public benefit issues associated with the environmental outcomes
any consultation or other information MDBA considers relevant to the co-ordination of
environmental watering.

The relationship between the MDBA’s environmental watering annual priorities and strategy, and
the Basin states is outlined in the environmental management framework (Figure 4-1). In essence,
the Basin states develop their own long-term and annual watering priorities, but these must have
regard to the Basin-wide watering strategy. When developing the Basin annual watering priorities,
the MDBA must also consider the states’ watering priorities. The MDBA makes decisions regarding
the allocation of TLM water to Icon Sites in conjunction with the jurisdictions. The CEWH, with
regard to the Basin priorities, decides how much, when and where Commonwealth environmental
water goes. The operational authority is then responsible for e-water delivery in a manner consistent
with those decisions.
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An environmental water holders’ coordination forum will be held in July each year to discuss
proposed watering actions and identify opportunities for combined watering (MDBA, 2013d).In June
2013 the MDBA published for the first time the annual environmental watering priorities (for 201314 water year; see Appendix B).

Figure 4-1 The Murray-Darling Basin Plan’s Environmental Watering Plan’s environmental management framework
(MDBA, 2013e).

4.1.2 Murray-Darling Basin Authority: The Living Murray
The annual watering plan for TLM is developed by the MDBA, in close consultation with jurisdictional
partners (Victoria, New South Wales, South Australia and the Commonwealth). The respective
agencies develop watering proposals for theIcon Sites within their jurisdiction (the MDBA develops
plans for the river channel Icon Site). Each jurisdiction is represented on the Environmental Watering
Group (EWG). TLM seeks to maximise the environmental benefit by co-ordinating large multi-site
watering actions with the e-water holders in the other jurisdictions. In developing the annual
watering plan, TLM must have regard to The Basin Plan. TLM uses a scenario based planning
framework to assess potential watering actions against water availability and icon site requirements.
Watering actions are ranked based on the following criteria (MDBA, 2013d):
1.
2.
3.
4.
5.

Amount of benefit for the volume of water
Risk of not watering
Certainty/likelihood of benefit
Environmental risks associated with watering
Cost

Lower River Murray Research Requirements

15 | P a g e

In 2007 the Ministerial Council agreed to the principle that any unregulated flows that become
available are to be managed according to TLM Environmental Watering Plan through the EWG
(MDBA, 2013d).
4.1.3 Commonwealth Environmental Water Holder
The CEWO (a division of the Australian Government Department of the Environment) supports the
CEWH to make decisions on the use of Commonwealth environmental water. Commonwealth water
will be managed in accordance with the Environmental Watering Plan (chapter 8 of the Basin Plan).
The relationship between the MDBA, CEWO and basin states is shown in Figure 4-2(CEW, 2013c).

Figure 4-2 Basin and catchment-scale planning for environmental water supply and demand (CEW, 2013c)

At present, the CEWO has a Framework for determining Commonwealth environmental water use
(2013c), which outlines a framework for determining Commonwealth environmental water use and
the process for making these decisions. The framework states that all watering actions are assessed
against the following criteria:
1.
2.
3.
4.

The ecological values of the targeted asset(s).
The expected outcomes from the proposed watering action.
The potential risks of the proposed watering action.
The long-term sustainability of the targeted asset(s) including appropriate management
arrangements.
5. The cost, both in water and other resources, and operational feasibility of the undertaking of
the proposed water action.

4.1.4 State planning
DEWNR is currently in the process of developing a Long-Term Watering Plan, in line with Basin Plan
requirements.
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DEWNR develops an annual environmental watering plan, which integrates the proposed watering
activities of many groups (including non-governmental, TLM and CEWH), incorporates components
of both the Annual Environmental Watering Priorities and planned Long-Term Watering Plan, and, as
of 2013-14, is developed in accordance with the MDBA’s environmental water priorities, as
expressed in The Basin Plan (DEWNR, 2013). The process for developing the annual plan includes:
•
•
•
•
•
•
•
•

defining the assumptions of the plan
determining the prioritisation criteria
receiving proposals from environmental watering groups
holding a prioritisation workshop
consulting with different stakeholders on priorities
incorporating priorities into the annual plan
submitting priorities to the MDBA
publishing the annual plan.

The plan contains a list of watering priorities under a number of different scenarios (see DEWNR
(2013) for further information). Note that the state has direct control over 6-24 GLyear-1of e-water
(assuming full entitlement flow), as well as the Class 9 water for accredited managed wetlands (see
section 3.1).
Environmental watering actions are assessed against the following criteria (DEWNR, 2013):
1.
2.
3.
4.
5.
6.

Scale of environmental benefit
Risk of not applying water
Environmental risks associated with watering
Certainty/likelihood of benefit
Cost
Significance of site

The state planning process also includes annual watering proposals for the specific TLM icon sites
(Chowilla, The River Channel, and Lower Lakes, Coorong and Murray Mouth). These proposals are
developed based on:
•
•
•
•
•

Community consultation (a community advisory panel)
A scientific advisory group
Scenario modelling of different flow forecasts
Communication with river managers
Available ecological and hydrological data, including data from monitoring programs and
developing environmental watering requirements

Factors considered in the state planning process include:
•
•
•
•
•

Current hydrological and ecological status
Trade-offs between supporting environmental objectives
Community expectations
Flow forecasts and water available
Other management interactions (e.g. operation of regulators such as the weirs and barrages)
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•
•

Interaction with other watering proposals (such as multi-site watering events)
Costs and feasibility of watering action

The three primary e-water holders (MDBA(TLM), CEWH and State) have broadly similar criteria for
prioritising e-watering actions (Table 4-1), although some different focuses exist (for example, both
MDBA(TLM) and the State considers the risk of not taking action, but that is not a specific criteria for
CEWH).
Table 4-1 Comparison of decision criteria for ranking priority of environmental watering actions from the three primary
water holders.
Water holder

Criteria
Scale of
influence

MDBA(TLM)

CEWH

Amount benefit for the
volume of water

Value of asset
Certainty of
outcome

Certainty/likelihood of
benefit

Risk of not
taking action

Risk of not watering

Risks from
taking action

Environmental risks
associated with watering

Scale of environmental
benefit
The ecological values of the
targeted asset(s)

Significance of site

The expected outcomes from the
proposed watering action

Certainty/likelihood of
benefit
Risk of not applying
water

The potential risks of the proposed
watering action

Sustainability

The long-term sustainability of the
targeted asset(s) including
appropriate management
arrangements

Cost

The cost, both in water and other
resources, and operational
feasibility of the undertaking of the
proposed water action

Cost

State

Environmental risks
associated with watering

Cost

4.1.5 Non-governmental organisations
Water for Nature works with private landholders, community groups, Local Action Planning (LAP)
associations,the South Australian Murray-Darling Basin Natural Resources Management (SA MDB
NRM) board and DEWNR to scope potential projects. They assess applications against their principals
of site selection, while also considering funding for operation (e.g. pumping and monitoring costs)
and alignment with the CEWO and DEWNR priorities. The Principles of site selection are:
•
•
•
•

The extent to which a site contains significant wildlife and habitat conservation values, or
contains nationally endangered or threatened ecological communities or species;
The extent to which a site supports migratory species that are listed under the schedules of
international agreements/conventions to which Australia is a signatory;
The extent to which a site contains areas of biodiversity conservation significance and
contributes to the conservation of adjoining areas of conservation significance;
The potential for maintaining ecological viability and integrity of those populations, species
and communities for which the site is being considered;
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•
•

The extent to which a site aligns with both Commonwealth Environmental Water Office and
Department of Environment, Water and Natural Resources priorities; and
The potential for strong partnerships with the river community, local community
organisations, irrigators and corporates.

Healthy Rivers Australia is at present not focussing on delivering environmental water, but instead
on developing the capacity of people within the water trust sector to develop regional support
systems and mechanisms for efficient water delivery and management of river ecosystems.
The Murray-Darling Foundation has a strong focus on local council and community groups, such as
sporting groups, rather than the delivery of water for specific ecosystem benefit. The board assesses
application for water and works with the local council or community group to deliver the water to
specific sites and projects.

4.2 Allocation, delivery and event management
4.2.1 CEWH
During the water year, the broad environmental watering options scoped during annual planning are
subsequently developed into specific watering actions (which may include individual and/or
multiple-sites). The environmental demands are periodically evaluated, along with water resource
availability and seasonal, operational and management considerations, and a purpose (e.g.
prevention of long term damage) for an individual watering action is specified. The delivery of the
Commonwealth environmental water is undertaken by river operators (i.e. SAWater in SA) (CEW,
2013b).
4.2.2 MDBA - TLM
Regular formal and informal discussions of state representatives and other environmental water
holders are held throughout the year to identify combined delivery opportunities and resolve any
emerging issues (MDBA, 2013d). TLM’s EWG utilises MDBA’s Operations Advisory Group (OAG),
which provides a forum for sharing operational and ecological information between all
environmental water holders, site managers, river operators and managers during environmental
watering actions. OAG provides advice, where feasible, to River Murray Operations on appropriate
operational adjustments. OAG is convened through regular teleconferences during the delivery
phase of an e-water action.
4.2.3 State
Since late 2013, an e-water advisory group, comprising water managers and Icon Site managers from
DEWNR, and ecologists from SARDI and University of Adelaide, has had regular teleconferences to
discuss flow conditions in the Basin and any upcoming e-watering opportunities. The shape of any
augmented hydrographs, where the water comes from, how best to use that water, and any risks,
are discussed. The TLM and/orCEWO is then advised of SA’s preferred e-watering action, based on
current conditions.
Delivery of water to South Australia is managed by SA Water in consultation with DEWNR under the
direction of the MDBA. The real-time management of water required by South Australia for all
purposes including preferred pattern of delivery of environmental water to South Australia, delivery
of regulated flow (Entitlement Flow, trade, Additional Dilution Flow and environmental water) and
unregulated flow is coordinated by DEWNR in liaison with SA Water and the MDBA. Consultation is
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also carried out across government to identify any potential risks and to optimise the use of water
for the best outcomes.
The South Australian River Murray Annual Operating Plan incorporates the annual environmental
priorities and watering actions. Therefore, the water delivery required to support these priorities
and actions is integrated with broader river operations planning to ensure management on a realtime basis, and appropriate feedback to the MDBA.
4.2.4 Non-governmental organisations
Water for Nature works with DEWNR to obtain site works and approval for watering actions (e.g.
pump installation) and with CEWH and MDBA to access the water allocation. The MDBA direct River
Murray Operations and SA Water as required for the delivery of the e-water allocation to SA. In
general, The Murray-Darling Foundation works with the local council or community group (who may
own the appropriate infrastructure) to deliver their water.
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5 Objectives, targets and monitoring
The objectives and targets of any watering action, and any monitoring protocols are dependent on
the site based Environmental Management Plans, and any water source (i.e. TLM, CEWO, SA) specific
requirements. These are briefly summarised below.

5.1 CEWH
The Commonwealth environmental water contributes to achieving the environmental objectives of
the Murray-Darling Basin Plan, which are (CEW, 2013b):
•
•
•
•

“Biodiversity”: To protect and restore water dependent ecosystems of the Murray-Darling
Basin (Environmental watering plan, Chapter 8 of the Basin Plan)
“Ecosystem function”: To protect and restore ecosystem functions ofwater dependent
ecosystems (Environmental watering plan, Chapter 8 of the Basin Plan)
“Resilience”: To ensure that water dependent ecosystems are resilient to climate change and
other risks and threats (Environmental watering plan, Chapter 8 of the Basin Plan)
“Water quality”: To ensure water quality is sufficient to achieve the above objectives for
water dependent ecosystems, and for Ramsar wetlands, sufficient to maintain ecological
character (Water quality and salinity management plan, Chapter 9 of the Basin Plan)

CEW (2013a) has developed a monitoring framework that considers both short-term (with a focus on
specific actions) and long-term monitoring (Figure 5-1). In line with this approach, and in accordance
with the obligation of the Basin Plan, CEWH have developed The Long Term Intervention Monitoring
Project(Gawne et al., 2013).

Figure 5-1A summary of the three types of monitoring:(i) operational, (ii) intervention and (iii) program monitoring,
relevant to Commonwealth environmental water and the alignment with planning (CEW, 2013a).

Under the Basin Plan, CEWH will be required to report on environmental outcomes at the basin
scale.
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5.2 TLM
Each of the TLM Icon Sites have high level (First Step Decision) management objectives specific to
the site, as outlined in their Environmental Water Management Plans. For example:
Chowilla Floodplain: Maintain high biodiversity values of the Chowilla Floodplain (MDBA,
2012) (note, an expanded list of objectives can be found in Appendix C)
• Lower Lakes, Coorong and Murray Mouth: A healthier Lower Lakes and Coorong estuarine
environment, including:
o an open Murray Mouth;
o more frequent estuarine fish spawning and recruitment; and
o enhanced migratory wader bird habitat in the Lower Lakes and Coorong (MDBC, 2006a).
• The River Murray Channel: A healthy and productive River Murray, including:
o increase the frequency of higher flows in spring that are ecologically significant;
o overcome barrier to migration of native fish species between the sea and Hum Dam; and
o maintain current levels of channel stability (MDBC, 2006b).
•

Each of the Icon Sites has more specific Ecological Objectives outlined in their Environmental Water
Management Plans.
Three types of monitoring are carried out by TLM, under the TLM environmental monitoring subprogram: Icon Site condition monitoring; River Murray system-scale monitoring; compliance and
intervention monitoring.

5.3 State
Within SA, the TLM Icon sites have specific objectives, presented in their respective environmental
water management plans (as endorsed by the MDB Ministerial Council). Similarly, many wetlands
within SA have specific objectives developed in their wetland management plans, as do other focus
sites, such as Murray Futures Riverine Recovery’s Pike River Anabranch and Katfish floodplains
(DEWNR, 2014).
DEWNR currently manages several monitoring programs (includes monitoring that is sub-contracted
to service providers) that are generally site specific, including:
•
•
•
•
•

TLM Icon Site Condition and Intervention Monitoring: LLCMM and Chowilla Floodplain
Floodplain and Wetland Program
Murray Futures Coorong, Lower Lakes and Murray Mouth Project (CLLMM Project).
Riverine Recovery Project
SARFIIP (South Australian Riverland Floodplains Integrated Infrastructure Program)

Under the Basin Plan, the state will be required to report on environmental outcomes at the asset
scale.

5.4 Non-governmental
Water for Nature may use a combination its own ecologists, DEWNR ecologists, LAP officers and
land-holders for any event monitoring.
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6 Delivery constraints
6.1 River Management Practices
The MDBA has identified a number of river management practices that currently act as constraints
to the delivery of environmental water (MDBA, 2013c). In summary, these constraints, commonly
referred to as Operational and Management constraints, include:
•
•
•
•
•
•
•
•

limited capacity to deliver environmental water on top of other ‘in-stream’ flows
limited mechanisms to protect environmental water in-stream restricting the ability to
provide environmental benefits throughout the length of the river (i.e. longitudinal benefits)
insufficient mechanisms to estimate environmental water use
insufficient formal channel sharing arrangements at times of both high consumptive and
environmental demand
water accounting practices can result in insufficient ‘held’ environmental water being
available to commence watering events
some planned environmental water does not optimise environmental outcomes
environmental water can sometimes substitute for other planned or operational water
limited formal arrangements exist to coordinate all water and inter-valley watering events.

Further detail about these constraints is provided in Appendix D. Operational and Management
constraints have been included in the Constraints Management Strategy (CMS), released by the
MDBA pursuant to section 7.08 of the Murray-Darling Basin Plan. The responsibility for amending
river practices rests with Basin States (MDBA, 2013c).
Trade restrictions and considerations of the effectiveness of provisions under Commonwealth and
state laws and the Murray-Darling Basin Agreement, can also pose a significant barrier to certain
forms of environmental watering.
In SA, another river management practice that can influence the ecological outcomes of e-watering
actions is the source of water. At present, as per the rules outlined in the Lake Victoria Operations
Strategy(MDBC, 2002)and Salinity Management (MDBA, 2014)SA Water routes as much water as
possible through Lake Victoria. This may change the hydrograph (by attenuatings the peak) and may
change the quality of quality and hence ecological outcomes. For example, it has been hypothesised
that "diverting (routing) water from upstream unregulated flows via Lake Victoria decreases the load
and/or bioavailability of carbon and nutrients in the lower River Murray"(Wallace et al., 2014). A
small desk-top study has been funded by the CEWH for preliminary investigation of potential impact
of this historic river practice on water quality.

6.2 Physical constraints
The main constraint identified by the MDBA is the limited channel capacity for regulated flow
delivery, which restricts the amount of water that can travel down the river and into adjacent
wetlands at any one time(MDBA, 2013c). Sites where this occurs are (see also Figure 3-2):
The Barmah Choke, which has a carrying capacity of about 8,500 MLday-1, which is often fully
utilised to meetirrigation demand (MDBA, 2013c).
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•

•
•

The channel capacity of the Darling River (~9,000 MLday-1) downstream of Weir 32, as well
as the operational strategy and storage release capacity of the Menindee Lakes system.
The channel capacity of Rufus River (the outlet from Lake Victoria, at about 7,0008,000 MLday-1), which may be at maximum capacity in order to meet prevailing irrigation
demands.

There may also be (i) localised, short-term, delivery constraints associated with the construction or
maintenance of infrastructure, and/or (ii) competing demand for water elsewhere that is using up
the channel capacity (refer 6.1), and/or(iii) other physical constraints along the river channel.
For example, in SA high water flows ofapproximately 60,000 to 80,000 MLday-1 QSA can have social
implications, such as inundation of private property (e.g. shacks and other land holdings), council
property and infrastructure (e.g. boat ramps, unsealed roads) on the floodplain. A review of the
implications of flow events in the range 60,000 to 80,000 MLday-1 QSA is currently underway under
the CMS (MDBA, 2013c). Similar types of physical constraints in six other Key Focus Areas
throughout the Murray-Darling Basin and are also being considered through the framework of the
CMS (MDBA, 2013c).

6.3 Social considerations
Issues that have been raised by community forums include (MDBA, 2013c):
•
•
•
•

timing of flows, particularly with regard to impacts of higher flows on recreation and tourism
activities and amenity of private land
limitations to environmental flow delivery as a result of current river infrastructure (e.g.
weirs and environmental watering infrastructure)
avoiding low flows or the drying out of wetlands because of the impacts on water quality
ensuring any higher flows do not impact on infrastructure such as council roads, ferries,
shacks and new environmental watering infrastructure.
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7 Case example: Chowilla Floodplain Icon site
The range of management options that could be used on the Chowilla Floodplain include:
•
•
•
•
•
•

•

no-action required at the site scale
delivery of water to individual wetlands (pumping and/or gravity)
weir pool manipulation
pulse flows via Pipeclay and Slaney weirs
in-channel rise using the Chowilla Regulator and ancillary structures
managed inundation using the Chowilla Regulator and ancillary structures
o low elevation
o moderate elevation
o maximum achievable elevation
manage hydrograph recession

The following is an example of the steps required for long-term planning and real-time water
delivery at a site that incorporates selection of the most appropriate action in any season.

7.1 Chowilla Floodplain long-term watering planning
The Operations Plan for Chowilla Creek Regulator and ancillary structures (Chowilla Floodplain Icon
Site) outlines the following process (as illustrated in Figure 7-1) to be implemented when developing
its annual watering plan (Wallace and Whittle, 2014):
1.
2.
3.
4.

Review of antecedent conditions
Review of prevailing condition of the Icon Site relative to the ecological targets
Climate and storage conditions
Identify the range of operations that would be implemented pending flow conditions and
water availability
5. Develop and submit environmental water bid

7.2 Pre-event planning
The following steps are to be used in the pre-event period to confirm the most appropriate
management action and prepare for its implementation (see Figure 7-2):
River Murray system considerations:
•
•
•
•

Prevailing flows
The source of water
outcomes from multi-site watering
system constraints

Site specific factors:
•

Condition of the Icon Site relative to the ecological targets
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•
•
•
•

Water quality impact of the management action
Ability of management action to contribute towards Ecological Targets
Monitoring and Operating resources
Balancing anticipated benefits and risks (including season, hydraulic complexity and ambient
water quality)
Proceed to pre-event planning
phase
Review antecedent flows and data on
condition of floodplain
YES
Is condition and trajectory acceptable?
Bid successful?
YES

NO

Management Action
may not be required

Management Action
required

Review storage
conditions

Climate - prevailing
and forecast flows

Submit water bid

Identify range of options to be implemented
pending prevailing conditions

Environmental
water holdings

RM system
constraints

Multi-site watering
demands/options

Figure 7-1 Decision flowchart for annual water year planning of management actions at the Chowilla Floodplain (from
Wallace and Whittle (2014))

7.3 Event delivery
Further steps are considered during a management action, such as an e-watering event, including
(see Figure 7-3):
1. Chowilla Operating Group (COG) select most appropriate management action given current
and forecast conditions
2. Monitoring Plans are implemented
3. MDBA and SA Water River Murray Operations (RMO) commence delivery arrangements
4. Field data required to inform operations (including Management of critical hazards,
Utilisation of the MDBA operational forecasts, River Murray Operational data, Real-time
incidental data and on-ground observations)
5. Frequent, regular meetings of the Operations Planning Team
o On-site changes made as required to manage emerging issues
6. Icon Site Manager reports to Operational Advisory Group
7. Complete Management Action
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Select most appropriate option taking into
account

RM System Factors

Site Specific Factors

Prevailing flows

Condition of the Icon Site
relative to Ecological
Targets

Source of water

Water quality impact of
management action

Outcomes from multi-site
watering

Ability of action to
contribute towards
ecological objectives

System constraints

Monitoring and operating
resources

Balance of anticipated
benefits against potential
risks
Figure 7-2 Decision flowchart for pre-event planning for management actions at the Chowilla Floodplain (from Wallace
and Whittle (2014))

1: COG select most
appropriate hydrograph (with
contingency) pending
prevailing conditions

COG makes request to MDBA
River Operations re delivery
requirements
MDBA determine a course of
action and issue instructions
to SA Water RMOU

2: Monitoring plans
implemented

Environmental
monitoring data

3: MDBA + SA Water RMOU
commence delivery of
environmental water

4: Field data required to
inform operation

MDBA flow forecasts

RM Operational data

Real time incidental data
and on-ground
observations

RMOU may alter delivery
arrangements based on OAG advice &
in-consultation with Icon Site Manager
Proceed with
management action

6: Icon Site Manager reports
to OAG on operational issues

5: Frequent COG meetings to
adapt operation according to
conditions and
outcomes/risks

On-site changes made as
required to manage
emerging issues and
environmental outcomes in
timely manner

Implement review phase
following adaptive
management principles

7: Complete management
action

Figure 7-3 Event management at the Chowilla Floodplain (from Wallace and Whittle (2014))
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7.4 Monitoring: pre-, during and post-event
Reporting on the actions and outcomes of a management action is fundamental to adaptive
management. The reporting criteria developed for the Chowilla Floodplain covers pre-, mid- and
post-event reporting, as follows:
Pre-event planning
• Prevailing condition of floodplain
• Antecedent flow conditions (i.e. EWR's met/not met)
• Environmental Water availability
• Objectives for the planned event(s) and consideration of management of hazards and
benefits
• Compliance and Hazard Monitoring to be implemented and details of service providers
• How regard was had to Basin Flow targets for managing water flows
• Knowledge generation research (hypotheses testing) to be implemented and details of
service providers
• Licensing and/or approvals required and/or submitted
• Log of all Communications activities
Record of Event
The DEWNR Icon Site Manager will be responsible for coordinating record keeping including the
following data and information during an event to support adaptive management include:
•
•

•

•

•

Decision record from COG meetings
Monitoring results
o compliance and hazard management
o knowledge generation/hypotheses testing
o critical or near-critical incidents (hazard management/monitoring)
o incidental observations
Operational records
o flow (inflow and outflow) and settings (number of boards etc) through individual
structures
o depth at structures and gauge boards in wetlands/flow paths
o satellite imagery of inundation extent (ha)
o duration of inundation of key wetlands
o Repairs/modifications to infrastructure
Log of all Communications activities
o Community - correspondence in/out
o Media - requests/published
Water accounting

Post - event recording
The DEWNR Icon Site Manager will be responsible for ensuring that key information from the two
preceding tiers of record keeping (record of pre-event planning and record of event) is compiled
along with the following information:
•

Monitoring summaries
o Compliance and hazard management
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•

•
•

o Knowledge generation/hypotheses testing
o Evaluation of progress towards/achievement of event specific objectives
Recommendations for future events from:
o Operations staff
o Monitoring teams – identification of ecological benefits to inform adaptive
management cycle.
Resources utilised (personnel and equipment)
Feedback from stakeholders, landowners and community

7.5 Adaptive Management
Periodic review of the data from the decision making process, operational records and the
monitoring program, and interpretation of that data with regard to the conceptual model and
ecological objectives and targets and subsequent review and modification is essential to the
adaptive management process.Without this process, changes in management actions (e.g. the way
structures are operated and environmental flows are delivered) cannot be efficiently implemented
in order to achieve improved management outcomes. Regular, systematic reviews will ensure that:
•
•
•
•

•
•
•
•
•

composition and role of COG is appropriate and effective
the decision matrix is effective and improved as appropriate
the ecological objectives and targets defined for the Icon Site are realistic and attainable
the monitoring program provides the information required for (i) reporting against the
ecological objectives and targets (ii) hazard mitigation and Basin Plan Schedule 12, and is
modified/updated as appropriate via a structured process to rectify any gaps or
redundancies
management actions are based on the latest information and ecological understanding of
the system, and how it responds to various interventions and natural events
the management actions implemented are successful in terms of meeting the ecological
objectives
deleterious impacts or incidental environmental benefits from management actions are
reported upon and accounted for in future management actions
trigger points are established so that particular outcomes from monitoring trigger corrective
action or further investigation
stakeholder and community feedback is considered and addressed.

A detailed framework will provide a systematic basis for adaptive management of Chowilla
operations and will include answering a series of questions including the following:
• Was the action delivered as anticipated?
• Were thresholds for management complied with?
• Did the action achieve the stated objectives? If not why not?
• Where unanticipated / additional objectives achieved?
• Do objectives or targets need to be updated? If so how?
• Do conceptual models need to be updated? If so how?
• Do actions required to meet the objectives require refinement?
• Were hazard mitigation measures successful?
• Did unanticipated hazards emerge?
The outcomes of these annual systematic reviews will inform updates of the Operations Plan
documents.
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8 South Australian Murray-Darling Basin models
As described in the previous sections, e- water management within the SA MDB is complex process
involving a large number stakeholders, decisions, objectives and constraints. To aid in e-water
allocation and delivery process, either as part of the direct decision making process, or by providing
support for conceptual models of flow-ecology relationships, a wide range of hydrological, hydraulic,
groundwater and ecosystem response models are used. The models that have been, or are being,
used in the SA MDB are outlined, including a summary of their respective advantages and
disadvantages in Sections 8.1-8.4 and a discussion of their potential use in e-water management in
Section 8.5.

8.1 Hydrological models
Details of the hydrological models used in the SA MDB are provided in Table 8-1. Hydrological
models use a combination of flow (e.g. inflow, storage data) and weather (e.g. rainfall, evaporation
data) to model channel flow and other parameters (e.g. area inundation). In general, hydrological
models are used to forecast flow and run scenarios on factors affecting flow, such as the implications
of delivering e-water to one area of the SA MDB on another, or for understanding the range of
resource availability scenarios (very dry, dry, moderate, wet, very wet; (MDBA, 2012) that could
occur through the MDB.
Table 8-1 Hydrological models for the SA MDB.

Daily operating Spreadsheet
Maintained by MDBA
Description
• 2 week flow forecast at the SA border
Location
• SA Border
Timestep
• daily
Temporal
• real-time e-water management
Application
MSM-Bigmod
(Close et al., 2004), Maintained by MDBA
Description
• estimates flow along the River Murray
• MSM – monthly flow in Murray/Lower Darling to Lower Lakes
• Bigmod – daily flow and salinity in River Murray
Location
• In SA: Border to barrage
Timestep
• monthly (MSM)
• daily (Bigmod)
Inputs
• inflow
• rainfall
• evaporation
• storage
• operating rules
• diversion
• irrigation
• salt loads
-1
Outputs
• flow (MLday )
• salinity (EC)
• storage volume/level
• water accounts
Advantages
• cost effective (no need to rely on external consultants) (MDBA, 2013b)
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• quick run time (MDBA, 2013b)
• can be used to simulate flow over barrages (MDBA, 2013b)
• simply simulates hydraulics using lookup tables when necessary (e.g. smaller time spatial
variation, fine spatial resolution) (MDBA, 2013b)
Disadvantages • coarse scale in SA
• does not take into account most wetlands, floodplains, or weirs other than Lock 6,
Chowilla, Lake Bonney and the Lower Lakes.
Studies
• water resource assessments;
• water sharing policies (e.g. cap on water use/allocations) between states
• model versions:
1 – without development
2 – current diversions
3 – scenarios for Basin Plan
4 – relaxed system constraints
• estimates annual water allocation levels for a range of scenarios (Connor et al., 2008).
• Basin Salinity Management Strategy.
Temporal
• real-time e-water management
Application
• long term/annual e-water management
Source
Developed by eWater, Maintained by MDBA
Description
• integrated river basin-scale modelling platform
• models the amounts of water and contaminants flowing through unregulated and
moderately regulated catchments and into major rivers, wetlands, lakes, or estuaries
• currently being developed by MDBA, with completion in 2015
Location
• River Murray to barrages
Timestep
• daily
Inputs
• flow
• climate
• diversions
• environmental demand
• storages
• transfer information
• water user
• operating rules
• salt loads
• potentially spatial (i.e. catchment data)
-1
Outputs
• flow (MLday )
• runoff
• contaminant loads (salinity)
• reports on varied temporal and spatial scales
• storage volume/level
• water accounts
Advantages
• visually better than Bigmod thus results easier to be interrogated and communicated
• considers social economic impacts resulting from water trading and changes to water
availability
• potential for improved integration with Basin state models
• quicker run times than hydraulic models such as MIKE models (see Section 8.2)
Disadvantages • extended runtimes versus MSM-Bigmod
• still being developed and calibrated by MDBA
• current model does not include wetland/floodplains.
Studies
• can be used to assess long term impacts of water/environmental resources based on
policy
• day to day operations assessment
• application project – Ovens River Catchment (Barlow et al., 2011). Simulate and assess
the effects of climatic characteristics (like rainfall and evaporation) and catchment
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characteristics (like land-use or vegetation cover) on runoff and contaminant loads from
catchments.
Temporal
• real-time e-water management
Application
• long term/annual e-water management.
IQQM – Integrated Quantity-Quality Model
Developed by NSW Office of water(Simons et al., 1996)
Description
• used in planning and management of water resources (includes dams, river reaches,
irrigation)
• Simulates:
o system inflows and flow routing
o reservoir operation modelling
o crop/town water demands, orders and diversions
o hydropower modelling
o effluent outflow and irrigation channels
o wetland demands and storage characteristics
o water sharing rules
Location
• NSW and QLD River reaches of Murray Darling Basin
Timestep
• daily, some processes hourly
Inputs
• inflow
• climate
• irrigation and town demands
• wetland demands
• spatial
• storage
• operating rules
-1
Outputs
• flow (MLday )
• salinity
• floodplain and wetlands storage behaviour
• temperature and other constitutes
Advantages
• considers wetlands
• investigates not only storages but can also take into account wetland, dams and town
demands therefore trade-off between these demands can be examined
Disadvantages • No South Australian River Murray Model – would need to be developed
Studies
• quantifies the impacts of water resource management policy changes on stakeholders,
including the environment and the irrigation industry
• studies completed in NSW and QLD catchments
Temporal
• real-time e-water management
Application
• long term/annual e-water management
REALM – resource allocation model
Developed by Victoria University and Victorian Department of Sustainability and Environment(VU and DEPI,
2013)
Description
• generic water supply system package
• uses network of nodes and carriers to represent dams, demands, reaches, pipes etc
• employs linear programming algorithm to optimise the water allocation within the
network for each time step of the simulation period, in accordance with user-defined
operating rules
Location
• Victorian river valleys of Murray Darling Basin
Timestep
• monthy and weekly
Inputs
• operating rules
• demand information
• spatial
• flow
Outputs
• reservoir
• demand
• stream junctions
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• carriers
• water quality
Advantages
• Flexible in that it can be used as a “what if” tool to address various options (i.e. new
operating rules, physical system modifications, etc.).
• System changes can be quickly and easily configured and investigated. A wide range of
operating rules can be modelled either directly or indirectly by exploiting the basic set of
node and carrier types and their corresponding attributes.
Disadvantages • does not take into account floodplains or wetlands
• needs to be linked to another model to account for irrigation
• no South Australian River Murray model – would need to be developed
Studies
• studies completed in Victorian catchments;
• River Murray model - track of water usage of two major users (i.e. Victoria and New
South Wales). An external routine is linked with REALM to model the irrigation
allocation issues and restriction policy
• Applications:
o complex water transfers between various elements
o urban and irrigation restriction policies
o complex rules for allocating water to irrigation (e.g. carryover)
o irrigation demand modelling with PRIDE
o sharing of water resources between various bulk users (i.e. capacity sharing)
o environmental flows
o water quality
o climate change scenarios
Temporal
• real-time e-water management
Application
• long term/annual e-water management
SWET, Water balance model
Developed by Gippel(2005)
Description
• wetland models
Location
• wetland scale (i.e. Riverine Recovery Project wetlands)
Timestep
• daily
Inputs
• rainfall
• evaporation
• bathymetry
• hydraulic information
Outputs
• water level and area
Advantages
• simple spreadsheet model
• accredited for calculating evaporation savings
Disadvantages • simple spreadsheet model, therefore can’t simulate some more complex cases
• difficult to use/modify models if in an adaptive process was used
Studies
• Riverine Recovery Project – Estimating water savings for input in Integrated Operating
Schedule
Temporal
• long term/annual e-water management
Application
• real-time (possibly at a site or reach scale, since difficulty to manage a large number of
wetland models at a landscape scale)
RIMFIM, River Murray floodplain inundation model
Developed by CSIRO (Overton et al., 2006a)
Description
• DSS for environmental flow management
• developed using GIS, remote sensing and hydrological modelling
• steady state model
Location
• River Murray
Inputs
• GIS
• remote sensing
• data required from hydrological model
• vegetation
• discharge
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•
•
•
•
•
Advantages
•
•
Disadvantages •
Studies
•
Outputs

Temporal
Application

weir height
inundation area
connectivity
volumes
depth
assesses the extent of flooding of floodplains and wetlands for a range of scenarios
links inundation area based on flow at SA border and river height (backwater curves)
does not consider antecedent conditions
used to assess natural vs. regulated floodplain inundation scenarios(Overton et al.,
2006a)
• has been linked with preference curves used in MFAT (Higgins et al., 2011)
• used to model invasion of exotic plants in relation to flooding and drying
• long term and annual e-water management

8.2 Hydraulic models
Hydraulic models focus on how water flows through the environment (e.g. depth, velocity,
inundation), rather than how much water flows over time (cf. hydrological models). They can be
used to assess the impacts of management actions, such as changing flow magnitude and weir pool
operations of velocity and inundation extent, and are important for understanding how biota
interacts with water. Hydraulic models used in the SA MDB are detailed in Table 8-2.
Table 8-2 Hydraulic models for the SA MDB.

MIKE
MIKE 11 – 1D hydrodynamic model
MIKE21 – 2D hydrodynamic model
MIKE FLOOD – 1D: in channel 2D: overbank flow
Software owned by DHI, DEWNR have user license(s)
Description
• hydrodynamic model and a number of version used by DEWNR
• used for flood analysis, forecasting, sediment transport, water quality
Location
• 6 models SA Border to Wellington (steady state model) including the weirpools
• individual wetland floodplains – Pike, Katarapko and Chowilla
Timestep
• typically seconds
Inputs
• bathymetry (cross sections for permanent channels and wetlands, LIDAR for temporary
channels and floodplain)
• upstream and downstream conditions (levels and flow)
• roughness values
• gauged stream flow data and satellite imagery of floodplain inundation for calibration
Outputs
• velocities
• depth
• floodplain inundation
• level
• flow
• shear stress
Advantages
• models exist along River Murray and managed by DEWNR
• detailed flow movement and floodplain inundation
• able to model complex floodplain system in River Murray
• assess different infrastructure options
• assess regulator operations and effect on floodplain inundation, flow velocity and
retention time
• examine the velocity mosaic and hence hazards associated with scour and bank erosion
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Disadvantages • long runtimes make it difficult to calibrate models and simulate many scenarios
• obtaining high quality DEM is costly, but largely available in SA
Studies
• studies undertaken at individual wetland floodplains to assess regulator operations,
floodplain inundation and fish movement
Temporal
• long term/annual e-water management
Application
• real-time– potentially could be used (e.g. Below Lock 3 model to Wellington being redeveloped resulting in a faster runtime)
1D Coorong Model
Developed by Webster from CSIRO (Webster, 2007)
Description
• 1D hydrodynamic salinity model which measures movement of water and nutrients
Location
• 1D along the length of the Coorong including its estuarine region and the Mouth
Timestep
• hourly
Inputs
• sea level changes
• wind
• flow through barrages
• evaporation
• rainfall
• flow from Upper South East Drainage Scheme (USED)
• bathymetric data
Outputs
• water levels
• salinities
• daily tidal range
• mixing properties along Coorong
• exchange through Murray Mouth
• Murray Mouth depth
Advantages
• 1D model has faster run time which allows it to be run for many more scenarios over
shorter timeperiods than the 2D hydrodynamic model (Webster, 2007)
Disadvantages • simplistic representation of barrage flows on Mouth opening (Webster, 2007)
Studies
• improving understanding of Coorong system (Webster, 2007, Webster, 2010)
• quantify relationships between system drivers and water levels, water quality (i.e.
salinity) and mixing conditions of between Lagoons (Webster, 2007)
• assessment of strategies to alleviate degradation of Coorong (Webster, 2010)
• examined implication of Basin Plan on Murray Mouth openness as well as Coorong
salinity and water levels (Higham, 2012)
• linked to ecosystem response models to guide water resource planning (Lester et al.,
2011).
Temporal
• real-time e-water management
Application
• long term/annual e-water management
2D hydrodynamic model
Developed by BMT – WBM
Description
• TUFLOW-FV 2D – hydrodynamic model and salinity routing
• TUFLOW-MORPH – geomorphological model for sediment movement
• SWAN – wave model
Location
• TUFLOW-FV 2D – Lock 1 to Murray mouth, include Lower lakes and Coorong.
• TUFLOW-MORPH – Murray Mouth
• SWAN – ocean
Timestep
• dynamic, e.g. 2-10 seconds
Inputs
• inflows
• initial salinity and water level
• net evaporation
• tidal, water level and wave energy
• wind
• sediment roughness and transport properties
• barrage operating rules
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Outputs

•
•
•
•
•
•
Advantages
•
•
•
•
•
Disadvantages •
•
Studies
•

salt transport and salinity
flow movement
water levels
sediment transport, including mouth morphology
velocity
wave information, heights and directions
only method to estimate salt export between mouth and ocean
can be coupled to biogeochemical model
sediment transport
spatially distributed
simulations (model runs) can be performed by the surface water team in SMK DEWNR
high computational cost
large data required for setting up initial and boundary conditions
range of studies that investigate impact of upstream weir construction and operations
on salinity and water level in Lower Lakes (WBM, 2010)
• improved system understanding of morphological changes at the Murray Mouth due to
high barrage discharge.(Hudson and Wainwright, 2013)
• optimised lake operation to enhance salt export from Lakes and Coorong(Hudson and
Wainwright, 2013)
Temporal
• long term/annual e-water management
Application
• real-time e-water management (potentially could be used given the problem)
ELCOM - Estuary and Lake computer model
Developed by University of Western Australia (Hodges and Dallimore, 2013)
Description
• 3D hydrodynamic and thermodynamic model to simulate the temporal behaviour of
stratified water bodies
Location
• Lower Lakes (Pomanda Island) to Murray Bridge
Timestep
• hourly
Inputs
• wind
• rainfall
• relative humidity
• solar radiation
• lake bathymetry
Outputs
• velocities
• temperature
• salinity
• turbidity
• nutrient
• algal growth
Advantages
• simulates in 3D
• simulates a wide range of physiochemical and water quality factors such as velocity,
water temperature and algal growth
• facilitates modelling studies of aquatic systems over temporal scales of a few weeks
Disadvantages • high computation cost
• only simulates stratified water bodies
Studies
A range of scenarios can be tested using TUFLOW and ELCOM (WBM, 2010), such as
1. Lock 1 flows were increased/decreased;
2. Lake levels lower/higher; and
3. Winds stronger/weaker etc.
A range of environmental flow releases can be assessed based on salinity outcomes from
Lake Alexandrina and Murray Bridge
Temporal
• long term/annual e-water management
Application
• real-time e-water management (potentially could be used given the problem)
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8.3 Groundwater models
A number of groundwater models have been developed for modelling possible impacts of
management actions and are important to understanding groundwater-salinity-water qualityvegetation health interactions in the MDB. Table 8-3 details the groundwater models that have
been, and/or are being used in the SA MDB.
Table 8-3 Groundwater models in the SA MDB.

MODFLOW
Developed by USGS - US. Geological Survey(USGS, 2014)
Description
• estimates groundwater conditions and interactions with surface and groundwater
• quasi-3D finite difference groundwater model
Location
• 5 models covering the SA Murray from border to Wellington
Timestep
• hours
Inputs
• recharge
• evapotranspiration
• evaporation
• seepage
• water level
• elevation data
• soil type
Outputs
• groundwater discharge rates
• salt accumulation rates
Advantages
• Important tool for designing groundwater management schemes to reduce impact of
salinity in rivers, wetlands and floodplains.
Disadvantages • long run times;
• limited application to represent floodplain processes/e-water planning
• very high uncertainties associated with estimation of groundwater contribution to salt
loads as a result of weir pool manipulation (Jolly et al., 2012)
Studies
• good correlations has been found between salt accumulation rates and vegetation
health;
• assessed the impact of weir pool manipulation on salt loads (Jolly et al., 2012)
• MODFLOW developed by to assess real time and long term impacts of salinity
(RPSAquaterra, 2012);
• assessment of Chowilla Regulator and its impact on salinity (Li et al., 2012)
• investigated impact of salt interception schemes using Chowilla model (Jolly et al.,
2012).
Temporal
• possibly could be used for long term and annual e-water planning
Application
WINDS
Developed by CSIRO (Overton et al., 1997)(Overton and Doody, 2010)
Description
• quasi-steady state Moving Salt Front
• simulates salt front upward migration during drought and salinisation as well as
downward migration during floods
• run in GIS
Location
• Chowilla
• Katarapko
Timestep
• annual
Inputs
• vegetation type
• groundwater depth– obtained from MODFLOW
• groundwater salinity – pizeometer readings, Airborne ElectroMagnetic imagery (AEM)
• flooding frequency– obtained from RIMFIM
• rainfall
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• presence of alternate water sources.
• alternate water sources - AEM data was used to identify alternate water sources
available to vegetation by mapping the lateral recharge and freshwater lenses (density
slice at 2-4cm) and the flushed zone and deep freshwater lenses (density slice of 6-8m)
Outputs
• salt index to infer vegetation health in GIS
Advantages
• accounts for groundwater in the ecological response unlike other models such as MFAT
• used to assess the ecosystem response due to changes in surface water, groundwater
induced by different management strategies (e.g. salt interception, ground water
lowering, pumping, regulator operations)
Disadvantages • does not take into account other guilds i.e. focus is vegetation only
• requires large amount of data
• needs to be coupled with other models
• currently only developed at a site scale (e.g. Chowilla)
Studies
• investigates ecosystem response for different future scenarios health – do nothing, Lock
6 weir pool raising, pumping etc. (Overton and Doody, 2010)
• modelling soil salinisation for range of management actions and impact on floodplain
vegetation health (Overton et al., 1997, Overton et al., 2006b)
Temporal
• long term/annual e-water management
Application
• real-time e-water management (site – scale)
WAVES - Integrated energy and water balance model; vegetation-atmosphere model
Developed by CSIRO (Zhang and Dawes, 1998)(Dawes et al., 1998)
Description
• 1D soil vegetation-atmosphere model
• process based model that simulates energy, water, carbon and solute balances
Location
• Chowilla
Timestep
• daily
Inputs
• climate (temperature, rainfall, rainfall duration, solar radiation);
• soil properties
• vegetation
Outputs
• net radiation
• evapotranspiration
• soil moisture
• soil water content
• leaf area index
• upward flux
• root water extraction patterns
• soil water salinity
• crop growth
Advantages
• Variety of process can be examined including:
o canopy rainfall and light interception
o surface energy balance
o carbon balance and plant growth
o soil and canopy evaporation
o surface runoff/infiltration
o recharge
o salt transport (NaCl)
• software is free from CSIRO
Disadvantages • simulates in 1D
• accounts for thermal effects on water flow and hence the soil shrinkage and swelling
• preferred pathways, macro pores are not modelled explicitly
• plant growth model does not simulate plant phenology, or dynamically fill grain
• does not simulate nutrient cycle or leaching
Studies
• investigates the hydrological and ecological response to land management and climate
changes
• investigates the impact of modified water table and flow regimes on black box in
Chowilla (Slavich et al., 1999).
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Temporal
Application

• long term and annual e-water management (site specific scale – Chowilla).

8.4 Ecosystem response models
Ecosystem response models are generally focussed on an ecosystem indicator and how that
responds or interacts with a physical aspect of water. For example, the model CAEDYM (Table 8-4),
simulates a range of biological, chemical and physical indicators, while MFAT (Table 8-4) develops
preference curves for different biota (the ecosystem indicator) for different flow regimes (the
physical component). Ecosystem response models often couple a physical model (such as the
hydrological model MSM-BigMOD; Table 8-1) with the ecosystem response model, to model a
variety of flow scenarios and their impact on the chosen ecosystem indicator. Table 8-4 details the
ecosystem response models that have been, or are being, used in the SA MDB.
Table 8-4 Ecosystem response models that have been used in the SA MDB.

Statistical model approach
(Ganf et al., 2010)
Description
• analysis relationship between flow, commence to fill, wetland connectivity and
probability of occurrence of wetland species
• used MFAT and Bigmod runs
• regional approach.
Location
• River Murray.
Inputs
• connectivity
• flow
• commence to fill
• wetland data
Outputs
• probability of occurrence of wetland plant
• related wetland species to connectivity
Advantages
• if individual wetland data is scarce this approach can overcome this
Disadvantages • effects of stress (salinity) resource availability (nutrients) and biotic interactions
(competition) not taken into account
Studies
• aim to relate water regime preferences of wetland plants to flow throughout
regulated river section and predict volume needed to maximise aquatic species
diversity
Temporal
• long term/annual e-water management by pre running a range of scenarios
Application
Flow and metabolic activity model
Metabolic model based on two processes: photosynthesis and respiration (Oliver and Lorenz, 2010)
Description
Based on following factors:
• gross primary production (GPP) which is total carbon fixed into organic material
• community respiration (CR) is loss of carbon due to respiratory metabolism of
organic material
• net ecosystem production (NEP) = GPP-CR.
Location
• Murray River
Timestep
• daily
Inputs
• dissolved oxygen (DO) concentrations (estimate of NEP)
• active radiation (irradiance).
Outputs
• GPP
• re-aeration coefficient (k)
• CR
Advantages
• investigate the relationship between flow and metabolism as well as determine
whether external supplies of organic material into the river are occurring
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• identifies the need to reconnect the river to its adjacent floodplains as to increases
supply of organic material within the river
• can partition metabolism in terms of planktonic and total
Disadvantages • further research on trophic structure and function still required to identify fate of
organic material in return flows to the river
Studies
• current research focuses on relating characteristic of habitat structures to
population dynamics – this model assess the balance of metabolic activities along
river systems
Temporal
• long term/annual e-water management
Application
• real-time e-water management
MFAT – Murray Flow Assessment Tool
Developed by Young et al. (2003)
Description
• DSS for environmental flow management
• preference response curves developed using science and expert opinion
Location
• River Murray
Timestep
• annual
Inputs
• flow
• GIS
• vegetation, fish, waterbird, algae data
Outputs
• an annual score of likely health for each species group (0 = bad, 1 = good)
Advantages
• estimates ecological response for range of flow scenarios
• quick and easy to use
• uses current data and expert opinion
• can be applied to range of spatial scales
Disadvantages • favours vegetation responses
• estimates ecological response – more of decision support tool than apredictive
model
• aggregation of large number of preference curves
Studies
• linked to hydrological model/data and can estimate annual score to estimate likely
ecological response given flow scenario(CRCFW, 2003)
• used in a number of optimisation, scenario analysis investigations(Higgins et al.,
2011, Szemis et al., 2012, Szemis et al., 2013)
Temporal
• long term/annual e-water management given that output is from annual scores
Application
CAEDYM
Computation Aquatic Ecosystem Dynamic Model, developed by University of WA(Hipsey, 2013)
Description
• aquatic ecological model.
Location
• Coorong, Lower Lakes, and Murray Mouth.
Timestep
• days
• minutes
Inputs
• bathymetry
• validation data (temperature, DO, nutrients, chlorophyll)
Outputs
• suspended solids
• oxygen
• organic and inorganic nutrients
• heterotrophic bacteria
• phytoplankton
Advantages
• models a range of physical, chemical and biological indicators
Disadvantages • needs to be coupled with a hydrodynamic model such as ELCOM
Studies
• aims to quantify chemical dynamics of Lower Lakes (e.g. sedimentation) (Hipsey and
Busch, 2012)
• predicts physical, chemical and biological parameters for a range of flow scenarios
(Hipsey and Salmon, 2010)
• predicts nutrient delivery loads to Coorong (Hipsey and Salmon, 2010)
• management tool for assessing impacts to range of scenarios, lake functionality and
Lower River Murray Research Requirements

40 | P a g e

environmental flows to Coorong(Hipsey and Busch, 2012)
• long term/annual e-water management
• real-time e-water management (potentially could be used however dependent on
time period of assessment scenario (e.g. runtime is dependent on the duration of the
scenario being modelled)
Ecosystems response model
(Lester and Fairweather, 2008)(Lester and Fairweather, 2010)(Lester et al., 2011)
Description
• statistical ecosystem response model based on the concept of alternative ecosystem
states developed as part of CLMM Futures
• uses classification and regression analyses, state and transition modelling and
Bayesian belief networks
• framework that couples a range of models
Location
• Coorong
Timestep
• annual
Inputs
• biological and environmental data (e.g. birds, fish, macrophytes, macroinvertebrate)
• time series of abundance data for a number of locations within system is ideal
Outputs
• 8 different states
Advantages
• overcomes patchy data availability
• can consider a range of possible climates, water sharing arrangement, water
resource policies and operating strategies for infrastructure (Lester et al., 2011)
• offers a robust approach for evaluating ecological benefits as a result of different
water plans
Disadvantages • requires large amount of biological and environmental data
• predicted alternate states are statistical not functional
• needs to be coupled with another model such as the Coorong model to undergo
scenario analysis
• ecosystem model needs to be validated once more data becomes available(Lester et
al., 2011)(Lester et al., 2011)
• uncertainties in ecosystem model (including recovery prediction) (Lester et al.,
2011).
Studies
• A range of stochastic and statistical methods were reviewed in (Lester and
Fairweather, 2008). No deterministic methods were assessed due to insufficient data
sets which would inadequately capture relevant processes.
Temporal
• long term/annual e-water management
Application
• real-time e-water management
Framework for Aquatic Biogeochemical Models
Same as CAEYDM, developed by University ofWestern Australia, coupled to TUFLOW - FV
Description
• A general framework that provides the “glue” between an arbitrary physical host
model (usually a spatially explicit hydrodynamic model), and any number of arbitrary
biogeochemical models. The host maintains abiotic variables such as temperature,
light and salinity, and handles space-explicit operations such as advection and
diffusion (if applicable)
• biogeochemical models are unaware of the spatial context: they operate based on
spatially and temporally local conditions only
Location
• Coorong, Lower Lakes, and Murray Mouth.
Timestep
• dependent on coupled models.
Inputs
• input data dependent on models that are coupled.
Outputs
• output data dependent on models that are coupled.
Advantages
• user can configure models to share variables
• range of coupled models have been developed by the AED group
o stratified or shallow lakes & and ponds: GLM-FABM-AED (1D) or TUFLOWFVAED (3D)
o estuaries and coastal environments: TUFLOWFV-AED (3D) or GETM-FABM-AED
(3D)
o rivers and floodplains: TUFLOWFV-AED (3D)
Temporal
Application
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Disadvantages
Studies
Temporal
Application

•
•
•
•

limited to above models
applied to Lower Lakes
long term or annual e-water management
real-time e-water management(potentially could be used however dependent on of
time period scenario to assess. i.e. runtime is dependent on the duration of the
scenario being modelled)
SDL Adjustment Ecological Element Method
Developed by CSIRO (Overton et al., 2014)
Description
• This method has been developed as a tool to be used to assess ecological
equivalence of different flow management scenarios in order to investigate the
proposed SDL (Sustainable Diversion Limits) adjustments as part of the Basin Plan
Coorong, Lower Lakes, and Murray Mouth
• flow indicators (e.g. magnitude, duration, timing, frequency)
Location
• Murray Darling Basin.
Timestep
• annual
Inputs
• long term hydrological data (e.g. MSM-Bigmod baseline)
• hydrological indicators, ecological information
• vegetation, fish, waterbird preference curves
• Rim-FIM
• Spatial layers of vegetation and wetlands
Outputs
• Condition scores for each ecological element (e.g. fish, redgum woodland, etc).
• ecological element scores
• region scores for ecological equivalence
Advantages
• provides a means to assess ecological equivalence at a landscape scale and consider
the entire MDB
Disadvantages • flood depth, rates of fall/rise, flow velocity, connectivity and water quality not
considered
• area under consideration is limited to SFI flow bands within current operating
constraints
• does not consider groundwater, soil types, disease, accumulated runoff as part of
estimating the ecological response to flow (out of scope)
• conceptual models underpinning preference curves are simplistic
Studies
• Basin Plan SDL Adjustment Mechanism
Temporal
• more suitable for long term/annual e-water management
Application
Ecosystem Response Forecasting model
Being developed by DEWNR
Description
• aimed to be completed by 2015-16
• uses a coupled model approach
Location
• Coorong, Lower Lakes, and Murray Mouth
Timestep
• Dependent on models used
Inputs
• simulated data for lower lakes using MSM-Bigmod
• barrage flow – estimated using outflow tool
• 1D Coorong model
• 2D hydrodynamic model of Coorong and Lower Lakes
• ecosystem Response Model of Lakes and Coorong
• habitat Inundation model including Mudflat Habitat Suitability Model
• variety of models using different software types to focus on birds, nutrients, fish and
macroinvertabrates
Outputs
• dependent on investigation
Advantages
• seeks to provide site managers with a clearer understanding of what the potential
effect of their actions are likely to be on the ecological character
Disadvantages • yet to be developed
Temporal
• long term/annual or real time e-water management (once completed, could be
Application
used)
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8.5 Models and decision support to environmental water allocation and
delivery
Different models can be used for different aspects of e-water planning and delivery. Some models
may provide understanding of the environmental water requirements for individual river
components, or the riverine ecosystem as a whole, while other models may provide support to
specific decisions around planning and delivery. For example, hydrological-based methods such as
‘the natural flow paradigm’ (Poff et al., 1997) use hydrological data generated from models (e.g.
MSM-Bigmod or Source; seeTable 8-1) to assess the environmental water requirements of a river
ecosystem (Tharme, 2003). Whereas hydraulic models such as the Chowilla MIKE model (Table 8-2)
can be used to determine the amount of water required to achieve a certain inundation depth
(LREFSP, 2002), or to gain a better understanding of the complex floodplain geomorphology at
specific locations (Overton et al., 2010).
To produce their detailed output, hydraulic models require high quality inputs such as DEM data and
have long computer run times. The outputs are extremely useful for understanding water
requirements and assessing the potential outcomes of different scenarios in the planning phase, but
the data requirements for initial and current conditions, long setup and run times required and
typical floodplain scale application are a challenge for within event management. Models such as
Source (see Table 8-1), which can take into account a number of flow management levers (e.g.
upstream releases and wetland regulators), may be more suited for use in real time e-water delivery
at a landscape scale.
In many cases, for both investigating e-water options and logistics surrounding e-water delivery,
different models may be coupled, or integrated, together. For example, Higgins et al. (2011) coupled
a number of models, including MSM-Bigmod (Table 8-1), RIM-FIM (Table 8-1), MFAT (Table 8-4) and
an optimisation algorithm, to determine operating rules for wetland regulators and weirs. Similarly,
Overton et al.(2014) (SDL Adjustment Ecological Element Method; Table 8-4) use hydrological
models (MSM-Bigmod; Table 8-1) and ecological indicators to evaluate "ecological equivalence" in
order to determine if equivalent outcomes can be achieved with a reduced volume of environmental
water.
As part of the integrated or coupled modelling framework, there are a number of other approaches,
including scenario analysis, optimisation, multi-criteria decision analysis, risk assessment methods,
uncertainty analysis and benefit cost analysis, which can be used. The selection of method is
dependent on the e-water question being considered. For example Szemis et al.(2013) considered
multiple objectives (ecosystem response using MFAT (Table 8-4) and environmental water
allocation) and developed operating schedules for multiple wetland regulators for a reach within the
SA MDB. Szemis et al.(2014) developed Integrated Operation Schedules, which used SWET wetland
models (Table 8-1) and an optimisation algorithm to optimise start years of wetland hydrographs
with the aim of maintaining constant annual water use, as well as achieving landscape ecological
objectives.
It should be noted that current predictive ecosystem response models used within the SA MDB, such
as the MFAT (Table 8-4) (Young et al., 2003) and those used in the SDL project (Table 8-4) (Overton
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et al., 2014) are generally static index based and inadequately represent the dynamics of the system
(Kirby et al., 2013). Kirby et al. (2013) highlighted a number of areas that require improvements in
order to increase the reliability and functionality of ecosystem response modelling, which include:
•
•
•

Improving environmental water requirements beyond simplistic paradigms;
Predicting outcomes dynamically, both temporally and spatially; and
Representing the landscape to account for the connectivity between the river, floodplain
and terrestrial systems.
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9 Decision flow charts
This section presents simulated decision flow charts for e-water planning, which includes the
identification of potential key information inputs. The purpose of developing this flow chart was the
identification of gaps that could be addressed through research or data/knowledge consolidation
projects. Due to time constraints, this simulated decision flow chart has not been compared to the
process currently undertaken by water holders and environmental managers nor has it been
analysed by practitioners to determine the feasibility of implementation.
The documentation of processes used to make transparent, science-based decisions can provide an
effective communication tool between government agencies and stakeholders including scientists,
and the broader community. Any such flow charts should be:
•
•
•

scalable (process can be applied to varying spatial and temporal scales)
adaptable(readily able to incorporate new informationand steps into the framework)
repeatable (the process should deliver similar outcomes independent of the user)

Within a planning process that utilised the simulated decision flow charts presented here, Steps 1-4
(sections 9.1-9.4) represent the development of a long term plan; it would not be expected that
steps 1-4 would be undertaken on an annual planning basis. However, the steps and outcomes
should be regularly reviewed as part of the adaptive management process. Steps 5-6 (sections 9.59.6) represent the annual planning process, and steps 7-12 (sections 9.7-9.12) represent the “active”
event planning and management process

9.1 Specify river component
The purpose of this task is to specify the river component, and consequently the spatial scale, that is
being assessed. A river component could be a geographical location (e.g. a TLM Icon Site or a specific
wetland), an ecological indicator (e.g. red gum or black box condition), or a river process (e.g.
barrage outflow for connectivity and fish movement). The process of identifying components also
needs to consider stakeholder (indigenous, community and NGOs) issues. Once a list of components
is completed, it will be possible to compile the existing information on conceptual models, EWR’s,
resilience periods, thresholds for management action, Ecological Objectives and Targets (see Figure
9-1). Gaps that require attention can then be identified and targeted. Note that the word
component has been used here as a theoretical exercise; the task of identifying specific “assets” and
“functions” consistent with the Basin Plan (Section 8) is currently being addressed by DEWNR as part
of the Long-Term Watering Plan.
Ecological Objectives and Targets should be developed based on documented conceptual models.
Ecological Objectives are important for articulating the purpose of chosen management action(s) to
a wide range of stakeholders. Ecological Targets provide a framework to support:
•
•
•
•

decisions regarding the need for targeted management actions
development and rationalisation of monitoring programs
streamlined reporting of monitoring programs
focussed assessment of outcomes of management actions
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Figure 9-1 Simulated decision flow chart for specifying river components. Blue boxes = primary task, green boxes =
inputs, orange boxes = outputs.

The Ecological Targets can then be tested within a monitoring program that is explicitly linked to an
adaptive management regime. Where practicable, Ecological Targets should be structured within a
SMART (specific, measurable, achievable, realistic, time bound) framework. Achieving some of the
Ecological Targets will require flow and climate conditions that occur at the landscape (MDB) or
reach (i.e. Murray-Darling Junction to Lower Lakes) scale rather than management actions
undertaken at sub-reach (weir pool) or individual site (floodplain or wetlands) scale. However,
actions at the sub-reach or site scale will have an influence on local and regional populations.

9.2 Describe the range of potential management actions
The full range of potential management actions needs to be documented. Management actions may
include weir or barrage lowering and/or raising, operation of regulators either at the wetland or
floodplain scale, releases of environmental water from upstream storages to modify the prevailing
hydrograph, or pumping environmental water into individual sites during periods of low water
availability. This task needs to combine hydrological modelling of what the management action can
achieve with conceptual models and the Ecological Targets to identify water use, and the potential
contribution of the respective management actions to achieving the Ecological Targets (see Figure
9-2). An assessment of benefits and risks should be undertaken with a view to developing (i) guiding
principles for use, (ii) any critical operational limits that may apply, (iii) guidelines for shifting
between management actions, (iv) thresholds for ceasing the action,(v) monitoring requirements;
and (vi) a hazard mitigation strategy. This information could be consolidated into Event Plans for the
respective management actions.
Within the hydrological modelling “input” (see Figure 9-2), a decision support system (DSS) that
allows direct comparison of different hydrographs would assist in determining the best use of ewater to augment hydrographs and provide a means to optimise the various management actions
for achieving ecological outcomes. Such a DSS should include capacity to assess:
•
•
•

predicted responses by targeted ecological components (e.g. vegetation, birds, fish, frogs)
water use
impacts of different management actions and/or variations within management action types
on water quality (e.g. dissolved oxygen, algal blooms and salinity). This component needs to
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•
•

be to include impacts both within the zone of management action (i.e. anabranch/
floodplain) and the receiving waters.
impacts of different management actions and/or variations within management action types
on in-channel (river and within anabranch hydraulics).
comparison of options if flow metrics can only be partially met. e.g.
o if a flow of a specific magnitude can’t meet the desired metric for duration, would a
flow of a smaller magnitude for a longer period be more beneficial for ecological
outcomes;
o trading off delivering a flow to achieve outcomes in the river channel/floodplain v’s
having water to maintain barrage outflows at a different time of year

Due to the likelihood of such a DSS requiring relatively long run times to run scenarios and
subsequent interpretation of the results, it is anticipated that any DSS that is developed could be
used at the long-term and/or annual planning phases to run a set of pre-determined “likely”
scenarios with the outputs documented as a ready source of information to support decisions. The
DSS may also be used during event management to assess a specific scenario if a scenario
representative of the unfolding set of conditionshad not been previously assessed.

.
Figure 9-2 Simulated decision flow chart for describing the range of potential management actions. Blue boxes =
primary task, green boxes = inputs, orange boxes = outputs.

9.3 Develop Monitoring Programs
Monitoring programs are required to inform managers on (i) when action is required, (ii) if the
applied action has contributed to achieving the Ecological Targets, (iii) if mitigation strategies have
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been effective in controlling hazards, (iv) reporting on water use; and (iv) requirements of the Basin
Plan. The identification of the reporting requirements under the Basin Plan are being identified via
Goyder Project E.1.13.
Inputs to the process (see Figure 9-3) that will assist in defining what monitoring is required include;
the event plans, conceptual models, ecological targets, and thresholds for management action.The
monitoring program that is ultimately developed can be structured to include:
•

•

•

core monitoring (must be in place)
o condition monitoring
 used in conjunction with Ecological Targets and Thresholds for management
action to determine if action is required
 standardised methods undertaken in a routine manner independent of flow
and management actions
o event monitoring
 used to assess outcomes
 critical risk and hazard mitigation
 some parameters will be utilised to adaptively manage the event
research opportunities/needs
o required to understand processes that drive outcomes
o improve outcomes via the adaptive management cycle
o focus and scale responds to changes in state of knowledge of ecosystem response
and available funding
opportunistic monitoring and observations
o not part of a formal program but can be very informative

Figure 9-3 Simulated decision flow chart for developing monitoring programs. Blue boxes = primary task, green boxes =
inputs, orange boxes = outputs.
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9.4 Implement Condition Monitoring component of monitoring programs
Data from the condition monitoring program analysed with regard to the Ecological Targets and
Thresholds for management action is the primary feed into the decision making process of
determining if action is required (Figure 9-4).

Figure 9-4 Simulated decision flow chart for assessing Ecological Condition and determining if action is warranted. Blue
boxes = primary task, green boxes = inputs, orange boxes = outputs.

9.5 Assess ecological condition and determine if action is warranted
Assessing current condition of the respective componentsagainst the specified Ecological Targets
and Thresholds for Management Action is required in order to determine which components have
•
•
•

met or exceeded the Thresholds for Management action,
those for which the trajectory of data indicates that action may be required/warranted and
those that are in good condition and hence action is not required

This process (see Figure 9-4) would allow the development of a priority list of components that
require management action.
As outlined in Wallace and Whittle (2014) when considering measured (observed) condition relative
to the Ecological Targets at any given time, it is essential to note that attaining stable conditions is
counterproductive, and that recording condition scores that do not meet the Ecological Target in any
given year is not an indication of failure. It should be expected that the measured condition and
trajectory of each attribute or process will be dynamic over time and space. Position and trajectory
relative to the targets is intended to be used as a decision tool to decide which management actions
are most appropriate at any given time, with management actions targeted at maintaining condition
of biota and abiotic processes within responsive ranges rather than at a specific target level. An
example of the relationship between the Ecological Target, prevailing condition determined from the
monitoring program, the threshold for management action, and the justification for the specified
threshold (e.g. expected response to a management action) is presented in Table 9-1. Within such a
framework, there is a tool to track condition over time, use data trends and existing knowledge to
predict future condition, make a transparent and repeatable decision for prioritising water delivery,
and communicate results to the wider community.
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A hypothetical example of the process outlined above is shown in Figure 9-5. In this example, the
condition of the population of trees is poor in the first year of a 10-year period of assessment. The
black circles indicate a successful outcome over the 10-year period, whereby management actions
have supported an improvement in condition between years 1 and 5, such that the target is
exceeded in years 5 and 6. Although the trajectory is negative between years 5 and 9, the population
remains in resilient condition where there is a rapid positive response to management actions, and
the target is almost met in year 10. In contrast, the red triangles indicate a ‘fail’ scenario, where the
resistance limit(s) have been exceeded, and the decline in condition over the 10 years is likely to lead
to loss of the population. Timeframes for assessment and ‘fail’ points will vary between assets and
functions. As a rule, the timeframes need to be relevant to (i) the life cycle of the organisms
(including longevity of seed banks) and/or (ii) the time scales of the biogeochemical processes
involved.
Table 9-1 Example of thresholds for management action relative to Ecological Targets. From Wallace and

Whittle (2014)

Ecological Target

Thresholds for
Management Action

Justification

In standardised
transects that
span the
floodplain
elevation gradient
and existing
spatial
distribution, >70%
of trees will have a
Tree Condition
Index Score (TCI)
≥10 by 2020

Within the area that
can be influenced by
the management
action(s), more than
10% of established
viable† river red gums
with DBH > 10 cm
receive TCI scores in
the poor condition (56) category or below

A TCI score of 10 or above represents a tree in “good” condition. TCI scores
between 7 and 9, and between 5 and 6are considered to represent trees in
“moderate” and “poor” condition respectively. In comparison, a TCI score
of 4 or below are considered to have a "sparse" crown and be in “very
poor” condition. Trees with TCI scores ≥ 7are expected to respond
positively to watering and increase to the next condition class. The
strength of the response decreases as TCI scores decrease.
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Data from environmental watering at Chowilla indicates that ~92% of trees
with <50% crown will respond to the application of environmental water.
Once the crown is depleted to <10%, only ~68% of trees will respond.
Hence actions should be implemented prior to high likelihood of loss of
mature trees. Due to the wide spread die-back experienced during the
Millennium drought, further losses are not considered acceptable. Trees
with minimal TCI scores will have a slow response and need multiple, backto-back watering to stabilise condition and rebuild resilience. Persistence of
woodland/forest areas as a functioning habitat requires trees to be in good
to moderate condition
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Figure 9-5 Hypothetical example of condition measured annually relative to the Ecological Target - in
standardised transects that span the floodplain elevation gradient and existing spatial distribution, >70% of
trees will have a Tree Condition Index Score (TCI) ≥10 by 2020(indicated by the red broken line). The black
circles indicates a successful outcome over the 10-year period. In contrast, the red triangles indicate a "fail"
outcome over the 10-year period. From Wallace et al., (2014).

9.6 Determine management actions that could be implemented within the
water year
The range of management actions that may be implemented pending water availability, hydrological
conditions (expected flow conditions) and season need to be established. This requires the priority
list, event plans, an understanding of competing demands and system constraints, likely flow
conditions (AEP curves) and water holdings. The combined information would be used to create an
Annual Watering Plan (Figure 9-6).
Cultural water
AEP curves

Water holdings

MDBA (TLM)
State
CEW

6: Determine management actions that could be
implemented pending water availability,
hydrological conditions and season

NGO

Annual
Watering Plan

Priority List

Competing
demands

Event Plans

System constraints

Figure 9-6 Simulated decision flow chart for determining management actions that could be implemented in the water
year. Blue boxes = primary task, green boxes = inputs, orange boxes = outputs.
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9.7 Determine the most appropriate to be implemented
It is expected that the range of management actions that would be implemented, will be a sub-set of
those identified in the AnnualWatering Plan. Inputs to the decision include AEP curves, current water
holdings, competing demands, and systems constraints (Figure 9-7). After confirming the ability to
have the water delivered, the following steps (9.8-9.10) need to be activated.

9.8 Implement communications plan(s)
Once a decision has been reached, the respective communication plan(s) should be implemented
(Figure 9-7).

9.9 Implement Event Monitoring
Once a decision has been reached, the respective Event Monitoring plan(s) should be implemented.
Some monitoring components will require substantial lead times to mobilise personnel and enable
baseline data to be collected (Figure 9-7).

9.10 Co-ordination of water delivery and structure operation
Once a decision has been reached, the co-ordination of water delivery and operation of structures
commences. This requires coordination of multiple agencies, including DEWNR, MDBA’s River
Operations (MDBA River Ops) and SA Water’s River Murray Operations (SA Water RMO). Depending
on the water licence to be used and the storage/catchment that the water will be delivered from, it
may take considerable time for (i) the respective approvals to be made and (ii) for the water to reach
the location where the water will be utilised (Figure 9-7).

9.11 Adaptive management of event
Adaptive management of the event is required to ensure the net outcomes are positive, and that
future events incorporate those learnings (Figure 9-7). This process requires the following inputs:
•
•
•
•
•
•

structured reviews of the data from the formal monitoring programs
incidental data from informal monitoring or ad-hoc observations
AEP curves
Water holdings
Competing demands
System constraints

Changes in management actions may be required due to sudden changes in conditions. For example,
the availability of e-water could increase due to rainfall events and large increases in storage
volumes or unregulated flows. Alternatively, management actions may need to be altered due to
emerging hazards, declining flows or declining water quality.

9.12 Post-event adaptive management
Formal review of the data from the decision making process, operational records, the monitoring
program, and interpretation of that data with regard to the conceptual model and ecological
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objectives and targets and subsequent review and modification is essential to the adaptive
management process. Without this process, changes in management actions (e.g. the way structures
are operated and environmental flows are delivered) cannot be efficiently implemented in order to
achieve improved management outcomes(Figure 9-3).

Figure 9-7 Simulated decision flow chart for determining management actions that could be implemented in the water
year. Blue boxes = primary task, green boxes = inputs, orange boxes = outputs.
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10 Research requirements; what researchers can do to facilitate the
decision making process
The simulated decision flow charts presented in the previous section (section 9) provide an
overarching perspective on the long term, annual, and event management process. Based on the
information required for the simulated decision flow chart, areas where research can contribute the
decision making process are categorised as ‘low, moderate or high’ (based on Table 10-1) in Table
10-2.
Table 10-1 Categorisation of research requirements.
Classification
Low
Moderate
High

Definition
Current status of information is easily accessible and good quality - a low requirement for
research contribution.
There is information available, but it may be unconsolidated, hard to access; from interstate
experience only, or only some information available – there is a moderate requirement for
research contribution
To improve the quality and accessibility of the science content, this area would benefir from
intensive (high) research contribution.

Based on the classification of high in Table 10-2, the following items are regarded as the highest
priority for future research and/ or consolidation:
•

•

•

Consolidation of Environmental Water Requirements, identification of ecological resilience
periods and thresholds for management action.
o Development of management thresholds (triggers for management action) to be
used in conjunction with condition data and Ecological Targets
o Will provide a means to forecast condition and support decisions that need to be
made regarding distribution of a finite resource.
o Will allow managers to be "pro-active" rather than re-active
o Expected to reduce the risk of loss of population or long-term damage to ecosystem
function
Development of a decision support system (see section 9.2) that can:
o Predict responses by targeted ecological components (e.g. vegetation, birds, fish,
frogs)
o Consolidate relevant hydrological information on parameters such as discharge,
water level, inundation extent, water velocity, and salinity, for a range of
management actions including:
 weir pool manipulation,
 closing/opening wetland regulators,
 delivery of e-water to manipulate the shape (discharge, duration, rate of rise
and recession) of hydrographs,
 barrage releases
o Comparison of options if flow metrics can only be partially met
o Support refinement and expansion of the existing Integrated Operating Schedule
that has been developed for RRP wetlands from the border to Wellington, to include
(i) weir pool manipulation, (ii) environmental flow provisions, (iii) floodplain scale
regulators (Chowilla, Pike, Katarapko) any other management actions that can be
integrated at the reach scale to improve ecological outcomes
Refinement of Monitoring Plans and collection of monitoring data
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o
o
o

required to assess ecological condition and determine if management action is
required
underpins the adaptive management cycle and ability to respond to emerging
hazards
required to ensure conceptual models are up to date

In addition, a set of guiding Ecological Principles for the allocation and delivery and e-water in the SA
MDB could be developedto guide management actions. For example, Chowilla Icon Site has
developed a set of ten Ecological Principles (Wallace and Whittle, 2014):
1. Managed inundations are not a substitute for natural floods
2. Management actions will have regard to the Basin Plan water quality targets
3. Management will strive for a balance between maximising benefit and minimising the
likelihood of identified risks being converted to hazards
4. Flow regime, history and components of pulses will be used in planning management actions
5. Management actions will be synchronised to river hydrology
6. Maintaining water exchange is a key priority
7. The source of water used in management actions will be taken into account
8. Outcomes from multi-site watering will be taken into account
9. Operating regimes will be flexible and responsive to emerging conditions
10. Management shall strive for a resilient, sustainable ecosystem
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Table 10-2 Areas where research is required, based on the simulated decision flow chart.

Information Required

Research
requirements

List of river components

Low

Environmental Watering
Requirements and
resilience periods for
river components

High

Thresholds for
management action

High

Ecological Targets and
Objectives for the river
components

Comments
Information available, but has not yet been consolidated into one list.
Complicated by terminology introduced in the Basin Plan
Components are the basis of the spatial scale of the allocation framework.
Being developed as part of the Long-Term Watering Plan
Status varies between sites.
Without an understanding of resilience periods managers are unable to use condition trajectory from monitoring data to forecast
condition and identify in advance when action may be required
Resilience periods and water requirements under altered (increased stressors) conditions is not typically accounted for
Reliance on an expectation that delivering flows at a frequency/duration that approaches natural conditions increases risk of loss of
population or long-term damage to ecosystem function because the system is heavily modified and subject to stressors that either
didn’t exist in a natural system or the magnitude of the stressor has been substantially altered via catchment development
Core information when combined with monitoring data to determine position of attributes and functions relative to Ecological Targets
and Thresholds for Management Action
Provides a transparent mechanism to prioritise locations which require management action
Required to determine the need to undertake a management action (i.e. deliver environmental water) in order to prevent long-term or
irreversible damage
Status varies between sites. Some sites have objectives but not SMART targets
Objectives and Targets either have been or are being, developed for in-channel EWR's, floodplain, TLM Icon Sites, and RRP wetlands.
It is not possible to validate what deliver of water is trying to achieve without objectives
Provides a transparent mechanism to prioritise locations which require management action

Moderate

A lack of consistency in approach on the same assets and functions between different sites. This precludes being able to scale
assessment of condition from individual sites → weir pool reaches → geomorphic zones → lower River Murray
Core information when combined with monitoring data to determine position of attributes and functions relative to Ecological Targets
and Thresholds for Management Action
Required to determine (i) the need to undertake a management action (i.e. deliver environmental water), and (ii) assess if the
management action result in a positive change in condition

Documentation of
potential management
actions

Moderate

Essential to understand what each management action involves, and can do in terms of contributing to each
ManagementObjective/Target under different resource availability scenarios
Needs to identify the hazards and respective mitigation strategies associated with that management action
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Table 10-2 (continued) Areas where research is required, based on the simulated decision flow chart.

Information Required

Research
requirements

Comments
Required for development of Ecological Targets and Objectives and Environmental Watering Requirements and resilience periods
Models have been developed for river channel, floodplain, Chowilla, CLLMM, and RRP wetlands.
Forms the basis of ecological objectives, ecological targets, EWRs, resilience periods, anticipated benefits/risks, mitigation
strategies, monitoring plans

Conceptual models

Moderate

Guiding Ecological
Principles and Critical
Operational Limits

The models developed for Chowilla and the River Channel reflect the most up-to-date understanding of those ecosystems. For
some of the other locations, the models need to be reviewed and if necessary refined to ensure there is consistency between
models and their application
Consolidation of available information is currently being worked on for other locations.
Frequent reviews and standardisation of conceptual models reduces the likelihood of undertaking management actions that have
a low probability of achieving the expected outcomes
There is general consensus on which principles are important, but for most actions, this has not been formally developed or
consolidated.
In some cases, this has the potential for a management action designed to achieve one set of outcome to have negative influence
on other processes

High

Decisions that result in poor outcomes are more likely to be made without a set of established ecological principles to guide
decisions when multiple options are available
Should identify thresholds for changing to another management action type or ceasing management action if undesirable
outcomes cannot be mitigated against
This is directly linked to the benefit/risk assessment and ensuring a net balance between benefit/dis-benefit

Decision support system

High

Monitoring Plans

High

A tool that allows direct comparison of the ability of different hydrographs would assist with determining the best use of e-water
to augment hydrographs (i.e. generate a short peak of high discharge, or a long period of moderate discharge)
Includes hydrological modelling of (i) impact of management actions on downstream river components and water use, and (ii)
optimising the various management actions for achieving ecological outcomes
There are monitoring plans for some of the major sites (e.g. Chowilla, CLLMM).
Several of the sites do not have formal monitoring plans
Formal monitoring programs allow for identification of monitoring needs, methodologies, analysis, funding requirements
Need to identify core and non-core monitoring. This will include condition monitoring and event based monitoring and needs to
include hazard management and statutory requirements – The requirements for reporting against the Basin Plan are being
identified via Goyder project E1.13
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Table 10-2 Areas where research is required, based on the simulated decision flow chart.

Information Required

Research
requirements

Monitoring data

High

E-water holdings

Low

Competing demands/
system constraints

Low

Flow forecasts

Low

Comments
Status can vary between functions/attributes and locations.
Required to assess ecological condition and determine if management action is required,
Underpins the adaptive management cycle and ability to respond to emerging hazards
Required to ensure conceptual models are up to date
Monitoring funding unpredictable, which makes planning and adaptive management uncertain.
Entitlement volumes are known but allocationvolumes may changeas a water year progesses.
Need to know how much water is available and where it is in the catchment i.e. is there sufficient water that can be delivered in a
timely manner to allow planned management action
System constraints are documented. Competing demands are dynamic. Some system constraints may be reduced through actions
and works implemented via the Basin Plan
Water needs to be able to be delivered in order for management action to be implemented
Annual Exceedence Probability (AEP) curves (dry, medium, wet scenarios) provided by MDBA
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Appendix A

Source:http://www.environment.gov.au/topics/water/commonwealth-environmental-wateroffice/southern-catchments/murray/environmental
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Appendix B

(MDBA, 2013a)
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Appendix C
Schedule 7—Targets to measure progress towards objectives
Note: See Part 3 of Chapter 8. Targets to measure progress towards the overall
environmental objectives for water-dependent ecosystems
Intermediate targets up to 30 June 2019
(1) There is no loss of, or degradation in, the following:
(a) flow regimes which include relevant flow components set out in paragraph 8.51(1)(b);
(b) hydrologic connectivity between the river and floodplain and between hydrologically
connected valleys;
(c) river, floodplain and wetland types including the condition of priority environmental
assets and priority ecosystem functions;
Note: See section 1.07 for the meaning of the terms priority environmental asset and priority
ecosystem function.

(d) condition of the Coorong and Lower Lakes ecosystems and Murray Mouth opening
regime;
(e) condition, diversity, extent and contiguousness of native water-dependent vegetation;
(f) recruitment and populations of native, water-dependent species including vegetation,
birds, fish and macroinvertebrates.
Longer term targets from 1 July 2019
(2) There are improvements in the following:
(a) flow regimes which include relevant flow components set out in paragraph 8.51(1)(b);
Note: The improvements in flow regimes will be measured by progress towards natural flow
regimes, having regard to the Basin-wide environmental watering strategy.

(b) hydrologic connectivity between the river and floodplain and between hydrologically
connected valleys;
(c) river, floodplain and wetland types including the condition of priority environmental
assets and priority ecosystem functions;
(d) condition of the Coorong and Lower Lakes ecosystems and Murray Mouth opening
regime;
(e) condition, diversity, extent and contiguousness of native water-dependent vegetation;
(f) recruitment and populations of native water-dependent species, including vegetation,
birds, fish and macroinvertebrates;
(g) the community structure of water-dependent ecosystems.
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Appendix D
Summary of operational and management constraints (from Table 1, MDBA (2013c))
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